WD 2007/ 102783PCT/ S&2006/ 000044 5 M CROFLUI DI C | MMUNOASSAY DEVI CE Fl ELD OF
THE | NVENTI ON The invention relates to mcrofluidic devices, particularly
to m crofwoiadégioktssor escence i munoassay devi ces. 10 BA@CHAAINS/B044HE

| NVENTI ON To i nprove the quality of healthcare, it is desirable that

di agno8t i MlﬁmnELU[wﬁ;W S&AEDPEMICE qui ckly and i nexpensively
conducted at the point of care such as at hone or by the hospital bed. To
that end, mcrofluidic devices are ideal as they 15 require only very snall

quanti ti eFIRBLD GFTIHE INVENT#@NeENt s, t hereby reduci ng cost and space.
Fl uorescence nmethods in mcrofluidic inmunoassay devices currently involve

bul ky opt iteéglinyEtesetates {o migrefivinia deviers aricylady to miepfididiciuaregeangs om
an extern%mldngggsgr#) é\ﬂgé&ge onto a sanple in a mcrochannel, and coll ect
any fluorescence e ? ed with a set of conplex |enses, mrrors and opti cal
filtet®. As fluorescence em ssions are isotropic, collection efficiency is

general ly | us t 0 nprovi ng efficiency usually neans
needi ng aa)%_eg"m | @Okﬁfﬁﬁéﬁw e expensive optical system Al ignnment
of the exgbifpk@Vs hedqiality b hédithcafdt 8 ﬁ&%btﬁrﬁ%@dg&ﬂﬁyﬁé Qibh 8525

anot her chall enge given %e narrow channels in mcr Cc device. This is
exacer bat #gmuheasassi aratquickln aad degxpensively cenducted alitheepanbabcareesuchras h

of the ch el i rn.to. | _R-t ot,al .fl wores e it i

channe! - Boeng st OV sBrrkel & €8 bRt et SRR dRUEs 8 Bl e hidgn
my aj$0 piquredsile veR sai gubatifescéddriples aniiiesybhats; tRsrebp rédlusry cost and
cross-talk 1n adjacent channels for nulti-channel 30 devices. Fluorescence
backgr oun®lPd&-se fromthe mcrofluidic substrate nay even be higher than
em ssions produced by the sanples. SUMWARY In accordance with a first
preferred aspect there is provided an optical fibre for use in 35 an

I Mmunoas shyiorEsdenes masthogds &t nigasitidinienmiunoasday déviced enmently infvelveiulical

fibre WD 2007/.102783PCT/ SG2006/ 000044 5bei ng,_ for fransmtting excitation
light to PRicahdetastipgisysteres iaidypigglly fosks ex &@mﬁﬁgﬂgf%%%gemaﬁhg scence

to ajq gh ) i i et 1 ; a
| gne ot SfiEe OPOE gl WPH RstoctipiBl HMY (flecPany HBBRBCEhRO Bmiehilfa &
| n accor degicd caimpiexlasesnohiponsfad epticad fikers. Alsdhuorescenaeveniisgions @pt i cal

fibre for, ] i . devi ce. havi i crof | ui di
channel - S o PR ERY 5 SR Eaf Bl el e A B et oct or
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at | east one mcrofluidic channel”. |In accordance W athird preferred
aspect t hestemsAligonpatel the eisitaten lightivigh the sample and the detection system is

25 another challenge given the narrow channels in microfiuidic device. This is

exacerbated when excitation and collection is to be done along the tength of the
channel in order to obtain the total fluorescence emitted in a channel. Isotropic
fluorescence emissions and scattered excitation light may also propagate through the
microfiuidic substrate and produce cross-talk in adjacent channels for multi-channel
30 devices. Fluorescence background noise from the microfluidic substrate may even be
' higher than emissions produced by the samples.

SUMMARY
In accordance with a first preferred aspect there is provided an optical fibre for use in

35 animmunoassay device having at least one microfluidic channel, the optical fibre
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an i munoassay devi ce having at |east one nmicrofluidic channel, the optical
fibre formng at |east a portion of a wall of the mcrofluidic channel. 20

I n accor dgoceomioktssa fourth preferred aspect there is prrgvisiedesssompt i cal

fibre ¢or L
channe . PTG foF 3o NG SAER RIS 1he it raioic BRaind B ToF iBhybiing
bei ng adapnnﬂedﬂuo&maéncahabﬁghtd@ﬂckmr serving as a reaction chanber. 25
In accordance with a fifth preferred aspect there is provided an

i mmunoassay devi ce having at |east one mcrofluidic channel, and at |east
one opt i cFheldphcal fitraenapbedat tréh@h&mﬂ—fnm o ligHtRREEEDF ing dlrksin bﬁrafﬂei

| ight detector in a direction paralle h the general direction of
anal yt e f wilvthe dirsstion of saslyte n1crofIU|d|c channel . 30 In accordance
W th sixth preferred aspect there is provided an i nmunoassay device
havi ng at | east one mcrofluidic channel, and at |east one optical fibre,

the optichi aéod@aané@wmwrws@dodmfer@ed)aépeaﬁh@fe ) pm{utledfart dsmma fibef foui di C

channel . . In_accordance with a seventh preferred aspect there is

pr ovi ded U¥e iWHEHﬁ%’é’?Sgﬁy device hayig Wg'eaﬁ 'é%ﬁ”t'cr@ﬂéld#ﬁ ehaymeli hecrtikahnel
and at fa M i 105 PP LR B A90R0944 S

opti caI e conpri sing at eac caV| el ng pt ed to

retain angér}erai dmelctfm-rofsma)ymgfloa'swathe@deastmnmmrdmﬁu:didclmrml dance with a
ei ghttg preferred aspect there is provided an i munoassay device having at
| east!%one microfl uidic channel, and at |east one optical fibre, the

10opti cal znfaéao?da%éwﬁztﬁ%rthiraqﬂéfaﬁéd ékﬁb&% ehdratis gmhawhp cgat’bﬁﬁﬁtffb%%éé' jefli C

channel and for transmtti ng‘ emtted fl uorescen detector. For
t he firstan iegwingassay davigedaying 3t leagiconssmiciouislia channdl, heoptieg! filmem at

the 11 rstrontiratealf Baich o e Relio e BBl hhitlect <, “the opiical

fibre may conprise at |east one cavity, each cavity being adapted to retain
anal yte and for servi reacti on chanber. 20 For all relevant aspects,

the cdvithp mrwmggwogabmreMtedea@qcéﬁh@ﬁ is ipgenided gnsaticabiibredor Hee

opti cal v f i The
cavi ty el Emfubogerdoved ARVAS S IGaA ansMABRGR il hoSehBiinke Co
be transnedrhprising at keash phicamvity, deich Eavity hding Gaaptad tweaaﬂntaﬂall}&e agddopf the
optical fibre. The cavjty may formpart of the at |east one mcrofluidic
channel . SAYNGAR 7 JCaRIPENANBY. gr oove t hrough a sheath of the optical
fibre and into a core of the optical fibre. The optical fibre may project
into the at |east one mcrofluidic channel with the cavity being in the at

| east25ondn ra'ocoafanmiedivitth arfﬁmmeferiretéas;bemnbptmnsqamniyieuearf inronesassay. dbcdor

Il th ) fi f I f b

of the at LA BASE APe PFICEIE CARFlcAnd Bk b eng Riar e, B pefialdiors
the opti qRlind fdMtRarEmyitthey mjtho ik a@eédi!ors'ﬁl 2airetidtreIIBPWRPK thd §bheral

wavel ength of the fluoragphore. I'n accordance with a ninth preferred

aspect t lfhiestipg of epalvie dow indbe et lastst peefroicrethidisshannehoassay usi ng
fluorescence, the method conprising the steps of providing an

30  In accordance with a sixth preferred aspect there is provided an immunoassay device
having at least one microfluidic channel, and at ieast one optical fibre, the optical fibre
forming at least a portion of a wall of the microfluidic channel.

In accordance with a seventh preferred aspect there is provided an immunoassay
35 device having at least one microfluidic channel, and at least one optical fibre, the
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WD 2007/ 102783PCT/ SG2006/ 000044 5 optical fibre in an i mmunoassay device
havi ng at | east one mcrofluidic channel, the optical fibre conprising at

| east onewoawimmdapted to retain anal yte and serve as parss2eds/mo4ghanber ;
passi ng aoaheﬁiaﬂuré boﬁfpraﬂ@i A I88sBdRNEaVitie e@bh LEAS] bERY dﬂa‘iﬁéﬂ tdiidthe channel
at least one of the plurality of analytes containing a fluorophore;
reacting @Ralyle andifon seryingaama yeadtionrchamben | east one cavity; transmtting
an excitation light in the 10 optical fibre to the at |east one cavity for
exciting fluorophore in the cavity such that the fluorophore emts

f 1 uor escentaccdrdansanwithi ngightte pasfeired dispeoithersissrovidedrdh infeunpassyl fibre
fromthe cavity to an outlet end of the optical fibre;, and detecti nﬁgthe

f I uor escefg¥ce havingeatdeaskeng Bricroflyiic ﬁ‘%@nr@é and aideast ere paticaldbeeiNen t o
| eaveyd heg

1 uor ShceagieaBie ettt/ eF SeRcyf] exERfudridrRlo WolticBRtidi il 88 for
directi ontrahsmutahgEmlﬂeabﬂuomsbbacato kdigbt deheetcm crofluidic channel

Wavel ength of the excitation |light may be sel ected based on the excitation
wavel ength of the fluorophore. The optical fiber may format |east a

porti on_of oftriirst, 8cBhd ! fith hd SBAF bsRBGs el Qe bie FBQHOR ot it aavi { ¥
may formpart of the at | east one mc | 'ui di ¢ channel he cavity may be a
groove i npetienaptd wall of thsr &t le@hkone microphigicechanndbe | uorescei n. BRI EF
DESCRIPTI ON OF THE DRAW NGS 25 In order that the present invention may be
full y-understood and readily put into practical effect, there shall now be

descri bedréythefirshiseBond | thifd! fith, xR aiPsevenitth ¥spesh em-re&ﬂatmbﬂldtermays of
t he present invention, the descri ption being with reference to the

acconpany¢egoIise atlaast pue caviyi eaﬁ caity heingadapieditngetairagalyle pgd for
schemati c assay device in accordance wth one

enbodi nen?é‘\'?‘a%é S?’ﬁ%éth émﬁ?'g 2 is a sectional view at A-A of the

i mmunoassay device of Fig. 1; Fig. 3 is a plan view of the inmunoassay

devi ce of Fi ;WD 2007/ 102783PCT1SG2006100Q044 Fig. .4.s a close-up
scherf® i cFQf %Er ?\é‘f\'zvté\‘spﬁct:“ail?fi GAGHY MRY gd sygh 3@%%@“@?0@#@ 1, Fig. 5
is agra i ht
R s L L S
graph of Tth@oamt;enw henadasied\susbdhakiudrescerusceinittecbvy e ﬂmmphpreacm be

DETAl | ED RSEReS rpPe TBRE ORI ERYIMESD T LISARDE R QRCHRPBaBBe:

there is atyirfadfe Qaﬁldfwle bt a8t §né@|ﬁ[c#b$@idlé‘cﬁaﬁﬂméloﬂ'ﬁé%ﬁﬁ? ma;awgassay
device 10 as'shown in Fig. 1, Fig nd Fig. 3. The device 10 15 conprises

a m &bof |groave tb@b@hrﬂaﬁ@&h of dhe @'nt!c@l fioypicadlintp asae of the qnt@gi filere. rheer i al

such as

Wi ar - TR PR B s B BB BHE FiiGre Ui BiR it B oS being
di anet er ipfthalkoidash0begniceotilidic atdhngl. ThedkResshart rabp be filbroscdMA i s
preferable for the optical fibre 8 due to its | ow fluorescence background
noi se conpared to other types of polyneric 20 fibres. The device 10

i ncludes at | east one mcrofluidic channel 14 through which anal yte can
flow The optical fibre 8 is enbedded in the device 10 such that the

oEt [ Ga: fFZdn'rails Hefabove &%pdomﬂhe @ptigaSltf;m‘é raayé\ﬁ{crm éiﬂeafst & Ipartrrjfc:r baselpfithe at
channe SQV\ﬂteOtl rror

i er of | uilgns! CEPTIYHIC eHane). FeriatanoBt TaRRRg 1 (P QISSHRE MaY big
the | engtd) phalifengih 48Bbiek it BRERah dhvdiBah Ofletiigdpndieeat od 1

t he opti cal |bre Prefera a plurality o ties 18 I's present. The
cavities 18 open into and may form part of the mcrofluidic channel 14, and

e, O 00N o DO oL SHSRLD. P00 (BB §TroliBhS e PG dMHGng "

35 immunoassay using fluorescence, the method comprising the steps of providing an
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30 direct witing machine or an Excinmer |aser. Each groove is preferably
about 100x100 m w de and about 100 m deep. Adjacent grooves are spaced
about 1. 5vomewmniss It is preferred for the optical fibreTda2006moomt he
base of t bpticalgibeé inadimntiheatehy déviee Havirg dfleasdt snamiorofilidiethdrmel,the t he
cavities 18 under gravity. WO 2007/102783Pcri sc2006/000044 5 In a typical
usage exaRpliealdiore gemprigingozideast ens cavtyrsiapled iq tainrnalyte AWl sAVEESR a
first antj A a r ] A (i o :
gener al dlkér%e%g't}sﬂ%%% n ﬂ:é?ge%n%% @#%\Sg %&_\@ﬁ%@éé%ff@sﬂgggéﬁq%@éérgﬂ%ﬂ%et ain
some of t berafinelst |easdlopeef the phaatily of mmialytes comitxiing adlumnopimregesactifg the

interest that,is.ca | e, of bindi with,the first antibogdy.is, t,hen passed
L ong T hePRIelitsof BRBREES PR At et Oag v EArRng i SEati oS 1
first nt'Bg‘gg{ i j ' ; j et i~Ri a
seconh@an?l bodgbfééﬁjsu seﬂcigaél%\t yé;g%%gefgﬁg%%ﬂg@tﬂﬁgw' g?%ﬁ uidic chsgjr?!r?gpgtlA
The secontheflrdrpphigrastmits fisoressepoe duansmittigrthieadaitieddlunrescencel along thwor e,

and is se t of its ability to hind w th the,. jgen . ird
anal yte pég@i’ﬁg‘b&? ﬁﬂﬂ‘ ﬁﬁ%?*’%’f@'&%&"@@%ﬁﬁmd% OEB%%{&’?gt%&Qggghgﬁé%]l body
bi nds w t fludrleecemdd.gen retained 15 in the cavities 18. The cavities 18 thus
serve as reaction chanbers for the various analyte to interact, and
ultimately to retain any fluorophore which can indicate the presence of the
ant i . L j : i ] e
R e R e e L o e

i Munoassaé elmimtdiehg' :m@nﬂﬁhle&fmi_liedlm@deh fslnelnbem‘layh bé Hemsititted dl;aas:grpctionh
processes as | on s it results. in e uor o re Qeing retained in the
cavi ti es RYHIR W 99%“@%566@@&1% %‘E@Jﬁﬁ%ﬁb&'e@@ﬁﬁ%m@‘qﬁvﬂ%r est

t hat has frReraiskioh ilh ey Hrsd) i

fibre 8 is a gg’f\g{?‘%’t@@b?ﬁ%@mt )g!)](%hteé't"pgﬂh%y ght sﬁ%ﬁ?ag)saﬁ %¢1ﬁ1\?? éé)}ikdtl)l%gbpi ght
(i ndi cat edrabgtengthovithadiuctephora. The aplicalditicr ghay fooy adetst a portinvofa wali18.
As c be en,in Fig. 4, the general, direction of |ight transn ssion

Carr o) 3297 P& g ieastictle irofcfahenie dectadingy rarmtPorsr ot B2 Be 20)
in the m gL’ charif@l MHe dévity3RaPhetd BFVE! iR iRE Bplidal filde! TRe WRBRIpHGE D
of the excitation light such as by using an optical band-pass filter and an
optical finey&epilussescaine f| uor ophore that has been retained in the cavities
18 will be excited by the excitation light and emt fluorescence. For
exanple, if the fluorphore used is fluorescein with a peak excitation

wavel engt BRIEF DESORIABIONOF THREDRAIINGS 10 nm band- pass interference

filter is appropriate. 35 The emtted fl uorescence is typically isotropic.
Sore 261 {IRGTERY i dhe Prrsest Eveationimay bedilboendarstonstrte Feadly ot 08044 5

pass int LeLQfdeddl i &Bﬁ{g} @@% [Walal : ri%é@n i 11
pass int '}tghfe?é%&fﬁélggltﬁ?l re gﬁ%ﬁ% S F@%@?ﬁ){\b{%ﬂbfﬁ&ﬁ%p{ﬂé@é e ecl:'%1 é)ron\yuch
as a photprdferdsl ambodiments! oftthe presdnt titneerdipni thed désdripdiod. bengudheeldreace on
of the fluqgrophores takes place within the cavities 18 of the optical 10
fibre 8 itPdheACCHMPINVEOIINSITAINEAYIN an be col | octed mich mof e
efficiently by the optical fibre 8 conpared to external |ight detections
systens involving lenses and mrrors. Using an optical fibre to transmt
exci B8t i dn thé gihawings: col | ect enmitted fluorescence al so avoids the

i d pt f . i he | f h . in.
Captur o ta: {5t &scheitE SHin L8Rl &8 Bumtioniet Hallseh SAPQBBNeRdN 988, < 0
"noi se"  RbsGInddrit Of GRERNEALOH; t he substrate. To collect the fluorescence

fromthe cavities 18 will require the filtering of the source excitation
| i ght 32.Figh?is asectiona vew sk A-Aoftthe immimoessandeviceditFig4l; By neasuring

the intensity.o e, f e t copncentration of 20

fluor ophgzr%gsg&sa% p&%\ B’gﬁﬁﬁbggﬁ@@%%ﬁﬁﬁi@%%ﬁs?t he concentration of
fluorophores is in turn proportional to the amobunt of substance of interest
retained in the cavities 18, the concentration of the substance of interest

can thus al so be detern ned. 4



Fig. 5 shows the fluorescence intensity detected by a |light detector when 1
nmg/ 1 of 25 fluorescein in a PBS buffer solution having a pH of 7.4 in the
caviti es w8 »em10er3i t ed by blue |ight having a wavel engtHtTe§G24B0nmmtf r om an

LED sogrc I
LD, SO OF. 8h EYBET MMk SO A} bPA caliy BRI eecSRANESof o
t oget her 3¢ vmth t he quorescence emtted by the fluoroscein in the

iti 8, .t ble to hav t | filt t th f th
oot cal 1 T & BergrbhadhPreengeensty aoysaevaiendf astesedbyd gl on the
excitati oae{écgg}twrf,érpmé iﬁ‘ﬂnﬁh&@é 8fFRSHQ8 uskhight that is transmtted

in the optical fibre 8 can ected not only by the 35 fluorophore in
t he cavit Figs 61i8 a2 gnapheoféblon;se{rmentehaﬁy apsinstiihormscainccasisentipfign'cind he WO

2 oot 1 TR e AR A R RSy Pap et BUGTBE SR ca®ds. oot oF &

conpensate for Ilght source fluctuations and | osses and any ot her

i nterferences §é}ar|s rom such ot her factors. Wavel ength of the
r ef er enceDETM I-EPaQE WEQ%OFhH*ERREEER&E%WBQWW@S ce em ssion

spectrum @ 2l JORS
F e’ gener APpdrdfid (HCBRREG, 125 o UOURETEH BRuEAI A0 ofer Le I aRErsctginee
exposed tmnﬂnugbasmy ddrdee 10mscsravgt imskigSil nElg 2hand FlgoBeE’bem:temaerﬂ(knsi ty is

i near| ropqrtional ntens of, the excitation I| n
Lho T onEompiss ARBICr e SubbIa 2 En i Devestlymads PE e aRics ralegal "0

f 1 uor escegge, éé‘gﬁﬂﬁﬁétﬁy d?ﬂafé’ ( PNFIA) HetI6E g@ﬁr%ter fifkn Fé g Mylshone that

at | ow concentrations the uor estence | nt ensi t I near| Foport i onal
to the cooptioa flhte isralst typlmﬂyemademf P4, andlhmaasomtame’i@’ eabary 509 |

2 'Subst anik® 914 pROEIsdAKRResh okakeyt B h Ve semiaabdTol B ?&@?%'bﬁes

was seen ghatq &Q RvPHIBRIscBhos %‘ébk%n%%n&%&é@&&nhﬁ?ed)@ bfFi 1jged'et pbIhERe! ed

t he senS|t|V|t of I rmunoassay, as shown i He intensity of

fltuwmmceﬁmesdetected was found to be significantly affected by the nunber
of cavities 18 at below thirty cavities. Beyond thirty cavities, there was
no significant change to the intensity of the fluorescence detected. It is

bel i eved Thadelite?f imeiides £ leésﬁa;trermm#Mmﬁhmu f 4 elroligh Wiieh amiabtety of
t he substance of interest such as the antigen contained in the second

ana:c yt ebf:@am flewchie opdoaldiire Seissmierdsd indbedaviag 6 sugh that tba &whcaltf hre 8
i t1vi RSt Tt ot BF B bl 16 %767 nlcrBRudiy tfhufied 1. b8 BBIRE obliber
fl gorﬁcgﬂ' tgg SSWrn@:thérba‘sbLtﬁ:mé mteﬁ)gluﬁ:ﬁ@ ];&hanweltm d¢f Tgbéonln\agm cm%gnpbﬁ of the

(0] I mse (0] I m Sl e nu er o cavlll e accor n . e

P esont g iend the lencbtet (e arilcakribig & harais 6t 165t POG GG FESEERdN 108 ng.
but not 4.8 dgfm 'Eégt?;[ ﬂg%?%g%w,?ﬂhﬁas&y BEEQties YOiL PRIk MRS ESilies 48 Rle00044

Fl uor ophor'e
into and may form part of the microfluidic channel 14, and are grooves cut through the

sheath of the optical fibre 8 and into the core of the optical fibre 8 using a CO; laser
30  direct writing machine or an Excimer laser. Each groove is preferably about 100x100

wm wide and about 100 um deep. Adjacent grooves are spaced about 1.5 mm apart.

It is preferred for the optical fibre 8 to form the base of the microfluidic channel 14 so

that the fluids will settle into the cavities 18 under gravity.



Em ssion (nn) 5-(hexadecanoyl) am nofluorescein 497 519 5-hydroxytryptam ne
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In a typical usage example of the immunoassay device 10, a first anaiyte containing a
first antibody passes along through the microfiuidic channel 14 in the general
direction indicated by arrow 20. The cavities 18 capture and retain some of the first
analyte. A second analyte containing an antigen of interest that is capable of binding
with the first antibody is then passed along the microfiuidic channel 14. Some of the
antigen binds to the first antibody retained in the cavities 18. A third analyte
containing a second antibody is subsequently passed along the microfiuidic channei
14. The second antibody will have previously been labelled with a fluorophore, and is
selected for its ability to bind with the antigen. Upon the third analyte passing along
microfluidic channel 14, some of the second antibody binds with the antigen retained
in the cavities 18. The cavities 18 thus serve as reaction chambers for the various
analyte to interact, and ultimately fo retain any fluorophore which can indicate the

presence of the antigen.

Although it has been described that three different analytes are sequentially flowed in
a typical process known as a “sandwich immunoassay”, the device 10 can be used
with any other immunoassay processes as long as it results in the fluorophore being
retained in the cavities 18 in order to indicate the presence of a substance of interest

that has been passed along the microfluidic channel 14.

The optical fibre 8 is adapted to transmit excitation light such as UV or visible light
(indicated by arrows 30) from a broadband light source to the cavities 18. As can be
seen in Fig. 4, the general direction of light transmission {(arrow 32) is paraliel fo the
general direction of analyte fiow (arrow 20) in the microfiuidic channel 14.

By appropriately tuning the wavelength of the excitation light such as by using an
optical band-pass filter and an optical fibre probe, the fluorophore that has been

‘retained in the cavities 18 will be excited by the excitation fight and emit fluorescence.

For example, if the fluorphore used is fluorescein with a peak excitation wavelength of
around 490 nm, then a 470 nm % 10 nm band-pass interference filter is appropriate.
The emitted fluorescence is typically isotropic. Some of the emitted fluorescence will
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pass into microfluidic channel 14, and some {indicated by arrows 34) will pass into the

optical fibre 8 and is transmitted to a light detector such as a photodiode at the outlet

end of the optical fibre 8.

Since excitation of the fluorophares takes place within the cavities 18 of the optical
fibre 8 itself, fiuorescence emissions can be collected much more efficiently by the
optical fibre 8 compared to external light detections systems involving lenses and
mirrors. Using an optical fibre to transmit excitation light and collect emitted
fluorescence aiso avoids the complicated process of scanning along the length of a
channel in order to capture the total fluorescence emitted in the channel. Also, there
is no “noise” due to fluorescence of the substrate. To collect the fluorescence from
the cavities 18 will require the filtering of the source excitation light 32, The remaining

signal is the fluorescence light 34.

By measuring the intensity of the detected fluorescence, the concentration of
fluorophores can be proportionately determined. As the concentration of fluorophores
is in turn proportional to the amount of substance of interest retained in the cavities
18, the concentration of the substance of interest can thus also be determined.

Fig. 5 shows the fluorescence intensity detected by a light detector when 1 mg/l of
fluorescein in a PBS buffer solution having a pH of 7.4 in the cavities 18 was excited
by blue light having a wavelength of 430 nm from an LED source in an experimental

verification of the device 10.

Because excitation light coming from the broadband light source is detected together
with the fluorescence emitted by the ﬂdoroscein in the cavities 18, it is preferable to
have an optical filter at the end of the optical fibre before the light detecior in order to
clearly distinguish the excitation light from the fluorescence emission.

Light that is transmitted in the optical fibre 8 can be affected not only by the
fluorophore in the cavities 18, but also by other factors such as microbending of the
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device 10. A reference light having a specially selected wavelength is thus preferably

used as a conirol to compensate for light source fluctuations and losses and any
other interferences that may arise from such other factors. Wavelength of the
reference light may be outside the excitation and fluorescence emission spectrum of
the fluorophore used. Wavelengths at red or infra-red regions are generally suitable
since most fluorophores do not fluoresce when exposed fo light at these wavelengths.
Since the fluorescence intensity is linearly proportional 1o the intensity of the
excitation light, comparing the intensity of the reference light will allow for correction
of the fluorescence intensity measured by the light detector.

Fig. 6 shows that af low concentrations, the fluorescence intensity is linearly
proportional to the concentration of fluorescein. This indicates that the device 10 is
suitable for detecting not only the presence but aiso the concentration of a substance

of interest in an analyte.

By experimental verification, it was seen that the number of cavities 18 along the
optical fibre 8 aifected the sensitivity of the immunoassay, as shown in Fig. 7. The
intensity of fluorescence detected was found to be significantly affected by the
number of cavities 18 at below thirty cavities. Beyond thirty cavities, there was no
significant change to the intensity of the fluorescence detected. It is believed that by
having a greater number of cavities 18, the majority of the substance of interest such
as the antigen contained in the second analyte can be captured and retained by the
cavities 18. As such, it is preferable to have at least thirty cavities 18 in order to
maximise the sensitivity of the device during an immunoassay using a fluorophore
such as fluorescein. For other fluorphores, sensitivity of the device can be optimised

by optimising the number of cavities 18 accordingly.

The present invention is effective for a large range of fluorophores including, but not

limited to those in Table 1 below.
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Fluorophore Excitation Emission (hm)
(nm)

5-(hexadecanoyl) aminofluorescein 497 519
5-hydroxytryptamine (HAT) 370-415 520-540
Acridine yellow 470 550
Acridine orange 500 530
Alexa Fluor 488 494 519
Alexa Fluor 532 530 555
Alexa Fluor 546 554 570
BODIPY 500/510 508 515
BODIPY 530/550 534 554
Cascade Blue 375 410
Coumarin 384 470
CY2 489 506
CY3 548 562
CY5 650 670-700
Dansyi 340 520
DAPI ’ 345 458
DPH 354 430
Erythrosin 529 554
Ethidium Brornide 510 595
FITC 494 518
Fluorescein 495 517
FURA-2 340/380 500/530
GFP 395/489 509
Hoechst 33258 365 480
Hoechst 33342 355 465
L.avurdan 364 497
Lucifer yellow CH 428 535
Nile Red 485 525
Oregon Green 488 493 520
Oregon Green 500 503 ’ 522
Qregon Green 514 511 530
Prodan 361 498
Pyrene 341 376
Rhodamine 110 496 520
Rhodamine 123 505 534
Rhodamine 6G 525 555
Rhodamine B 540 625
SITS 336 438
SNARF 480 600/650
Stilbene SITS, SITA 365 460
Texas Red 589 615
TOTO-1 514 533
YOYQO-1 491 509
YOY(O-3 612 631

5 Table 1
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Whilst there has been described in the foregoing description a preferred embodiment
of the present invention, it will be understood by those skilled in the technology
concerned that many variations or modifications in details of design or construction
may be made without departing from the present invention. For example, the
immunoassay device may comprise multiple microfiuidic channels, each having an
embedded optical fibre forming a channel wall. This allows different substances of
interest to be tested using different fluorophores while minimising cross-talk probiems
since the excitation light for each channel is mostly confined to its own optical fibre.

10
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We claim:

. An optical fibre for use in an immunoassay device having at least one

microfluidic channel, the optical fibre being for transmitting excitation light to
the microfiuidic channel and for fransmitting emitied fluorescence to a light

detector.

. An optical fibre for use in an immunoassay device having at least one

microfluidic channel, the optical fibre being for transmitting light to a light
detector in a direction parallel with the general direction of analyte flow in the at

least one microfluidic channel.

. An optical fibre for use in an immunoassay device having at least one

microfluidic channel, the optical fibre forming at least a portion of a wall of the

microfluidic channel.

. An optical fibre for use in an immunoassay device having at least one

microfiuidic channel, the optical fibre comprising at least one cavity, each
cavity being adapted to retain analyte and for serving as a reaction chamber.

. The optical fibre of claim 1, wherein the optical fibre is also for transmitting light

to a light detector in a direction paralie! with the direction of analyte flow.

. The optical fibre of any one of claims 1, 2 and 5 wherein the optical fibre forms

at least a portion of a wall of the af least one microfluidic channel.

. The optical fibre of any one of claims 1, 2, 3, 5 and 6, wherein the optical fibre

comprises at least one cavity, each cavity being adapted to retain analyte and

for serving as a reaction chamber.

11



631 5Table 1 WD 2007/ 102783PCT/ SG2006/ 000044 5 Wil st there has been
described in the foregoing description a preferred enbodi nent of the
present iweeoriiezrszit will be understood by those skill ed1isG206em006@ehnol ogy
concersned ! et THBBSGUAIALHLI R 4 BP el T uitfASin! oLl Iaddpidd sen it
construction may be nmade w thout departing fromthe present invention. For
exanpl e, the lexditationdight trandmitieckinthe aplicplfitte tenthe cavity carcexsita@ di ¢
channel s, each,havi an.enbedded. optical fibre formng a channel wall.
This all ows di?lf%fPeﬁafesWBE%fﬁ@e‘;?"&Y- interest to be tested using different

fl uorophores while mnimsing cross-tal k problens since the excitation
light for each channel is nostly confined to its ow optical fibre. WO

2007/ 102783I9§TT@205%|Q°UH@411 claimed, ovierain the oayitybe pdaptedi sicd that use in an
{br tber ng ol eaneid eripe 6 o, fGpBni o b tarshiEin gk e

m crof | ui di c clemtak cavtty toantouties ehti tof fige epliddl dithrd.| uor escence to a |ight
10detector. 2. An opti ca?, fibre for use in an i nmunoassay devi ce having at

| east one m crofluidic channel, the optical fibre being for transmtting

light to a l4 : ; i ' i G B&in.

gener al di rél(?'?.r lg%ogyc%lrﬁgr)e/toé@ﬁl @v(? |8|E1C|t'a E‘é@éw H‘fg‘l’qgggtg ﬂ%ﬁé@éﬂo@%&ﬁ utlg‘rglg c

channel. 3. An optical fibre for use in an i munoassay devi ce havi ng at
t he .opt.ica

| east, .one m.¢grofl ui di hannel fi,bre f ' | east .
portin of 4 iniine Opfeqi bR e AK e el hand Ssms 7 I, T Pherslt e, favty,
use in an i MUBAAS RN GRhbEt IBastiohe micrbMadic cha@nal.crof luidic channel, the
optical fibre conprising at |east one cavity, each cavity being adapted to

retain analyte and for serving as a reaction chanber. 255. The optical
fibre of ¢l 3bMys Bl Hte bP Bn§RhieH ciditd £ahd cHif 7 & 11 RHSMH tHe Galitydht

is a groove through a sheath of the optical fibre and into a core of the opticai
20 fibre.

13.The optical fibre of any one of claims 4 and claims 7 to 12, wherein the optical
fibre projects into the at least one microfluidic channel with the cavity being in

the at least one microfluidic channel.

25
14.The optical fibre of any one of the preceding claims, wherein the optical fibre
forms at least a part of a base of the at least one microfiuidic channet.

30 15. The optical fibre of any one of claims 8 to 14, wherein excitation light
transmitted in the optical fibre is of a wavelength selected based on excitation
wavelength of the fluorophore.

35
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to a light detector in a direction parallel with the direction of analyte
flow 6. The optical fibre of any one of clains 1, 2 and 5 wherein the
opti cal f\ivbrze(r;f/mam at least a portion of a wall of the patr/daasdooone

5 and B, %2162Wﬁb%%fw%&%&ﬁﬁ%@ﬁ%#ﬁ%@tﬂﬁé RoBfetheindtdn 2 >

cavity being ad heaft@pdiopnal yte and for servi ng as a reaction
chamber. WD 2007 102 83PCT/ S&006/000044 58. The optical fihre o claim4
or claim7, wherein Pffﬁédiaﬂxﬁrt%tl@ fHlergneaan IEUBHNPRSSAVaviGeubRBRY [t st one
transmttedlnthe ‘[Qﬁ'ﬁp I re
within the cavity. %&Hgﬁﬁ%%b@%@%&h@%ﬁgfr&?% % r%gﬁé \/\/ﬁlegr%g:E %Hgﬁgwggw ty

i s adapted such thaadﬂipt‘dduorreﬂamanalmmesénm/% heebtticor cipdrober;can be
transmtted int tical fibr om t an, out | et _end. of the
opticHl fiobre. %P)lﬁgsﬁ*ﬁg adﬂyﬁ!'g)f of 'erﬁféien% %%tolgﬁﬁc?%ﬁ m%’Oﬁuﬁé‘% ein the
fluorophore is fl UopRaacInt i %ne-BTQhé’Pldr‘ém‘y dF chiafy 68 comairng adfuckohare; 4
and clains 7 to 10, ereln the cavit orms "part of the at |east one

m crof | uidic charn)ereactlngjme pkﬂellfwmﬂamllyf%mmeoﬁt laagt aveecityel ai ns 4 and
clains 7 to 11,

optical fibre an ﬁ?BQ@ ﬁgé%\ﬁfﬁﬁﬁ%ﬁgﬁeﬁ%%bﬁ%@ﬁ%ﬁ? ?R:’gg%%? gg:%'}'é]? | bre

of any one of clai ”&a'ﬂtﬁw e&biﬁhgﬁluﬁrdm'ndr&m weesiity suvh that theafludrophere
projects into the at |east one mcrofluidic channel with the cavity being

in the at | east oneeHilgfioresagneechannel . 25 14. The optical fibre of any

one of the precedjyn
part of a base 01% ) ﬁ'gﬁ%r?:'itpﬁe%glﬁlg@?é% ﬁ%@% Béﬂﬁélghgﬁﬁgloﬁjﬂé%&w ﬁlleo(ﬁ?ﬂ)lgﬁ cal
fibre of any one of calityi tssarBotitetlehd oftheaipticakitbreandn |ight transmitted in

the optical fibre is of a \é\gv?l ength sel ected based on excitation
wavel ength of t hd) f AatecHRE &e luaesSceprea007/ 102783PCT/ SG2006/ 000044

20 17.The' method of claim 16, wherein the excitation light is filtered at the detection

{o leave the emitted fluorescence.

18.The method of claim 16 or 17, wherein the excitation light and the emitted
fluorescence are transmitted in a direction paraltel with the general direction of

25 analyte flow in the at least one microfiuidic channel.

19. The method of any one of claims 16 to 18, wherein the optical fiber forms at

least a portion of a wall of the at least one microfluidic channel.

30 20.The method of any one of claims 16 to 19, wherein the cavity forms part of the

at least one microfiuidic channel.

21.The method of any one of claims 16 to 20, wherein the fluorophore is
fluorescein.
35
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516. A net hod of perform ng i mmunoassay using fluorescence, the nethod
conprising the steps of: a) providing an optical fibre in an inmunoassay
devi ce haypngoaiozisgast one mcrofiuidic channel, the opteica@G2bidanends

" enotion anarpsdie taepa sTRKy heTSE 1€18 21 WiaRATIG Gl BB T e

one m crof | ui doptiedigibrel at | east one of the plurality of analytes

contai ning a fluorophore; c) reacting the plurality of analytes in
the at | east one cavity; d) transmtting an excitation light in the
optical fibr | bk in the
cavity such %ﬁgﬁe?ﬁ%h?ﬁl%?ggtﬁgr% erﬁ 1dft>aeﬂ1mst't 1/6 Fcfg%’?eg[é%rtgggg’a ﬁ’%5(‘%@ gggfs)ﬂn?t ting the
em tted fl uor esxdgitationdigbhis setectedthasatl dni theeeXcitation wavelerigtly of thean out | et
end of, the optjcal fibre; and f) detecting the fluorescence.
2017.%he et hoBUYPPEPE - m 16, wherein the excitation light is filtered at
the detection to | eave the emtted fluorescence. 18. The nethod of claim
16 or 17, wherein the excitation light and the emtted fluorescence are
transnit t ed 249AR inmunaassay gevige having ahleaptone mierafluigc shannal, and atleast vt e

flowin the at . 1 f L. o ) : : ne of
claims 16 to 180 RRlrdthrE R ChTpAANG ot brpitihD SRR RonER"S
wal | of the atmi@efitidiznehaninel ahd fordiransrittimgeémitiitPludrbscentdinda tightany one
of claims 16 to 19, wherein the cavity fornms part of the at |east one

m cr dOl ui di c cHelRRBI. 21 . The nethod of any one of claims 16 to 20, wherein
the fluorophore is fluorescein. 35 WD 2007/ 102783PCT/ SG0061000044 522. The
nmet hod of any one of clainms 16 to 21, wherein the cavity is a groove in the
optical fi b2é.An imARincaissayrdeiiod hafvirgnst least afe nlieofiaidicchaniis, andhat lsiast

wavel ength of e gt 1o e lobhih e Wittt 85 5hng gkt o 1Bt Bblstor
in a direction parallel with the general direction of analyte flow in the at least

20 one microfluidic channel.

26. An immunoassay device having at least one microfiuidic channel, and at least
one optical fibre, the optical fibre forming at least a portion of a wall of the
microfluidic channel.

25
27.An immunoassay device having at least ocne microfluidic channel, and at least
one optical fibre, the optical fibre comprising at least one cavity, each cavity
being adapted to retain analyte and for serving as a reaction chamber.
30 28.The immunoassay device of claim 24, wherein the optical fibre is also for

transmitting light to a light detector in a direction paraliel with the direction of
analyte flow.
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24. An i mmunoassay device having at |east one mcrofluidic channel, and at
| east one optical fibre, the optical fibre being for transmtting
exci tati owolzogiro2tsd t he m crofluidic channel and for tr aramWdzoes@osa tted

fl uorescenc ol r . i i t

| east e%ne mezcérgp ?dé.‘*fﬁ'?jcﬁ og%%ﬁtglﬁﬁfcgnoé ai‘& eagm%ﬁg@%%’ta?%gﬁﬁ | ﬁ"r’@?ﬁékrﬂgjegpti cal
fibre being foopticadibne farmegat legsita portion afghivall ef ded at lebst enalimicrofluidic
parallel with the eineral direction of analyte flowin the at | east 20one
m crofluidic ch WH%F: 26. An i nmunoassay devi ce having at |east one

m crofluidic channel, and at |east one optical fibre, the optical fibre
formng at |east a portion of a wall of the mcrofluidic channel. 25 27. An
i munoassay dkVhednmunoagsay devigetof amy oriccofotibimsi24, 2586, 88, aruh29,awhéreist

one optical fipre, the_optical .fibrg comprising at |east one cayit each
cavi 130 being adisended BB fhristntieaSthe Paft Bashiavi BERacdnt ©
chamber. 3028. fgain AFANIOARPIOr 86MWiKE a8 ekatioh dAamblerei n the optical fibre
is also for transmitting light to a light detector in a direction parall el

with the direction of analyte flow WD 2007/102783PCT/ SG20061000044

529. The i M0 i . Of | i ein the
optical fibr e'?@éﬁé"ﬂ‘ﬁéﬁgg%f&g%%ﬁ? {&(Fﬁ{&o%féﬁﬁﬁp%@f %@ggghéggwgsne

m crof | ui di ¢ chdaptet such tB& Stuttatiomiighbisarsmitiediin ¢he bpticyt fibne tothectavitys 24,
25, 26, 28 and 29, wherein 10Qthe qgptical fibre conprises at |east one

cavi tlf, each c&h ?W‘@e@ﬁﬂo %H‘"ﬁ?‘éﬂm%ﬁ‘fwanal yte and for serving as a
reacti on chanber. 31. The i munoassay device of claim 27 or claim 30,
wherein the cavity is adapted such that excitation light transmtted in the
optical fibie. The irhemunaassay dédae ofxizimne3 B vilareindpeaawityiis adaptedesuchithal .

32. The immunoassay device.of claim31 erein the cavjity.is adapt such
that fl uor esceﬁ&é’e quee%,ng@q%ﬁﬁ'?wgaﬁ@pec%@ H@@Wﬁ#ﬁ%‘%ﬂ E]é’oo‘%ﬁaf ﬁtére

optical fibre e evpil bi dilisrend et il otidhiibrdhe optical fibre. 20 33
The i mmunoassay device of claim31 or claim 32, wherein the fluorophore is

fl uor?8scein. 34. The i mmunoassay devi ce of any one of clains 27 and
clainms 30 t i . bty art .of . .

i arof | ui i 8oehi HuRaBs<a d8iERY Har 2l 5 O3l 331 whfoiBtoe BRSHrERRR i
and cl ai ns8 30 fliprddeeiherein the cavity is a groove through a sheath of the
optical fibre and into a core of the optical fibre. 30

34.The immunoassay device of any one of claims 27 and claims 30 to 33, wherein
25 the cavity forms part of the at least one microfluidic channel.

35. The immunoassay device of any one of claims 27 and claims 30 to 34, wherein
the cavity is a groove through a sheath of the optical fibre and into a core of
the optical fibre.

30

36. The immunocassay device of any one of claims 27 and claims 30 to 35, wherein
the optical fibre projects into the at least one microfluidic channel with the
cavity being in the af least one microfluidic channel.
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36. The i mmunoassay devi ce of any one of clains 27 and clains 30 to 35,
wherein the optical fibre projects into the at | east one mcrofluidic
channel wybhodte2mavity being in the at | east one m croffarstizoogivammel . WO

2007/ 192783 m,ﬁ}gg)&g The. | '
cl ai msg)27 aﬁg}ﬁgﬁ s to%’gé{é ¥ egr%}dﬁ ?he%%‘? ?%:‘% ?ﬁrﬁf%lﬁ o?grrgtg? 8! @gg{eig
part of a basethd optiezldibre forats atieasti xpafftlofiadiasecdfdhet least 3@ Thierofluidic
i mrunoassay devjce qf any one of clainms 31 to 37, wherein excitation
101 i ght transn‘Fk‘?@'&F’i n the optical fibre is of a wavel ength sel ected based
on excitation wavel ength of the fluorophore. 39. An i mmunoassay device
conprising the optical fibre of any one of clains 1 to 15.

38. The immunoassay device of any one of claims 31 to 37, wherein excitation

10 light transmitted in the optical fibre is of a wavelength selected based on
excitation wavelength of the fluorophore.

39.An immunoassay device comprising the opiical fibre of any one of claims 1 to
15.
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