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 crofwoiadéxziottsdor escence i munoassay devi ces. 10 BAG@CEHRAGI0E/€B044HE

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

di agno8t i MlﬁmnELU[wﬁ;W SEAEDPEMICE qui ckly and inexpensively
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 eFIRBLDGFTIHE 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 exghifpk@Us hedqiality b hédithcafdt 8 ﬁ&%btﬁrﬁ%@dg&ﬂﬁyﬁé Qfbh 8525

anot her chall enge given %e narrow channels in mcr c device. This is
exacer bat #agmuheasassi aratquicklnaad degxpensively cenducted alitheepanbabcarsesuchras h

of the ch el i rn.to. | Rt of,al .fl wores e it i

channe! - Bong st SV sBrErkel & €8 bRt et SRR dRUEs 31 Bl e hbgn
My aj$o pquiredsile veR s gubatiféscoddroples anduieaibats; tiksrdbp rédlisieg cost and
cross-talk 1n adjacent channels for nulti-channel 30 devices. Fluorescence
backgr oun®Pd-se fromthe microfluidic substrate may 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 nigasitidinienmiunoadday déviced eamently infvelveiulical

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

to a jq gh ) i i et 1 ; a
| gne ot SafiEe OPOE el WPH RstoctipiBl HMY (XflccPany HBBRBCEhpO B el s &
| n accor degicd caimpiexlasesnohiponsfad epticad fikers. Alsdhuwrescenaevenisgions @pt i cal

fibre for, ] i . devi ce. havi i crof | ui di
channel - S o PR SRY 5 SRl e Bl feaheR e diinBir et oct or
ina di r@mbi@ncp%fa?mﬁﬂné&nbméeﬂﬁfggsrr&%r@'cd#h;ﬁ;@ﬁ,t bi@@et@%né'ﬂﬁdﬁ]ﬁét@cpfe'n@iveidbﬂobﬁ

at | east one mcrofluidic channel”. In accordance W athird preferred
aspect t hefstemsAligoneatel the esitaten 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
flucrescence emissions and scattered excitation light may also propagate through the
microfluidic 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

1



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 pregvisiedosoom@t i cal

fibre £¢or e
channe . PHERfoF 8o G SAER RIS (e fhitieralcic BRgind B ToF iBhabiing
bei ng adapnnﬂedﬂuo&maéncahabﬁghtd@ﬂckmr serving as a reaction chanber. 25
In accordance with a fifth preferred aspect there is provided an

i mmunoassay device having at |east one mcrofluidic channel, and at |east
one opti 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 fwilvthe 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 fibesf foui di C

channel . . In_accordance with a seventh preferred aspect there is

pr ovi ded U¥e iWHEHﬁ%’é’?Sgﬁy device haying Wg'eaﬁ 'é%ﬁ”t'cr@ﬂéld#ﬁ ehaymeali hecrtikahnel
and at fa R ] 105 PP LRI 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 microf | uidic channel, and at |east one optical fibre, the

10opt i cal infacﬁ:ro?dé}%é‘ﬁztﬁ%rthﬁrﬁf%ﬂéfén‘éd é‘ébéi%%ér@tié ‘b‘f‘o\hd&‘]‘hptdbt‘bﬂﬁfllffbcfbpﬁéé'ﬁrﬂ' ¢

channel and for transmtti ng‘ emtted fl uorescence to detector. For
t he firstan ieawngassay davigedaying at leagicans microduislin clwmeﬂ; heoptiegl filrem at

the 11 rstrontiraealf Bati o e Realio ke BBl hhitlect <, “the opiical

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

the cdvithp mrwmggwogabmreMtedea@qcéﬁh@ﬁ is ipgenided gnsaticabiibredor Hse

opti cal v f i The
cavi ty el Erfubogerdoved ARVAS S IGaA arsMABRER il hoSehBiinke Co
be transnsdrhprising at keash phicaavity, deich Eavity hding Gaaptaed 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 b fi f I f b

of the at LA BASE APe PFIEIE CARFlcAnd Bk erns g e, B pefialdiors
the opti qRlind fdMtRarEmyitthey mjtho ik a@eédi!ors'ﬁl 2aireStidtreIIBPWRPK thd §bheral

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

aspect t [fbieetipg ob epalvie How indbe et lastst peefraicrethadigshanmghoassay usi ng
fl uorescence, 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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WO 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 onewoa2uetm2mdapted to retain anal yte and serve as pavsE2046/60004¢ hanber ;
passi ng aoBhéﬁFﬂUré )éoﬁfpr%ﬂ@i A I88stBhRNEaVit}e edbh LEAS] bERY dﬂép‘téti tiielim channel
at least one of the plurality of analytes containing a fluorophore;
reacting @Ralyle andifon seryingaama yeadtionrchameben | east one cavity; transmitting
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 escentaccdrdansannithi ngightte pasfeired dispeoithersisnsrovidedrdh infeunpasszyl 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 paticaldbeaiNen o
| eaveyd heg

1 uor ShceagioaBte ettt/ eF ReRcyN] exERfudRidrRlo WolticBRtidi o 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 onof oftriirst, 8cBhd ! fith hd B bsRBGs Ml 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 | uorescein. BRI EF
DES IgDTI 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 bedFéythefirshisetond, third! fith, \extBaiiPsvenith ¥spests ewwbtmbﬂﬁrermays of
t he present invention, the descri ption being with reference to the

acconpany¢@geIise atlaast pue caviyni Qﬂ}‘é’l cayity hieingh adapteditagetainragalyle pgd for
schemati c assay device in accordance wth one

enbodi rren%ék'?ﬁ{%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\'/(/"‘é\‘spﬁct:“ai}i'q GAGHY RY gd sygh 2‘@%%@“@?‘0'&'@ 1, Fig. 5
is agra i ht
24 220t 1S REaI B 159 AR SR ST e i e Gt
graph of Tth@oamt;enw henadasied\susbdhakiudreascerusceinittecbvy e ﬂmmphpreacm be

DETAl | ED RSB e P TBREFORRITS ERHIMESD T &ISARRE R QRN BoBbe:

there is atyirfad e 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 B BN BHE FiiGre Ui BiR it Bl ofid being
di anet er ipfthalkoidash0begniceotilidic afidhnal. 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 i Ga: firdorall ef above a‘%pdo@sthe @ptiaaltf;m’é mayﬂrtn dideatt & bertrﬂfca basaipiithe at
channe 4. As shown, the opti 25 fihre 8

i er of | ullgns! CEIPTIYHIC sHane). FeriatanoBt TaRRIag 1 (P QISSHRE MaY big
the lengtd %a(x@%n é&@?tefd' l%f&cﬁoﬁ EF&I@&t'(ﬁl Whv léﬁg&l Mﬁe‘?ﬁl‘b'répfh&beat ed in

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

e, O 00N ol DO oL SHSRLD. P00 (RBY §TroliBhS e PG dMGng " ©

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 1.5vomemsnetss It is preferred for the optical fibreTdd2006moomt he
base of tbgti@éldib@é rvadimntiheasshy déviee Halviig dteadt aamiovotiliidiethdrmel,rthe t he
cavities 18 under gravity. WO 2007/102783Pcri sc2006/000044 5 In a typical
usage exaRpliealdiore gemprigingozideast ens cavtyrsiapled iq tainrnalyte aWhsAVaESA a
first antj A a r ] A (i o :
gener al dlkér%e%g't}sﬂ%%% n ﬂ:é?ge%n%% @#%\Sg %ﬁ@ﬁgg(éf!éﬁﬂr%sgq%a%%ﬂ%ﬁgérgﬂgﬁﬁet ain
some of t berafinelst |easdlopeef the phaatily of mmialytes comiixiing adlumnopimdregesactifg the

interest that,is.ca | e, of bindi with,the first antibogdy.is, t,hen , passed
L ong T hePRielitsof BRBNEES PR At et Oagr v EArRng i SEp oS 1
first nt'Bg‘gg{ i j ' ; j WeEcHmt i~Ri a
seconh@an?l bodgbfééﬁjsu seﬂcigaél%\t yé;g%%gefgﬁg%%ﬂg@tﬂﬁgw' g?%ﬁ uidic chsgjr?!r?gpgtlA
The seconthefltdarpphigrastmits fisoressenoe duansmittingrthieadaitieddlunrescencel 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 flusrleecemdd.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 . g i : i ] e
equati af 15 RPN 1358 AIERET a0 detBbdEReate LR fdordsBands.

i nMmmunoassaé ef{bmmiﬂlg' 'rﬁ@nﬂﬁhleéﬁlniheddmh fsldénbealwyh b emsimitted dmasﬁryectionh
processes as. |l on s it resylts,in e uor o re heing retain in the
vt oo ReAIR Wit Ere penpibHrasion Abam s T Re A PR ST oot

t hat has frReeyrriekioh ith ey Hrsd) i;

fibre 8 is a gg’?ﬁ%&t@@b?}gg&mt ){t;eit%rlteégi?gﬂhﬁy ght sﬁ%ﬁ?ag)saﬁ %-ﬁ]ﬁ]\ﬁ) éé)}ik!tl)l?égblrli 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& By eastictle iroficfahenie dectadingy armtPorsr o B2 Be 20)
in the m gL’ chatif@l MHe dévity3RaPhetd BFVE! iR RS Bplidal filde! TRe WRBRIpHGE
of the excitation light such as by using an optical band-pass filter and an
optical finey&epilusyescaine 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 TREDRAIINGS 10 nm band- pass interference

filter is appropriate. 35 The emtted fluorescence is typically isotropic.
Some 261 {IRETERY i dhe Prrsest Eveationimay bedilboandarstonstrt Feadly ot 08044 5

pass int e kOl deddl 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 ambodimenis! oftthe presdnt titneerdipni thed désdripdiod. bengudheebdreace on
of the fluqgrophores takes place within the cavities 18 of the optical 10
fibre 8 itPSBpACCPMPEPUDEINRTIEdAMRIR an be col | ecied mich mor e
efficiently by the optical fibre 8 conpared to external |ight detections
systens involving lenses and mrrors. Using an optical fibre to transmt
exci Bat 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 &schete SHRLERG & Bumtioniet Hallheh SAFQBBNeRdN 988, < 0o
"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 asectona vew sk A-Aoftthe immimoassangeviceditFig4l; 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 wd znem10ersi ted by blue |ight having a wavel engtitEG2@X0000f r om an

LED sogrc I
oxci t o1 ond R SRREHE/FRERatkHile YRR} bFR caliy BEEHiAndabsab AANEFof Fio
toget 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 & BerrbhadhPreengetensty aoysdevaiendf astesed By gl on the
excitati oae{écgg}twrf,érpmé iﬁ%ﬁh&&é 8fFRSHQ8 usklight 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 T TR e AR R E HiehS iy Pap it BUGTBESE ca®ds. oot oF &6

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

spectr um @ 2l RS
e benor Appdrdnd ta BHOBIAEE, HRTE s UOURIET SN BRuch i sor LRt i aifRBrédtes
Iexposele tmnﬂnugbasmy ?éﬁe@mmsad;mm hnsF:gS][l nE? Zhand FlgoBeE’blem:temaerﬂ(knsi ty is
| hear ro Qrtlona, ntens { itation | n
hos T4 L Bompiigs aaorhiio subSirat 2 iieh it Betermeds PLe Histics il O

1 uor escesioh b8 bRMStHyRBRHCHIa) (SIRIAY Heotels} B6esier s 6 MyiITHe ¢ hat

at | ow concentrations the uor escence I Nt ensit i nearl roportl onal
to the cooptioa fthte israled typlmﬂyemade of PMMA, andlfmt&soter@amei@ e 509 i

2 'Subst ankk® 914 pROEIsIAKRnesh okakeyt B Bh AJMEN semiaab ol B ?&@?%'bﬁes

was seen ghatq &Q RvPHIBRIscBhos %‘ébk%n%%n&%&é@&&nhﬁ?ed)@ bfFi 1jged'et pbIhEe! 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;tr@rmm#Mmﬁhmu t 4 elroligh Viieh amiabtety of
t he substance of interest such as the antigen contained in the second

ana:c yt ebf:@am flewchie opdoalditre Seissmierdsd indbeddaviag 6 swgh that tba &whcaltf hre 8
i t1vi RSt it ot BF B bl 16 4767 lcrBRudit tfhufied 91 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 cavl il e accor n . e

P esont g lend the lenobte (e arilcakibig & harais 6t 165t POG GG FESSERdN 118 ng.
but not 1 i dgg ??tﬁ:%?%d%fy TahlLkaly BEtQies Y91 BRH TS BAViieS 8 00044

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.
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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 to 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 flow (arrow 20) in the microfluidic 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. Aiso, 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 fight coming from the broadband light source is detected together
with the fluorescence emitted by the ﬂdoroscein in the cavities 18, it is preferable fo
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 at 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
Dansyl 340 520
DAP! ’ 345 458
DPH 354 430
Erythrosin 529 564
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 6256
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



Weclam:

1. 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
microfluidic channel and for transmitting emitted fluorescence to a light detector,
wherein the optical fibre comprises at least one cavity, each cavity being adapted to
retain analyte and for serving as a reaction chamber.

2. An optical fibre of claim 1, wherein 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.

3. An optica fibre of claim 1, wherein the optical fibre forming at least a portion of a

wall of the microfluidic channdl.

4. The optical fibre of any one of the preceding claims, wherein the cavity is adapted
such that excitation light transmitted in the optical fibre to the cavity can excite a

fluorophore within the cavity.

5. The optica fibre of clam 4, wherein the cavity is adapted such that
fluorescence emitted by the fluorophore can be transmitted in the optical fibre from

the cavity to an outlet end of the optical fibre.

6. Theoptical fibre of claim 5, wherein the fluorophore is fluorescein.

7. The optical fibre of any one of the preceding claims, wherein the cavity forms part of

the at least one microfluidic channel.

8. The optical fibre of any one of the preceding claims, wherein the cavity is a groove

through a sheath of the optical fibre and into a core of the optical fibre.

9. Theoptical fibre of any one of the preceding claims, wherein the optical fibre projects
into the at least one microfluidic channel with the cavity being in the at least one
microfluidic channdl.

11



10. The optical fibre of any one of the preceding claims, wherein the optical fibre forms at

least a part of abase of the at least one microfluidic channel.

11. The optical fibre of any one of claims 4 to 10, wherein excitation light transmitted in
the optical fibre is of a wavelength selected based on excitation wavelength of the
fluorophore.

12. A method of performing immunoassay using fluorescence, the method comprising the
steps of

a) providing an optical fibre in an immunoassay device having at least one
microfluidic channel, the optical fibre comprising at least one cavity
adapted to retain ana yte and serve as a reaction chamber;

b) passing a pluraity of analytes adong the at least one microfluidic
channel at least one of the plurality of analytes containing a fluorophore;

c) reacting the plurality of analytesin the at least one cavity;

d) transmitting an excitation light in the optica fibre to the at least one
cavity for exciting fluorophore in the cavity such that the fluorophore
emits fluorescence;

e) transmitting the emitted fluorescence aong the optical fibre from the
cavity to an outlet end of the optical fibre; and

f) detecting the fluorescence.

13. The method of claim 12, wherein the excitation light is filtered at the detection to

leave the emitted fluorescence.

14. The method of clam 12 or 13, wherein the excitation light and the emitted
fluorescence are transmitted in a direction parallel with the genera direction of
anayte flow in the at least one microfluidic channel.

15. The method of any one of claims 12 to 14, wherein the optical fiber forms at least a

portion of awall of the at least one microfluidic channel.

12



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

The method of any one of claims 12 to 15, wherein the cavity forms part of the at

least one microfluidic channd!.

The method of any one of clams 12 to 16, wherein the fluorophore is

fluorescein.

The method of any one of clams 12 to 17, wherein the cavity is a groove in the
optical fibre.

The method of any one of claims 12 to 18, wherein wavelength of the excitation light
is selected based on the excitation wavelength of the fluorophore.

An immunoassay device having at least one microfluidic channel, and at least one
optical fibre, the optica fibre being for transmitting excitation light to the
microfluidic channel and for transmitting emitted fluorescence to a light detector,
wherein the optical fibre comprises at least one cavity, each cavity being adapted to

retain analyte and for serving as a reaction chamber.

An immunoassay device of clam 20, wherein the optical fibre being for transmitting
light to a light detector in a direction paralel with the general direction of analyte

flow in the at least one microfluidic channd!.

An immunoassay device of claim 20, wherein the optical fibre forming at least a
portion of awall of the microfluidic channel.

The immunoassay device of clam 20, wherein the cavity is adapted such that
excitation light transmitted in the optical fibre to the cavity can excite a fluorophore
within the cavity.

The immunoassay device of clam 23, wherein the cavity is adapted such that
fluorescence emitted by the fluorophore can be transmitted in the optical fibre from
the cavity to an outlet end of the optical fibre.

The immunoassay device of claim 24, wherein the fluorophore is fluorescein.

13



26. The immunoassay device of any one of claims 20 to 25, wherein the cavity forms part

of the at least one microfluidic channdl.

27. The immunoassay device of any one of clams 20 to 26, wherein the cavity is a

groove through a sheath of the optical fibre and into a core of the optical fibre.
28. The immunoassay device of any one of claims 20 to 27, wherein the optical fibre
projects into the at least one microfluidic channel with the cavity being in the at least

one microfluidic channd!.

29. The immunoassay device of any one of claims 20 to 28, wherein the optical fibre

forms at least a part of a base of the at least one microfluidic channel.
30. The immunoassay device of any one of clams 23 to 29, wherein excitation light
transmitted in the optical fibre is of a wavelength selected based on excitation

wavelength of the fluorophore.

31. An immunoassay device comprising the optical fibre of any one of claims 1 to 11.

14



