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M CROFLUI DI C | MMUNQASSAY DEVI CE FI ELD OF THE | NVENTI ON

The invention relates to mcrofluidic devices,
w@arwitearBarly to mcrofluidic fluorescence i NMROISCHAY 000044

devi ces. BACKGROUND OF THE | NVENTI ON To i nprove the
MERORLJIBIC AMMUNOASSAYDEVIGE S| rabl e that di agnostic

tests such as imunoassays are quickly and

i nexpensi vely conducted at the point of care such as

FIBLD'OFTHE INWENHOMSpi tal bed. To that end,

m crof |l ui dic devices are ideal as they require on|
The Fyestian relgiesHei rpiceasflidic 9&%@@@%&%@5@% m'groﬂwaég Bygrescence
i ' gﬁ_ﬁ,{ nd space. Fluorescence methods in
m’fnrﬁtgr?%ﬁ%%y I C C|e‘r;‘rl;1'Tunoassay devi ces currently invol ve

bul ky optical detection systens that typically focus

j [ (i ternal light source onto a

ngﬁégk}l%éﬁ%mg?ﬁgnd coll ect any fluorescence
TEhproRd thé GhaktyFthealth6£8Plt X deSINSRES that dia@hdstizests such as

optical filters. As fluorescence em ssions are

imnauneassars ace AKigkly and isprpensively cpadyeledralithg ppiswof care such as
at;@ﬁésb% g{é i Bbgﬁ{él By, Jr%‘ié{"ér{ég Ingé@;ﬁgoﬁg Gevices Urd Ydeal as they

nmore conpl ex
requipe palyAerg ghidliduantitivs of s&mpipyamd rexfgdnts, tasesblyatdading cost and
light wwth the sanple and the detection systemis-
SPRRBt her chal | enge gi ven the narrow channels in
m crofluidic device. This is exacerbated when
excitation and collection is to be done along the
Flienegténad mellsodshiarmisrofluidioimienunoassdy diemiceb eurrendly involve bulky
mtt n, a,channel

orb A REEAE S P B hicubTSh Lo an pygemal ot
solifde Ghid% BARPRIALLiidtoeHSMhdINgnd collect any fluorescence emitted with a
set of complex lenses, mirrors and optical filters. As fluorescence emissions are
isotropic, collection efficiency is generally low, usually less than 5%. Improving
efficiency usually means needing a more complex, bigger and more expensive optical
system. Alignment of the excitation light with the sample and the detection system is
another challenge given the narrow channels in microfluidic device. This is
exacerbated when excitation and collection is to be done along the length 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
microfluidic substrate and produce cross-talk in adjacent channels for multi-channel
devices. Fluorescence background noise from the microfiuidic 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

an immunoassay device having at least one microfluidic channel, the optical fibre
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m crofl uidic substrate and produce cross-talk in
adj acent channels for nulti-channel devices.
waobaonessence background noi se fromthe m crof POT/AGZ006/000044

b&iHE $1 t@éﬁ’srﬁﬁi‘/ng%ﬁﬂtaﬁ@n 'Iibﬁf‘@f theharreTlidie PRANEN e dransmitting
by the sanples. SUVWMARY I n accordance with a first

erpitieddiuarasernnecto a lightsletector.ovi ded an optical fibre
for use in an i nmunoassay device having at | east one
m crof |l uidic channel, the optical fibre ibeing for
Thie apﬂdfa'ltﬂb'rél thagXise farttramsnittiahtiighotd Adight detettatiitladirection parallel
ch nng and for transmttlng emtted fluorescence to a
Wﬁ'?ﬂ?ﬁ igeetiony @franatyie flgMt-i cal fibre may be for
transmtting light to a light detector in a direction
parallel with the direction of analyte flow In
Insgecordhnoecwith alseaond @wferrpdeefwecbmems feptovidest &n ppticai fibre for
rovi ded an o

usBiartiminag e Feids Rhvind Bt IS5 onP aRieratRinih Shan e the optical
flb@@‘b'eﬁ'@ folr &Mn@nﬁl‘ﬁh@ Qitqﬁpfo 4 llgiﬂsdﬁtb&ﬂo?‘ih b'cﬁi%btléﬁ’ p’e\réllegmth the

detector in a direction paral ener al
geieraldiresonfof analyje ﬂowu@\bhe at le|a§t ane mgmﬂume channel.
m crofluidic channel. I n accordance with a third

preferred aspect there is provided an optical fibre

Infaetotdsmcewitina ithird peAsitey adpetiahel@is provided |aﬁﬁ§;§tlc@m fibre for use in
mi crofluidic channel, the optical fibre formng
an iggaYneassavtdayicehavingial least opganigrafiidic @haneelcmﬂ@ncal fibre

for'gﬁiggi‘:aggédéjﬁ%cﬁor‘ﬂbﬁ Ba vf/%%ftt?e%ﬁ:fr@ﬁlfl&g c‘ﬁ%ﬂﬁgf there is

optica I MMmMunoassay

devi ce havi ng at | east one mcrofluidic channel, the
tical fihre I‘ISI | east one cavit

in BBeanGe Il 2 dSRTLE Ha o aaPRoCharS raNehian il figre for use
in 88 iRMAREssaP delRBiving at least one microfluidic channel, the optical fibre

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

serving as a reaction chamber.

In accordance with a fifth preferred aspect there is provided an immunoassay device
having at least one microfluidic channel, and at least one optical fibre, 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.

In accordance with a sixth preferred aspect there is provided an immunoassay device
having at least one microfluidic channel, and at least 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

device having at least one microfluidic channel, and at least one optical fibre, the
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In accordance with a fifth preferred aspect there is
provi ded an i nmunoassay devi ce having at |east one
wore@rabi7es di c channel, and at | east one opti caPCT/8G2006/000044
5 optital fibtd €dhpfisibg et Reisn onb@avity 28BN ddvitfDbding Bﬁapt@d&o retain
light detector In a direction paraIIeI with the
arliferand tarseeding Asd reactioy cBambsly i n the at |east one
m crofluidic channel. I n accordance with a sixth
preferred aspect there is provided an i rmunoassay
Inomxdoormritm/\ivihlg aaetlgthtbqﬁ"efanrmi aspobthareds prm.hnbasdwah imammoassay
at, ast o tical, he op al re form
d&fios 3o Z et ion Toiorartiigi chaRnghandiat it ae aptical fbre, the
10 o;ﬁl&‘ﬂﬂﬁﬁe béiAg ?&ﬁ@érﬁ@ﬁiﬁmdﬂéﬁﬂaﬁoﬁ ‘ﬁt’;ﬁ%ﬁh@ﬁﬁﬁﬁ‘dﬂﬁ@ic &hBAAEI and for
there is provid an | nmunoassay devi ce having at
trammlm@nmaﬂfmqresmmecm@h@t ehgeiont | east one
optical fibre, theoptical fibre conprising at |east
one cavity, each cavity being adapted to retain

Farakirst, 8scoridy fiftheind sigthasspcts Alté bptic#l Hidkd eday fofm at least a
accordance with a ei ghth preferred aspect there is

PasteR pfagvalhof thmal apedeigrefiidiswhagnek | east one

m crof |l uidic channel, and at |east one optical fibre,

the optical fibre bei ng for transmtting excitation
Fdritgétirstpsédundyitisird) ffifth, dixth ahdiseedénthraspleots, tﬂnemptld:altflbn@ may

em tted fluorescence to a I| t. det ec
copmpriste SLERSIANE sS4 h ca caV ikl Reiag AEPLSY (o B tapranalyte and for

st a portion of a wall of the at
se{rigggt%s@)’ed‘dﬂbﬂqcﬁ\% t%?‘ P !

one mcro ¢ channel. For the first, second,
third, fifth, sixth and seventh aspects, the optical

fibre onpr.ise at least one cayi each cavity .

20 Fopaigidiatyaumats Feitaviy iy OF caRlpd SordBatefgtatioh iont
trarasitté@th ﬁi@éﬁlﬁral fibw toathla da@it?’ééﬁtexéﬁ@ %%roéﬁ&e%“mlh)the cavity.

may be adapted such that excitation light transmtted
Thencavily reay beidapiest suehthat dupeascence gmitied bydhe fluorophore can be
transHﬂﬁ&? ﬂﬂh% (%t cgl'l ﬁbrtehf?om%étc\éwty to an outlet end of the optical fibre. The
cavity may form part of the at least one microfluidic channel. The cavity may be a
25 groove through a sheath of the optical fibre and into a core of the optical fibre. The
optical fibre may project into the at least one microfluidic channel with the cavity being

in the at least one microfluidic channel. The fluorophore may be fluorescein.

15

30 For all the above aspects, the optical fibre may form at least a part of a base of the at
least one microfiuidic channel. Excitation light transmitted in the optical fibre may be

of a wavelength selected based on excitation wavelength of the fluorophore.

In accordance with a ninth preferred aspect there is provided a method of performing
35 immunoassay using fluorescence, the method comprising the steps of providing an
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The cavity may be adapted such that fluorescence
emtted by the fluorophore can be transmtted in the
wepdo7aed7ss i bre fromthe cavity to an outl et enBCDBG2006000044

o;:ntna'l filate ihidmr mm??m%my del;qvicmh?\ﬂng If]mt st oné nhioroflidic channel, the
easf., one m ¢r.o i di channel. The cavity ma e a
oRIiGL T4 FRrBRRTInG ARB AR AEAPEED reiat BN pR¢ serve as a
B0808 8L E RS PRy o1 B HGnd f etBe microicic
chdnngl ahleasteme ¢f thel plgrality ohenalyteseantaioing arflavropharaireacting the

.l be | in Far.all. . ..
PIGRERHne s B8 APRBSCo Yarts kg8 TRGS D) el cpuilight in the
opticRbfiireatb the Befastbntlaviy fdrea@itingudtbsticrel iHithe eavity such that

channel . Excitation light transmtted in the optical

theiflypeoniigge panitss luprapeancen fanseitiag the epilied)fiderescence along the
o8 n BB bl YOHGNIER) 13, g detting the

flyorescethed. a net hod of perform ng i Mmunoassay using

fluorescence, the nethod conprising the steps of
provi di ng anoptical fibre in an i nmunoassay device

THERN kS8R li?ﬁﬁﬁlta QiéeﬁIF@réﬂ O ke Qé&cﬁgﬁwgavettﬁé PRiktb8 fuorescence.
fib &’ at lea

1 ore c_orrp|S|n st one cavity adapted to retain
Thenexojtation tightand thenemiftedthaarescendeamaybe frassitigddn a direction

pef Bt e Rl Tigf o ARl ivar Tt 8281 ape rgotpuic
chanatl VesvelenithioTitiNG eRcitAtiopr IR eiB; bé 8allctetDba$®] on the excitation
pl ural i of analytes in the at I'east one cavity;

t
wavelgngih o¥ theyfluerophere. diheoppticalfiben may fiernp pt least afnastien of a wall

o i, BBt AT oG il e SABL RN L BPPBRE st one
mittoflaidis chantel. Tharavity ndyhd gresvd inttieldplicaefisrenTae fluorophore
al on%pt he optical fibre fromthe cavity to an outl et

mahe JHotessett i cal fibre; and detecting the
fluorescence. The excitation light my be filtered at
the detection to | eave the emtted fluorescence. The

BRIEEI DESCRIPTIQNtOETHE DRAWINGSI f | uor escence may be

In Bgdae?%fq;ttthg%reiagena} il(%l\i/ér%:itﬁ)tr1i r%gy be fully understood and readily put into
practical effect, there shall now be described by way of non-limitative example only
preferred embodiments of the present invention, the description being with reference

to the accompanying illustrative drawings.

In the drawings:

Fig. 1 is a schematic side view of an immunoassay device in accordance with one
embodiment of the invention;

Fig. 2 is a sectional view at A-A of the immunoassay device of Fig. 1;

Fig. 3 is a plan view of the immunoassay device of Fig. 1;
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parallel with the general direction of analyte flowin
the at |east one mcrofluidic channel. Wavel ength of
wo b@7axarss ati on |ight nay be sel ected based onPtT8G2006/000044

Fi?ixﬁ id 2l M‘B‘é@h@r‘ﬁ%ﬁ@ sfife Vib& df'aUh tH?“tﬁ’e rﬁﬁﬁp@@ﬁéé&ﬁbewce of Fig.

ber may format [east a portlon
1;l east one microfluidic channel. The caV| ty may form

Fi§o5 s S o) pEhuoEREtnd Frdsiy Yl wiviIRRB astpBad by a lignt

détéé;t@F m@ﬂrtﬁewm@d‘skapaee@@w Fi@®R EFuddaSCRI PTI ON OF
DRAW NGS | n order that the present i nvent i on may

Flge6 iu® oyeRihatfideresanes intersity againsifiucrescayt aergardration; and

Flﬁf v ?ﬁcé I%r%;nf BFﬂ&(S}’aQan Wil @%ﬁﬁ%n?%e{%ﬁ%?ag ties,

rve exanp e onl erred nments of
the present invention, the descrlptlon being with

EFARE R B H N S TR B Elab SR arass .

Aéé;f@i‘?g’iﬂg A5 DAY JHPECE Ql&lél‘gé légﬁ'@\?l@é@ SR oMticl @fﬂ?%brlﬁ réitﬂuorescence

I nvent i on; a sectional view at A-
imniendassay devicay (lay shewnfin Fg; 1, Fig.R gnd Fig.S3. dhel @VICG 10

CO&"QJ?@g[?p't‘Q%H nnuqn%%%wie 3§ gﬁhOfg f}(‘FlI%{ y)l,mg:dgtqﬁ é ;inlgst?cs material
sUcATESRpmathyilevetAgcHiatE (BMMA) ﬁh@ets 2ripdlyRsHrdi, @fgb Mylar. The

fluorescence intensity versus wavel ength det ect ed

opltlcgmbraes alsodypigaliyimade ofiftMMisanghareeicore gianpeigr o about 500

s 330G okt £l Aeab o i HVATEPETg/BIE R the optical fire &

dl%;t@ﬁ{é Igﬂ;v flloresasrRRASKBFRIN o sé‘@:@hﬁfdre@ wbtier®pes of polymeric
Vities
fibres.

The device 10 includes at least one microfluidic channel 14 through which analyte
can flow. The optical fibre 8 is embedded in the device 10 such that the optical fibre 8
forms at least a part of a wall 16 of the microfiuidic channel 14. As shown, the optical
fibre 8 forms the base of the microfluidic channel 14. it may form ali or only part of the
base. Along the length of the optical fibre 8 there is at least one cavity created in the
optical fibre 8. Preferably, a plurality of cavities 18 is present. The cavities 18 open
into and may form part of the microfiuidic 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
direct writing machine or an Excimer laser. Each groove is preferably about 100x100
um 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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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
According to one aspect, there is provided an opti cal
wo 2dwraoBs8s or use in a fluorescence i mmunoassayPOESGLBG6/000044

InXDtypecat Dedde eRafnbb oflthe finghurb ARy detlice3t0, \'?hﬁsﬂér\{alyt% containing a

10 conprises a mcrofluidic substrate 12,

flrgt/@ttngywaﬁggg afangathpough thesmiggeBuidig chanprl 44 in the general
RIS ERUA 3 20° 1B Moo B4 gk Lo ot

arahyte. Afseg_wm,anﬁ_lwi bantaml?@ ag aiit@jl_égtcﬁrintef[;eﬂlﬂmitis gapalie of binding
and cl addi i ckness o ou m i S

wify hech3bratifbsly s e passag gpnsrtee@'awlwmgmedv% Some of the

aﬁgigéﬁrlﬁﬁ@é?ﬂﬁﬁetfﬁ'%tmg StielsOf SJtA‘ﬁﬂrdtééPaQﬁe

B
polynmeric fibre 4 %ew ce 10 1 ncl udes at | east
copiteinimgor sécandiantiboayria suibsaquentlyueassatliatongitie nyumsoﬁladlc channel

14 1B sk by wil R Brey oI BRER Tavdlieh it flupfordibre, and is
seﬁadt@dj forlifs élflhtW@ bIRcPWRA ik Bhiigeh 8(0;5@4\ thb"thlrﬂsarﬂl‘,ﬂéﬁbassmg along

thehwgtlcal ibre 8 forns the base of the m crofl uidi
migraflwidc cmnn¢lt1wma)@fnmmaecgndcamtlpogﬁbtnd@fwmm%a@@en retained

in fNeas fid& 18 eﬂgé Baied 48 &Ruﬁ% Eéﬁ)e {H %tl§ ﬁcﬁ%{@e’gsc‘ fétthe various

one cavi create
anglyeé ¢o itténact, aarmi witicdaitdly t@f-etam/aﬂay ﬂsorb&hoaa whighasdn indivate the
caV|t|es 18 gpen into and may form part of the
pPregeicsi9fihaiaptigeBnnel 14, and are grooves cut through
the sheath of the optical fibre 8 and into the core of
the optical fibre 8 using a CO2 |aser direct witing
Altlmaogh itehas been desdribed thabthree Biftdregt amalgtessarp rsehaeawlw flowed in

o 100x d d .about 100 d t
a 008t noeRsE KanuB & eltnSE ThimuERastay | e device 76 EAb pe used
with%nyt 6‘1?\99 ﬁﬁh%baééeﬂf ﬁro%eEQeé Qé r@)ﬁdgﬁs Ras §u|€§ |nttH§ fluorophore being
m crofluidic channel 14 so that t ds will settle
retained inithe cavities 48 in @rdnemfermgncatﬂ the pnesanc@r pf asubgtenge of interest

the R A8 BT IRERRGRU AR Garkf 13, T 7ot anatlvte

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 parallel to the
general direction of analyte flow (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 light 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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first anti body passes along through the mcrofluidic
channel 14 in the general direction indicated by arrow
WQ@0007/Thgsxavities 18 capture and retain sone OPCT/RE2006/000044

pefSSr iato mirbiltidic chapRePdl, &thsorhe (Feidzéd b?@nﬁljwm) \&iﬂrpass into the
|nterest that is capable of binding wth the

oR} ma tiergy? pad insansiaiiteddon kighy detroten St a@acnf@m'aaﬁ@t the outlet
eﬁ&?fiﬁgr%,tﬁglﬁ ggantigen binds to the first antibody
retalne

e cavities 18. Athird analyte
contai ning a second anti body is subsequently passed

Sifip? EXaRlER a5 Sheraprieen ke iFemifinyibg cebiseoiher Db optica

fire @ lts‘élfsﬁu&%Eé‘%éeoém'iés‘?or@ééd b¥ chiedtd ‘P'nd&ﬁ motd efficiently by the
antigen. Upon the third anal yte passing along

opticakidire§ epropatedineixtamal ighteledections systamsl invelving tBnses and

iS00S o B A Bt e

fluohescente alsd aAdyY the Emblid#ted procautbfWchhnitigedlvng the Iength of a
retain any fluorophore which can indicate the presenc

chgpnelja oxder f@é?aptsmetth@dgwl fluoressenea amittad in nbecpharﬂa@l Also, there
is hB r“ﬁ@is?" d6é& f(?mo Q@év\%éegéf tglﬁf‘sSLﬁ)‘:éngf‘éﬂT‘oaMlpéc{ {r%"‘ﬁtgorbgcf‘%%ce from

proces nminoassa
theal eavmes 18 vmﬂueqmra;ttmﬁlwfr‘mg aitlye sbore exuitatimaglamz The remaining
Eﬁ{é?c 2 as | on ,aﬁ éé results in the fluorophore
st TeRGeNCR igRk34avities 18 in order to indicate
the presence of a substance of interest that has been
passed al ong the mcrofluidic channel 14. The opti cal

Byfmbasurmg &leaiummlsﬁxd of the delestrd flurescendep the cohterdiation of
rrows

ﬂ”B'P&’gV SEEhe EEHOF%QJHBE@GS%Q? e il Se‘gefé’"cﬁeto%%‘?f‘ BEftdorophores

is iR@Fh pfopbitibnatto tHeeawBDAT o Stﬂieft&%é SMinffrest @fdined | in the cavities
transm ssion (arrow 32) is parallel to the general

18 dtheccancentration ahithe sulistaney af intatesiogan thusmiso be determined.
m crof | ui di c channel 14.

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 fluoroscein in the cavities 18, it is preferable to
have an optical filter at the end of the optical fibre before the light detector 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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By appropriately tuning the wavel ength of the
excitation light such as by using an optical band-pass
wo pdovao27ad an optical fibre probe, the fl uor optise2006/000044

dévicd 1038 réReEhdLhRtMRYinga %B@ Iﬁﬁvéélbéf%d]\ﬁa}%lbhg@ﬁs thus preferably

excited by the exXcitation |Iight "and orescence.
ugast aga aopirel to ¢ornpensate dordight soureditictuationsrarstiosses and any

I f
okt ReGréf5Ateirel it Al RORLELH g riQiRc Bvateierith of e
refgrenopligiat may beeosidetthe ektitstiorsafnfigorescebict émlé%n spectrum of
isotropic. Sone of the emtted fluorescence willp

the Alugraphare usar d\avelpneths atied erriairadad reginas cse 66“95?")’ suitable
sifdd M3t ﬁ@rgWhHesoﬁ%:‘ ﬁR md&te E§ whh! éSﬁJosEH ko ‘ﬁﬂﬁtt %tgiﬂgédg wavelengths.

transmt or such as a
Siate th&aflmrebeenmm\t@ismyhe Im@anlycpiopbmnrml & ti& mbms:ty of the

e)%ﬁg ion Eghc{igo%lp%{r}ﬁg t%{qtg&ltyﬁfﬁp@ r@f%,r@rgreqaﬁﬁwt Wlh ahow for. correction
offtlhé' ﬂus.%%@aﬁ@e ﬁﬂéﬁﬁtyqﬂéa%%dt!ﬁ/ d gﬁ?H@féd@&?h nor e

ficiently the optical fi'bre conpared to
external Ilght detectlons systens i nvol ving | enses and

Fig & RB0%s 1 ft el RoBRbutf dions it uddeneS ot nEhedl
prepdibhaRtbeHe @bﬂ@@ﬁﬁaﬁb‘n éﬁﬂfbﬁéﬁﬂelm P8 indieategtBatthefdevice 10 is
channel in order to capture the total fluorescence

sutapletfedeiecting nehanlydhe prpsencer bialse theneonaasitiation @fia@ substance
Of; oldst i §5SR4 fe, of the substrate. To collect the

uorescence rromthe cavities 18 will require the
filtering of the source excitation light 32. The
remai Ni Ng Si r];[ is the fluoresc cell ht 34, By
By ekastimaniat veticatigns wis seepriba H9f pitisscliglong the

oplica MRS B, %?%?%h‘“@ﬁ“ﬁ%"fﬁﬁ‘é“@’%ﬁg% Fhown i Fig. 7. The
intéhsity afifhumrescersei detected vpasafmm! torks sngnlﬂchatl)aaﬁected ddy the
nugHiE ohrdtiee 18t et Sy Eaiibies feyare ity caiieg et was no
sighifi@nbeh e tdihesSftensity 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.



Fig. 5 shows the fluorescence intensity detected by a
light detector when 1 ng/l of fluorescein in a PBS
wedo7a027801 uti on havi ng a pH of 7.4 in the cavPCT/862008000044

% excneo by brue TTght havirng_a velgngr i of 43
nm howe LED source in an e pe‘?’F‘iﬁ%h‘f%l MFIYH YN
off the devi ce 10. Because excilt ati(Bf)] i gl’t com ng frol
t h&-(hexsudoansyl) anghoflueeasceid | s |det eqged tdget hegs1am th
t he-Hydroxyagsiemie @INT)t ed by the Broarescei n ispoisae
CaWctitins yéllow It 1S preferable|to hgxe an [opti csd0
flTAk;ﬂ@ingbrgﬁgg end of the opti¢al Tsdype bdfore §he

| i ExadRisrCisgr 1N order to Cl ¢arl yqgif Sti ngui shfde
eXAIbaRiGar §3pght fTrom the 1 uQr eSCedre erji SSi 0dp5 Li ght
t NAlexaFihdraa8M [ Te€d TN The opyicalsdd bre |8 CansRE

al BEHIPY 5p0f51PN! Y Dy the fruorophaggg Tn e cag{g 1 es

1ideBlPYE§376H§56y other—factors 5ucn5§§ i robe_ngupg of

=)

t BAEEIBINY A reference gl 1101317519 aSPECT G Y
S"b(a‘&ll.nIEH V\TdVl:‘Fl:‘llglll Ib lIIUb E1 (S Yy U3 l:u aS 7.6
(of s ot to WITpCIIdeF or—+tght—so e et UdgdGUIIb
oy a4t L £ rM.L 4+ o e

a I@\,ISUDSUS ﬁ'IICT ally UI.TICT LB~ Bl > C O I.Ila.l. ||u§6 t oOC
f stech—other—factors—Wave cﬁg%:,soef tHe L%ﬁﬁ aﬁce
I ght ey be—ott-stde—the—exertat-of_and—iH+uvoere hee
ean §Y:J;_n cpneectriim nf +tha fl 11~ nnhg—g ucad \Aﬁ\l@: anaot

T \A A" A B \JPL&\JL T UarrmruT LAY T 1T AT UHIIU‘@ U\Jbl]l v A TIT&L IIT
a d—or—-nfra-red—regil-ons—afe-geherall e
S post—fl uorophores—do—not—f1y S
¢ )
i y onal®¥00 t hé i nt S99, ty
t ElTJCym tation light conparihg t 94 nt efsi ty A8 t he
r pFlupeeseein| i ght will allow fof cord®ction of tHd
f| BdRAszence i ntensity measurpd B4O/BBR | i ght 50@/68@1 or
FLGFP6 shows that at | ow concent 888/18%s, [t he 509

f| doeahstdsd8 i ntensity i s |inparl\865ropoitionad80to th
cpolHoeshist 33342h of fl uorescei n.| Thi $855ndi cat es t46&t t he
dehawdarl0 is suitable for detpctir8$4not only t49%F
prlasifacgelbwtCldl so t he concentfati @128of a|subst&8dce

1Y%

Nile Red 485 525
Oregon Green 488 493 520
Oregon Green 500 503 522
Oregon 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
YOYO-1 491 509
YOYO-3 612 631
Table 1
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10

of interest in an analyte. By experinental
verification, it was seen that the nunber of cavities

wdadoaliarg3t he optical fibre 8 affected the senBCT/BG200§/000044

of the immunoassay, as shown in Fig. 7. The intensity
of fluorescence detected was found to be significantly
Whilsdheke Ings been destrirediin tbevoreigeingl@esariptioh avprekérréd/ embodiment

A N R TN AN ST pu—"
cbhuemesichatmatgtvasiaiiens bt modifteltibaY 4 dbhat o*PHeQi?nid’ero?\struction
n%%ggéer unper of cavities 18, the majority of e

withowk denasting frem e preseatinvertior: Gor sixasplé,the

R EASSaEgoOgk Yy GO A AL Dt g n
emesidedropticyl fitarei formamglaBchan e dedll. This@IdWE Giffekdit substances of

SRR B 8t uistio Ao shatationes wilo senaisng cross alk problems
sihice Ah@ RRERStorSIRINE ér dadhycidnrd) %Orglr%‘ég)? Eglg@ﬁolbfg)sitsl%wn optical fibre.

optim sed by optimsing the nu

accordingly. The present invention is effective for a
| arge range of fluorophores including, but not Iimted
to those in Table 1 bel ow Table 1Wilst there has been
described in the foregoing description a preferred
enbodi ment of the present invention, it will be
under st ood by those skilled in the technol ogy
concerned that many variations or nodifications in
details of design or construction nay be nmade w t hout
departing fromthe present invention. For exanple, the
i mmunoassay device may conprise multiple mcrofluidic
channel s, each having an enbedded optical fibre
formng a channel wall. This allows different
substances of interest to be tested using different

fl uorophores while mnimsing cross-tal k probl ens
since the excitation light for each channel is nostly
confined to its own optical fibre. W claim

10
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1. An optical fibre for use in an inmunoassay device
having at | east one mcrofluidic channel, the optica

wo 2dwraolses ng for transmitting excitation |ightPCDSGH®6/000044
we @arhl ui di ¢ channel and for transmtting emtted

fluorescence to a light detector. 2. An optical fibre
for use in an i munoassay devi ce having at |east one

o arfSnePlrIgofe B eyn e irghin G Bheab e ialit elaass pne
par ahlcedfluMicithiahael meﬁc_eﬂ fibRe being foF trandhithiy Ekéemation light to
the at | east one mcrofluidic channel. 3. An optical

f i brtBemgerafisidic ghannelandfeaaasmiiting emitied fiugresceneade a light
one Jgig&Bf! ui di c channel, the optical fibre formng at
c{Et tgr.’ U! \ re
| east a portion of a wall of the mcrofluidic channel.
4. An optical fibre for use in an i nmunoassay device

havi t |l east_one microfluidic chapnel, the optical

£ 2 A oBlics BT foTdioel B ey MW Qsssay Jlevicshaiag At [past one

bei " . e 1 . I . «

e A ABRIE e i gy RAAIG 80 0 SEADNGR 1 2 o
whedsitectonia agirection paiatlel with thesgerernal direstion oftanalyte flow in the at

ligh o.a li .detector, in a direction parallel with
t he A QepiBIeT “"g'ﬁaﬁ?x?(‘ee'ﬂow. 6. The optical fibre of
any one of clains 1, 2 and 5 wherein the optical fibre

forms at least a portion of a wall of the at |east one
n$-c Ao¥ PRticE Bbeentan e in an immungasseyidevicerhaviiig ahlgashene

of ﬁlli@rlo%id]r(t: cﬁan el, tgwea&ﬂicgl i%%&hﬁgé%@g%@t%éﬁhgni & £wall of the

conprises a eas ne ‘cavl

adaptiedfluiic ehanmelanal yte and for serving as a
reacti on chanber.8. The optical fibre of claim4 or
claim7, wherein the cavity is adapted such that

4. An optical fibre for use in an immunoassay device having at least one
microfluidic channel, the optical fibre comprising at least one cavity, each

cavity being adapted to retain analyte and for serving as a reaction chamber.

5. The optical fibre of claim 1, wherein the optical fibre is also for transmitting light
to a light detector in a direction parallel with the direction of analyte flow.

6. 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 at least one microfiuidic channel.
7. 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
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excitation light transmtted in the optical fibre to
the cavity can excite a fluorophore within the cavity.

w@®200The27epti cal fibre of claim8, wherein the BPEwsG3006/800044

agdapties opticdl fibhabr EliAESCERRT 7 SWhbfcHd tﬁé’céﬂﬁ/ is atc)iapted such that

fl'uorophore can be transmtted in the optical
f r orexqﬁetlmavghgftramsmnﬁedun the optical fibre tmtf@maw;twcamme a

tic claim8 or claim9, wherein
the W"S%’?@ V?h'f"ﬁ??ag;yescel n. 11. The optical fibre
of any one of claims 4 and clains 7 to 10, wherein the
cavity for of the at |east one mcrofluidic

cHantitg 0pt1czal ﬁgée @b@'?lfﬁls herein dhe sayitbiseadsrted aue thet
and g}oad e?rﬂl]d{ep %@%Eflt{brzgﬁ}rbrg%‘éhtﬁ’e fr énlé}nﬁfe‘aghglac? opfical fibre

through a s

of tftoam dipd lcawty fomneutlétaendwfethemptlcal fitbrebr e of any one
of clains 4 and clains 7 to 12, wherein the optical
fibre projects into the at | east one mcrofluidic

ChenrHa opfidd fleéeoFéléintx E &Qﬂéﬂﬁh 9 Mh&%lr@fhé ﬁé’&bpﬁ&% is fluorescein.

m crof | ui di ¢ channel . The optical fibre of any one
of the precedl ng cl alrrs wherein the optical fibre

oP LT SptsRE Phrdnbay ofe of GRRRS 4rind e 74830 whBFeindne cavity

of Gomhspaft ofehd 4t leasebAE Miertluidié tRanhelght
transmitted in the optical fibre is of a wavelength

sel ected based on excitation wavel ength of the

f Jlélq{h%om I3 ﬁéréobf?ﬁyﬁrge ﬁfeglﬁgﬁé aréﬁon&ainw Qﬁ 333 %ggein the cavity

uorescence I'stng t

of : m}a groove throgghm shgaiie of tHe c’mt&:al ﬁbmmdrmm @asyeYf the optical
deviﬁ%clge havi ng at | east one

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.
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 microfluidic channel.

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.
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m crofluidic channel, the optical fibre conprising at
| east one cavity adapted to retain anal yte and serve

W@300d/1088%t i on chanber; b) passi ng a pl ur al i t yP@F/SG2006/000044

a%' A(gﬁ%héh ol %Fkﬁﬁgf'f’]§| n}rfﬁ% UdteSednde) i Rlethod

one ytes containing a

fI uccarpprdsing tieg stepactfi ng the pI uraI ity of analytes in
t he at B‘east one cav transmttin exciitatio

[ ght. ) RRUCBH e aPtidlgbad i 2R HEnnonssar deiEs bafireyat least one

for exci tipgofididie'PRAREE thdoptiéal FiBYe bumﬁgmgtdmaétme cavity
fl uorophore emts fl uor éscence; e) transmtfi

n
emitted fadaptedteretainanaietans sarve esla raastien ﬁ?l@mhelﬁ,e

ot ect Phep iRy b ilralid bt 2balis ARnoriBe ol iP5 onp Michdnuidic
wher ei n tdiranget bt lebisoond bgiNe plara‘hw beardlytet dohtalnmg a fluorophore;
detection to | eave the em fl uorescence.

net hodcbfreartingihesplyralify,of WW@Sdntﬂﬁ% atlegst ape Sﬁ\"ﬂf ght
and thg elpéﬂstrﬁﬁﬁg %ﬁfﬁ? Eﬁqgﬂner t f@aF filsre tb'ihé at least one

d|rect| n para I 'rection

anal yt e fdavity ifor d»tm!tqu; fliaraphomenia the caaity sich that iﬂwﬂed)rophore
19. The mstho of any one of clains 16 to 18, wherein

the opti &M [IURESEBNGR at | east a portion of a wall

of t hee?ttrér%"f‘ﬁ&m%rlﬁ? rEnGitted 'be?éébeﬁBé%’ﬂﬁig th%Q)ptuT:BPﬁbre from the

net hod oné of clains 16 9, wherein
cavity fmavﬁypb@an ooftiet EBdaftheaaQthajiﬁbrehandofl UI d| C

Rl chibs PR R e e ©f clalm 16 fo 20

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

to 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 parallel with the general direction of

analyte flow in the at least one microfluidic channel.

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

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

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

at least one microfluidic channel.

21.The method of any one of claims 16 to 20, wherein the fluorophore is

fluorescein.
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fluorescein.22. The nethod of any one of clains 16 to 2
1, wherein the cavity is a groove in the optical

WO 2dw7a02788. The net hod of any one of clains 16 POI/RG2006/000044

VDO A R Sﬂﬁﬁi‘oﬁé of BRirRY GI'6t't6t 10 Wﬂérﬁgttp? Tavity ﬁ‘?é gijoove in the

based on the excitation wavel engt uor opho
24. mpticahfibreassay devi ce having at | east one

m crof l uidic channel, and at | east one optical fibre,
the optical fibre being for transmtting excitation

| PBITThd et 61 &MPHhe bfibRIhE 368! 222 Mheréih Wé\wl'érﬁgthtdfmlﬁle
emtted fluorescence to a |ight det ect or .

i mnﬁ?@ﬂ@%%ﬂ/ ightJs selesiad hgsed on dhe exeitation vea\cﬁlera@tmcz‘f the
charmfol at | east one optical fibre, the optical
fibre e[l)ng for transmitting light to a |light detector
in a direction parallel with the general d| rectl on of

ag& A(:m frﬂwﬂf | ﬁggl Bt h%\@g:aﬁ% Q%\?ﬁéfﬂt%’a gn%éﬁgfo ic cﬁgﬁﬂgl and at least
m Crepfel étbtté‘aFﬂlSr'éaﬂf@bptl@dF oA b{ei‘ﬁg%r faRsARinG ékcnfdt?&h%qht to the
the optical fibre formng a a portion of

of tmIGFOﬂLWIOChQHMI(ﬁmW@n hahsmlﬁingremlttad fluarassende o adight
haw(% at . | east one mcrofluidic channel, and at | east

one 3‘?‘?861 fibre, the optical fibre conprisi ng at

| east one cavity, each cavity being adapted to retain

anal yte and for serving as a reaction chamber. 28. The
bemuyowywvwe bavingnat leasilaeenisrafividie shapael, and at least

Lot GESPRRP AP e ORI B e B o iy cotector

in a direction parallel with the general direction of analyte flow in the at least

one microfluidic channel.

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

microfluidic channel.

27.An immunoassay device having at least one 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.

28.The immunoassay device of claim 24, wherein the optical fibre is also for

transmitting light to a light detector in a direction parallel with the direction of

analyte flow.
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anal yte fl ow. 29. The i mmunoassay devi ce of any one of
clains 24, 25 and 28 wherein the optical fibre forns

warooraexss3 a portion of a wall of the at |east BPEESG2006/000044

Mool -pid Hhﬂhﬁoémwce?’ef gltz?)gohg‘?f g:%ﬁ%% 98\ e@f/vh@i’éin the

one of clains 24, wherein t

opt i ertical fllwleefomjﬁmt im aanortlmsf aovall afdhe iy Jeﬂohe microfluidic
C&VI%%@§§ ng adapted to retain analyte and for serving

as & |on chanber. 31. The i mmunoassay devi ce of

claim 27 or claim30, wherein the cavity is adapted
such_that excitation light transmtted in the

f PBr e WmHBOQ%SﬁVth\@%OE&w p@e 8f clairos 8ﬁh85e2w ?ffhﬁﬂd 29, wherein
th
I grtglé\r(])'phﬁal fbfe CBH‘?prls suc ‘(/tga?é%;r] Cavity Bet réadapted to

cavity
em tretain bpalyteahd tﬂtmmhmg&amredumohrmmen ed in the
optical fibre fromthe cavity to an outlet end of the
optical fibre. 33. The i munoassay device of claim3 1

081 cl*h% iMrdno R dViddsf éhé?’\? DORR Ui 50, WhEeRPER (Qawty is

he | mmunoassay device o one of claims 27 and
cI m&ﬂﬁp&ﬁ su;chthat meltailqm lignd tl@asmﬂjved ior tie qudical fitiretth dhe cavity

cro i di c anne. . 35. The i mmunoassay
deV|C ﬂﬁ%{gp%@r ‘éh' 3?3‘!1' clainms 30 to 34,
wher ei n the cavity is a groove through a sheath of the

optical fibre and into a core of the optical fibre.
382. Thedmmwigassey slevire ofcclaint 3hnyheiin Hie eaviiyris agaptashsuch that

! By Bhure B AR SRl Eohl PR BT ovtt e

from the cavity to an outlet end of the optical fibre.

33. The immunoassay device of claim 31 or claim 32, wherein the fluorophore is

fluorescein.

34.The immunoassay device of any one of claims 27 and claims 30 to 33, wherein

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.

36.The immunoassay device of any one of claims 27 and claims 30 to 35, wherein

the optical fibre projects into the at least one microfiuidic channel with the

cavity being in the at least one microfluidic channel.

15



cavity being in the at |east one mcrofluidic
channel . 37. The i mmunoassay devi ce of any one of
w@b@rne278¥ and clains 30 to 36, wherein the opPCT/a62006/000044

5  figyrend %ﬁﬁn@bsé&aﬁév@e IB%E% %E_el_%f ResmsP7 bhE c%‘gnls &¥%b 36, wherein

one m croflui di c channel . he 1 munoassay devi ce

of alie aplisabfibrel farms aBlekst 8 @it ofihbast of thecat laastoone microfluidic
Iigh(% %srﬁttedinthe optical fibre is of a
wave %%K{E} 1 sel ected based on excitation wavel ength of
the fluorophore. 39. An i nmunoassay devi ce conpri si ng
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 optical fibre of any one of claims 1 to
15.
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