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In order to move a fluid within the micro-fluidic structure, a driving pressure is
generally required. The driving pressure may be a capillary pressure or pressure
generated using an additional pump. In recent years, a disc-type micro-fluidic device
referred to as a “Lab CD” (compact disc) or “lab-on-a-disc,” has been proposed. The
lab-on-a-disc includes a micro-fluidic structure mounted on a disc-type rotational
platform which uses centrifugal force to move a fluid in the micro-fluidic structure in
order to execute a series of tasks. Efforts are ongoing to develop a variety of disc-type
micro-fluidic devices capable of rapidly and precisely conducting desired operations in
disc-type platforms using centrifugal force.

[4] However, for immunoassays conducted in general clinical laboratories using con-
ventional disc-type micro-fluidic devices, experimental procedures are typically

complex and require a comparatively long time for testing.
Disclosure of Invention
Technical Problem
[5] Exemplary embodiments provide a micro-fluidic device for detection of analytes in a
fluid sample, such as a liquid specimen using fluorescent nanoparticles, as well as an

immunoassay method using the same.
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including: lanthanide (III) chelates or nanoparticles contalmng lanthanide (I1I)
chelates; colored polymeric nanoparticles; fluorescent materials or nanoparticles
containing the same; phosphorescent materials or nanoparticles containing the same;
dye-containing liposomes; enzymes (HRP, ALP, etc.); super para-magnetic materials
or nanoparticles containing the same; metal nanoparticles; carbon nanoparticles, etc.

[9] The labeling conjugate may be in a dried solid state.

[10] The labeling conjugate may include a label causing expression of optical signals of at
least one analyte in the fluid sample, and wherein the label is combined with the at
least one analyte.

[11] The labeling conjugate may contain at least one of various labeling conjugates
having individual label substances, so as to simultaneously detect different analytes.

[12] The labeling conjugate may include a binder and a label, wherein the binder is
selected from a group including: an antibody, antigen, receptor, ligand, oligonu-
cleotide, hapten or aptamer.

[13] The capture binder may be bonded to a reaction site of the analyte different from
another reaction site where the labeling conjugate reacts with the analyte.

[14] The capture binder may be selected from a group including: an antibody, antigen,
receptor, ligand, oligonucleotide, hapten or aptamer.

[15] The second reaction chamber may have a detection region in which the capture
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[20] The labeling conjugate may be in a dried solid state.

[21] The labeling conjugate may include a label causing expression of optical signals of at

least one analyte in the fluid sample, and wherein the label is specifically combined
with the at least one analyte.

[22] The labeling conjugate may be at least one of various labeling conjugates having in-
dividual label substances, so as to simultaneously detect different analytes.

[23] The labeling conjugate may include a binder and a label, wherein the binder may be
selected from a group including: an antibody, antigen, receptor, ligand, oligonu-

cleotide, hapten or aptamer.
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emission wavelength are used as the label substance, and fluorescence of the emitted
light is determined by time-resolved fluorescence measurement, thereby remarkably
enhancing accuracy and sensitivity in fluorescence measurement of the label
substance. Therefore, the micro-fluidic device and the immunoassay method using the
same according to exemplary embodiments may be used as a rapid on-site inspection
technology.
Brief Description of Drawings
[31] The above and/or other aspects will become apparent and more readily appreciated
from the following description of the exemplary embodiments, taken in conjunction
with the accompanying drawings of which:
[32] FIG. 1 is a schematic view illustrating the construction of a micro-fluidic structure,
according to an exemplary embodiment;

[33] FIGS. 2 to 5 are conceptual views illustrating a process of combining an analyte with
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accompanying drawings.

[40] The same numerical symbols in the drawings refer to substantially the same consti-
tutional elements. Separate structures such as a chamber, a channel, and the like are
simply illustrated and dimensional ratios of the same may be different from real scales
thereof, instead being enlarged or reduced. Expressions “micro-fluidic device,”
“micro-particle,” etc., “micro” are not limitedly construed as a size unit but used in
contrast with “macro.”

[41] FIG. 1 is a schematic view illustrating the construction of a micro-fluidic structure,
according to an exemplary embodiment.

[42] According to the exemplary embodiment in FIG. 1, there is provided a centrifugal
micro-fluidic device including: a rotational body 900 and at least one micro-fluidic
structure 1000. The at least one micro-fluidic structure 1000 further includes a sample
chamber 100 for receiving a fluid sample; a separation chamber 200 for centrifugation
of the fluid sample to separate a supernatant containing an analyte; a first reaction
chamber 300 containing at least one labeling conjugate; a second reaction chamber 400
containing a capture binder; a buffer chamber 500 containing an elution buffer; a waste
chamber 600 for receiving impurities including an excess of a first immune complex as
well as the analyte; a washer chamber 700 containing a washing solution; and a
detection chamber 800 for ultimately receiving the labeling conjugate. The micro-
fluidic structure also includes a plurality of channels 120 through which the multiple
chambers are interconnected; at least one valve (not shown) for opening and closing
the plurality of channels; and at least one detection unit 10 (see FIG. 4).

[43] Referring to FIG. 1, the rotational body 900 used in the exemplary embodiment may
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containing analytes and a precipitate containing other materials.

[53] The separation chamber 200 for centrifugation of the fluid sample may be configured
in different forms. Most particularly, the separation chamber 200 may include a su-
pernatant collector (not shown) and a precipitate collector (not shown) as a space being
formed at an end of the supernatant collector to collect a precipitate with relatively
high specific gravity. The supernatant collector has a channel for dispensing the cen-
trifuged supernatant into the first reaction chamber 300. A valve may control flow of
the sample through the channel. Such a valve may be any type of valve selected from
different types of micro-fluidic valves. For example, the valve may include a so-called

“normally closed valve” wherein a channel in which the valve is located is closed to
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(Eu), samarium (Sm), dysprosmm (Dy), terbium (Tb), etc. The binder may include an
antibody, antigen, ligand, receptor, oligonucleotide, hapten or aptamer; each of which
can be specifically bonded to the analyte in the supernatant.

[58] According to an exemplary embodiment, the first reaction chamber 300 of the micro-
fluidic device may contain a single labeling conjugate containing one kind of label
substance in order to detect one analyte; however, the first reaction chamber 300 may
also contain several labeling conjugates containing different label substances in order
to simultaneously detect plural analytes. For instance, in order to detect four types of
distinct analytes at the same time, four types of labeling conjugates containing four
different lanthanide (III) chelates as separate label substances, such as Eu, Sm, Dy and
Tb, may be contained together in the first reaction chamber 300.

[59] The above configuration may have advantages in that a single micro-fluidic structure
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t he | abel suthahnenﬂ@Gc@npared to nmeasurenent of a group of various | abel
substangges. [ 7 ures
o e | Tl SRR AR agt ARLELTMARHLR 0Ly PRl ALY 5
separ ati on ofulstnce a»b@pwrﬂjtemﬁmgﬁﬁ@leftmmfﬁhfelabﬁmgrf@nmmlf@m thelipinaimeai | s
decreased aceyfBfey; &ﬂ%Iﬁ&ﬂﬁkﬁhkh&xakﬁ(ﬁ%ﬁﬂw&ﬁﬁﬁﬁﬁmﬁéaﬁ&kh&%bmﬁﬁgﬂkﬁﬁﬁﬂ
conpared to a conventional technique for neasurenent of optical features of
the | abel subYS¥H€e after renoval of the |abeling conjugate. For instance,
since 3e9mecharti®@advestihdielediptarly Ierr&odmhﬁ@sife)scﬁ&d\ﬂéidiﬂﬂpid‘&&lei dmaau@roaﬂ)dhex i's
attached can,re Cld ical feat s of

C h ermne Q e
the T anel - oubUBLHEStnthEARE LTl L) bahlin ST AR BB EPaASTR dhER o
optical feat@hgion bhﬂfemmondbafﬁﬁ%aﬁﬁélf/mwmh/rﬁ@zﬁ&swdhe tiedyte atbthe second
subst ance. thod for determning optical features of a
| abel substa%%%H@%QQBﬁ %¥Iqébgﬁjugate after dissociation of the | abeling
conj ugadf@ and S@lﬁbpm%dlﬂ%a@poseﬁém thyexeaprlany eabog Enetdssleqreip dpy impagyvee &yl ar y

F”BOFIWEBtt @ﬁMu?%n@Q&hﬁMaQHFﬁ@?ﬁén&ﬂQﬂ@?%Pmﬂﬁmﬁﬁﬂ¥©ﬂkkﬁﬁﬁkﬂpﬁﬁcééses The
abel substance e, | ant hani ate e., cont ai ni ng
nanapar &1 ol oo g7 Sl Bieah Earer e s s ool 4155 o b SRt s i 1
accuracy andnﬁmﬁ&ﬂbowﬂ@yn&ﬁgnEmsMﬂennnkmn&%ﬁhllﬁ&mgwpgmgmbanﬂdm@mﬁﬁmmlng
transpor t ed et e gaf kEIRE AR SRt B aRE A LIELDE BETRAGplche
chanber 400 @scmgl}'c%ldtsm&imgm lnfrmae@regienmfath@ubblysubmmwa@nompaltedéo mataat i onal
body 900 as @mgﬁkﬁt&glgﬁgﬁgpgﬁumgg%efggmhﬁggl|ng conjugate fed into the

det ecti on chanber ical features are determ ned bg t he detection
unit 107(lsee ﬂlﬁpr%esi)foaégact&ﬁf%ma@ﬂméf pRticabteptuggsf cheslebel stibstance000. Thi s

]E” ocess W || cberaired e @;tj@@@h@mta cbifn Iéktvblﬁlohomml\futﬁg sem%fdnnﬁlttmﬁlaﬁamga met hod
or i nmunoassa usli e.mcro accor.di n 0] n exe

Lot mane 25 28intia Bnk e R st S S e O e B R
usi ng the n1¢mnwmkmmdhﬁopamﬂdenmeg@bdma@duoaaonemﬁnmﬂ&m&ngmbﬁ@1nem{ In
thi s exenpl ar [ IRl fied.
[75] For oxantEEROR (RO roRuR 8F ARt LulhARC. ANNSIS of SRy ' £S10)
and a mi cr o- fhujvgite. B insgange esines art@@(él@@l@altsaua@rd ger bt:fhb) thghigh bhed@unur@war d

a separation c6ﬁ‘1?l@§2% attlfled dEeMQliR: 191:13@& lig%t td ®AGREAd (%filcﬁf feMulRSr eI e
chanber 100 to fhe separation chanber 200 usjng centrifugal force gener at ed

by rotation &tPeasybsaEs: &ﬁ'aqtrus@aﬂ'ym@m YRSy HYTugiGegMeAsHeEIshkof gprsh! fepEetnol e
bl ood fed into the separati on chanber 200 is separated by high speed
revolution (S20) into a supernatant containing a serumor plasnma and
precipitate containing blood cells. In this regard, blood cells thicker (or
heavi er) than the serumor plasna may precipitate and nove to a precipitate
collector, while the supernatant, which is lighter than the blood cells,
renalns |n the ~super nat ant coIIector [77] V%en openlng a valve t he

o . oy v S g, o PN O T, T



[ 78] When opening a val ve, the supernatant containing the first inmune
conplex is delivered to a second reaction chanber 400 using centrifugal
force gernsEoapadidmss 12 WO 2011/ 136485PCT/ KR2011/ 002563 POTA{R2011/2568he
rotational body 900 as a driving pressure. . The capture binder is
contained within the second reaction chanber 400 and may be fixed to the
detection re@fﬂﬁl@ﬁelkﬁlﬁt@e@ond reaction chanber 400. The capture binder is

ificall i th th te to f I
(520 | 168k i mg Pk bl For PR int Pulkel] Rl & G S ReE M Ehe r r s
i mmune conpl éabeangicwlhegaaawmrd%sm1HWQf thérbelot ga¢dangupate dddypp@GObindss fien
shaken sever e {ralfe o eldiBed A @RI P Linbobifith. by Yedilind Anbdagp! er an

un-reacted | @Wg conj ugat e an on resi chanber
600 positi on&eamg é@?@é’ﬁﬂ@?ﬂai E@C%%Eae ﬂ@&bﬁqbéﬁan%@%ém%@ant@nm )

connected to cﬁem\agh@r EGNRYARSHing Q%dibaﬁfc[&@gmibel BesBREQ NG QARSI Ry shamber

400 i s opened, a washin solgtlon IS I nto the second reaction

chanber 400 t”ian]EﬂYﬁ‘ﬁ‘e%lts UhETHEY @8 ﬁﬁlsﬁlé’ﬁﬁ’r“? F\?@%‘(‘Irerfl‘i)‘} te generated by rotation
of the [Tt ati Olﬁﬁlsub@ﬁg!taﬁ%namlﬁg drellafcbelllgg pogjagate dist®@20¢d frpBQhe é’efcb@dl t he

washi ng pr OCFI‘%ﬁmng n(():)l%l Eg( 1sy l r%ttgg‘a%gu@n C%%Hbgr d(gd]l?eqb\g theSS% cp cat ed

upstream of the secon reac I'S opene and an e I%I on
buf fer of thecdstibf elnamtm#ﬁ@nsmg C¢rédfug|at ﬁ@rqekwn%tﬁdﬁdf oegon pbtheghanbeal 400

through a c h%B@y?b@O Msi @Ingﬁg ?fersélfr&' 92} L 6&in %%ﬁf ?Et%%cpbﬁté &%%Eie@ﬂorpf the

rotational body 9 vin ressure. ution | ows t he

di ssoci ati on Cbﬁ‘m]?fﬁegopa%}cﬁh@af&?ﬁjaEF‘g‘éﬁtt@Hfm%jrﬁX the dé@é@?muql%ﬁée EKF’rﬂI ex, Wwth
reference topaial yuwsle eRNhRIGEMidiOsthlreurs 200m ¢hhmw6@s GRMBE ord Siftent [ 81]

After dissoci atl of t.he Iabelln con the el ution buffe a val ve
<" opened: and YO HREAH PUGR fo P Hoq HE PBBPTGY Lons Redtera: Quidk
transported |davloea¢uerdjag ecdn mmplteayrbmbo&ﬁ&nthrough a channel using

centri f‘?'zg]a' qulée f}%g ﬁlﬁ\? fa‘?ﬁ@t h%m%o&s@% &Q{h%'u?@g'thé%%f&? 21991195 a

dr|V|né ressure € Su abel i ng
conjugate is f:éldea inge @e«mmpﬂm eml’fradm@nt godis m@lpdm/@mhoclnm@m 10

pl aced out si %@O&Qefofrb%gaﬁhyglgiscexgﬁﬂbﬁﬁ@djre 1000 starts measurenent and
anal yS| s of optical features of .the | abel substance of the | abeling

conj ugafd (ssdier epamplegybye H@&éa% ]é‘ﬂFéFﬂd B0 SRS <haantst 1ghtS 19é|anfi@ameﬁr%s of
the | abel sulisidaceudi®y id@tpet foaleliveh thy wholeasdb@t tongrd Heephalkieh chasdranoe

ith Iigh d, va f th
EMUEL N T T T I (R
anal yzi ng t hehambau00dsinglcartrifigrticed ganeattédiyy @tationedatrotatipmom body 900 @ral yt e

based on the j edfesult. [84] Measurenent and anal ysis of optical
ﬁ%{gﬁ% ufe

features of t el substance may be conducted using the detection unit
10 pl adé@d out sihgevhdheblepd sl infa thelsepasation chamber2as separated Ryshighsragdi n FI G

7. [85] The dafod@tdnqB820into éﬁph&aﬁaﬂb@dr@ﬁhin@'a' s¥rudh @ﬁﬁdsrﬁé’&ﬂil ﬂ@cﬁﬂﬁe

et ect | on unceHEys Herdeaicain fueea L i fiskel 1o rEe BEeF SGHE o ¢ he
detection c h@lﬂsﬁfa rﬁ@()preélpitite aid miooe td apdLipitsterculiédisre whild the supernatant,
which is lighter than the blood cells, remains in the supernatant collector.

[77] When opening a valve, the separated supernatant is delivered to a first reaction
chamber 300 through a channel by a driving pressure, that is, centrifugal force
generated by rotation of the rotational body 900. The labeling conjugate is in a dried
solid state, is contained in the first reaction chamber 300 and is re-dissolved by inflow
of the supernatant and specifically combined with the analyte contained in the su-
pernatant to form a first immune complex (S30). During this process, in order to fa-
cilitate combination of the analyte and the labeling conjugate, the rotational body 900
may be shaken several times to the right and left.

[78] When opening a valve, the supernatant containing the first immune complex is

delivered to a second reaction chamber 400 using centrifugal force generated by



WO 2011/ 136485PCT/ KR2011/ 002563 1000, & light receiving unit 12 to receive
light emtted fromthe detecti on chanber 800 which absorbs the |ight
emtted fwomntihsedssght receiving part 12, and an anal ysiPSTER2011/®2%Aal yze
optical features of the light received by the Iight receiving part 12 and
calcul ate a concentrati on of an anal yte based on the analyzed result. [86]
fThe l'i ght ?ﬁk?ﬁg@ﬂomﬁé totitioﬂmy?cty@(m dsiaghttvigOpreaard, Il aﬁﬁbmur_au)ir_&lesggci fic
requency including, .for exanpl.e sem condugt or | i .emtti evi ce
Such e an LERNgied witBLpe SRRy Saclof SR U L8 b B il L AR
hal ogen | anp regiomoikdaeerondmgpctien chanjt@y HOTHkhel daptute biedeiivspegifpaly 12
generates el [ Gak: S j i T%E)]ﬁd' trhe. Ji.ght emtted
fromthe det gg%gﬁagﬁ?ﬁgg?ﬁ%%%qg%gfng%c?ﬁ%ﬁ}ﬂ{é% or 1%%(’%5%%)??\% e# gld%%l etion
| ayer phot odiPR¥&ss. dvadanieHaciplat coantiersiop apte fishisrrawis qonpilexesnd; the santur) |
etc. [88] I npiher, REERRMonEXNRRAR 980 Yn L HRAHLEBNeyverh@ntd @hhe BFRtSRE QT part 11
is | Ocirﬁfld abqve %ﬁhe m cr.o-f 1 ui di C%cft{)tiCt ure. 1000 ile theUJ I ﬁht recei ving
part 1277ls podP CrEALIUHSSRNRECHET Bbeling i earandieacton sBluehilidder, the
posi tions of wadhesdapdet 0myitioaeSudwesaean ohltisosecand iegdtionphtinbampiOOb e
adj usted usin reflectin ] NOk . O i.gh i (S The
analysts par t 8RBT OIR Shadberidd Gte RO R TR B e 11 gn
recei vi ng padfOanepeoed.coil atvesshing soltemisfad idn thefseepndanadtipheshambergt 08
pr e- det erm nefoshPRERAeGHINEHRTED RN Geldifiodb) RIBRART thd HRRERGRANGS Of
t,. [90] I I mb 1)

the received lig ] an_exenpl ary enbodirent, | anthani de (
chel at e cont &PRihg dixmePase1EI(@2)are used as a | abel substance. The

}‘ ol It ﬁvvi[g(g d(els ﬁﬂtd?ttihmas)[ﬂiﬁé ﬂaeesg,ihapﬁgmte@bam bd&lgl_efEt_@d@@a ?@ff&i@?ﬁ'b@r 560 1bJ]§tﬁed

ant hani de che e. exninits a CciITliC ca .e e

brovi di g a CBHEALS HOF Secait ror ot e auenadh S fe DR ATl ar bl o o

em ssi on wavébffagthambasisifed insd thatsecbnidireddtion ghapberi400 FiGuglBa chéhtl, Siiaf an
optical feat . i i i . LflG. h and
P echar gee | otz Ftbed Bhel S MEILERARY e BioRl p8a7 BT L] LSV BRI
excitation mﬂglélebwgnwuffaslalmmhkémmmatmméﬁ@ labcdingzopugate moas thespeand of

fluorescence iﬁﬁuh@%oﬁ?’ek} WiE rdé@e tolaBl ePebfthinkd ANHEYe@hd il dn@REMplex
substance, foreign materials contained in the detection chanber 800 al so

absorb and e®?®Vthe inci dent l'ight. Therefore, the optical feature of Eu,
that ig81]em ssAfat ddfsodih@ht ofahe Bibdavet@ingate B0Ms eReibabulfedhviBe endpeheom a

wavel engt h of e incident |ight revent. interference .0 he foreign
mat or ats t o PHARHPEPRRR serlfine FRuBIGE e eeSPRGBloahe Bedi: o
t he | abel sulsbirabae00Asoagh &shdnngl dsingoreagdegd dowe getpeated ghrotemont efebe froom
the | abel subsia drohe & lisekypdeterm ned. [93] Based on such
features of %Et ?ﬁﬁ g?r?ces a?? ﬁgﬁfrﬁ%gﬁﬁ e[%i' tted by foreign materials can be
el i mi ndBald and>qriler speemarat emntinazdeg labeling qonglriedafrdyatodbe detpstived by
time-resol vednhihbarsopnchnasetRaAsulieBheed dutdidd the @NBROGHOL sBEEMFARWO0I N
measur ement of fl uorescence. %]4 .V\ADf 011{]&:36485?%” KE%OL%/ 002%8 [ 94]
Herein, 'tinmsPFaQWRAEEMENLASH d8gatic af prikalicamenof lhielhrlsubgange efifod of
finely resol Yibetingcagagit@(®80peri od of tine for measurenment and measuring
fluore nce per,resolved time. -For pnsta S S ment  of
1 vor edftnce oyicp pERRinREm ahTEpal§: of ORADRE A e IRASHLEIRR S b e
measur ed at @edoymagshy iTiadiatihg the lahehsubstamee gytbllighhaty desiredpertledthi 00get i mes
per second ( %?e%sﬁir@ fhfdrescence of the light emitted from the label substance at a specific

wavelength range, analyzing the measured value, and calculating a concentration of an

analyte based on the analyzed result.

[84] Measurement and analysis of optical features of the label substance may be
conducted using the detection unit 10 placed outside the micro-fluidic structure 1000,
as illustrated in FIG. 7.
[85] The detection unit 10 is substantially placed outside the micro-fluidic structure 1000,
and multiple units may be present. Such a detection unit may include a light emission

unit 11 to radiate light to the detection chamber 800 of the micro-fluidic structure



[95] Referring to FIG 9, it can be segq that fluorescence neasurenent is
executed in the range of 400 m croseconds (js) to 800,cts . That is,

fl uor escamoeongidssssenent is perforned after a constant @®€ragr20im@2s68nst ead
of direct nmeasurenent. Indeed, since the detection chanmber 800 containing
the | abel substance and/or foreign materials possibly fed into the

det ecti on chaobgra 1880 rec@ivh%l’urilhm’ltotrla@nl'ealb@it eBitRSI g ehe d%cuah sharARS @00 t he
i nci dent [|ight the.fore

. i h bed |
oqui red o QI hsP gt P ARRRERR ey R BT B0 B B8
det ecti on chanilgre oftia6] feBgarefSIOGdreel@Emzcewﬁébsmheel@mmcewmg perntzamf the |ight

emtted by S%E.’Euﬂ?etaeédn%ﬁra%ﬁ %ﬂf’}/t& '%Ssed%%e §%§2€zte§@gs%lltmy be elim nated,

t her eby enhanci ng accuracy enent of fluorescence.
[97] BX8%pl ar yThert aerﬁ@ﬁm Pﬁlftdéé%?’é’ be %ghﬁ é@l‘lf6¢ flading e apgcifigpieavansy
accuracy and;g@nfhd,it¥i daniple, ARBSIHORIRAGT lig}]n Eﬂn&tﬁﬁg a&aaCaichbs an Labedr a

substance by u | ant hani de (1) t ai ni n arti cI es
(i.e., Eu) alaSF%]%lOﬁ%E[@ 84h% léﬁ@ége lamg SP?})a a‘baﬁ%‘?i‘aa@r%a E‘B

fl uor eg8ENce rhedighersesityingBraitel2 genelafeseleetm:lamlgnaes"mdrdmto aihaﬁteml’cya& thd
mrunoassay Fehlag Pl i UeRe ML D BiIRPM IR IR BN IR ANRL Y VI LY

conbi nati on egoi n rocedures o convent rfaal nmet hods
f or measur enegapleaén kel Bhogsiltpdwt fivalinghe p]etaipdmd@ (ARDB Ph@amitlfdlﬁr fubadPMdoence
of the | abel ,gubstance determ ned according to the foregoing nethod, a
concentratl on of an analyte may be cal cul ated using a pre-deterni ned

st andad8lcur vdn thtapreshbmemplaysedrtingnt.dhe Behterussitiapait bl dpgrigdaboygthe

f | uor escence n@trot f@dicabatuspoanae, thélﬁglhﬂ reeein@p@d 12 s fsfBonddbelokandO
2011/ 136485PCT/ KR2Q11/ 002563 (&Paﬁ? ‘% ﬁu m11A mfff}?o fluidic dew(%1
conpri si ng at™P@INIEAIURTES 1) WEDLG RTINS OF Fifee BBt Pt
structure conysa,silight pah saypleadpiedsingraeeteatinggniarof bua ﬁglst@urp:ieenerabéri rst

reacti gﬁbe]Cha ea‘ﬁ@lé;&@ b 1?%@{%%%}11%% drteE'cehE' oﬁﬁ@ﬂ%ﬁtﬂ%&ﬁ{?’é&ﬁ ﬁtont ains at

| east | abe a secon reac ion C connect ed
with the fir gtcer@@g:parbwdcqmﬁ:s aeceRration of aaa@%ﬂﬁw@gmm@éﬁtennmb@f fer

chamber whi C@tahéaﬁ%ﬁﬂ%%&ﬁf%%'Ehetclé%‘erﬁl%{é‘a'}ﬁld’r@s@&{de%@t}fé'l@é'@?%d contains an
elution buffer; a detection c is connected with the second

react i dA0lchantJaan gremplagesnixlimens. lapthapide (1] chelateisoniaing BHjopgAicles are

used as a label substance. The following description will be given of using Eu as an
example of the lanthanide (III) chelate. Eu exhibits a specific optical feature of
providing a considerable difference between excitation wavelength and emission
wavelength, as illustrated in the graph in FIG. 8.

[91] Such an optical feature of Eu that is excited by light at a specific wavelength and
discharges light at another wavelength considerably different from the excitation
wavelength may remarkably improve accuracy in measurement of fluorescence of the
emitting light.

[92] Other than Eu as the label substance, foreign materials contained in the detection
chamber 800 also absorb and emit the incident light. Therefore, the optical feature of
Eu, that is, emission of light at a wavelength considerably different from a wavelength
of the incident light may prevent interference of the foreign materials to the emitting
light in measurement of the light emitted from the label substance. As a result, fluo-
rescence of the light emitted from the label substance may be more precisely de-
termined.

[93] Based on such features of Eu, influences of the light emitted by foreign materials can
be eliminated and fluorescence of the emitting light can be determined by time-
resolved fluorescence measurement, in turn enhancing accuracy in measurement of flu-

orescence.



a plurality of channels through which the first reaction chanber, second
reaction chanber, buffer chanber and detection chanber are interconnected;
and at | exet0unBe4sal ve which is positioned in at | east ®@0@/KK20tt@23Bural ity
of channel s, and opens and cl oses the channel. [Caim 21The mcro-fluidic
device according to claim1, wherein the | abeling conjugate conprises at

| east g4y | abdilersial &ﬁﬁeeﬂascf)lﬁf@d’rﬂﬂo@i&ﬁ& m@&mfdn‘jdnltTQefelrsaﬂ@tahﬁéﬁhd@of flhély chel at es
or nanopartl cl es .cont ai art| cl es

ol e FaP R el S e oY for SRR MM TR GiANSRR AR RRL o
nmaterial s or resehegamd. Ebemswor, ai i mepstiveenaniEfluayeenmifahaiighy ehiasiones;

enzynmes , SUR&keRf ﬂ1e P&Eérﬁg@a&qg{)gﬁéﬁuﬁa aPQ\FéS’;‘?ﬁ-Te ﬁé[r%l%ré:%ts% 'cr}'lglet he

sane; netal nanopart| nanopartitc
m cro-fl uidi énaéféiﬁféléea&gc]&ogltwstpéf gdcandrisee Flifhebei n t he | abel i ng conj ugat e

i s in ?Mrl ed R@biide % AIG.9, [1CaaibBkdhTha ﬂﬂo@és@eﬁcb%éégﬁeﬁh@m i 8xRERANARY t O
clalm

expr essi o\rllmg; sliggﬂ%g g@ lngit’)rgl?é'&g Coniﬁogﬁ%bé@fﬁ% g ﬁ‘grle%elégqbﬁle%sﬁgeﬁénggd sanpl e,
and the | abelpeifsmeantienedomitirh delag tiate, inseead of)dﬁeca nwlayiremerﬂt(lrﬂem Sihttehe

m o[ 9 GBS0, ARSPLSH Qultgd L NOEE MDA RSB ol o
subst ances. [« mimthe UFeetion drambier BOH |Odled é\ﬂnd]ee abeonbitmyet may Fﬂao ﬁtbsprb thiger ei n
the | abeling;comnig G QUR{ ﬂh§ §§S(ﬁbé?i' llr%? rth@ﬂge 1111 Ay AP ﬂe?@ir&i t'ader i's

sel ected from.a_ grolp conprlisSing: ant recep l'i gand
ol i gonu- 16 clmigte nilyeEess ﬂmﬁor@@@mfree@bwéfor the etection chamber.

[96] By fluorescence measurement, influence of the light emitted by some materials other
than the label substance may be eliminated, thereby enhancing accuracy and sensitivity
in measurement of fluorescence.

[97] Exemplary embodiments propose a method of noticeably improving accuracy and
sensitivity in measurement of fluorescence of a label substance by: i) using lanthanide
(IIT) chelate containing nanoparticles (i.e., Eu) as the label substance; and ii) applying
time-resolved fluorescence measurement. Briefly, an exemplary embodiment describes
an immunoassay method of analytes with superior accuracy and sensitivity by com-
bination of the foregoing procedures, compared to conventional methods for mea-
surement of analytes in fluid specimens.

[98] Based on fluorescence of the label substance determined according to the foregoing
method, a concentration of an analyte may be calculated using a pre-determined
standard curve that shows a concentration of the analyte relative to fluorescence of the
label substance, as illustrated in FIG. 10.



cleotide, hapten and aptamer. [Cl aim 7kdhe mcro-fluidic device according
to claiml1, wherein the capture binder 1s bonded to a reaction site of an
anal yt e iwotbhe/f3b485d sanple that is different from anot RET/HR2ALLG00F63Si t e
where the | abeling conjugate reacts with the analyte. [C aim 8] The

m cro-fluidic device according to claim1l, wherein the capture binder is

sel ected froma group conpri sing: ]éﬁﬁg antigen, receptor, |igand,
ol i gonucl eoti de, hapten or apt amer(:iq 9] The m cro-fluidic device

accordifggihajcl aim 1, vwhefigbndide Rereempaass bRk BRTRE:o TRIME kEEGuR,
detection region in which t,he_cfﬁg(ﬁaiture binder s fixed thereto. [Caim

10] The micro-fl uidic deyf Bgerg 8 MG COPRIHNE:  wherein the nicro-
fluidic structure furthedanpantes radesaipas Alidgampleanber connected with the
first reaction chamnber, rei.n the separation ch er.separates a

super natant cont ai ni ng aaﬁrsgrr?ﬁftil nechﬁyl%f‘fvhlghflﬁ %qnaecgg&)n‘ﬁftgih{% erﬁskfﬂhfﬁe

m cro-fluidi c devi ce acmdrdntagstadleastainmldbelifigicojegatconpri si ng a det ecti on
uni t positioned outsi dg f0g,PeGliRinl dhitinBlCwiith Weddhh€oted Rith FGEESLE feQRidANI T
conprising: a |light em ssion Snclgt nt hat elfnwts ‘ngcght %% lt;‘}ﬁe%éz}et ectelgoln chanber
of the micro-fluidic stehambeiand cenfaingtcapBeebipdely unit that receives the

light emtted fromthe Jhghl cRihbdriwiEctRichnideteyiRRms 86cdnarO48bn thdnber
detection chanber;, and an anal ysis unit that analyzes at |east one optical
r eaé’g

feature of the |ight iCORGIS A IO DYHET  ecei ving unit and cal cul ates a
concentration of at | easdetanienahahlydrevhich iskenfidctaddvisiatipelsecondCaittion 12] An

I munoassay method usi ng,&nGe ISR mdGE R bl aBlifh o dOKuGSre; L Ne
a plurality of channels through which the first reaction chamber, second
reaction chamber, buffer chamber and detection chamber are inter-
connected; and
at least one valve which is positioned in at least one of the plurality of
channels, and opens and closes the channel.

[Claim 2] The micro-fluidic device according to claim 1, wherein the labeling
conjugate comprises at least one label selected from a group
comprising: lanthanide (III) chelates or nanoparticles containing the
same; colored polymeric nanoparticles; fluorescent materials or
nanoparticles containing the same; phosphorescent materials or
nanoparticles containing the same; dye-containing liposomes; enzymes
; super para-magnetic materials or nanoparticles containing the same;
metal nanoparticles; and carbon nanoparticles.

[Claim 3] The micro-fluidic device according to claim 1, wherein the labeling
conjugate is in a dried solid state.

[Claim 4] The micro-fluidic device according to claim 1, wherein the labeling
conjugate comprises a label causing expression of optical signals of at
least one analyte in the fluid sample, and the label is combined with the
at least one analyte.

[Claim 5] The micro-fluidic device according to claim 1, wherein the labeling
conjugate is at least one of various labeling conjugates containing in-
dividual label substances.

[Claim 6] The micro-fluidic device according to claim 1, wherein the labeling
conjugate comprises a binder and a label, and the binder is selected

from a group comprising: antibody, antigen, receptor, ligand, oligonu-
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of the mcro-fluidic device; conbining an analyte contained in the
supernatant with a | abeling conjugate contained in the first reaction
chanber to forma fi rstclédmeﬂ&pmmﬂaptanﬁ;@nbi ning the first immune conpl ex

with a t ure bi nder nt ai ne econ ctjon .chanber.,.to forma
Socong ERBHAS commt ox: TR RRERid R RE OGR4 WRRRRLp Stegle]
detection chanber of tH:andqrwlaDnﬁbdlmjaneadrmn e, ofdnaadywandtaﬂlgdsheplbaltwel i ng
conjugate fromthe Secgggisf%eggﬂf@l%n?m&)f acngn Wl%bw??re the labelin 8n_}u(gate

2011/ 136485PCT/ KR2011/ usi ng an el ut | on recel om a
buf fer chanber of the neettowiththerralydevi ce; and deternining fluorescence of

the | al]!@lduﬂgi conj ugat e 'Hﬁ:lrﬁﬂr@ﬂdﬁﬁ@@évh&%bk%ingﬁ@§1a1hhqnQz@le&iﬁ ﬂ&ls@@pthfée
m cro-flui dIC devi ce, ztg hat co centratlon of . the a Iyte can be
%SSH iy

cal cul ated. The i nmmuno 5%3,gaqqucogrg>r{§}rl§, ARUDOAY  GILSER. feqaRtor,
| abel i ng conj ugat e i ncllijdes, digohwdsdtideieaptenelapaeieect ed from a group

conpri Et a”t hani de - ﬂe'r'nPcF Hﬁidﬁ‘tc?eswc%rac@ HARAb Ll |afih &S wh A AR DG he same;

col ore r|c nanoparticle uor escen al's or nanoparPches
cont ai ni ng the same; phespicorcbsobetcomptiers ad@e@pnmeglommwhlch@@ @prai ni ng
the sane; dye-containi r@n&érm%ﬁere%nzyrres super paramagnetic materials
or nano&artl cl es containing the same; netal nanoparticles; and carbon nanop
arti cl éslaimi@li munoas sH st Iy fi AT 60TE B P 413 12 Whesiy B rimickes

| abel i ng conjugate is iMidicdfri@dresalthér ®hhies AitPatalivh ORASSR Y offRicRAdvith
according to claim 12, n the el i ugat e..conpri,ses a | abel
Causi ng express: on of | dBt TEAr S GhaTETGF. HrT 8 A COHG S RE PN 1 ui d
sanpl e, and the | abel isspaaabhn@otamitfab healgt ftopadic fblitésmqﬂé yte.

[Claim 11] The micro-fluidic device according to claim 1, further comprising a
detection unit positioned outside the micro-fluidic structure, the
detection unit comprising:

a light emission unit that emits light to the detection chamber of the
micro-fluidic structure;

a light receiving unit that receives the light emitted from the light
emitting unit which passed through the detection chamber;, and

an analysis unit that analyzes at least one optical feature of the light
received by the light receiving unit and calculates a concentration of at
least one analyte in the fluid sample.

[Claim 12] An immunoassay method using a centrifugal micro-fluidic device, the
immunoassay method comprising:
injecting a fluid sample into the micro-fluidic device, centrifuging the
fluid sample to obtain a supernatant, and transferring the supernatant
into a first reaction chamber of the micro-fluidic device;
combining an analyte contained in the supernatant with a labeling
conjugate contained in the first reaction chamber to form a first
immune complex;
combining the first immune complex with a capture binder contained in
a second reaction chamber to form a second immune complex;
transferring the second immune complex into a detection chamber of
the micro-fluidic device;

disassociating the labeling conjugate from the second immune complex
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[Claim 14] The immunoassay method according to claim 12, wherein the labeling
conjugate is in a dried solid state.

[Claim 15] The immunoassay method according to claim 12, wherein the labeling
conjugate comprises a label causing expression of optical signals of at
least one analyte in the fluid sample, and the label is combined with the
at least one analyte.

[Claim 16] The immunoassay method according to claim 12, wherein the labeling
conjugate is at least one of various labeling conjugates containing in-
dividual label substances.

[Claim 17] The immunoassay method according to claim 12, wherein the labeling
conjugate comprises a binder and a label, and the binder is selected
from a group comprising: antibody, antigen, receptor, ligand, oligonu-
cleotide, hapten or aptamer.

[Claim 18] The immunoassay method according to claim 12, wherein the capture
binder is bonded to a reaction site of the analyte that is different from
another reaction site where the labeling conjugate reacts with the
analyte.

[Claim 19] The immunoassay method according to claim 12, wherein the capture
binder is selected from a group comprising: antibody, antigen, receptor,
ligand, oligonucleotide, hapten or aptamer.

[Claim 20] The immunoassay method according to claim 12, wherein the second
reaction chamber comprises a detection region in which the capture
binder is fixed thereto.

[Claim 21] The immunoassay method according to claim 12, wherein the fluid

sample, the supernatant or the buffer is transferred by a centrifugal
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[Claim 22]

[Claim 23]
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force generated by rotation of the micro-fluidic structure.

The immunoassay method according to claim 12, further comprising
determining fluorescence of the labeling conjugate using time-resolved
fluorescent measurement that measures fluorescence of light received
by a light receiving unit of the detection unit during a resolved time.
The immunoassay method according to claim 22, wherein fluorescence
of the light received by the light receiving unit is measured after a pre-

determined time delay.



