TI TLE [ 0001] Fi ber-optic assay apparatus based on
phase-shift interferonetry. CROSS REFERENCE TO RELATED
WARREEATI ONS [ 0002] This application clains tPer/US2004/036830

benefit of U S. Non-provisional Application No. |,
filed Novenber 4, 2004, for Hong Tan, et al, entitled
"Fi ber-QOptic Assay Apparatus Based on Phase- Shift
Interferonetry,” Attorney Docket No. 24377-0961l US;
U.S. Provisional Application No. 60/518,068, filed
TIfdJenber 6, 2003; and U.S. Provisional Application No.
60/ 558, 381, filed March 31, 2004 the entire
[0e01dc| oFiheropti¢ asshy eppazates based by phareshigbintarfedorpetry.
reference in their entirety for all purposes.
STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH OR
CHRDOSEIRENVERENOBTI) RELATED APRDICATROCISCROUND OF THE
I NVENTI ON Field of the invention [0004] The present
[0002]ent Tafy appliedtids dldima thetpafiad US.SaNdnped-Higendl Mpplication No.
detecting the presence, anount, or rate of binding of

one or nore a I
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menbers of an_anal yt e- anti anal i ndi ng_pair ar
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research applications. Typically, such nmethods are
AppiiphioyreNot @0/688,881, filtteMarabsiHn €604the antinerdischrsuses of which are hereby
analyte in a sanple, and/or the rate of binding of the

incdipoiatcd YyGefeica i thedtativiefor AUp

1analyte anti-anal yte pairs include conplenentary
strands of nucleic acids, antigen-antibody

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[0003] Not applicable.

BACKGROUND OF THE INVENTION

Field of the invention

[0004] The present invention relates to an apparatus and method for detecting the
presence, amount, or rate of binding of one or more analytes in a sample, and in particular,

to apparatus and method based on fiber optic interferometry.

Description of the Related Art

[0005] Diagnostic tests based on a binding event between members of an analyte-anti-
analyte binding pair are widely used in medical, veterinary, agricultural and research
applications. Typically, such methods are employed to detect the presence or amount or an

analyte in a sample, and/or the rate of binding of the analyte to the anti-analyte. Typical



pairs, and receptor-receptor binding agent, where the
anal yte can b e either nenber of the pair, and the
w@pios/0#138d yt e nol ecul e, the opposite nmenber. [BOD6$2004/036830
Di agnostics nmethods of this type often enploy a solid
surface having i nmobilized anti-analyte nol ecules to
whi ch sanpl e anal yte nol ecules wll bind specifically
and wi th high afflnlty at a defined detection_ zone.
analyipgitiyapelytst paksdagiudaqosieragntary sdg-of Fageicaapidsy anttgf:e antlbody
solid surface is exposed to the sanpl e under
paieq add tdcepidr-tdtaptopbindipgaganakidre thu andiytgeandd eithebndentbed of the
anti -anal yte nol ecul es. The binding event can be

paig %;n]ﬁciﬁ(%htﬁ 1h £ RGE WblecBledthe o?goﬁte _in the mass,

ect|V|ty, thickness, [ or or other characterlstlc

iC lve vent. Were th
r0d9pE" | SpiakBerfis Bgodgp sVl aeniaed S %tfﬁ%?il&é’%
or radlolabel the bi ndi n event i's detectable b
immebyeaé antingaglie maleinas toPhisksepplaanalyiemelecyies vy
detection zone. Alternatively, the analyte can be
spdcifillg dnd frtigarhigh affigitp etendefmed thtectibet ot bnthivtpe of agsay, known
with a secondary, fluorescent-I|abeled anti-analyte
as @B8liRpERke abPOFE sCt anBeds ExSoseled BBlsabiple thd@Pdortions that
(the "453 patent) which is incorporated herein by

prgn%tgr %gt%’blﬁﬁl R 15&1 fifi-af Slte(‘mi)l@&ﬁésfb ef%hﬁfng event can be

ssay Vi ce designe etect "analyte binding t
r-0 |c end s face al yt etec n is based
delseief igant faome S B s A ieaTe i fhess 8?1%{ i offier
optical fiber resulting fromthe binding of ana
chare¢tedsticdadicativernd advirding eveniri Mhergrthe aralyte tﬁopmtlab‘tled P g., with a
anal yte producing a greater thicknessrel ated change in
chioRphbiegbf fi@Bentsdrgndolabelhihe dheiirgeevient is dbtctabiebicthe presence
signal is due to a phase shift between light reflected

an&/BP%E\gﬁt o?'agteeifabltehﬁaef hgs dété‘éhofnrz@flé tﬂﬁeﬂﬁhﬁ%l?,gthle S e can be

carrie ber end, as illustrated particul ar

ol By TR 5 A e b g
for analéte detection.[0008] Ildeally, an

anglgp heder assay device will yield readily
observabl e changes in spectral peak and vall ey
[0q05%t r e@alowmed ili.8 dteenniNoh § 804,483, 1(toe g 45 Jopatenty swinanis iarpaporated
visible-light
herein by reference, discloses a fiber-optic interferometer assay device designed to detect
analyte binding to a fiber-optic end surface. Analyte detection is based on a change in the
thickness at the end surface of the optical fiber resulting from the binding of analyte
molecules to the surface, with greater amount of analyte producing a greater thickness-
related change in the interference signal. The change in interference signal is due to a phase
shift between light reflected from the end of the fiber and from the binding layer carried on
the fiber end, as illustrated particularly in Figs. 7a and 7b of the *453 patent. The device is

simple to operate and provides a rapid assay method for analyte detection.



spectroneter, that is, in the visible |light range
bet ween about 450-700 nm such that relatively snal
Wopiso#i8s54 hi ckness changes at the fiber end caPChES2004/036830
detected as significant changes in the spectra
positions of interference wavel ength peaks and
valleys. One limtation which has been observed with
the device described in the '453 patent is the absence
[0008] r eddedlly, ardiaterfeforectenvavayl denmipetwill yeadd reallileshsesmblewhanges in
this spectral range. [0009] The present invention is
spcR88l (AR End PalRYEEGRAE) bBifons withiathomngdss@nvemynhndsible-light
advant ages of speed and sinplicity of the
spe%ﬁg)rln!e%i'tﬂ:%ﬁé:, liﬁ) téﬁ%sqglg 'l'gﬁt raﬁ%@ betwddH ;{Hoﬁ@ﬁd-’m(ﬁﬂﬂaﬁ% Btht
sensiti’vity and accuracy. e present I nvention also
Gl S R R S o) PR TRl L8R B sBcans
gene-chip and protein-chip applications. SUMVARY OF
chafigs InNWEMPRCTON 1ositieny ofrmerﬁmeﬁ wiavelengile peake and ylleypeOne
aspect, an apparatus for detecting an analyte in a
lins@atiph ehichriak bebinubseletdoithnige ddvicepiessthed én die *dftapajer is the
the anmount of analyte or the rate of association

abs%tf)l?é O reSHiBS Q&I Whvelen@RBpodul &:QredtAdwel BridipRelrdlgange.

ecul es.” The apparatus includes an optical el enent

i.t h roxi npl _reflectin f - - ] I .
o} oo etelT ol s it 6 Ao RO RS BAI pressruine the
of light froman optical_ fiber is directed to.ang
advasfages pbepeed o simplicifortithe paslier diselesed dgwise bupignificantly
reflected beans are coupled back into the optica
enlfanbiiy samxdtivityt and faecigacyTHthepesentahveitionaiso padddesiamoogdesvenient
a layer of analyte binding nolecules that is
disPOsibld-Radomtat [R eIl RQ thiltiombBALAES 68hMELH, fod@ene-chip and
reflected beans varies as analyte binds to the |ayer
f. | vt ' i ng nol ecul es.[0011] The change in
P“ﬁ%?%$~e%§%8§kégn be caused by different physica
henonenon. For ei@@ﬁ! anal yte bi nding can cause a
SUMA] .@’Yi(HFt'I‘%EW' th length or in the physical
di stance between the two reflecting surf?ces. ) .
[0040§ or nBeeinyentigpangipdesHin e Agpech A1 ARRARE AL It 5iseiing 3p quplyte in a
index or in the optical absorption of material |ocated
sarhpleyimendirgaleteefih@thieipnepence of analyte, the amount of analyte or the rate of

association and/or dissociation of analyte to analyte-binding molecules. The apparatus
includes an optical elerﬁent with a proximal reflecting surface and a distal feﬂecting surface
separated by at least 50 nm. A beam of light from an optical fiber is directed to annd
reflected from the two reflecting surfaces. The reflected beams are coupled back into the
optical fiber and interfere. The optical element also includes a layer of analyte binding
molecules that is positioned so that the interference between the reflected beams varies as

analyte binds to the layer of analyte binding molecules.



surfaces. Analyte binding can al so cause the |ayer of
anal yte binding nolecules to swell, resulting in a
web@sgerssyr the interference. [0012] In one parPCTUBZN4/036830
design, the distal reflecting surface includes the
| ayer of anal yte binding nol ecul es. As anal yte binds
to the layer of anal yte binding nolecules, the optica
path |l ength or the physical distance between the two
[001E]f | edherbarmerifi ateseramge danbe eassed by drifessa ppysecal phenomenon. For
anot her aspect of the invention, a transparent solid
exatfpl& ra'hﬁl?ltei bindifg ddiLchubes vRpRe ihie bpfidat phthnengsiuoif idcths physical
and, opfionally, the proximal reflecting surface
disiaﬁgel ?e%genathg?\h? {'éfﬁicti LR, | Qﬂ&%t&gf,eﬁltaﬁ&e biRamelddaicalde a
e transSparent solidmaterial. ternately, an air
gap. may .be | ocated hetween the reflectin urfaces. | .
chage b EHER oaULi PUEA dDurRch orrartp i M Ry §EGRe golboting
positi oned between the proximately refl ecting surface
surfaces. t Avealytapénding caarrdgoyqagsdiha éﬁyﬁgogwatq}m@@l.ng medecules to swell,
exanpl e, anal yte bi nding nay cause the | ayer of
res@lfil it & chdngadimtherimbeerches to swel |, noving the distal
refl ecting surface closer to the proximal reflecting

[OOE?L]; aqf ond Paﬂi@ﬁla@@&i@ﬁ Ehe%ﬁﬁl%ﬂe&iﬂg s inadBMRé ¥yr of analyte

ing nolecules is positioned befween the two

LS8, S LGEREy R 4 SP ERIB T ERURRCAR e ot

the interference between the two refl ected_beans. .

pathdeneg] on the ahviek Aisipape betweeh e App A¢tiecias sfacerjgay pprease, for
optical assenbly having first and second refl ecting

exBnplé abemotiep aspetea thy inventic, atmasparkht splidanaterialiaho@ed between
nm The optical assenbly is conposed of a transparent

theQBREGRL sBIEITE Bhd, pAbnABNHRYExital REl6HIRSarikeS intiedes a material
bet ween proxi mal and distal faces of the el enment of at

. 0 - 1:00 .
w0l BRSBTS s ey
of optical e

|l ement, and.is formed of a |ayer .of .
bo Speatel e tieR dh T mec faess. Thectne i Reiefy Bk dRig) rofiecting
surface is formed by a coating of transparent nmaterial
surffreiipositinried detwesh theatrosimataly reflestingsurtapaipnd thadassr of pealyte
optical elenent. This coating can be forned of a |ayer
bindd ragledulpyd. ff @lek etiplehineityte simdafg thet camsnthb laedobdhalyte binding
The optical elenent can be and has a thickness of
mA&LEEH swell, moving the distal reflecting surface closer to the proximal reflecting
surface. In yet another design, the layer of analyte binding molecules is positioned between
the two reflecting surfaces. Analyte binding may cause the layer to swell or to change its
index, thus changing the interference between the two reflected beams.
[0013] In another aspect, the apparatus includes an optical assembly having first and
second reflecting surfaces separated by a distance "d" greater than 50 nm. The optical

assembly is composed of a transparent optical element that can have a thickness defined

between proximal and distal faces of the element of at least 50 nm, preferably between 400 -



about 100-5,000 nm preferably 400-1,000 nm [0014]
Al'so included are a Iight source for directing a beam
w@Roosiogiss4 onto the first and second refl ecti ngPCT/US2004/036830
surfaces, and a detector unit that operates to detect
a change in the optical thickness of the first
reflecting layer resulting from binding of analyte to
t he anal yte-bi ndirxg nol ecul es, when the assenbly is .
1,00 moe dhe firstiveflesting sungave of caaried 9 e diskd fensrqf @afical clement, and is
t hi ckness change at the first reflecting layer is
forthéd af £Ryérofansiidbinding mokvake. Thas@onérdfetiing afrfacke formed by
interference wave fornmed by the two |ight waves

a cd; %Bg %ﬁrﬁﬁg freRMafkidl fdvindtandBebxS TG OmAeLiSH lof A6 Shan thhtSof the optical
ﬁha e char b

acteristic can be a shift in the spectra

osi tion(s). of one.or e . f
clefile o EAtRE S oDyt SRR e bt s of
full cycle of ttie wave. [0015] The light saqurce can
betiver akd shnwphhepticalsemenbeands $0q; i 3ps afhie SRR ihptveen
to be placed adjacent the second reflecting surface in
aboluh €0S 60l prederdbly@0dp)@mmt.us further includes an
optical coupling for directing reflected |ight waves

(0015 | eigdinfchfigh bien ﬁ?x‘i 86ty fol dirbdimgdedeamt dMighf Okkd Gihe first and
a first enbodi nent, the optical assenbly is fixedly

sec{)rﬁ(gpeg%i; ﬂl}cjggﬁlﬁ@?%sg ?ﬁd g ﬂétecft%@%{it t\}llVIX*:I cf?%tra%éé% qét%&tg,i clﬁﬂge Rfthe optical

In con € Ssecon

reflecting surface. | n a second. enbodi t, .t T
thichpe s s A LT 8 85 i B G ke, R g bindine

opti cal elenment having an index of refraction |less .
motdeales,twian thé agshmblyeis oldetioghe sejutiondofanelie: kKiepgicddhiskness

t han about 100 nm where the coating of high index of

chan@f LEwGE iieR remdcang alyei 1§ rlandvw £5df ibepivserhifaetetivie of the
transparent optical elenments. In this latter

imeglfégggﬁie@ ot g Rﬂugﬂt%vaw@mmeaw fidbd AehERt 5 debend

regio e fiber with a spacing of |ess
han 100 nm o reater than 2..m het t he..di

surfpe e HLIE PBBF SHAG- CRE SO SRTITY Tedean reRLPhEA B o o more

transparent optical element in the assenbly.. éo 1%%1 e of th
pedks and saldays iof thernierfeisnes W 91 Bsa changn ybe pEtipd pf piull cycle of the

nucl ei ¢ acid species, the |ayer
wave.
[0015] The light source can include an optical fiber having a distal end adapted to be
placed adjacent the second reflecting surface in the assembly, and the apparatus further
includes an optical coupling for directing reflected light waves reflected from the assembly
to the detector.
[0016] In a first embodiment, the optical assembly is fixedly mounted on the optical
fiber, with the distal end of the optical fiber in contact with the second reflecting surface. In

a second embodiment, the optical assembly further includes a second transparent optical

element having an index of refraction less than that of the second coating and a thickness



of anal yte-bi ndi ng nol ecul es can be conposed of an
array of discrete anal yte-binding regions, such as
w@Revghe7sss r ands of nucleic acid. The regi ons aPEI/US2004/036830
effective to bind different analytes. The optica
fiber includes a plurality of individual fibers, each
aligned with one o f the regions, the detector
includes a plurality of detection zones, and the
greatpt themhbad i po nmy whereché ovating of btghpn@emefénﬁ@smon meaterial is
plurality of fibers with one of the zones. [0018] The
san@R&h¥d Betdicafl iR waatapHras opticdl BRnrage Mthis kitar dmehodiment, the
exanple, (i) an anti- species antibody nol ecules, for

ass%flﬁlgi iyre%fc[\%ﬁlgn @tg%}{};g% 'tl%?ﬁ?all B &ibe St ﬁl@ IibeP@itR b @9 RMELof less

ecre anti gen nol ecul es, for use

in detectin ence

tha 390 kO SHERer S SRy R PR e Bpeiod s sonfiogting
in detecting the presence of a binding partner for

face hitheseemditransyarsnt oplies] elemepbindbeisemblior use in
detecting the presence of nultiple binding species

[00¢ AP ablrr abtebtiigmtlipte ddlytds; prehte nmultdephezicwciispedies, the layer
proteln or (v) single stranded nucleic acid

of Agﬁ Rg@ﬂ |n@5h I‘BQIECngSt EntYetBripBSedRITea ARGS oPlistvefl BhI§teAihding

I ng ecu es. [0019] "The detector can be a

ectr neter. f fhec Y
rogi ey Uah SnrigEe Sl g SSH%IPIC (RG0! i Shret e Bt ierent
|n addition, the |ight source ca
i OB d 0 SR L0, LMELUIELR e with one of
characteristic spectral frequency, and the detector
thefrugions, dresddiertaraéndndes|a pymeliiymfdatoctign anes,cind dles endicpli qghpling
at each of the different LEDfrequencies. | stil

furRNShBcoft ﬁl@@@éﬂﬁﬁh@ plubgity bfffifers @ith@@e bhtHeudass. a
white-light source and the detector is designed to

[Odgsﬁor dTl{ : a%gbft -1[;'41 ?{1112, élﬁl(%ie%%s elff ftﬂe%ﬁﬁﬁibl% lcGiMhe,8br é%‘c%ﬁ{ﬂlé)tl) @n anti-

r al engt 0020]" I'n anot her
aspect,, he |n ion Lncludes tho for ectin
P 2l S RIUHE ILACTSH AP flamp aaﬂgaf%t‘ Shibfilce of

sol uti on. The nmet hod i nvol ves reactlng t he sanp
secsgsbdientiody (i agfigenmaelequdds) & upgig detactiag éhefRi?Sﬁﬁ‘éF thyﬂngbodles

| ayer of anal yte-binding nolecules carried on the
spadifid Alaistithheariged; (3i)tprawipasieatles fitrivsalin édtertimgthdyaresonge of a

a thickness of at |east 50
binding partner for that protein; (iv) protein molecules, for use in detecting the presence of
multiple binding species capable of forming a multi-protein complex with the protein; or
(v) single stranded nucleic acid molecules, for detecting the presence of nucleic acid binding
molecules.
[0019] The detector can be a spectrometer for measuring reflected light intensity over a
selected range of wavelengths. Alternatively, or in addition, the light source can include a

plurality of light-emitting diodes, each with a characteristic spectral frequency, and the

detector functions to record light intensity of reflected light at each of the different LED



nm thereby to increase the thickness of the first
reflecting |layer by the binding of analyte to the
wa@e@bsp1sshi ndi ng nol ecul es in the |ayer. The cPEIRys20041036830
thi ckness of the first reflecting |ayer is nmeasured by
detecting a shift in a phase characteristic of the
interference wave fornmed by the two Iight waves
reflected fromthe first layer and froma second
frequehdiec tinrsglllaayther ¢thbadinent] Srerfigtit smureehiscloggsaswhise-light source and
proxi mal surface of the optical elenent and which has
the @BtebiRf RXde8fonb @ r@6dr hgihmb’?‘ of Rfectédaght af edchef a plurality of
opti cal el enent. [OO%%] The detecting step can include
i i light froman optical fiber onto the two
mﬂg% f§%¥$%8¥%%rfaces, and directing reflected Iight
fromthe t surfaces onto a detecto rough..an )
(00361 ¢ 37 Sehi SR e GBSk e ARl Mgl hibe gpesence or
where the detecting includes neasuring a shift in the
amepe of pabngiyisiin p sample sohtionr Thomethefl invedves seasting fhesample
extrema produced by the two reflecting Iightwaves.
sollit@PRith Westeclidtingetiiad forsnadssoh hgsr ofeadyeibhglihhmoteaties
of association of analyte to the second |ayer, the

carhiER G {H%Qliﬁales%ﬁfl’égiopaetrﬁﬁ]bé&ﬁ%pﬁ%l i drlt hayiRe & k@%b B least SO

I'ncrease Int ness of the'first reflecting layer is

observed. Were the neth i-s . used..fo Walo

oy RS BERERE e oot Canaryr S5 F R by AR MR PR analve o
the reacting steps can include i mersing the second :

the|anglate-hindiag apaleqidgsdn thslayys fl8p chapee ip Eléﬁ?ﬁnﬁﬁf ofithg ‘ig%feﬂectmg
until a .decrease in thickness of thefirst reflecting

laybmaiy efeaiwwed by deteeiihg AMbéft én 4 plaserehiraderisticwd dip ifitgrference wave
nmeasuri ng the anmount of analyte present in the sanple,

forkn28 by LG Iht infavERFcFieed Bbin tBY EEst fayBedridofbn fstéomid eaflecting
to neasure the thickness of the first reflecting |ayer

lay?%tggt r%g %ﬁﬁﬁ(ﬁd’ Vi @bpSlshit &1 6 tmal biffacPBF @rr%r%gti%é‘? Qge%leny\g}fﬁf Which has

I'S usea neasuri ng one or

plurality of analytes in sampl e, .the first

an fgex @gquwﬁtm%%ﬁte?émg%ag@g ogﬁcaiﬁleg}epay of discrete
anal yte-bi ndi ng regions, the different regi ons being

[0021] ectThealetesting sigp ¢t inshuladingetingight fromypn qnieal fiber onto the two
detecting is effective to detect a change in the

refldBlieK Q18 B8 ed) in@ dizbetidly réfietadaiho fisn ths tid surfacts amto a detector

bi ndi ng of analyte to the anal yte-bindi ng nol ecul es.
through an optical coupling. The detector can be a spectrometer, where the detecting
includes measuring a shift in the spectral position of one or more of the interference extrema
produced by the two reflecting lightwaves.
[0022] Where the method is used for measuring the rate of association of analyte to the
second layer, the reacting step can be carried out until a near-maximum increase in thickness
of the first reflecting layer is observed. Where the method is used for measuring the rate of

dissociation of analyte to the second layer, the reacting steps can include immersing the

second layer in a dissociation buffer for a period of time until a decrease in thickness of the



[0024] These and ot her objects and features of the
present invention will becone nore fully apparent when
wo b@shgissowi ng detail ed description of the i nvRCL/US004/636830

read in conjunction with the acconpanyi ng draw ngs.
BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS OF THE DRAW NG
[ 0025] These and ot her features, aspects, and
advant ages of the present invention will beconme better
firstredlerSulasenis tbsereagatthereghe mstifod|is vsddrfgr measering thegrnount of
and acconpanyi ng draw ngs, where: [0026] Fig. 1 shows
anal € pRB&itGn MESshafiples Bartdetifig isharritidam obe agniod ksfficient to measure
apparatus; [0027] Fig. 2 shows an optical assenbly

the{t@%%%%s ?:Ifg’lg rfﬂﬁ'}gﬁectti‘ﬁé Rer &AL IBNS cﬁ’ffer%ﬂ%iﬁ@ﬁ!ﬁﬁﬁsi on;

. 3A and 3B’show a portion of an

iLnterferen waye .over .7 peak and vall ey.order .
10033k v Eheie e GG R Beg Sieprathed of Borp it £p fffifubg Bhivees ina
[0029] Fig. 4 shows an optical assenbly constructed. :
samapde.dhelfirsg reflscEnglaer is epmBpRfefehan iy Halijcrcte AR3lyf;dinding regions,

[0030] Fig. 5 shows a disposable nulti-analyte optical
thealb&ansin rygloay beigg affeaivaltybialdidiffireny aaalysey, addhe detecting is effective
constructed according to anot her enbodi nent of the

to ddtde A lchbe ih 8R3hlckiéd of Bach VPR BgidBOIHSIhA frobi BiEdiAG oFhnalyte to
three nolecul es; [0032] Fig. 7 shows on and off curves

en ed. fr associ ati on and di ssoci ati on of
the%ﬁ‘?ﬁ'geg%ﬁge%l,gn?%%%’ Fig. 8 shows the curves of two

anti bodies binding.to thejr anti.gen at different.
(0B o eas pefh o] iy St ptuge oF g e ROy PGl peggme more

bis am no PEG (MW 3300) specifically through an am de
fullyapgarteot wheti da follivenpPEGailedaigoigion of thiageriipngs read in

negative control to nonitor non-specific binding of
cortjiiectiBEGiROihg Aefomping drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

[0025] These and other features, aspects, and advantages of the present invention will
become better understo'od with regard to the following description, and accompanying .
drawings, where:

[0026] Fig. 1 shows the basic system setup for the bioprobe and its apparatus;

[0027] Fig. 2 shows an optical assembly formed accordance to one embodiment of the
invention;

[0028] Figs. 3A and 3B show a portion of an interference wave over 7 peak and valley
orders (3A), and over in a visible portion of the spectrum (3B);

[0029] Fig. 4 shows an optical assembly constructed according to another embodiment

of the invention;



[0035] Fig. 10 shows a small nolecule binding to a
| arge nol ecul e, negative controls and the base line
wore@sissrent . DETAI LED DESCRI PTI ON OF THE | NVBEMIT/OB2004/036830
Definitions [0036] Ternms used in the clains and
specification-are to be construed in accordance with
their usual neaning as understood by one skilled in
the art except and as defined as set forth bel ow
[00Bl0[ver i Kigr Sistgss a disposade multi-aealyte aptieal asstmbbelbdvingoa dnglyte-
are to be construed as including the [imts bounding

binkig :8G1ahe doliskineRd acdofide to Afvehdr @fbodinteny by ivehess
to processes that occur In a living organism [0038]

! I - hi ndi_ng. ..npl-ee: I I
1003, o1 e s Skl e PR e R BpIeETY 1 = ©

reaction wth an anal yte nol ecu] e.. Exanpl es.incl ude. .
(0331 © & BEbERaT AR B QLI E e IR Lo B Ry ation
reactions, and nucleic acid hybridization
of amdthotliesns. [ 0039] A "specific binding reaction" refers
to a binding reaction that is saturable, usually

[0038) €T SKiB| & shantht baweLatwbentdbodied Edding tdtlair agkigasa different
one of the reactants. Specific binding reactions are

rized by conplenentarity of shape, charge, and
Cm%%ﬁ%%ﬁgghding determ nants as between the participants

i.n.the specific binding reaction, canti. "

(0033} o SFigS e Bon Shbisartie P ECHRV D op L HBEE troueh
chains and two light chains prepared by any metho .

an Riislerbang formeationt The PESx @IIWd%(II)QD Bosed ahy n?%%llVa gerdrol to monitor
pol ycl onal anti bodi es such as those produced by

non-8eifiebindmgaf terfid pslyoter;anda goat, nopuse, rabbit,
etc. with an i nmunogen, as well as nonocl onal

i boghi,e i - .
IOOII%/IgI Oﬁg $0 XRAUCEhIURHREIE BRNRI tb ahﬂ%rﬁﬁéh&f@dﬁheg hegative controls

stein hybridoma fusion technique. term i ncl udes

ti.bodj.es produced using genetic engi neering nethods
an@ﬁ?ﬁmﬂ%h?%%ggmgwgwgying, e.g., SCID mice reconstituted
wi t h human i nmmunogl obul i n genes, as well as anti bodi es

R bR PSR P B o Tesur'act o

Definitions

[0036] Terms used in the claims and specification are to be construed in accordance
with their usual meaning as understood by one skilled in the art except and as defined as set
forth below. Numeric ranges recited in the claims and specification are to be construed as
including the limits bounding the recited ranges.

[0037] The term "in vivo" refers to processes that occur in a living organism.

[0038] An "analyte-binding" molecule refers to any molecule capable of participating in
a specific binding reaction with an analyte molecule. Examples include but are not limited

to, e.g., antibody-antigen binding reactions, and nucleic acid hybridization reactions.



[0041] An "antibody fragment” refers to a fragnment of
an anti body nol ecul e produced by chem cal cleavage or
w@enwspissengi neering techniques, as well as toPGI/H§1084/036830
chain variable fragments (SCFvs) such as those
produced using conbi natorial genetic libraries and
phage di splay technol ogi es. Antibody fragnents used in
accordance with the present invention usually retain
[003He ami Ispeojfie bindingdeaction't refag traa bindingirepsHoHigt igaturable, usually
i nclude variabl e sequences and antigen comnbi ning
rev&hib®S and @@eih b8 cofiFadell witl 2caxcess of eheobtht oeaatantsr Gancific
compound havi ng a nol ecul ar wei ght | ess than about 500
bin%%% Ee%@ﬁons%hﬂarﬁ@ér%gg ib? ?g)/ﬁ Rt ehi oSdhdpd, icha o8B btk Binding

screening to | rug | ead conpounds t hat

then can be optjm zed through tradidf.i I | ci na
deterpanandy Wet"%?egdf&et ]Eﬁrgmg%]{%f’ ViRa S?%cﬂafg ]?13%21 % B s%di es to
create new drugs. Small nol ecul e drug conpounds have .
[0040e bemetantibashy” veferalte gn B@mﬁgogiia‘aﬂwn%ﬁﬁﬁ% Piagivge heavy chains
Exanpl es of small 10nol ecul es i nclude conpounds |isted
anditwotlipit Elefinsqweprgediat atyasetbod MBwn #Ghbe art or later developed and
(http://ww. ndli.conl), MNDL/NVDDR

. - 1q° ‘ . . ﬁ 1 /
ot B kbt s

http:.// . trid
oSBT S Lo M SoTan S
ttp: . . . i i
B B 88SOboh 2365h SRR 0, e

to single-stranded; "SNP" refers to single nucleotide
antihmﬂ@eﬂprqdhbmsmgmém efgnesring npsiwslp Heaheaspgse empdpying, e.g., SCID
saline (0.01 M phosphate buffer, 0.0027M potassi um

midehe@is@Ritcanditdhda Maetielbutinl genéstas wilthsrandibpdiehtiBt have been
refers to N-hydroxysuccinimde;, "MV refers to

[ 2] . 0> Sudsefers to
B Pl A gy et cr
cycl ohexane- | -carboxy| ate. [0044] |t .nust.be note
lﬂﬂﬂiﬁh_t o aﬁgaadx SR S L TEP Bh A EHieo BRI produced
clalns, the
" by chemical cleavage or genetic engineering techniques, as well as to single chain variable

fragments (SCFvs) such as those produced using combinatorial genetic libraries and phage
display technologies. Antibody fragments used in accordance with the present invention
usually retain the ability to bind their cognate antigen and so include variable sequences and
antigen combining sites.

[0042] A "small molecule" refers to an organic compound having a molecular weight
less than about 500 daltons. Small molecules are useful starting materials for screening to
identify drug lead compounds that then can be optimized through traditional medicinal
chemistry, structure activity relationship studies to create new drugs. Small molécule drug

compounds have the benefit of usually being orally bioavailable. Examples of small
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singular fornms "a," "an" and "the" include plural
referents unless the context clearly dictates
worivenwisse. Advantages and utility [0045] The PCT/US2004/036830
advantages and utility of the invention are
illustrated by reference to the Figures and Exanpl es
as described in greater detail below These include
the ability to nonitor in real tinme analyte binding
moleeales inchslewotrpourdstlistediis ¢haofollbwingl dafabdsasi MIDIHARY cost
and potential toxicity. A further advantage includes
(bt BRI hdli Yorh9, IWIDAGMIIBR t(lhtg):mwlm dugbimg, SPECHI e
wavel engt h Ilght sources. Yet other advantages are
rQvi de @guq§gector ti
(hn%h/a arslgg%s)'/ne‘gp’ﬁ}égl ggﬁ%é\g&@% ?g%@a%%ﬁ%éﬁﬁ%&n tored in ver yp
smal | sanple volupes, including in "in vitraq" ces
(hlgh{ ¥ TSR IoBE GO by 84 (5 SOTRRpnE sample GRibase o hegfedipugt Center for
anal yses of binding reactions. 11[0046] Fig. 1 shows,
DrugnSerednamghitiy:/(ewsceean pY& @YX er onet er appar at us 20
constructed in accordance with the invention. Inits
[00aBFt h&isireviefi@ikeBédin thidepplpabainttudentd fodles/img: I'ssgmefers to
source 22, an optical assenbly 26 that functions as a
. ' h " [ WiIp g
s sy R 2R fRR RIS 8frs to phosphate
el ow,.. a efector .unit detecti :
vutfrpd it 2f ol " Phirah el s it oz pRELTF g 137 M
waves reflected fromthe optical assenbly 25.%L004@
sodiygishloridesn i dupc VB refergio N dgxgricenimideo M Pc gpfers to
assenbly 26, and reflected back to the detector
moldenbi gileighty "SptfoSMCCH vgitis ng sidfsesridipidyidi[®at ed by
dashed lines at 30. h a preferred enbodi nent, the

ma%ﬁi&rﬁ&hﬁ%?@l@ﬁéﬂénéﬂ@a%ﬁa@e.“ rst optical waveguide
or fiber 32 extending fromthe Iight source to the

: I ti . . .

08 L ARBERTR o, REGRTT AR ShE AR B i, e

snge b o SheF ehice e s kL s BB By i
1optjcal fi ber and coupling

otherwise.

Advantages and utility

[0045] The advantages and utility of the invention are illustrated by reference to the
Figures and Examples as described in greater detail below. These include the ability to
monitor in real time analyte binding reactions without the use of labels, diminishing cost
and potential toxicity. A further advantage includes the ability to practice the method using
Visible”wavelength light sources. Yet other advantages are provided by the fiber optic
nature of the detector tip that allows binding reactions to be monitored in very small sample

volumes, including in "in vitro" spaces, and to bundle fibers to carry out highly multiplexed

analyses of binding reactions.
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conponents are detailed in the above-cited '453
patent. One exenplary coupler is commercially
w@r@ashaisse from many vendors incl udi ng Ccean CpET/TS2004/036830
(Dunedin, Florida). [0048] Alternatively, the coupling
assenbling can include a | ens systemconstructed to
focus a |ight beamonto the upper surface of the
optical assenbly and to direct reflected interfering _
[00k6]ght Fig.drshbive, inptlienmltic aswemblintetferonister @ppasatus 20 cquséructed in
| atter systemwould not require optical fibers, but

accbRMh&: W AR ARt @idh] WEkyYm8§iiasio @nany|therappRatus indludese light
positioning of the lens elenents used for the optica

co i ng...[ 004 N j N
souf 2. ap e PNt b Mg RAVAE R g oA AhisSo@and that
_diode (LED) which produces |ight er a broad _
wilbpiqaisilad Tughe] wilhysepest g s 4B 3 BSIONABH AgFisgioppnit 28 for
typically over a spectral range of at |east 100 nm i
detédtingrimatfenenteysigaeptbiupiet by dutederinglight avagepretieerd fipmghe optical
sources each having a different characteristic
assWa¥gI®ngt h, such 12as LEDs designed for |ight em ssion
at different selected wavelengths in the visible Iight

Lan9e.;d i " 6 bf\eBlected back

R e i e i U il
filters for direct.i light with different.selecte

to %ggqe%tﬁgﬂﬁgu%ﬁn&ppﬂ%%Bwlﬂ%ss% % 1%,a?ed[et@ro%ﬁea$.ﬁ &4t30. ma
detector is preferably a spectroneter, such_ as .

preférmdgetodimpénsdihd ewipdios ceembly walyds efiet oplacab vy eayideary fiber 32
spectrumof the reflected interfering Iight fromthe

extefdih€ abmahs eight sourcAlts erervptivalebgembiersecdridenpiticglhwaveguide or fiber
source operates to direct different sel ected

34 WY& GRUNEn cf)h%ﬂ? SrofPihb 6?!ica@§§%ﬂf%l§yto thd\@etelb:6 8AP#n optical

can be a sinple photodetector for recording |ight

intensity, at.each of the d'%f r irrﬁﬁ' j .
coyalerelbargEheP i Somies Bikst e Tenbisah eRied k8 and conpline

can include a plurality of filters which allows et
comlponents asn detpiled igHhe hovegitpd 53 Paipnt. Ong e SRIRY COUPIPT

source, at each of a plurality of selected wavel engths
co@ifnetdislly aviaflsfle fiencaanetdndotsandeding VecarERphis @rupedingflprida).

source and detector configurations are
[0048] Alternatively, the coupling assembling can include a lens system constructed to
focus a light beam onto the upper surface of the optical assembly and to direct reflected
interfering light from the optical assembly to the detector. The latter system would not
require optical fibers, but would impose relatively stringent requirements on the positioning
of the lens elements used for the optical coupling.
[0049] The light source in the apparatus can be a white light source, such as a light
emitting diode (LED) which produces light over a broad spectrum, e.g., 400 nm or less to

700 nm or greater, typically over a spectral range of at least 100 nm. Alternatively, the light

source can be a plurality of sources each having a different characteristic wavelength, such

12



described in the above-cited '453 patent, particularly
Wth respect to Figs. 8 and 10 of that patent, and it
waowdos/opssaunder st ood that these configurati ons BCEUS2004/036830
suitable for use in the present invention. [0051] Fig.
2 shows an optical assenbly 26 constructed in
accordance wth one enbodi nent of the invention, and
an adj oi ning portion of the distal end region of an .
as IopDs desigried] henr Ligh eméssighiag fifferrnt splestedivagel ety iy thevisible light
fixedly attached. As seen, the assenbly 26 includes a
ranké.aTEP i@ funetirinl albe aklbiswgltby3Bsihgle light dourcst e.gnehge bightsource,
reflecting surfaces 42, 40 formed on its | ower
wit&@hﬁ 1@& }i1t 88 YorRRElind R%@Wi@&i}fe%ﬁgseﬁ&@a%swa\feﬁ@% tolndeth¥ optical
ccording to an inportant feature of the invention,
the thickness "d" of the optical elenment between its
aSSBﬁﬂElYm and proxi mal surfaces, i.e., between the two
reflecting surfaces, is at |least 50 nm _.and preferab]
[0030] | eaBhe dtrgtos i prmr@l%mearryn@w,ﬂ&%g%cf}aggebc@tlv;ééﬁievwg (CCD),
about 100-5,000 nm 13preferably 400-1, 000 nm The
capfablesdf rec@tding tHersgeatumi atthe 4ldcedfinterfednglighi ftoay the opfical
anal yt ebi ndi ng nol ecul es, such as nol ecul es 44, which

assemBlyef A1eghdiMelyl FhbicnHe BfRlsyiee BPéaeY tegiredtbdifferent selected
specCifically and with hrgh affinity. That is, the

anal yt e d- e ' &
RSB PR, PELSRL Sy R St o
whj.ch_can inc¢l ude, ~wi tho limtati.ons .
rech T A AHER S it G140 G ORSPERERIng IAIEIRH RS ooyl another
and recept or - bi ndi ng adg?ent pairs. {0052] The index, of .
embedlinzent, itedadctariven dpstidea pletabifeeitfilicss whish eHows S}etecuon of light
simlar to that of the first reflecting surface, so

intérdaty, &.81 fregitd whitd-ighnstinee,| adesh aiagiladaliguf selectb erageldngths of the
optical assenbly occurs predom nantly fromthe | ayer

int%l%rgﬁ& BlediRe 3R YESepIRF) NGt BRI &S Bfstectcbefigirh@shs are

romthe 1 nterface between the optical elenent and the

al yt e- bi ndi Les. Simlarl? 3
ae R DB ) SE ST i BB ant 0 o
assenbly, light reflection formthe |ower, end of the
patgn’s endityvil be ynderpioad diwt Mg apligpEkrahesuiable for use in the present

invention.

[0051] Fig. 2 shows an optical assembly 26 constructed in accordance with one
embodiment of the invention, and an adjoining portion of the distal end region of an optical
fiber 32 to which the optical assembly is fixedly attached. As seen, the assembly 26
includes a transparent optical element 38 having first and second reflecting surfaces 42, 40
formed on its lower (distal) and upper (proximal) end faces, respectively. According to an
important feature of the invention, the thickness "d" of the optical element between its distal
and proximal surfaces, i.e., between the two reflecting surfaces, is at least 50 nm, and

preferably at least 100 nm. An exemplary thickness is between about 100-5,000 nm,
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formed by the anal yte-binding nol ecul es and bound

anal yte, rather than fromthe interface region. One
wez@spimsy material form ng the optical el emreneCT/BS2004/036830

SiC2, e.g.,a high-quality quality glass having an

i ndex of refraction of about 1.4-1.5. The optica

el ement can al'so be fornmed of a t ranspar ent polyner

such as pol ystyrene or pol yethyl ene, having an_ind
preée:rabl@f‘lpgds(?(%m%r dihe rf‘%|r9ﬂ¢c¥ang Refape 42 is @nmsa% §é2 lqyero%fsqnalyte-

The second reflecting surface in the optical assenbly
birklorgmadleases shdyamatctlesatils phichrire effidctive & bindwnayteanolecules 46

i ndex of refraction that is substantially higher than

spetcﬁﬁ:tallﬁ? find WAL ARSH a?fﬁ{ntﬁ"l ERR M, ’theszhhﬁpfté hat anhl'-'ﬁlﬁlylt@ﬂlﬁfecules are

functions to reflect” a portion of the |ight directed

onto th .asse e C
orpRyE piefiperEd &ﬂ%%% BEL 8 sl S PR i S &%nqml“de without
exenpl ary materi for the second | ayer A
lim¥ @hip e EPREST S mré; cqplgmentarypclols Asids i i HRIGT P ding
formed on the optical elenment by a conventional vapor
agahépaiss.t i on 1l4coating or |ayering process, to a |ayer
t hi ckness of |ess than 50 nm typically between 5 and

[0033] NM THOR8N of bR adtidn@fiessptiehl didigert iig Sibferably similar to that of the
(anal yte-binding) layer is designed to optim ze the

ﬁrsg\é%i < a{1g m%%o%hﬁt%ego S35 f3h #R ?&vl/ér'cﬁ t&%@i‘/&mﬁe @adptical

conponent S nventional inmobilization

B EREACOR SN CA T T

| oner surface of the optical elenment. For exa
rathesrthast fowftheintarfase befvern theapiingl slemsmt andibs g*malggerble&laa e

group for chem cal attachnment to and an hydroxyl,
massuls, Strailindy b amalyte ivdecutesdind torthgloseplayear ofdhe aptivak agsembly,
of bi ol ogi cal nol ecul es, such as proteins (e.g.

hgﬁﬂteﬂgﬁfb% foRR HIBRELS ofFhe BdEMBly Gcarfh Predomlindntly iﬂo‘ﬁpthe layer
known to etch or othérw se treat glass a gl ass

R SRR RSSO B B g s
e gpt i clorent, s foried oo pel IR, Sueh 85,
qua?l)l(t?/%?a:sg gavmg an index of refraction of about 1.4-1.5. The optical element can also be
formed of a transparent polymer, such as polystyrene or polyethylene, having an index of
refraction preferably in the 1.3-1.8 range.

[0053] The second reflecting surface in the optical assembly formed as a layer of
transparent material having an index of refraction that is substantially higher than that of the
optical element, such that this layer functions to reflect a portion of the light directed onto
the optical assembly. Preferably, the second layer has a refractive index greater than 1.8.

One exemplary material for the second layer is Ta,Os with refractive index equal to 2.1.

The layer is typically formed on the optical element by a conventional vapor deposition
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avai |l abl e chem cal l y-active surface groups, such as

am ne, hydroxyl, and carboxyl groups. [0055] The
wae@abpisshi ndi ng | ayer is preferably fornmed unPE&r/US2004/036830

conditions in which the distal surface of the optica

el ement is densely coated, so that binding of analyte

nol ecul es to the |layer forces a change in the

t hi ckness of the layer, rather than filling in the
codtmger layFhieg proabsst ©-diayadithigkneayef lessthah 0 aing hpically between 5 and

nonol ayer or a multi-layer matrix. [0056] The
3oeasur enent of the presence, concentration, and/or

bi nding rate of analyte to the optical assenbly is

[0(&?@2: %&¥icﬁ£@ssio?'ﬂ%rﬁrgtr(ﬁﬁﬁft?%ﬁncﬁ )H%feﬁ &ldsi Bl 1 PERIBize the

wo reflecting surftaces e opti cal

assenbl y.. ecjficall anal yte | ecul es aptach.to
ov R SRR TRGH S el PR H SPGB TORE Dk oL ot
~the first reflecting | ayer changes accordingly. .
imBebuigeon ¢hemistriek pre dsedohn chemicallpers | coyalently.gifasiiag ¢ fayer of
sane, the interference 15wave fornmed by the |ight '
anMpieasndieg hetdcats o theldwer suvfecesafithacmsal eleplasis & os kkdmpld, a
in accordance with this thickness change. [0057]

A5 BBifbnAINSs RnAlBniaiMng £iloxeh&grols FFcherhil hitdchinent to
beamis reflected fromthe first surface, which is the

.distal end int c e AN =TR o Male Malo ;0o 1M :
sidhaan flibahd SELA G R L SE ATt s A TRLBA Fotogica
second beamis reflected fromthe second .surface,.
majpudes. sush@p Brqieins (g antigens, ?f&@@gﬁa’ %B\lﬁ‘fdﬁ &gt Riigplso well
el enent (the first layer) and the high-index of
knoeh taetth onothagrese {rediglases ghss Juafaes Yo, indrsaseghedensity of hydroxyl
wavel engt h -dependent intensity of the interference
groVpY By hicH arfalyte-bindingSholecud@sdan BeAojnd.| Wheftsl¢ optie element is
iS the intensity, and are the intensity of two

forlg[r;%le({f a S?%?ﬁ&’ Qﬁ:ﬁqﬁ gcr)]lg?tk.&l %,haeva Rty dﬁﬁetﬂ%&;&rg gtxtellﬁgl’%qtgﬁeexposmg

va

_ e’ wave 0059] "When (
avé:_i?aﬁ:)iie,e _hl_e_rsn_icaa]"llyi—a&:?iv«léJ Sac® rgro\{lgls,lsﬁgh eitsf arrll\llnieﬁly%{]oxiyﬂtalelg %Qrngyl groups. ,
[0055] The analyte-binding layer is preferably formed under conditions in which the
distal surface of the optical element is densely coated, so that binding of analyte molecules
to the layer forces a change in the thickness of the layer, rather than filling in the layer. The
analyte-binding layer can be either a monolayer or a multi-layer matrix.
[0056] The measurement of the presence, concentration, and/or binding rate of analyte
to the optical assembly is enabled by the interference of reflected light beams from the two
reflecting surfaces in the optical assembly. Specifically, as analyte molecules attach to or

detach from the surface, the average thickness of the first reflecting layer changes

accordingly. Because the thickness of all other layers remains the same, the interference
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The thickness of the first layer d = D/2n. Therefore,
| = 4nd/ N at peaks or valleys (extreman). [0060] For
wo hasoiisss several values of N, .e., 0, 1, 2, PCT/US2004/036830
and assuming a d of 770 nm the equation gives: [0061]
N=O | (peak) [0062] N =I: | 4nd= 4,496.80 nm (Vall ey)
[0063] N =2 : | 2nd= 2,248.40 nm (Peak) [0064] N = : |
4nd/ 3=l ,498.9 nm (Valley) [0065] N =4: | nd=,
wasifoRadby Redigh) waoaaefledibdBom thetwinei fiegos pR&eshifted in
(Valley) [0067] N =6: | 2nd/ 3 =749.47 m (Peak )
accoRI2086@1th Mhis thickned dhakge: 642 (Val ley) [0069] N =8: |
nd/ 2 562 m (Peak) [0070] N =9: | = 4nd/9 = 499. 64nm

[00%%3;'2]6)(9&%1111% an]c]the% b Qovo reffec e dis :'_TlfeélﬁFﬁoéaﬂ ik P&Rktell from the

an be seen, and illustrate urther 1n

Figs. 3A anpd 3B,.at |east .three peaks/val.l eys 79

frsh ddioe; Roiches i Gisgi end plisfaoa pESueRE Ay Sy poleiled b bound
order valley is used to calculate the change in

anahyt end thersutrayeding miediams s8d therseepndrheamds exilerigd oz de second
attached to the first |layer increases from0O nmto 10

surbi®e, whieh 74 fhe prak@naMatetfaye dtweersthe bptitad eBb@nT7dhafimst layer) and the
Therefore, the rati o between the actual the phase

. _' WA i
L T ol et e

. df.the.initial spacing between the two reflecting
H“@E?%PgﬂPémﬁH%EM%%W%ﬁ%@re|y of the anal yte-binding
nol ecul es on the end of the fiber,,@ssuning a

thi ckness of I=1Ii+1I:+ 2Tz cos( “;m)

[0058] where 1 is the intensity, I; and I, are the intensity of two interference beams, Ais

the optical path difference, and A is the wavelength.

[0059] When (2nA/A) =N, the curve is at its peak or valley if N is an integer 0, 1, 2,....
The thickness of the first layer d = A/2n. Therefore, A = 4nd/N at peaks or

valleys (extrema).

[0060] For the first several values of N, i.e., 0, 1,2, ...7, and assuming a d of 770 nm,

the equation gives:

[0061] N=0: A=c0 (peak)

[0062] N =1: A =4nd=4,496.80 nm (Valley)

[0063] N=2:1=2nd=2,248.40 nm (Peak)

[0064] N =3: A =4nd/3=1,498.9 nm (Valley)

[0065] N=4: L =nd=1,124200m  (Peak)

[0066] N =5: A = 4nd/5=899.36 nm (Valley) '
[0067] N =6: A =2nd/3 =749.47 nm  (Peak )
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this layer of 25 nm then the first order peak wl|
occur at 146 nm clearly out of the range of the
WO e@siBsspect rum so that the device will onl pCHES2084/036830
portion of the region between the 0- order valley and
the first order peak, but will not see any peaks,
meki ng a shift in the spectral characteristics of the
interference wave difficult to neasure accurately.
[00p8I075] NDt=Tuntd 4nd'he 6fdnal (Malerkness of the reflecting
| ayer approaches about O nmw |l the first-order peak
[oogppear N e =vid?D blw2spedeakin Assuning a tot al
t hi ckness change of up to 50 nm the t hi ckness of the

i i cal &I &R 4,CH0-UBSRARG (511 as 50 nm but is
referab};z]l on the order of seve(?}glla hundred nm so that

phase shift 1an er,ipdicity of the
[Oohferfergniﬁ)'&av%dé@_ﬁg @F‘ae’l%lfr eadily by a shift
in the spectral positions_of higher-aqrder peaks or
[0072) | eyAs cam by, seerufangd dluseated durthey frofygs P Argid f%tﬂff f?ast three
bet ween the actual thickness and the neasured phase
peakbivhlleyis§NeG#) iodarréd tlesisbleeyediattaoge.of measur enent
sensitivity. I't can be appreciated how one can adj ust

[00t7§f t N plenEssdQfval1BRisQREd fAdal@lLMBBIChaE ih hfolecular layer thickness,
ractive index to inprove and optl m ze the

d th
Wha% %Idﬁél\éel%l%rola%r%ﬁg&m ﬁtﬁ%rgtri ﬁ?op %a%%lrﬁ(gg 82‘% PR %ﬁathe 7
ord@byalte%fvvlﬁlssg%}! ‘9%25&(/% 7C|4a1{n{1Tl tggeg‘gr}et 1%218 5%#21%%@(6&-[%8 agﬂaal-nt]&%phase shift

el ement includes a plurality of flexible grip &
of the T, ordarchllesarat thivkbess chirme cgnals (759 7¢red- 40y 1Ql—l Ue3bver
the end of the fiber and grip the fiber by engagenent

[009] an By BeutAkt, IfitA Riitidl epRMgebdRedrtht tveo fefleetinglaydts is made up
conpl ement ary- shaped recesses forned in the arns, as

ent%%g)’t@gbﬁ aﬁpft@'b; ?Ahgggltecﬁgsr YfheleRd BPRkHLeN 4BenRRt thRkness of

the r to provide an air gap 58 Detween

ﬂ’lli E‘Sf t 2 ’etH%rf &Fﬁ’ltésq ggieé E?g"lg aqgegcﬂggtcﬁ%; 22%1%9 outl_%fot}le range of

greater than 2 m. an a|r gap of greater toé@?
theatieible spocirim, ot thee@equewatl oplygee aingtian Rl the eejaadiehgsen the 0-

fromthe upper surface of the optical assenbly can
orde@ Rbltdyhunidehsfignbfdecpeak) Yut will not see any peaks, making a shift in the

spectral characteristics of the interference wave difficult to measure accurately.

[0075] Not until the total thickness of the reflecting layer approaches about 100 nm will
the first-order peak app.ear in the visible spectrum. Assuming a total thickness change of up
to 50 nm, the thickness of the optical element can then be as small as 50 nm, but is
preferably on the order of several hundred nm, so that the phase shift or change in
periodicity of the interference wave can be measured readily by a shift in the spectral

positions of higher-order peaks or valleys, e.g., where N=3-10.
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to undesirable fringes that can adversely inpact the
detection accuracy. [0078] Wth continued reference to
wWO-2@s/047854 he optical assenbly includes a firstPOpUSMad036830
el enent 60 simlar to optical elenment 38 described
above, and having first and second reflective | ayers
62, 64, respectively, corresponding to above-described
reflective |ayers 40, 42, respectively. The assenbly
[00F76} t heThe mtid bemesen theacmabthinknessand gheaneastired Phaprodat is
thickness is preferably greater than 100 nm typically
cordider@Psta R Xastot ofichsideanat sensiaxityf It cad bagdpremated how one can
simlar to that of first optical elenent 60.
ad; ﬁ%tectqﬁ BA8Inkes dffe bR aPREMER and i TERIcHvATRle RBiFH6d &l optimize
o] e sane glass or a polynmeric material having an
i ndex of refraction of between about 1.4 and 1.6.
SRV BUO APPSR OB A Pt MRt
refraction material, and has_a thickness preferably
[00785s tFign/ slhyous anawtisphassesnbdn Adihat waampeathestipggn fie distal end of
optical elenents as shown. [0079] In operation, the
an 6pfitat @ibeeSs@rtht yssp applasatesd Theaptitdlelaist alclidebeplwaldy of
and snapped into place on the fiber. The | ower surface

ﬂeﬁ’ifbls]t %}?péfﬁ?%ﬁ%l, YuchSis s £ X0 aRMcb@nad ®aMak 8véfthe end of the fiber

ana nder. condi tions that favor binding of sanple
nal vt e..t 0.t he anal yt e-bi_ndi.ng_.no| f or.m .
and Bp B8 o Beepat! e BT RE RS BTl e vt
| ayer, the thickness of the |layer increases,
complemensiryrghaned refestes fumed i the Spie &R Sheap-o Lis gitachment serves to
surfaces 62 and 64. This produces a shift in the _
posiKbn éreopticalt dseerbly en tler fEhec & pravisepnaiigee §8hgtween the distal end of
reflection fromthe two | ayers, as described above
theMibd? ah€HRy RRERniif: Eitpgé) fadb ol a8Bmblilio 1&Biiah 100 nm
extrema or wavel ength, or wavel ength period, in turn,
is used to determ ne the change in thickness at the
| ower (distal-nost) reflecting |ayer. After use, the
optical assenbly can be renoved and 19di scarded, and
replaced with fresh elenent for a new assay, for
assaying the sane or a different anal yte. [0080] Fig.
5 illustrates an optical assenbly and fiber bundle in
an enbodi nent of the
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i nvention designed for detecting one or nore of a
plurality of analytes, e.g., differentsequence nucleic
wa@eiod/osissd ytes, in a sanple. A fiber bundl e 72P¢BHUS2004/036830

conposed of an array, e.g., circular array, for
i ndi vidual optical fibers, such as fibers 74. The
optical assenbly, indicated generally at 70, is
conposed of the basic optical elenents descrjbed above
or gieater themel enc Vitharpig gapmof greater thamabaait 1 8 ningbytdess that 2 pm,
Specifically, a first optical elenment 80 in the
intetrahesfltectisrofromd @e @ipet fafdcowéthedipsitalassubiyca, coatribate significantly
of anal yte-reaction regions, such as regions 84, each

to ﬁ?&latsﬁfhﬁ‘l% Fen s iy 84n AfveRRA itlpactthddiiBdionRlaaHdes _
effective to bind to one of the different analytes in

sa e. Each region.for first reflective |aye .
1044, ne BhTsco RIS ERRS © B P phidl Sk b fes' 8l oprica
provides an array of different-sequence nucleic acjds,
elemeyt 60 sl toppigal glemarl Wolaserthed afes, grd Baviees Hishpdisesand
specifically with different-sequence nucleic acid
refbordivy layesc b4 Iedpectivedy rpirespoiidiag td shovehlesaibedyeflective layers 40,
surface fornms a "gene chip" for detecting each of a
42Pedpkivtly, - Gfhe didhBIERthSENEIEQHHRBERBoptlcPdhert 66Qvhose

Included’in the optical assenbly are a second optica
el e t | f.hi ' e i
R R
and whi ch provides the second ref]ecting surface in
reffaraioppt igdlar %@%&ﬁéﬁ{yst OpHeAl figRth P{} Prsterdy s the Nepion ! cloments
fiber bundle 72 by engagenent between a pair of .
ard ¢ansirbited sliipcame glasy o pdymeriameateriol kavingan iadexudfgefraction of
rimor detente 86 on the bundle. Wth the assenbly

bebb@aeBoa .4 bed 1 bbeaydwadivRichtiformeder a Hightiadexeyfasfration material,
the fibers are spaced fromthe confronting surface of

ang ?%# g ?ﬂé ! f@%@ééﬂ%ﬁéﬁ)ﬁﬁ%@h Ghdut 98NS %@@ﬁgﬁ@g&m@& {1 2 optical

nmor gréater t

Further, each of the fibers is aligned with a

el UMWing assay region of the 20optical assembly,
so that each fiber is directing |ight on, and

[09 ei vimeparatidne theontital girenthlvinplaced ougrithp digtaliEbareni gad snapped
region. Simlarly, the optical coupler in the

integadeainthe fibky. Chedewsestirtace efthphsenmblytis fHen ekpdsed $o & sample of

the detector, preserves the alignnent between the
a2 Ynd & LoRMSioR Wat favor binding of sample analyte to the analyte-binding
molecules forming reflective layer 62. As analyte molecules bind to this layer, the thickness
of the layer increases, increasing the distance "d" between reflective surfaces 62 and 64.
This produces a shift in the extrema of the interference wave produced by reflection from
the two layers, as descr.ibed above with reference to Figs. 3A and 3B. This shift in extrema

or wavelength, or wavelength period, in turn, is used to determine the change in thickness at

the lower (distal-most) reflecting layer. After use, the optical assembly can be removed and
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correspondi ng positions on an optical detector, e.g.,
t wo- di nensi onal CCD. The materials and thickness
walrwwshsissns of the various optical -assenbly coP@DIE0E036830
are simlar to those described above with respect to
Fig. 4. [0082] The apparatus described in this
i nvention can be used nore specifically for the
foll owi ng applications: [0083] (i) with an
disanddd; speplseawithtfedy clearent fod aoawtahsays fop asspyjpg the same or a
screeni ng hybridoma expression |lines for cell |ines
diffdtdnPaitit@B. anti body expression; [0084] (ii) with an
antigen carried on the tip, to characterize high
(00§ 'hn'ﬂi%. AL SRoRYR A1) aha ABKLARMe ik ARBRbodihidhl of the
a pr on the'tip

otern carrre , for igentifying and

~ characterizi.ng bindin art ner.s NA rote

inv GRS s 8 QogrRanPe Sranegaras)rr oy of pa Bt s fferent-
[0086] (iv) with a carbohydrate or glycosyl noiety

seqoenaeired]epmacidhenal ytps, f aeamplens fier AEnde d2 srommosed dANRTaY, €8s
bi ndi ng partners (such as, e.g., DNA RNA proteins,

cirGadrhehy dfoatirlivided gphita fivetsesuches fibére74t HEtte optical assembly,
carbohydrate; [0087] (v) with a protein thought to

ind?c%%etd' %h@x%hﬁ at 70,3 BHhddse@bOMEIbAsIE OpiIaCYemBAls [d8EErBBd hiere with

or characterizing the binding conponents and/ or

Ki net.i of .conplex farmatign; . 8 Vi) WM :
referpgq to g:rsl%t‘{e PRUB ARG % a&'cg?eé" 1f§:c§ﬁ§,i a]eﬁ to(h)ntcﬁfeél%}}]gr}t 8 dn the
identifying and characterizing protein binders for
elemieat prawidse al its lopeodstel supfacs, afy ARy 3% anghteHERGHOR KigIqnsgsuch as
on the tip, for constructing a calibration curve for
regidi Sanedchtoentafiinga ayseof apblysmbinging snad¢cates affgstiveUeibigg to one of
this calibration curve, one can then 2ldeterm ne the

the" i %ﬂ% LA inQhe $dnG1@NBACHIBgiLN forfitsaas: refibdiiviedam@r in the optical
(ce cul t'ure supernatants, %lological sanpl es,

rocess mxtures, € id 4 it C
B o TS b PRy g i, .
carried on the
cDNAs or oligonucleotides, designed to hybridize specifically with different-sequence

nucleic acid analyte species in a sample. That is, the array surface forms a "gene chip" for
detecting each of a plurality of different gene sequences.

[0081] Also included in the optical assembly are a second optical element 78 and a layer
79 of high index of refraction material sandwiched between the two optical elements, and
which provides the second reflecting surface in the optical assembly. The assembly is
carried on the fiber bundle 72 by engagement between a pair of flexible support arm, such as
arm 76 and an annular rim or detente 86 on the bundle. With the assembly placed on the
fiber bundle, the lower ‘distal ends of the fibers are spaced from the confronting surface of
optical element 78 by an air gap 85 whose spacing is preferably less than 100 nm or greater

than 2 um. Further, each of the fibers is aligned with a corresponding assay region of the
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tip, for identifying and nol ecul es that bind
specifically to the nucleic acid. [0091] Using a

wao eqopesmsur e control bl ock, the apparatus and PEL/O8m04/036830
can al so be used to nonitor the binding and
characterize the binding of an i mmobilized ssDNA to an
ol i gonucl eotide in solution to perform SNP anal ysis.
[0092] The followi ng exanples illustrate various

optiret haasbbnsb tppedchathievisslitsétinglicht An.camdiressivipg reflgeiedlight from,
no way intended to limt its scope. EXAMPLES [ 0093]
its BRARW datcetiGx gl Siffilagpake bptizabedupttr irethic spparatus, which serves to
carrying out the present invention. The exanples are

cm%f % Elrugg)éé ﬁf)e s kd Hl%tcfeﬁeg{o\f rpééf\psg AR 1RAMENt Bdded Be BRAy regions and

imt t ope of the present invention
' co%spgg 1@& Bé%‘ilci)zlgsfoor{]%}sﬁp géle%gegg)n{ ég %vg 8111%’1]1%;6{151 EEBY e Knaterials

t enper at ur es, eung but ameexermealeHoraq
andithidlaicssohmshgons ! toe Veriwe geticahassgmbby R sents apywylar to those
The practice of the present invention will enpl oy,
dedtnbed shaehatiniesgect tudFigad.ed, conventional net hods of
protein chenmistry, biochem stry, reconbinant DNA

[068@? hni ges, PHREAFREGh BHY invéhtidhl dAnthB@sédanble spbeifibally for the
ar Such echnlques are explained fully in the

it. ur e , €.9., T.E. Creighton, Proteins:
ﬁﬂgppﬁ% 5§h3WE Mol ecul ar Properties (VVFL Freeman and

Conpany, 1993); A L. Lehn| mstr Wrt h .
(0GRTD) | & ver(8 Wilthin AntEineFigh ERdGY PFRY o0 Gd Gico @iy hybridoma
Mol ecul ar O oning: A Laboratory Manual (2nd Edition,

exfh®899n liddstthockd] limes Erithyhigh egipoiBexi@ossedmi: ck and N.
Kapl an eds., Academ c Press, Inc.); Rem ngton's

[0d¥Aqr maceyt;y %h ap@he 1éﬂ&irﬂh£@ip t to@RaraEaszolmgh affinity antibodies
Pennsyl vani a: Mack 22Publ i shi ng Conpany, 1990); Carey

Advance Organic Chem stry 3rd Ed. (Pl enum
agﬁp%t@%a%B%QQA and B(1992). Exanple 1: Smal |

nol ecul e- protein bindin o
[0085] (ﬁ{) with a proter}n car%e& %{el t1p, for identifying and characterizing

binding partners (DNA, RNA, proteins, carbohydrates, organic molecules) for that protein;
[0086] (iv) with a carbohydrate or glycosyl moiety carried on the tip, for identifying
and characterizing binding partners (such as, e.g., DNA, RNA, proteins, carbohydrates,
organic molecules) for that carbohydrate;

[0087] (v) With'a protein thought to participate in a multi-protein complex carried on
the tip, for characterizing the binding components and/or kinetics of complex formation;
[0088] (vi) with a small protein-binding molecule carried on the tip, for identifying
and characterizing protgin binders for that molecule;

[0089] (vii) with an antibody carried on the tip, for constructing a calibration curve

for the analyte using a set of analytes standards. Using this calibration curve, one can then
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[0095] This exanpl e denonstrates the capability to
detect the binding of protein to snmall nol ecule
WO powslosiss£ed on a sensor tip and subsequent bi PCi/Hg040636830
mul ti pl e anti bodi es. The two-|ayer configuration on
the tip of an optic fiber is used for this test. The
thickness of the first Ta Olayer is 25 nmand the
t hi ckness of the second SiOlayer is 770 nm The fi ber
deteasinp tiecdras eardtioomf Greaaly@pini vasn¢Du peldiiens (Félbeuldizg supenatants,
was manual ly cut into segnents that are 40 mm | ong.
bidRYibal 8AEP1e0f prbbis eises¥eat)s were polished to standard
mrror surface quality. The polishing nethod used here

[Odr%%;f ; exac t(@fli% wgﬁlrafsglg%e%ﬁaljtid%g Elgcl%flaracﬁlp E'g;, DN 88N ARRGried on the

ors. ber "ségnents was

. outsourced to. an optical,cqatin ouse for. Ta | ayer

tipgipa gy g g piacties SRS Shest Bl 1S e et
assi sted physical vapor deposition (IAPVD) coater nade

[009}L] LeyYsing a tenpsraturecentiod |the @@@éﬁ%@ﬁ mefhedearAlipure used to
for anti-reflection and optical filters. The

mEXPEHeBIRdiag asd epsadtérideutiebinding of ah iromobidiz¢dsdIDIéA épan
are perfornmed at room tenperature unless otherw se

oligrgrﬁﬁ otidk A0S Z;fgi(rjéaﬁ{l SNPPaMBgiscoat ed with a pol ymer

ol ayer derivati wth biotin. The pol yner

[O@Eglt g’ﬁﬁé fcﬁ‘-ﬁ?xgggr ?%%?g%ﬁﬁ%}%g%\garg%g ]txrig?%ldgtaﬁ? %ﬁ!)pgf&gons of the

_ nonol ayer on the surface of water solution. The
invenHen.dypé preja socraysiatendeddeding& itherop® | i ght f or
15m nutes. Clean, dry fibers were then brought in
contact with the floating thin filmand the biotin
EXAMBIHES was adsor bed onto the fiber tip. The fibers
were then diyed at 60 C for 1 hour. The fiber were
[0093¢n sBeloedard edamnplasbf spetific endiotinoamss 28 EOOBTG otHke present
bi osensor tip was inmrersed in 50 ng/m streptavidin

invthfi6R! FUE SkdIBl &6 CereRIdabLTBLAtRE purf3Rekdy,dnll lare A tnt#hded to
21122) in PBS (lnvitrogen, Carlsbad, CA, cat #

e

AR AR B R .
washed with PBS

experimental error and deviation should, of course, be allowed for.

[0094] The practice of the present invention will employ, unless otherwise indicated,

conventional methods of protein chemistry, biochemistry, recombinant DNA techniques and

pharmacology, within the skill of the art. Such techniques are explained fully in the

literature. See, e.g., T.E. Creighton, Protez:iis.' Structures and Molecular Properties (W .H.

Freeman and Company, 1993); A.L. Lehninger, Biochemistry (Worth Publishers, Inc.,

current addition); Sambrook, et al., Molecular Cloning: A Laboratory Manual (2nd

Edition, 1989); Methods In Enzymology (S. Colowick and N. Kaplan eds., Academic Press,

Inc.); Remington's Pharmaceutical Sciences, 18th Edition (Easton, Pennsylvania: Mack
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briefly. [0099] Finally, the tip was i mersed in 50
nmg/ mL donkey-anti-rabbit antibody sol ution anti body

w@ Jasksss | nmunoResear ch, West Grove, PA; cat #P@T1/US2004/036830
1-005-152) in PBS for 25 mnutes. A final mnute rinse
was performed in PBS solution. [00100] Fig. 6 shows
the real -tinme response curve for this sequenti al
bi nding test. The vertical axis is the 7th order

Pubkibliing Cohasey.sifon); Gareyrrad svatlesrs Advanced Qugenjc Shemistyie Ed
bi ndi ng of streptavidin to the biotin already

(PicRTRIPis3 8bIOA AnBdB(1992). and subsequent bi ndi ngs of
antistreptavidin antibody to streptavidin and a second
antibody to this first antlbody The di ssoci ation of
t he Example gl melesnlespretgin hinding reaction, SI b| e (a
smal | reductl on in the optical thickness)

[0825 ond T hisExampledamonsiraabthe capability e é@ta@tﬂil%‘ﬂnélﬁs 0§ gyadein to
of kinetics and affinity of bionolecular interactions.

sl P0AOTEEuIE RinsnobKaplod ai sehdss tip ahé suhssquenf bintimgs nfmnitipbnantibodies.
to carry out a bionolecular interaction analysis (BlIA) ‘

ul'égé}gsohﬁ Ee;ﬁoﬁ‘ﬁfé: t?)lf 6 dp¥ic Bbelis QBT B Hidest. The thickness of

| nteracti ons same p confi gur at| on as descri bed

th@ ﬁégE)ﬁan@%%yﬁng?g i e tBér Hg?l gs gnd $ & H%\{nﬁ %0}7‘@)‘1&9 The

t enperature unless ot herw se not ed)
filygs ez priesbinseshrieora M%%tlfﬁiﬂ»@ﬁ@nﬁ@%@eﬁ “G'é m?&u?ll%cut into
foll owi ng procedure. Clean, dry fibers were incubated
sezefits thattans 40 ofm TaLBoth: enh@aﬁhcﬂecsegnﬁrds were polished to standard
24mer capt opropyl tri oxysilane (10:2:1 volunetric ratio)

mftor'sBETRd QUANSY. Atk pBlidiehg ddthbauesl hef@iwral bRty thessame as those for
r| nsed 2X with 101 toluene for 5 mnutes each. The

opdnrcft %ﬁsue\r/s]ve [518 ngllr}g{Lr Q{%\lrgn Sifa gro\g(t)%elgg ?}i%@%ﬂﬁgp e Bu@?\gﬁed to an optical

condi tions.
coating house for Ta,0s layer and SiO; layer. This vendor employed an ion-beam assisted

physical vapor deposition (IAPVD) coater made by Leybold. IAPVD is a commonly used
coating technique for anti-reflection and optical filters. The experimental steps included the
following (all steps are performed at room temperature unless otherwise noted):

[0096] The fiber tip was coated with a polymer monolayer derivatized with biotin. The
polymer monolayer was prepared using a biotinylated lipid (custom). This lipid was using
to form a lipid monolayer on the surface of water solution. The monolayer was cross linked
using UV light for 15minutes. Clean, dry fibers were then brought in contact with the
floating thin film and the biotin polymer was adsorbed onto the fiber tip. The fibers were

then dryed at 60°C for 1 hour. The fiber were then stored under ambient conditions

23



[00103] The biosensor tip was first derivatized by
imrersion in a wth ng/m solution of rabbit-1gG

w@ Jasksss | mmunoResear ch, West Grove, PA; cat #PCT/US2004/036830
309-005-003) in PBS for 1 hour. [00104] The coated tip
was di pped into | Og/ M goat-anti-rabbit anti body
sol ution (Jackson I mmunoResearch, West Grove, PA cat#
1-005-003) in PBS and renmained in it for 15m nutes.

[0091 105]Thd biostigor vipsvas énmessdd and0 ne'st stieptavidBsirepavidin (Pierce
facilitate the dissociation of the second anti body

Blt)fe@mlcnbgy fRdcktordnt, icRody1120h &) PBS (esrogenh, (Rilebad @ ahd #
for 20 m nutes. [00106] The tip was then dipped into

in to show the
14?2897%3 %%Elg%%}é‘li a%?g#%d?lﬂji g&lt‘%ﬁl S\r abbit to
rabblt IgG [ 00107] e on.and of.f. curves
[00%#]er atlbf SHPE P bisged HFtatlﬁé'ﬁy@rF&&&‘F SubEFeRingplution (AbCam,
rabbit-1gG and goat-anti-rabbit. The vertical axis is
Caagfariidget NeA;Rah# eb@f®io-\0A0) myPlh frS6gminges arihigiep Fgsled with PBS
shift is directly related to the average thickness
brdfiyh a ratio of 0.834. The ability to detect the on
and off curves reliably is essential for neasuring

[Oégﬁf]er aﬁrlia‘glg %ﬁ'fe?ﬁ)t\*fa%‘cimmseﬂflﬁ il %)fnL EXAM .8t Fabbit antibody solution

cul nity constants from anti body-antigen

o LR P RO BBt ok OO e 4 1§ 1Ee] SATAPES for 25

from neasuring on and off curves for two antibodies
migntest HefipaldQmigete rinsp avap peifpieadin P Baol o es wer e
| abel ed as Ab-I and Ab-2. The nol ecul ar wei ght of the

[06100]ge Figvasshalbe ulte 138l-t2bk rdspaase tcorvs . foiTthes ssquramtinl lpinding test. The
configuration as described in Exanple 1 was used. The

Vé@éﬁ@ aﬁ% LEARUOSIHana1EY PRke BRiGRA hAddnRRerd STt Slesdy sl thébinding of
Exanpl e 2 was used. The experinental steps included

str%d%g}cgnt EOD &lﬁo{i& df ﬁrea&’y %‘goﬁilzéngmh'é ‘%‘1&3%&@%&%&% Bindings of anti-

streptavidin antibody to streptavidin and a second antibody to this first antibody. The
dissociation of the streptavidin layer from the tip was visible (a small reduction in the

optical thickness) at 900 seconds.

Example 2: Biomolecular interaction analysis of kinetics and affinity of
biomolecular interactions.

[00101] This example illustrates use of the invention to carry out a biomolecular
interaction analysis (BIA) measuring kinetics and affinity of biomolecular interactions. The
same tip configuration as described in Example 1 was used. The experimental steps
included the following (all steps are performed at room temperature unless otherwise
noted):

[00102] Mercaptosilane coated tips were prepared using the following procedure. Clean,
dry fibers were incubated in a mixture of Toluene: hexanoic acid:
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[00109] The fiber tip was activated for coval ent
attachnment of the antigen. Mercaptosil ane coated
wo piwseng7sier e acti vated by i mmersing the sensorPeT/pS20041036830
nmL of a 50ng/ nL sol ution of sulfo-SMCC (Pierce
Bi ot echnol ogy, Rockford IL; cat # 22322) in DW
(Sigma- Al drich Chem cal Conpany, St Louis, MO, cat #
494488) at for 2 hours. The sensor tips were rinsed
mpfcppippippy Hriowysilana 1812 buelupeticratio)rh socam tamperetyrgdor 24 hours. The
covalently bound to the activated fiber tip by
fiberpreiesd shigset] & with i1 0@l adluendgfor § maini2i@s eaphMThs dlbetsi vadte tHien rinsed
antigen in PBS for 20 mnutes. The tip was rinsed with
1383t AmP o%ﬂﬁh‘ﬁcﬁscmd GAkd MdeRd sﬁ@ﬁn 6B ebh Qﬁc‘?stofeﬁ%t bihBient
mas guenched w th an aqueous solution of 10
= 1aorr1l(S)I amne p 85 (Signma-Adrich Chem cal Corrpany St
chh MO, cat # E9508) for 5 minutes and then was
rlnsed agaln in PBS for 2 nlnutes .[00111]. The sa
[001 3 na s heieseasy tiprvasdirsislsaryatizse DY Ampesde) g with d Bigg/ml solution
and the real-tinme binding data were recorded for 9-15
ofirebhit-EG (JdelpendinmgmoR esdaschaMasbGrbyej Rientai# 0R0H06-003) in PBS for 1
concentration). Once those data were recorded, the tip
hoMgs again innersed in PBS and agitated to neasure the

off curve (i.e., dissociation between the imuobilized
APl PGB G

<J£%%§Eh§$1§f%%ﬁsgaraﬁ WGty 150G AR mpasamg Red n

and with two di-fferent anti bod| es identified as Ab-
fophdmpaptes. [ 00112] Fig. 8 shows the association and

di ssoci ation curves at different concentrations. The
[00£63] OfTh2%ipMvareRiovedaribiashedpl BBS.ArbRacidittde tHelissociation of the

associ ation was extrenely slow at this concentration.

seI&‘f@ ﬁlti}_)lgh&' %toﬁ?ﬁl% FirGURMESIyRfHR BHPH8s Qlitaled SndRMIG 8 QO minutes.

and were derlved fromthese curves y

i ng.t a flrst ar onenti al
[O;)H@t i ng*% WELPEPRE! i P srS g s S RORRE iyt to show the
affinity coeffl cients were obtained as foll ows:
reproducible association of goat-anti-rabbit to rabbit-IgG.
[00107] Fig. 7 shows the on and off curves generated from the association and
dissociation of rabbit-IgG and goat-anti-rabbit. The vertical axis is again the 7™ order valley
phase shift. The phase shift is directly related to the average thickness with a ratio of 0.834.

The ability to detect the on and off curves reliably is essential for measuring interaction

kinetics and affinity.

Example 3: Calculating affinity constants from antibody-antigen binding and
release curves.

[00108] This experiment demonstrates the calculation of affinity constants from
measuring on and off curves for two antibodies and their antigen. The proprietary antibodies
were labeled as Ab-1 and Ab-2. The molecular weight of the antigen was about 30
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Ab-1 Ab-2 K1.35xI0 5 (MS 1) K=2.0IxIO5 (MS 1)
5.55XI0" (S'1) K=/K=3.99%109 (M K=K /K =
wa 2005047884 (M Exanpl e 4: NHS-ester activated tPEBUS2004/036830
[00114] The sane tip configuration as described in
Exanple 1 was used. The sane nercaptosilane fiber
preparation as described in Exanple 2 was used.
Mer capt osi | ane coated fibers were activated by
kilpdritonsi Thy same tipegpnbigunatipnag ¢eseribad ipExamplnigyvad used. The same
sol ution of sulfo-SMCC (Pierce Biotechnol ogy, Rockford
meldaptdsabie 22 P2gpairatiols desStihehinAixcniptd2 Gaemseial The experimental
Conpany, St Louis, MO cat # 494488) at for 2 hours.

ste?%'%x ﬁﬁ]'é&g‘:f‘nll §tl=:}9ssa Eﬁoﬁﬂeﬁ%@ﬁboﬁﬂl{ fe‘ﬁ‘fﬂei/ahhr@ ublMEs GRervilsd Bdted):

ne con al ning nol ecul es can be covalently

o R 1Bt B TA L

am nes are not inmmobilized through the NHS noi ety
Marpapiesilant eeaiedEbera ies aofivatpq hyimpersing the F@fné%‘étlﬂsﬁfl éQ@h ofa
non-speci fic binding. This non-specific binding can be
50figlhl sblayiefi efsvfeSREEC (Hace Biatdnblogyrdukiard ak.j aan# 22322) in
through the NHS esters will be in a single |ayer

Dl\g[ﬁ %1’%&'{8 al R RY AHRGSY TohdRhy, ik Y oBRAVAS aSip 494885 ¥t 8 2 hours. The

ester. [00116] In this set of experinents, a
yat er Pol yners, San

SQEE¥PB§“Q?3QH%%5§HGS%HIas a ?%ﬁi conpound to coval ently

bind to the_ activated surfac A 27PEG
[0Q130h ma Tl artiseh v Ay et Yc%’h‘ﬁ esetltaé?ﬂ( @@/gf %b)dglfm%smg the
04162) that contained no free am no groups was used as
activatebydp inve2@ pptulcblutihiof antega it FBS dond( winvigss Thséigp was rinsed
| ook for any non-specific or nmulti-Ilayered binding

Wlfslfu‘l?%%giﬁel%mﬁﬁeé HeeMg the PBEG@NR6)] théEp wva®quérthsd with an aqueous
solution of 100 uM ethanolamine pH 8.5 (Sigma-Aldrich Chemical Company, St Louis,
MO; cat # E9508) for 5 minutes and then was rinsed again in PBS for 2 minutes.

[00111]  The same tip was immersed in antibody for an association test and the real-time
binding data were recorded for 9-15 minutes (depending on the antibody idéntity and
concentration). Once those data were recorded, the tip was again immersed in PBS and
agitated to measure the off curve (i.e., dissociation between the immobilized antigen and
bound antibody) for 9-15 minutes. The binding (on curve) and dissociation (off curve)
measurements were repeated using different concentrations of antibody (25 nM, 150 nM,
and 430 nM) and with two different antibodies identified as Ab-1 and Ab-2.

[00112] Fig. 8 shows the association and dissociation curves at different concentrations.

The test of 25nM Ab-2 was not completed because the association was extremely slow at

this concentration. These illustrated curves are plots of the raw data.
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[00117] Fig. 9 shows the tine course of the treatnent

of the activated nercaptosilane tip with the test
worelosowises. The activated tip showed a di sti nCPCT/US2004/036830

increase in optical thickness upon exposure to the

Olnmg/nm bis am no PEG (MNV3300) in PBS. This increase

is stopped when the bis am no PEG solution is repl aced

by the PBS buffer. The activated tip exposed to 0.1
[00tgBhL RECK(AMBOTR)wérn dBB&d fivii these owmved bisfittiog dieirawglata with a

shows a small initial increase in optical thickness

firdd Bkder %ﬁ?ér{eﬂﬁﬁl fkétedel By tae@@gﬁ? b 8dts of M Kineitis ahd affmity
be concl uded that the PEG polymer does not have

IALrinsi c nons: it ¢ binding and that the binding
CO%@%ﬁn 8¥m?ﬁ§ag%§%g#9k%mPEG is attributed to the

speci fi-e—coval-ent ifnnbglizgtion of the."qEnc grotp:

Eﬁanple 5: Antlbéﬁy derivatized tips usrﬁ% NHS- est er

chem stry T OLEST -5 exanplgel T MsTRF es '

b|nQ|n&t%f_a ?%m14%4ec§lar meig%% nnleculgﬁbingLng t
?R |nnUM&*téfdx?TﬁﬁfbnlecuIaL WE&gﬁBJﬁgﬂﬁhﬁﬂé. Usi ng

e sane NHS ester termnpated-surfacedeseribedsn
Exanpl |da=dfda K~ 391§ Dk onf Ky T/ B 284 N
i n Exampte—1;—am anti=brotim antibody was [ nmobiTize
to 3 fibers. Imobilization of the antibody was
acconpl i shed by imersing the activated fiber in a 20
ng/ mL sol ution of nouse anti-biotin anti body

(B aleitid 4: Samned) aqflacct di1504M in PBS for 1 hour
at room tenperature. e tIp was rinsed with PBS for 2

[odvg'ltﬁw €§he ERhd AVEAduRRioRBS dEdCRBE irl Bank10 1 WaSS usiie NKcHeadme

an aqueous solution of 100 nM et hanol am ne pH 8.5

Si - Al drich Chem cal, 2 a [
T e R e
for 2 mnutes,. [00119] The first fiber was exposed to _ .
cozted dibexsi vegie a¢tivabl WygnHmergng thersepsor §pg &1 & bt otk g@%@% solution
Rockford IL; cat # 29129) in PBS. Controls using a
of S@lfeHSMINC @Piesis@Bioteh{cTh R odlkfdrd b cgHE2A30d) ifDMIAa(Bigma-Aldrich
St Louis, MO cat # S8501) (2ng/nmL) and PBS were
Chemical Company, St Louis, MO; cat # 494488) at for 2 hours. The sensor tips were

rinsed briefly in DMF and dried.

[00115] Amine containing molecules can be covalently bound to this surface through
formation of a stable amide linkage. Molecules that do not contain free amines are not
immobilized through the NHS moiety, but these molecules can still bind to the surface
through non-specific binding. This non-specific binding can be multi-layered whereas the
covalent immobilization through the NHS esters will be in a single layer controlled by the
availability and accessibility of the NHS ester.

[00116] In this set of experiments, a bis amino PEG (MW 3300) (Shearwater Polymers,

San Carlos, CA) was used as a test compound to covalently bind to the activated surface. A
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carried out on the second and the third fibers to
determ ne baseline noise. Data fromthese tests are
web@dn4iss Fig. 10. Biotin binding is seen as aPCT/US2004/036830
increase in optical thickness, whereas exposure to
sucrose shows no detectable increase over baseline
(PBS). [00120] Another negative control was carried
out using an irrel evant antlbody (anti- Lew s
PEG(MYB $P00) GigraarAbdrish{pamisal - ominsg s S@Aﬁou@aMpazPaH% 84)062) that
i mmobilized in an identical fashion to the anti-biotin
coatiinddogyfredauo gihips wasnedl 4d zegatve donody Thes negapius edntrol was
to a solution of 200 ng/nL biotin. The lack of biotin
usBll B103¢ £bPar 0§1 s?@&ﬁ@ B Yyul L ‘ijaly&%ﬁ %%d‘iﬁ?ﬂiattrﬁ%hbb@fdherent to PEG
binding to anti-biotin antibody is a result of
eC|f| Jnt actions and not due to non-specific
W%ﬁﬂﬁﬁﬁﬁ H%I Whi l e the invention has geen
rtlcular shomn and described with reference to a
IOBI Efler Fégi "e%l%’é ithesiime severse el the trsatgenpfithg activated mercaptosilane tip
enbodi nents, it wll be understood by persons skilled
witlh thehtestmadlemded TRhetactiveied tipshovesl adistngemciaasd ivraptigaldhickness
details can be made therein w thout departing fromthe

updBl dkbbsi@ b HE WPEnHMII 1S aintePRE QW BOCWH 22 PBA IThis increase is
references, issued patents and patent applications

st?pg)teg%ﬂgn tﬂé Bis a]’ﬁ]il(P ?Eﬁ B utfpﬂqs I g&@tﬂg ﬁe%SfBLffﬁtr B Rlifated tip

ncorp eren |n Ir entiret

RN of %@ﬁéﬁ% ﬁ\%%ﬁ%@ﬁ%w@é%%ﬁg%%was o —

coupllng to a li source via a fiber, said optica
iniglaé mentase onpptics! ag:kae&smméraéﬁ guigly degemes flats Frogy this it can be
reflecting surface, and a second reflecting surface,
conaludedl ithas theEG pelyad doaflo hivengirBicimaapedfp hhﬂtrgchnki}that the
at least 50 nm wherein said first reflecting surface

bHiG @B sESERr thd BY Shik PO Mirfbulidnd kidspBRFe 68 st immobilization of

the amine group.

Example 5: Antibody derivatized tips using NHS-ester chemistry.

[00118] This example illustrates the binding of a low molecular weight molecule binding
to an immobilized high molecular weight molecule. Using the same NHS ester terminated
surface described in Example 4 and the same tip configuration as described in Example 1,
an anti-biotin antibody was immobilized to 3 fibers. Immobilization of the antibody was
accomplished by immersing the activated fiber in a 20 pg/mL solution of mouse anti-biotin
antibody (Biodesign, Saco MN; cat # H61504M) in PBS for 1 hour at room temperature.
The tip was rinsed with PBS for 2 minutes. Following the PBS rinse, the tip was quenched

with an aqueous solution of 100 pM ethanolamine pH 8.5 (Sigma-Aldrich Chemical
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2. The assenbly of claim11, wherein said second

reflecting surface conprises a |ayer of materi al
whamwsngrssef racti ve i ndex greater than the ref rBCt/US®04/036830

i ndex of said optical elenent transparent material. 3.

The assenbly of claim1, wherein the separation

between said first and second reflecting surfaces is

between 100 nm and 5,000 nm 4. The assenbly of claim
Cogipanmeyidionis, MO @b #EQDPDNOb & MBS ¥ then Was finggdpeain in PBS for 2

second reflecting surfaces is between 400 nm and 1, 000
minmes.5. The assenbly of claim1, wherein the refractive

i ndex of said optical elenment transparent material is

[001995 1 Tﬁ&ﬁés;c %bfﬁwas@@o@a&s atabMitieh o£2@ /ML MBER QPRerce

sald optical elenment transparent material is a
.mat.erial sel.ect f r 1St d:
s FEL T RO P BRSOy B e
wherei n said transparent_ pol yner. co i se ol ystyre
(Sigmappldyish (heaneal Comppay Séi@éws&ﬁt%%ﬁﬁ 1@%%@%@1 S were
the second reflecting surface conprises a | ayer of

camigtl @ut e thessecorgl andrthé thadtfibees torldtexmipedasadinemiss. Dag, from these
9. The assenbly of claim8, wherein said second

tesksSdrk 8Bdvneh Big! | ACBiotiapRidifORRESHEniAcredsBen aptieilttigkness,
claim9, wherein the thickness of said second

dok GEhAdAE BULEREE Ao defechfth V8 BRLHRO YY),
Wiy SEhosh SULARC Ko deReahbgIRERaR L PRSR0EPY;
anal yte bindi ng .nol ecul es conprises.a nolecule . .
1080k ¢ BaoRFORTEHES GRS "es RETEL PRGSUR 4 PFBY Bityntigody (anti-
smal | nol ecule, a nucleic acid and a carbohydrate. 12.
LeWheY aotibody frowfCadbiaphan, SankHeget A; el 4341360 epmopiized in an
selected fromthe group consisting of an avidin, a
idatticgpfaenibil tonthe anti-divtinkadisodyaatdven This timbodiliZd agiemwly . was exposed
to a solution of 200 pg/mL biotin. The lack of biotin binding to this antibody indicates that
the biotin binding to the anti-biotin antibody is a result of specific interactions and not due
to non-specific binding.
[00121] - While the invention has been particularly shown and described with reference to
a preferred embodiment and various alternate embodiments, it will be understood by
persons skilled in the relevant art that various changes in form and details can be made
therein without departing from the spirit and scope of the invention.

- [00122]  All references, issued patents and patent applications cited within the body of the

instant specification are hereby incorporated by reference in their entirety, for all purposes.
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13. The assenbly of claim 1, wherein said optica
assenbly is adapted for coupling to said |ight source
wo koosiogisse mechani cal coupling that engages saPdI/usS2004/036830
optical assenbly with said fiber. 14. The assenbly of
claim1, wherein said optical elenent is adapted for
coupling to said |light source through a coupling
assenbly that conprises a |lens system 15. The
assenbly of claim1l, further conprising a second
CloplMSal el enent overl aying said second reflecting
surface. 16. The assenbly of claim15, wherein the
Whitiis klassed i5f sai d second optical element is greater
than 100 nm 17. The assenbly of claim 16, wherein the
1.tﬂheknmﬂﬂygbngmkﬂgsecond optical elenent is greater
than 200 nm 18. The assenbl f claim1 wherein
an§@ﬂ9”6%¥?@ﬁ@d§§§%ﬁﬁP9u%ggéﬂé H“Wﬁ?‘@b%gp?ng to said
| t
s L o e ARy PP pface pud o
se@ﬁﬁl&aﬂéc}tnngsuﬁhcm gaid $ixst\a1h¢ sexiond sdledtimesinfanescmbaretsd plyiahipast 50
provi des an air gap between said assenbly and said
i per. 20. The assenbly of claim 19, wherein said air
B lsSid! ﬁﬁghmg%gﬁaw@onﬁﬂ-xses %/@;%?%HB&% tﬁ’lfxdlﬁé ﬁ‘l!o[@cﬁ%s

ereinsaidair-gap is greater than 2 m

d' nsi f. th
SRR Sl RSB S A
madrialNavaRRefaitive 1ﬁdb‘3( gllek@Ghdnfle adfradtiad ntlex ofQipsptiahglement
the assenbly of claim1; 3la |ight source for

tragspasentimggetidlght onto said first and said second
reflecting surfaces; and
3. The assembly of claim 1, wherein the separation between said first and second reflecting

surfaces is between 100 nm and 5,000 nm.

4. The assembly of claim 3, wherein the separation between said first and second reflecting

surfaces is between 400 nm and 1,000 nm.

5. The assembly of claim 1, wherein the refractive index of said optical element transparent

material is less than 1.8.

6. The assembly of claim 5, wherein said optical element transparent material is a material

selected from the group consisting of SiO, and a transparent polymer.

7. The assembly of claim 6, wherein said transparent polymer comprises polystyrene or

polyethylene.

8. The assembly of claim 1, wherein the second reflecting surface comprises a layer of

material having a refractive index greater than 1.8.
9. The assembly of claim 8, wherein said second reflecting surface layer comprises Ta;0s.

10. The assembly of claim 9, wherein the thickness of said second reflecting surface layer is

between 5 nm and 50 nm.
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a detector that receives light fromsaid first and
sai d second reflecting surfaces and detects a change
WO poospsissal thi ckness of said first refl ecti ngPGUUSA0€036830
upon exposure of said first reflecting surface to said
anal yte. 25. An apparatus for detecting an anal yte,
conprising: the assenbly of claim15; a |ight source
for directing light onto said first and said second .
11.r el assmibly o clpina Eexheraimaaid layer o€ anplyte Rldinegpelegss comprises a

ight fr algd first and.sai el S
moleFizcleb BT e ek & IR AOREP R HP b ld apugeic acid
anBRb&bbhy®ite.r ef | ecting surface upon exposure of said

first reflecting surface to said analyte. 26. An
12.%{%8%%1%1%5?5121 § £GhhREin RMAFPREME sl 6PFbB tAGgrolip Bonsisting of

two dinensional array of the assemblies of clarm22; a
an hvight, astrepteddinoan aitivedy,ang ahiaghitodyritagneat.d first and

sai d second reflecting surfaces; and a detector that
13 BBlsY&8bl 08 bllaink 1 ORh&8intkald dpsicalaistnsidy & Riapweddor coupling to said
~reflecting surfaces and detects a change in opti glal ) :
lightrsoutosdbrough a sweckpnigal seuplias (thas engagessaid qplecal,prgpmbly with said
apEXposure of said first reflecting surface to said

ghalyte. 27. An apparatus for detecting an anal yte,

conprising: .the two, di nensjional. array.of, t . .
14 Biienenl og ey Rpoh A et il vasb B cprceppljge o said
light @RtcedRtoRgt akbyfling Shsediily Sai broneens 1dnekyeshi n
lg?yrpacges; %nd a%g ec% or that receives Iisght frgm said

rst.an I.{. sec f ' .
15 Al 3R GRIS RPe! SLEBLI L AR, ok i
secodll reetiiponfRxposure of said first reflecting surface

to said analyte. 28. A kit, conprising: an assenbly

16! §dsShPE 0RR1a8R 115 CRherBinaAB tHickadaRiresidiseford@pptalrgenidnt is
a I'ight source via a fiber,

greater than 100 nm.

17. The assembly of claim 16, wherein the thickness of said second optical element 1s

greater than 200 nm.

18. The assembly of claim 15, wherein said optical assembly is adapted for coupling to said
Jight source through a mechanical coupling that engages said optical assembly with said

fiber.

19. The assembly of claim 18, wherein said mechanical coupling provides an air gap

between said assembly and said fiber.

20. The assembly of claim 19, wherein said air gap is less than 100 nm.
21. The assembly of claim 19, wherein said air gap is greater than 2 pm.
22. A two dimensional array of the assemblies of claim 1.

23. A two dimensional array of the assemblies of claim 15.

24. An apparatus for detecting an analyte, comprising:

the assembly of claim 1;
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said optical element conprising a transparent
material, a first surface, and a second reflecting
W@ obaems4 said first surface and said second redT/E810041036830
surface separated by at |least 50 nm wherein said
first surface can bind a | ayer of analyte binding
nol ecul es and sai d second reflecting surface conprises

a layer of material having an index of refraction
a lightesetueae fondirecting light qurte %‘% figsb anchepadk sespnd Eaflpcapg s faces; and
el ement . transpar terlal: . and | I:
o AR e EPEPADE g R e b BOA AR UL GPRels and o
cha@k Gn bptical thSeknbRCH saidTirst Fbfedking saiffaceludomeRBosufeuritshil first
conprising a reagent for chemcally nodifying said
reffecting suipck sreaidmeblytAst ructi ons for using said reagent.
30. The kit of claim 28, wherein said optical assenbly
255 An wpyeratoofpdesesngasaebid coppiisiag: el ement overl ayi ng
said sec nd,rg%%ecting surface. 31. The kit of claim
thepgsenbly OR &R dvpri si ng a second optical el enent

a h%}ét?%]du% o8 d%@étigg 326000 584 1B bhd 8ai8 YEdoRE Pefledfing Aurfaces; and

od for detecting analyte in a sanple, conprising:
a dpteotorr than geceives hglparan sad fifst ehdisand Sebond tefleciagpiréaces and detects a

el ep b gk Eh SR e U B o byiuls M e

raﬁgﬁgggnhﬁegggaggﬁﬂ%@jckness of said first reflecting
surface. 33. A nethod for detecting analyte in a

S | e nrising: el he _apparatus of claim
262§H§H%Hg%§gﬁﬁ%%?ﬁgi%géﬁﬁgggggﬁhpﬁgst reflecting
thestwd diERnEiOnA Airdy 5a1Kplassemdlies cadileimmd i ng whet her said

exposure results in a change in_optical .thickn f
a 1'@? spuree for d}rgqtingdighh@ntg Reat! %@g and sz?id second refllecitgng g&rfz?ces; and

a detector that receives light from said first and said second reflecting surfaces and detects a
change in optical thickness of said first reflecting surface upon exposure of said first

reflecting surface to said analyte.

27. An apparatus for detecting an analyte, comprising:

the two dimensional array of the assemblies of claim 23;

a light source for directing light onto said first and said second reflecting surfaces; and

a detector that receives light from said first and said second reflecting surfaces and detects a
change in optical thickﬁess of said first reflecting surface upon exposure of said first

reflecting surface to said analyte.

28. A kit, comprising:

an assembly comprising an optical element adapted for coupling to a light source via a fiber,
said optical element comprising a transparent material, a first surface, and a second
reflecting surface, said first surface and said second reflecting surface separated by at least
50 nm,

wherein said first surface can bind a layer of analyte binding molecules and said second

reflecting surface comprises a layer of material having an index of refraction greater than the

32



34. A nethod for detecting analyte in a sanple,
conprising: providing the apparatus of claim26 and a
W@ a00pl0¢785exposi ng said first reflecting surfackECT/OSHa4/aB6830
sanpl e, and determ ni ng whet her said exposure results
in a change in optical thickness of said first
reflecting surface. 35. A nethod for detecting anal yte
in a sanple, conprising: providing the apparatus of
refrdctiverindex ahshidogmapelemenitprosparentsadterialiandt ref | ecting

A R A B e L
20 Bheiehof S it A e eeosaat o PSR g e frs
su,lif?cgeﬁa?ld &%Qfﬁ%‘%qgﬁ?%‘%%%'@f%g‘?ﬁ for receiving a beam of

rom said optical elenent

includi . imal_refl [ :
s0yfs B of denEde FrBr bR cnl L Pk DEr Bl PpLd Bpopgoptioa
eledtght 61l aNRIse@IndaBadting shifwdi ng nol ecul es

positioned so that interference between a refl ected

ORI i ' i | f1 3B cANGyedlaying sai
1, PR D2 MR BBl 851 LA RE A0 lagin idscond
refleting suréeanal yte binds to the layer of analyte

bi ndi ng nol ecul es, and wherein the reflected beans are

32CRURLEREH forderctiig MatytCil a fahdple, codprisiifre assenbly of
claim 36 wherein the distal reflecting surface
providing dessapphiatus f eloirg 24 apd yeBplsi ndi ng ol ecul es.  38.

The ass f..claim37 ' optical path
CXPRR chg’g%\%\geg%wrf?esu{%e troesf\ﬁfli:sgaﬁpﬂ% %Ishlijrf aces increases
de&?mﬁﬁh?% YWhéhéH safiSexposird eeshiiy@ra eangéial gpticalthiokiia’g of said first
nol ecul es. 39. The assenbly of claimwherein a

reifiﬁvyia'gcmfacm stance between the two reflecting surfaces
increases as analyte binds to the layer of analyte
33biAndéthed foldeeotisanalyte in a sample, comprising:

providing the apparatus of claim 25 and a sample;
exposing said first reflecting surface to said sample, and
determining whether said exposure results in a change in optical thickness of said first

reflecting surface.

34. A method for detecting analyte in a sample, comprising:

providing the apparatus of claim 26 and a sample;

exposing said first reflecting surface to said sample, and

determining whether said exposure results in a change in optical thickness of said first

reflecting surface.

35. A method for detecting analyte in a sample, comprising:

providing the apparatus of claim 27 and a sample;

exposing said first reﬂécting surface to said sample, and

determining whether said exposure results in a change in optical thickness of said first

reflecting surface.
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40. The assenbly of claim 37 wherein the optica
el ement further includes a transparent solid materi al

wo owanemssbet ween the reflecting surfaces. 41. HEEUS2004/036830
assenbly of claim40 wherein the proxinmal reflecting
surface includes a material with an index greater than
the transparent solid material. 42. The assenbly of
clai m 40 wherein the transparent solid material has an

36i Adesscaply oxhpratied §n ejical eleroenthadepted farlatadhayet toén end of an

op a8 b B e e B of i S801 tog OBt aen U osF it

ind¥ediME Bd) algaxiR{aPXIIEBER Srfabd ARCs Hi8Q1 et ARtsuMade §e{$§rated by at
| ayer of "anal yte bi ndi ng nol ecul es. 44. e assefbly

leagt Sz andi®) whasiee phenalyphbisdivgimalesiesnositioatdverethat interference

be V\e/(e%n lrae Ec/\%?ec(t:%# Q%H‘gﬁ%gﬁegﬁrﬂgﬁ%c ?%%ﬁ]&%a f?lg .régl éé g by rége%i btegm from
tha@s@kéctfs whk@tdvaes WSSO b8 td MY eLycPbr ARKY bRiding molecules,
bi ndi ng nolecul es is positioned between the two

ang atheresn the gefBestdddwens artarouftied inte Sendyiticabfiber! ai m 45
wherei n a physical distance between the two reflecting

37sTind asanblyndchanss virrdn dleydialefesingGuithe iheyiess BE layer of
anal yte bing%n nol ecul es. 3447. The assenbly of claim

anglxte ding Ao u%é-ti cal path length between the two
reflecting surfaces increases as analyte binds to the

38 Hyegssernblxiedclaine 3Giwireiy amoptécalipah lengdh bveerathedwblrsflecting

f claim 36 wherein e optical. el.ement .further

suftieef (RGN aindsdf RGN abuF Bt iolichleng

surfaces. The assenbly of claim 36 wherein an

49. - cl .
39oblts %a?m‘b‘éﬁog ol g vhseaha B4 disiages Betieen fhggwo reflecting
el S NS B P B PR d AVERRL,

th | th h i.n.interfere
R e RN T AR S
soli@aRtiAl BcRbY BétGakbn the $éMRRER: Datieen the two reflecting
surfaces changes as analyte binds to the | ayer of

4120 H5&nily BE LA MO WS fhe PRk ilAPrePRANE s urface includes a material

with an index greater than the transparent solid material.

42. The assembly of claim 40 wherein the transparent solid material has an index

approximately equal to that of the layer of analyte binding molecules.

43. The assembly of claim 36 wherein the distal reflecting surface is positioned between the

proximately reflecting surface and the layer of analyte binding molecules.

44. The assembly of claim 43 wherein a physical distance between the two reflecting

surfaces decreases as analyte binds to the layer of analyte binding molecules.

45. The assembly of claim 36 wherein the layer of analyte binding molecules is positioned

between the two reflecting surfaces.

46. The assembly of claim 45 wherein a physical distance between the two reflecting

surfaces increases as analyte binds to the layer of analyte binding molecules.
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i n physical distance causes a change in interference
between the refl ected beans. 51. The assenbly of claim
w@ooakerssd n an i ndex of material |ocated betweRGI/Uk®04/036830

two reflecting surfaces changes as analyte binds to

the layer of anal yte binding nol ecul es and the change

in index causes a change in interference between the

reflected beans. 52. The assenbly of claim36 wherein
47 dFhemssdnebly obpleinn pd wharedt amapticel path jesetyheivesa: the Bro reflscting

flecti f '
oo S M 5T AR B P D 0
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500Plid ssadmbliylo€clai® 36 wherein a physical distance between the two reflecting

surfaces changes as analyte binds to the layer of analyte binding molecules and the change

in physical distance causes a change in interference between the reflected beams.

51. The assembly of claim 36 wherein an index of material located between the two
reflecting surfaces changes as analyte binds to the layer of analyte binding molecules and the

change in index causes a change in interference between the reflected beams.

52. The assembly of claim 36 wherein an optical absorption of material located between the
two reflecting surfaces changes as analyte binds to the layer of analyte binding molecules
and the change in optical absorption causes a change in interference between the reflected

beams.

53. The assembly of claim 36 wherein the layer of analyte binding molecules swells as
analyte binds to the layer of analyte binding molecules and the swelling causes a change in

interference between the reflected beams.

54. The assembly of claim 36 wherein the optical element is permanently attached to the end

of the optical fiber.

55. The assembly of claim 36 wherein the optical element is removably attachable to the end

of the optical fiber.
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