FI BER- OPTI C ASSAY APPARATUS BASED ON PHASE- SHI FT
| NTERFEROVETRY Descri pti on CROSS REFERENCE TO RELATED
APPLI CATI ONS [ 0001] This application clains the
benefit of U.S. Non-provisional Application No. US2004
0981901, filed Novenber 4, 2004, for Hong Tan, et al,
entitled "Fiber-QOptic Assay Apparatus Based on
Phase-Shift Interferonmetry,” Attorney Docket No.
24377-09611 US; U.S. Provisional Application No.
FIBER-OPF16 A& AY WP YA PUS BASED SAOBHARRISHIFT INTERFEROMETRY
Provi si onal Application No. 60/558,381, filed March
31, 2004. BACKGROUND OF THE I NVENTION Field of the
Des¢riptiont i on [ 0002] The present invention relates to an
apparatus and net hod for detecting the presence,
CRGSEREREIBINGE o Hnld PRI ANIPAIGNS ™1 @ analvtes i
Ih parficula o appar atus and net hod
based on fiber optic |nterferonetry Descri ption of
[000dhe Fehisdppiicabion cldid i bEhafyoHELS. Ndngsrbeisioasl epptication No. US2004
bi ndi ng event between nenbers of an anal yte-anti -
098 B0a| file@NbVéiaberd, PEI4 for HRNMIEE | &f al)eaetlddFIRREOpEL Assay Apparatus
_ veterinary, agricultural and research applications.
Basel)oRi PFhdcl Shift St TerBRcR 0 d ARy ToRkeMes 143799b6L1 US; f[@ S. Provisional

presence or anount or an analyte in a sanple, and/or

Appfugiﬁoﬁ /e 69/f5 1 ? '0?_81 & Ve:réh% ?%O.y} d'9.st PRvisional A%pllca‘uon No.

ant | -anal'yte.” Typl ca aht1 -anal yte pair

ry strands of nucl eic acids,
60/55%%453%@@&%3%& rs, and receptor-receptor binding
agent, where the analyte can be either nmenber of the

BAJKGROUND CI'EHENINVENTRONt € nol ecul e, the opposite
menber. a 1 4

Field of the invention

[0002]  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

[0003] 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 analyte-
anti-analyte pairs include complementary strands of nucleic acids, antigen-antibody pairs, and

receptor-receptor binding agent, where the analyte can be either member of the pair, and the anti-

analyte molecule, the opposite member.



[0004] Diagnostics nmethods of this type often enploy a
solid surface having i mobilized anti-analyte
nol ecul es to which sanple anal yte nol ecules will bind
specifically and with high affinity at a defined
detection zone. In this type of assay, known as a
sol i d- phase assay, the solid surface is exposed to
the sanpl e under conditions that pronote anal yte
bi nding to i mobilized anti-analyte nolecules. The
[00041 ndi Ihlgglmwﬁ methedsid this bwe pen @mpl)ézztalsyhd sirigee hayjngimmobilized
change in the mass, reflectivity, thickness, color or
anti-gn#lpte msieoutes tewhishisample dhalgieimaeaesavilh bindi Spg:iﬁowélmand with high
Wiere the analyte is pre-labeled, e.g., with a
affirdtyraoad¢fivet deteotionf zoner Bsthidnypeast assag] lalosalk a sblidphdsadssay the solid
event is detectable by the presence and/or ampunt of

surfAt8 iLexpaildao HrampRluniB ol 8iti6ad thatpré@be andlyfedimtiigd toehyhobilized
the anal yte can ge | abel ed after it is bound at the

antl-gﬁilﬁg loufes. n?he ﬁingmg eVt @a@bé@&&%@ﬁﬁéc%y e. g ba/ a change in the mass,

| uorescent -1 abel ed anti-anal yte anti body.

reﬂegﬁ\r V\ﬁ?cqm%s ?olgla&r%me Eﬁ’arae@er?gé %Ifh?é%nv I)ihdeblnéiﬁé egé?ltt eWh)ere the

OSGS a’ er-o er one assa

dete al binding to.a
anal R 0Dl S8 70 o 2RRMEP SR Stk Brfapitbe fc)ﬁ%fnbd%dmg event s
e thlckness t the e surfa of the optica
dete@%%'? thFé’§fi§F1?‘ier?§ OF FROYEH é??g?tﬁ‘&?‘ﬂ@ Tagel aéﬁadﬁeep 10 Qe Algmmatively,
the surface, with greater anount of ana
the amlﬁ@ & heylahelgd afigrdt is bﬁm&@’s dhesdetestign wecﬁangyethuawe@qvéam
interference signal. The change in interference

ﬂuomﬁcgndhbdﬁdanwﬁmﬂbd%aqﬂha&e shift between |ight reflected
fromthe end of the fiber and fromthe binding | ayer

10005151 B S Pl T B0 B3 TR AR B8 e
1nter1%&§?%e§%§?ygleslgghgs&%2g HP crle(%%fflé ggéytle &)ggfr}gyto a e¥ optlc en% surface.

interferogneter assay device will yield read
Analyg defection is based g eshinge is fhedhickmesp Lithe ﬁt@oﬁuvfavq %t;;he optical fiber

(extremn) positions within the range of a conventiona
resulijngsfirgrn ¢he higding oS pabite woteceles ta thasurfase, with greaterdmeustt ef analyte

i ght range between about 450-700 nm such that
produciigat greaenthickneskrelatpd clemlge itihe kmedsemk aipgels Tate chigge in

fiber end can be detected as significant changes in
interfefefce 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.

[0006] Ideally, an interferometer assay device will yield readily observable changes in
spectral peak and valley (extrema) positions within the range of a conventional visible-light
spectrometer, that is, in the visible light range between about 450-700 nm, such that relatively

small optical thickness changes at the fiber end can be detected as significant changes in the



2 0 spectral 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 of readily identified wavelength
spectral extrema over this spectral range. [0007] The
present invention is designed to overcone this-
limtation, preserving the advantages of speed and
sinplicity of the earlier-disclosed device, but, .
speafaljpesitions of inferfnman vargjengtio pesks pud vallepn Orediitatiop whighehas been
present invention also provides a nore convenient
obsevehwilaicalehiea desclibedninthe ‘443 petent intheabsente of reavlyyidentified
array format, e.g., for gene-chip and protein-chip
wavalepgth pddtrahextrena@@&8his spet@hiangevel opnents in opti cal
transducers for chem cal or biochem ca
[00(&@ ? lula Ig;lgg%’rslf ip b i’or'?\ i e%i?gggzd %Qfglggo%ae%l%lghgthﬁc%? Sgag%r%in%q:ﬁle
noni tori ng of antigen-antibody interactions by, optical
advantages ofﬁpéfqr g}gieqlmgly:lty&f, @eﬂgyl;egglsc@e(gﬁeywpmqt gignificantly enh
I nt ernati onal Conference on Photonics and I maging in
sensitjvitly ag¢ aeawtacie dhe present iyeatiomd@provides B@Eu coperyent disposable-head
431- 436 describe various optical biochem cal probes.
fornfat leb/MeN aOb nitHiEahdEhirhy Morn@0) 8], fdingené-nkipahd protein-chip applications.
i ncludes, in one aspect, an apparatus for detecting an

alyte in sanpl e, including detectin he .presence
10008 * 1 aifsre doysiBOERss inonbFaldiarg i i heBrpLgtiGheme
associ ation and/or djssociation of analyte to
appligationsy" dyh Rarchbanddp Seuglés, Senprs aphArtaatos B.AOP a0l 38, pages 1-7 and
_optical element with a proxinmal reflecting surface and_
“Dirgget gnogitaring eff angigen-erjibody fraeractivap hy aptica! Byer binprobed by Yopg Yuxiao
nm A beamof light froman optical fiber is directed
et alt Thimidteretiord tGeafdrercmon Photonies andinhapitg indislogy amxkMledicine, June
The refl ected beans are coupl ed back into the optica
2003f vblex25ashees M A 436r describEVariond dptiddl bidobemithl ROBE.
i ncludes a | ayer of analyte binding nolecules that is
ositioned so that the interference between the
SUMMAR OITHEINYENFIQN 5 anal yte binds to the | ayer

of anal yte binding nol ecul es.
[0009] The invention includes, in one aspect, an apparatus for detecting an analyte in a

ancing

sample, including detecting the presence 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 element with a proximal reflecting surface and a distal reflecting surface separated by
at least 50 nm. A beam of light from an optical fiber is directed to and 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.



3 [00101 The change in interference can be caused by

di fferent physical phenonenon. For exanple, analyte

bi ndi ng can cause a change in the optical path |ength

or in the physical distance between the two

reflecting surfaces. Alternately, analyte binding can

cause a change in the index or in the optica

absorption of material |ocated between the reflecting

surfaces. Analyte binding can also cause the |ayer of
[00Hal yTle dhangt ingnterférenas cas be cavsedby differeptipliyisicgl phanemenon. For

change in the interference. 100111 In one particular
exalple] gialytd biadidp simtaused tlempé imghs opticatgath apthde &n thhehysical distance

| ayer of analyte binding nolecules. As anal yte binds

betwdn tawba¥Réctif s@haby t LltdhaelyhalVd BifdihgSan dA0se HiHahgein the index
path length or the physical distance between the two

or 11{ @kl gﬁ&'l Q&oﬂh‘foﬁ J¢ el lobé['l €en é@fefl%&ﬁ{gguﬁ‘aceg‘ Analyte binding

transparent [id naterl ocat ed bet ween t e

can 51@{) }:aﬁl%% {hQQiafeF 51{" %§§I i mg (i)rpolxj-:c%n:‘;sl ltJ» yWel{ pe%u{?xﬁg %e in the

sur eés 'a nmate

t%eater than that of the transparent solid naterla
InteIAFrEASehat el y, an air gap may be | ocated between the

reflecting surfaces. In yet another design, the

[001d] St ah oheFklﬁeﬁlaﬂ@s@ﬂ I thadital fefROtHig Jupaesinbiatswaralaléredf analyte
proxi mtely reflecting surface and the |ayer of

blﬂd%&%&ﬂ&l ki Gl yPdiRgsHb B 1afelof W bfdidBbl¥ e, the optical path
bi'ndi ng may cause the |ayer” of analyte binding

leng{fp i f aé’%}ﬁé calodléc%{@o e lbetwBRY 't}{églwbl? e%hﬁ% Fﬂrg gsf llngffn'c se, for example. A

1“dser e proxi rra ting sur ace I'n
et ther desi f .anal yi e bij
tran%glieg? ﬁj’? 8 gnqtegl g,sllg?aﬁ‘te nbeeﬁneegéﬁwgﬁctmg Suptages Fln(? logp %nallg the proximal
reﬂegtllilr{gf %?’fgﬁeaw% e ! lglaqula ap)nla eygg%‘g%gq tﬁ;} Ehﬂ%(yfe tﬁe transls)arent solid
interference between the two reflected beans

materigl. ohrpriely iy riteap aebelppriediatyeqnibe tf‘élégms&ws“af[ﬁ?qsc &} yet another

assenbly having first and second reflecting surfaces
designe fherdistal deflopting slirfrca irqmsitighedypasaeanrthe heprimsaelyireflectipgsurface and
optical assenbly is conposed of a transparent optica
the lgjlee ofaralytdbinding mdiecutes a Fohéxakapies snadytt bivelthgresynease the layer of
proximal and distal faces of the elenent of at |east
analyp@bidingRicté b ywlE vRery O Qistal lefROGhgdvirfaddi€loded & 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.

[0012] 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 - 1,000 nm. The first

reflecting surface is carried on the distal face of optical element, and is formed of a layer of



reflecting surface is carried on the distal face of
optical elenent, and is fornmed of a layer of 4 0O
anal yt e- bi ndi ng nol ecul es. The second reflecting
surface is fornmed by a coating of transparent
material having an index of refraction greater than
that of the optical elenent. This coating can be
formed of a Ta2(0b | ayer having a preferred thickness
of between 5 and 50 rim The optical elenent can be
analgtecpindingmolegules The sskemskrsilesting surfaseis foboed byl dcpaging oftransparent
rim preferably 400-1,000 rim [0013] Also included
mateniad havihg ghindeoof refradtion gréates dlannipt af theapticd] elemght Tt ewating can
the first and second reflecting surfaces, and a
be foieiedaif @TayOy laydrhaving p@redéras thiokitss eChetwedhl Ra@eSs Oinm. t Tige optical
optical thickness of the first reflecting |ayer
elenied® tntHeSHOS, aBdIhA NidkHesebf BAREM H0hP10005000 nm, preferably 400-1,000
anal yt e- bi ndi ng nol ecul es, when the assenbly is
am.Pl aced in the solution of analyte. The optica
t hi ckness change at the first reflecting |ayer is
related to a shift in a phase characteristic of the
[0013ht erAlse mmbdedvareea light sraukelfyr dirdeting abedm ghlightanteghe first and second
reflected fromsaid first and second surfaces. This
refleptimsairfaba) act eddtadtoramnitaliat operatds fhdetdet b bhddge irsthe optical thickness of
position(s) of one or nore peaks and vall eys of the

the ﬁrﬁﬂr@ﬂécﬁﬁ% Rg/er 8N Eng #6m i SEABER: tbThd AiR1yRebindklg Aloléules, when
full cycle of the wave. [0014] The |ight source can

e AR AR Sk N 0ol R B s

L , .t . E0C
reﬂegt'g% lggﬁr?ssx%fa thra s?g’?m &rb%a?epc%gfa@lteﬂ c &{tg%ﬁﬁrgeg%cé\;g@i% APmed by

| gogp I'ng recting reflec
e o R R AR RR B SCLRG mpae Bdhgic cn

] ical fi : ith th [ | . f
be a%‘lﬁﬁI?% disgeg:'trta gcﬁgfot : %gegé(g'g{mrwpy#staﬂ vgléeglgﬁ ﬁle 1net<r311$ergnce wave, or
reflecting surface. In a second enbodinent, the

by a ghange i the parigdnia ll cyelepf thasyayeles a second transpar ent
optical elenment having an index of refraction |ess

[00141]h an TM&1 ﬂ%tﬁ%gmrcg @afﬁgl%gg algﬁéﬂci%ﬂ%}e? iR iﬁg b tc‘ﬁs?e{f P §c%apﬁaid é% be placed

greater an about e the"coating o

adj aciteﬁlv\%ﬁé(se%nd’ I%Elgafr}gl s%{'}'ac%ai% rei aaslsen!ﬂﬁy,sa% clizl\{\é gpr;])%fjatubs%%e? ri]ncthnﬁs an

optical coupling for directing reflected light waves reflected from the assembly to the detector.

[0015] 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 greater than about 100
nm, where the coating of high index of refraction material is sandwiched between the two
transparent optical elements. In this latter embodiment, the assembly is removably attached to

the distal end region of the fiber with a spacing of less than 100 nm or greater than 2um between



transparent optical elenments. In this latter
enbodi nent, the assenbly is renovably attached to the
di stal end region of the fiber with a spacing of |ess
than 100 nmor greater than 2m between 5 0 the di st al
end of the fiber and the confronting face of the
second transparent optical elenment in the assenbly.
[0016] For detecting multiple anal ytes, such as
mul tiple nucleic acid species, the |ayer of ) )
the digtal gndeof Biofihen gndhibie sonfranting face loé thesegend snsprreahopticalsglement in
of discrete anal yte-binding regions, such as single
the gssembigls of nucl eic acid. The regions are effective to
bind different analytes. The optical fiber includes a

[00@4} u: ﬁlgeoir:détaj?t%}%t?n%{ti\é. daglgllty@gtsgi; ! g’q I‘Hﬁﬁiﬁ{}é’@llcfg%n %&s\gg%l?sy ﬁ%‘:ﬁayer of

det.ect.i on zones, and the aoptical coupling functions to
analy(grhip gmefecules fandbe omppsediof gn afray ishsceste Ay o hiadig regons, such
the zones. [0017] The anal yte-binding nolecules in the i
as siggle éﬁg}d;, of nyrleje acioThe sesippb are effeytivado hind; d.lffgrp@(ﬁn@lgtes. The optical
anti body nol ecul es, for use in screening hybridoma
fibet inglpdasiagpdurhlity of liedipided dibers, eath gkigned tvath ongrof tHeaeions; fhie)detector
antigen nol ecul es, for use in detecting the presence
inclugkes aphirdlivglofdetation zbnes, g ahasticaltdoaplimprfuhgins to douple each of the
protein nol ecules, for use in detecting the presence

plurdlfty af fibenshvilg oot AEkode@r that protein; (iv) protein
nol ecul es, for use in detecting the presence of

nuIthIe bi ndi.ng species  capable of formng a . .

[00141 ¢ Thp ppalgerbi melecyles i theyessernbly spmbe, dpr qampls; (hpranti-
stranded nucleic acid nolecules, for detecting the

specisp anfthed e molechles) for usedn isetedpingdiybgdomh dbraries for fieresencrrad secreted
detector can be a spectroneter for neasuring reflected

antibofly{ii) antigemsoteguley,dor e il ditectimp dlot mrelsenanoftantibodies specific against
wavel engths. Alternatively, or in addition, the |ight

that @igers €iiij protéin eddlétriled, foplseriadetestingfthe p@kdnce ot 4 bindigg partner for that
di odes, each with a characteristic spectral frequency,

prote®} ¢iv} pdtciehRidcles, hriietin 8&tecting themeidcd bﬁﬁﬁltik&t&ﬁtﬁﬁg dpecies
of reflected |ight at each of "the different LED
capablé SEbERMe&Snultifrotein complex with the protein; or (v) single stranded nucleic acid

molecules, for detecting the presence of nucleic acid binding molecules.

[0018] 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-emittiﬂg diodes, each with a characteristic spectral frequency, and the detector
functions to record light intensity of reflected light at each of the different LED frequencies. In
still another embodiment, the light source includes a white-light source and the detector is

designed to record light intensity of reflected light at each of a plurality of different wavelengths.

[0019] In another aspect, the invention includes a method for detecting the presence or

amount of an analyte in a sample solution. The method involves reacting the sample solution



still another enbodi ment, the |ight source includes a
white-light source and the detector is designed to
record light intensity of reflected |light at each of a
plurality of different wavel engths. [0019] hi another
aspect, the invention includes a nethod for detecting
the presence or anount of an analyte in a sanple
solution. The nethod involves reacting the sanple
..solution 6 O with a first reflecting surface fornmed by )
withya firg{reflegsing suefpsptfarmedy slgyereif e@alyteglr@awm@lac@w qapyéed on the distal
distal surface of a transparent optical el enent
surfhep\af adrapspateint aptissbelahent thavieg s thiskness ofiat ket 56 loyn, thereby to increase
increase the thickness of the first reflecting |ayer
the thickhdse obihe dirst gefldcting Byt tsy thobinlimgaf aharyte tdxha ahdigte-binding
nol ecul es in the layer. The change in thickness of the

molédules tin theﬂé;%fl t TiGehladdesih thiSkd¥8aSUhe rsPiefleétBiz@aifer Rmaasured by
shift in a phase characteristic of the interference

detemigea Shét FEfpHave Eﬂ&?ac&éﬂgtlé bEAL ifEY, i e?fhce kbl ﬁ)?ﬁl@(ﬁj bY HERwb Tt waves

first layer and froma secon ectlng ayer“that is

reﬂefcf%ﬁ :ﬁ?& 8o If Ht] a t %ﬁ@k}/{ﬁ ﬁ&hg ééf%% 1{1%%& 1s01fo¥1{’1 the opposite,
h h 20] Th
ol SOl el UELPBR BT mfr%%e%ﬁter it of

b Ftlc flber onto the tmo reflecting surfaces, and
the oppical elemegt r ef | ected |ight fromthe two surfaces onto a
detector through an optical coupling. The detector

[0026pN h@e aetéﬁﬁ%tsﬁéfmﬁh %olud@ﬁﬁrre@uﬂé]?gh@ 8bRGhIopHcdl HHLLGIRS the two

neasuring a shift in the spectral position of one or
reﬂelﬁﬁflg%?g%ﬁeg I::%d 'rﬁigpeﬁﬁ%ﬁ%%%édsﬁgﬁ? g‘égﬁ]hg ch%ﬁ?ﬁ%tc; p Eetéc‘ﬁ@r through an

. £ a n e rate of as
owicf B, TIRARIIoR S 6% 2 Farfiee? RSB 08RG R0} e o
a near .maxi mum i ease. i n thlckness of
in fﬁigf SFhp Relion g P e of ﬁ?épk?@farenw#@ne Resige b o
Tsed for nmeasuring the rate of dissociation of
‘fﬂeﬁﬁglﬁ?@WWSSthe second | ayer, the reacting steps can
i ncl ude i nmersing the second
[0021] 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 first
reflecting layer is observed. Where the method is used for measuring the amount of analyte

present in the sample, the detecting is carried out over a period sufficient to measure the

thickness of the first reflecting layer at a plurality of different time points.

[0022] Where the method is used measuring one or more of a plurality of analytes in a

sample, the first reflecting layer is composed of an array of discrete analyte-binding regions, the



| ayer in a dissociation buffer for a period of tine

until a decrease in thickness of the first reflecting

| ayer is observed. Where the nethod is used for

nmeasuri ng the anmount of analyte present in the

sanple, the detecting is carried out over a period

sufficient to neasure the thickness of the first

reflecting | ayer at a plurality of different tine

oints. [0022] Wiere the nethod is used nmeasuring one

dlffgpntﬁﬁglgnscheug efgfegtg\ﬁ tp Wd@ffgﬁgq applytes; and ghe @é@ﬁ;p& is effgetive to detect

first reflecting layer is conposed of an array of
a changedn gheghighwsisy olesablh afithe gegiairenwdtingtfroen bifidipg of fiabyte b the analyte-

regions being effective to bind different anal ytes,
bindamgimoleeulelet ecting is effective to detect a change in

t he thickness of each of the regions resulting from

o e o B il B et
|nvent|on mnll become nore fully. apparent
appm i ’h dheriBllqvane Agfaidret deserapiionod e ipautien isreadia conjunction with the

invention is read in conjunction with the
acCoOgEBYIRE ASAMIRESdr awi ngs. BRI EF DESCRI PTI ON OF THE
SEVERAL VI EN5 OF THE DRAW NG [ 0024] These and ot her

Bmlﬁn\% |on beco@gﬂwmﬂs}%‘%ﬁﬁ regard

to the follomnng descri ption, and acconpanyi ng
[0024) awiThgs, and wiier fatuf&024pkctt) apd advabugesofttheplesait inveytidnewill
setup for the bioprobe and its apparatus; [0026] Fig.

becohePoONunderstopd initd regasd RNHRE YolloRiNEdbs@GRioh, daGECd aﬁiﬁ}ﬂlg drawings,
enbodi nent of the 1nvention; [0027?ﬁ§|gs 3A ;ﬁp

whershow a portion of an |nterference wave over 7 peak and
vall ey orders (3A) and over in a visible portion of

the s ectrum&g [0028] Fig. 4 shows an optical
[0023sse showsihe esiesystane satap foy thediemoherad isbpatatuent

of the
[0026] Fig. 2 shows an optical assembly formed accordance to one embodiment of the
invention;
[0027] 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);
[0028] Fig. 4 shows an optical assembly constructed according to another embodiment of the
invention;
[0029] Fig. 5 shows a disposable multi-analyte optical assembly having an analyte-binding
array and constructed according to another embodiment of the invention;

[0030] Fig. 6 shows a sequential binding of three molecules;

[0031] Fig. 7 shows on and off curves generated from the association and dissociation of



i nvention; [0029] Fig. 5 shows a di sposable

mul ti-anal yte optical assenbly having an

anal yte-binding array and constructed according to

anot her enbodi rent of the invention; [0030] Fig. 6

shows a sequential binding of three nol ecul es; [0031]

Fig. 7 shows on and off curves generated fromthe

associ ation and di ssociation of 8 0 antibodies;

.LOQBZ] Fig. S shows the curves of two anti bodies
antippdiging to their antigen at different concentrations;

[00331 Fig. 9 shows i mobilization of his am no PEG

oo RN ST AN D g g

concort'lt‘,r.ol.to nonitor non- specific binding of the PEG
ﬁ@ﬂ?ﬁgpi and [0034] Fig. 10 shows a snall nol ecule

binding to a | arge nol ecul e, negative controls and the

[003R)se Fighe stmashhbEhtiol ¥ ddeiao PESRINRTIION) gecifibhily through an
I NVENTI ON Definitions [0035] Terns used in %ﬁe cl ai ns

ami@SBorRIFBEhdtoA 2ThOPEG (RIW R0D6) i€ Q8IS USEediive RGRRN Qﬁﬁ&ﬁltor élon—

with their usual nmeaning ds understood by one skille

8. f-he ¥@§§ﬁ ) defined as set forth below
spa%ﬁ%gﬁﬁggpggges r‘%ﬁﬁ%ﬂg%% the clains and specification

are to be construed as including the limts bounding
[0034he rEgi 10=dowsagmsll nfid@8kbiddiag toer lavgtinmledulc hegatif@controls and the

to processes that occur in a living organism [0037]
baseAihe nadashryinentbi ndi ng" nol ecul e refers to any nol ecul e

capabl e of participating in a specific binding

reaction with an_anal yte nol ecul e. Exanpl es include

%{E INYENTION

DERALED DESCRIPTIONGQF (1

Definitions

[0035] 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.
[0036] The term “in vivo” refers to processes that occur in a living organism.

[0037] 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.

[0038] A “specific binding reaction” refers to a binding reaction that is saturable, usually
reversible, and that can be competed with an excess of one of the reactants. Specific binding
reactions are characterized by complementarity of shape, charge, and other binding determinants

as between the participants in the specific binding reaction.



ant i body-anti gen binding reactions, and nucleic acid

hybri di zation reactions. [0038] A "specific binding

reaction"” refers to a binding reaction that is

saturable, usually reversible, and that can be

conpeted with an excess of one of the reactants.

Specific binding reactions are characterized by

conpl ementarity of shape, charge, and other binding

determ nants as between the participants in the .
[00&Y e ci fAn Candibady higfarsleeniimmunoglpddomolagnle bavingiweyreavy chains and

refers to an i mmunogl obulin nol ecul e having two heavy
twodighi ¢igina peepatedibylanyg htethol kinosn pr thp arted ldigr davejoped aindthcludes

known in the art or |ater devel oped and i ncl udes
polyetunglcdnvibadiesstich bothosispredied B¢ indi0Bifings Aabeedsuey as a goat, mouse,

i nocul ati ng a mammal such as a goat, nouse, rabbit,

rabbit, 6tc. With An AimikbEEH Y GRN as BHnYEbhal ARtHBINR PrINSd using the well-
anti bodi es produced using the well- known Kohl er

knowh Kohil ViR b iBmb Yei e REAUY G4 terfiRcThds FhiiBticldd g;?&iuced
anti bodi es produced using genhetic engineering nethods
: . ing, , m.ce t .
using 6 e e e SR s ool DIV 7 s CE IS bt ibeed wity
ant i bodi .hat have en ni .zed usj ng,art-known
o RSyl Bneh e S PORHOP AR s P AR e art-known
refers tqQ a fragnent of an anti body nol ecul e produced
resUHCIng {GERAIQUES- ¢l eavage or genetic engi neering
techni ques, as well as to single chain variable

[004D] 20 MR itibRiyTYabin RGeS0 TR fheRl FEMCRHLIE Rflecule produced by

combi natorial” genetic |ibraries and phage ~display
cher P KRR of Ben R hieinp AMIRILS pb Rl o & BARRIHANcblc
j thel r cpanat e.antigen and. so .incl ude.vari able
e lsret) Sich oS PP o R R o AEboR Bl Kopf i piRigs 30 Brage
oy bt NPt B’ Rl St nGo G RRER g on wmaty
.ol ecul es are useful starting materials for screening .
retaiy thejahility forRind theis gognajgpntigamanshipsinelhde varigble sequeness and antigen

optim zed through traditional nedicinal chem stry,
combining sites.

[0041] 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 molecule drug compounds have
the benefit of usually being orally bioavailable. Examples of small molecules include
compounds listed in the following databases: MDL/ACD (http://www.mdli.com/), MDL/MDDR
(http://www.mdli.com/), SPECS (http://www.specs.net/), the China Natural Product Database
(CNPD) (http://www.neotrident.com/), and the compound sample database of the National

Center for Drug Screening (http://www.screen.org.cn/).
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structure activity relationship studies to create new
drugs. Small nol ecul e drug conpounds have the benefit
of usually being orally bioavail abl e. Exanpl es of
smal | nol ecul es include conpounds listed in the
fol |l om ng dat abases: MDL/ACD (http://ww. ndli.conl),
MOL/ MDDR (http://ww. ndli.conf), SPECS
(http://ww. specs. net/), the China Natural Product
Dat abase (CNPD) (http://wwm. neotrident.com'), and the
[00424 vp otvpltewiatigrisaiserbin Als applisatianrhincinde the dellowigs fiesimefbesito single-
Drug Screening (http://ww.screen.org.cn/). 10 0
strafid@04 ZNPRabfees/foatrignsiclestidt palyrhbriphisap iPB S atefeontoiphosphele buffered
the follow ng: "ss" refers to single- stranded; "SNP
salitfe(0.©1 M pRosphing beffen 10,062t Mdwtasiunohl gtdesid 0.1BPBS sodaimecldoride, pH
to phosphate buffered saline (0.01 M phosphate
7.4)PNAST refdds &m _}rMoEZ?Ju@éiﬁinH&’: CRIWT ir&lBrsa fhoRcdiBr wiibRO s SMCC”

chl ori de, "NHS" refers to
fel¥i oWl eefaeﬁuﬁﬁ: r[Ndﬁ VY QL el ght;;
el (5) SMcC d}}?gfer salflo su %osﬁfgg}oﬁ&m 3}I ot
4- [N- mal ei m donet hyl ] cycl ohexane- | - car boxyl ate. [0043]
(0048} mismustbemoteddhatvatusedhis thesspdcifinatidnend plecippersiad claims, the
and the appended clains, the singular forns "a," "an"
singaladfoRtbs “d, héan”iand RS tiae’pinoludé pluedl eefereh® wiltseths coitext clearly dictates
context clearly dictates otherw se. Advantages and
othetisd. i ty [0044] The advantages and utility of the
invention are illustrated by reference to the Figures
and Exanpl es as described in greater detail bel ow
Advardages andutilty t he ability to monitor in real tine
anal yte binding reactions w thout the use of |abels,
004'm‘1‘h§Q& tde0S i | 8o the Fi
o0 . 14208y PO Bl L By AR e s
U e e e
and 30 s M Bt Bt BB R el TREEPEERe il Rifgyitor i rea
ctor ti aIIo |nd reactlonst
time Pr?;"i’(tf’ Bioiinetiadishs Rl s B 0o digu St gt %ﬂﬁal toxicity.
itro" paces, . and to bundle fibers to carry

A fmltheg Afantage dnclydes the ahiKy tpguactise thy; rﬁaihﬁ@u%&tlﬁlbwvdength 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.

[0045] Fig. 1 shows, in schematic view, an interferometer apparatus 20 constructed for use in
accordance with the invention. In its most basic elements, the apparatus includes a light source
22, an optical assembly 26 that functions as a sensing element or detector tip and that will be
detailed further with respect to Figs. 2, 4 and 5 below, and a detector unit 28 for detecting

interference signals produced by interfering light waves reflected from the optical assembly 26.

[0046] Light from source 22 is directed onto the optical assembly 26, and reflected back to

11 »©



[0045] Fig. 1 shows, in schematic view, an
interferoneter apparatus 20 constructed for use in
accordance with the invention. In its nost basic
el enents, the apparatus includes a |light source 22,
an optical assenbly 26 that functions as a sensing
el ement or detector tip and that wll be detailed
further with respect to Figs. 2, 4 and 5 below, and a
detector unit 28 for detecting interference signals
the getestiordliguglyan epticak eoupling assepmhly inslicatedrbyfdaghed diges at@fh {thepreferred
optical assenbly 26. [0046] Light fromsource 22 is
embgdimeant, ¢t @uplbing éssemly ichideas fiestbptycal Gavepnitleroe fibearedtending from
back to 11 O the detector through an optical coupling

the Hgis estrte/to thelbptRhEssdiyblflasdeeshdl dptied valvegfide drifibar 34 which carries
preferred enbodi nent, the coupling assenbly includes

reﬂ@tédufgﬁt fr&a&m&@ﬁtlcwml% A détbher a@a?alﬁagn%addoﬁﬂexf %@wmch

the Ii ght source to the optical assenbly, a secon
optlgcﬁ’lgh 8@]#1?%@6?%3’2 %ﬁt Iggué{lﬂ@ th%ngIgp t'ax(?)c%q%lgﬂlg%t@ozncqo%gﬁtg %gﬁgﬂed in

oo By B, Rl S L G e

Ven@ e‘H—g‘P‘g‘% 88%{}8?‘3;@“{3%3: dtﬁ?ldy g\slgl Pgtﬁgtfrgnemny

vendors including OGcean Optics (Dunedin, Florida).
[0047P 04 AiteMiREIyatht ¢Siling bERMBARPLAnTHCIASS £T¥RY | !sy%ﬂ:ni:&ihstructed to focus
include a |l ens systen1constructed to focus a |ight

gHﬁﬁﬂ?nQﬂE@thE ﬁce%'i*d}{ Bl fasdeh®l dpﬁ{dl 16 Alre @ SRR Ynterfering

and to dlrec ref ecte ter erin ght fromthe

light%&r} fgl@ log?(? i gitg t]{xebfet%?otre %&9 [a‘tter {}%&%&ﬁg gt r%%t’ﬁfg optical

i ca
tiv Str| ui.rement s .on sitio
fbers Pufy ‘feiéﬁg s R st RS D e O g Fens elements
048 Th ht source in the apparatus can be a
used fcé‘ ?‘“’? B%ce, such as a light enitting diode

(LED) whi ch produces |ight over a broad spectrum

[0048) 9- Thé Qghtrbﬁhx‘% i 88 %pﬁéi’atﬂ@@an‘”ﬁé aOkhited Og?l E&frce, budhiaS @llight emitting
over a SpeCt ral range of at | east

diodNLIESS) MiLhy k Shd dvaf! e | ik 1 360%m
0 urges ea ﬁ %Vp%% d%??@?a%?“@ hrgéﬁg%mgf#c o

great&ia%gl%lc%fgJ over asslf:)(e:c ra %an%eE Qts atqeas{ %bergmf g'itematlvely, the light source can be a
plurality of sources each having a different characteristic wavelength, such as LEDs designed for
light emission at different selected wavelengths in the visible light range. The same function can

be achieved by a single light source, e.g., white light source, with suitable filters for directing
light with different selected wavelengths onto the optical assembly.

[0049] The detector is preferably a spectrometer, such as charge-coupled device (CCD),
capable of recording the spectrum of the reflected interfering light from the optical assembly.
Alternatively, where the light source operates to direct different selected wavelengths onto the

optical assembly, the detector can be a simple photodetector for recording light intensity at each

12 o



light em ssion at different selected wavel engths in

the visible light range. The sanme function can be

achieved by a single light source, e.g., white |ight

source, wWith suitable filters for directing |ight

with different sel ected wavel engths onto the optical

assenbly. [0049] The detector is preferably a

spectroneter, such as charge-coupl ed device (CCD),

capabl e of recording the spectrumof the reflected

Ofthﬁﬁpmmﬂrhféaqingg\mvehngﬂm Frestidipnpthat eralaslimntythe detector can include a
Alternatively, where the light source operates to

plurdiityef filtes fvhinheatows ektectiecbfilatieihtensjtyha go fitom 4 white-light source, at
opti cal assenbly, the detector can be a sinple

eaclpbitd plalaligaif e¢ledted whataigthsd thel iglotfelefdeBfbdtahcadva®é ClBixemplary light
12 of the different irradiating wavel engths. In stil

sourd® i d \&ftecRIFROSK SR ons hRQIHGIRE tPthe BRIV eldtell Y8 ttent, particularly with
plurality of filters which allows detection of [ight

respbd &6 P%E_tg\’ alﬁd_qog)f ('t)l%art ?gtlgi‘étg%%it k\/\’g{/ﬂéﬁ% Q{atersﬁ)gﬁgﬁa@ it}hegé corft@ffhtions are

of a plurality engt
< r. ectance wave. Exenplary |ight source
ﬂm@#%ﬁ%é%@%?%&%ﬁ%#ﬁﬁ%}%?1ons are described in the
above-cited 453 patent, particularly with respect to
[0058] gs .Fig 2ashodwd n oftidahadserpblly 26 tconshitted in Adcbidabe with one embodiment
understood that these configurations are suitable for

of the$@vehtior, Bl &1 ﬁiljﬁﬁingipﬁytﬁiﬁtdf‘ﬂfb di§tBQaAkedidibof 2 SPRENFILAN32 to which
opti cal assenbly constructed in accordancé with one

the SPABAHsERBLy is BkedlP GrtAdRUENAL ?&n, e gsséﬂb?‘#@b&h@& ARt optical
of the distal end region of an optical fiber 32 to
elembly fst}xav %irQ %{irg °n§g§ﬁg§+%sa‘|‘éf§0ggl4?f‘§“n%g§%‘ﬁe ﬁr? pcg g)t\xlzeﬁgqistal) and

seen, t assenbl'y 26" 1nc _
unpef SFED SR RPN Bl oSG hng oo [l S hE S Eation, e
. r QXJ, end. faces, respectively, According tqQ a
thmk;‘%ﬁo t QE‘R pRiiga], plemgpt hefeen ity é}?{e}? 8 progimal spiadesd s ?)eti\yeen the

of the optical elenent between its distal and proxi nal

two rgfleqting gurfaces, ds at lppst Ham. epreferablyras {gasick0rmin.s Ap exgraplary

_is at least 50 nm and preferably at |east 100 rim An

thickagse tsdteivgen abpitclofes@00 mn fyeefnably 4906000100 ThOOGt reflacting surface
preferably 400-1,000 run. The first reflecting surface

42 is4@mnied of e tayedofxinabytd-binding aiol cnbds ydueh bd mdicogesn®d, edtidhese effective
such as nol ecul es 44, which are effective

to bind analyte molecules 46 specifically and with high affinity. That is, the analyte and anti-

analyte molecules are opposite members of a binding pair of the type described above, which can
include, without limitations, antigen-antibody pairs, complementary nucleic acids, and receptor-
binding agent pairs.

[0051]  The index of refraction of the optical element is preferably similar to that of the first
reflecting surface, so that reflection from the lower distal end of the end optical assembly occurs
predominantly from the layer formed by the analyte-binding molecules, rather than from the

interface between the optical element and the analyte-binding molecules. Similarly, as analyte
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to bind anal yte nol ecul es 46 specifically and with
high affinity. That is, the analyte and anti- anal yte
nol ecul es are opposite nmenbers of a binding pair of
the type descri bed above, which can include, wthout
l[imtations, antigen-antibody pairs, conplenentary
nucl ei ¢ acids, and receptor- binding agent pairs.
[0051] The index of refraction of the optical elenent
is preferably simlar to that of the first reflecting
molsenl¢sarnd todlee Towat layerfdf élet dptinalfasssmbiy dightowflectidi foral the hagver end of
of the end optical assenbly occurs predom nantly from
the adsemblgyecurs predmdinbytlyt fiem alteslbykdr dorivied diynige anal yesbihéimg molecules and
rather than fromthe interface between the optica
boufd &iBN¢, rahet tharefr@ @heihRriatddhiod. TRk eLdthfsry nRitéFial &rinyhg the optical

as analyte 13 a nolecules bind to the lower |ayer of

elerﬁé?lels(ﬂ?(t)} Q%J a33SLGRNYy qldli§hElads @bl 86 bh Rack OF f@ﬁra&ﬁ)nl o(f%&ut 1.4-1.5.

e assenbly occurs predom nantly fromt
e L o AR %?éf?‘& spoo
polygHgisRE SN f sl BF tiac b ARG o éé-ﬂfge?%é"iﬂt is

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

[0052] e eThie secvnd adfheatihe surticaBthe bptical ds361aplsferied@ b Yayer of transparent
such as polystyrene or polyethylene, having an index

matétal RAdAElh@R dTrekR%BR that is @uﬁﬁﬁlu&}lﬁm%h& tha {88t of] [t&oéﬁﬂcal element,

The second refl ecting sur ace in the optical assenb

suchftﬂe{ MR 1 &fﬁ?étf'wl@ ko Rl t SR e h%@ ﬁt&i %rﬁgﬂ{e%gtl assembly

ex o) raction t IS SUbSt er-t

Pref#rglﬂ&,ttgé setcl(;lfd 1%? %gla rgflracﬂge nﬂex lé%tre]xi tﬁ%m’?ﬁ By Ia%n% 3}(9%@?18’ Jnatenal for

I ons ect a por

t he. cal Prefer bl the.se
the spiRd s TR0 O SRR VS %8@& RLrar Tirdfyes 1GSPRL formed on the
%qg ary material for the second layer js Ta2056 with
OPUQHQ? FaeERt by @ cPRYfEkions] yaporidspasition cpgigng %l@feﬂpg PEGFRTSe 91 & pyer
formed on the optical elenent by a conventional vapor

thickgess 9f fess bhan E@am, ﬁ@mﬂy beisen fgndpdomss, to a | ayer
t hi ckness of |ess than 50 nm typlcally bet ween 5 and

[OOS?QnQ:T%}% {ehQ §%§I t_t\lf‘e ilﬁlgiy @hﬂ?&soérgd; ; %IT%'&P rc%ts ed to ogumri]zee the overall
senmgvi?y @ased on specific hardware and optical components. Conventlonal immobilization
chemistries are used in chemically, e.g., covalently, attaching a layer of analyte-binding
molecules to the lower surface of the optical element. For example, a variety of bifunctional
reagents containing a siloxane group for chemical attachment to SiO,, and an hydroxyl, amine,
carboxyl or other reaction group for attachment of biological molecules, such as proteins (e.g.,
antigens, antibodies), or nucleic acids. It is also well known to etch or otherwise treat glass a
glass surface to increase the density of hydroxyl groups by which analyte-binding molecules can
be bound. Where the optical element is formed of a polymer, such as polystyrene, a variety of

methods are available for exposing available chemically-active surface groups, such as amine,
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sensitivity based on specific hardware and optica
conponents. Conventional immobilization chemstries
are used in chemcally, e.g., covalently, attaching a
| ayer of anal yte-binding nolecules to the |ower
surface of the optical elenent. For exanple, a variety
of bifunctional reagents containing a siloxane group
for chem cal attachnent to-Si 2, and an hydroxyl,

am ne, carboxyl or other reaction group for

hydgxyl etrheanoxyt groiest ogi cal nol ecul es, such as proteins
(e.g., antigens, antibodies), or nucleic acids. It is

I . ) h i . . .
008452 SR04 5EE0 0 BV SEH 3Tl i 35 o i

roups by jch anal yte-bipdin . ecul an e
surf g5 B et el B Beact coulFa S Py g e mplecules to thelayer
ol yner, such as polystyrene, a variety of nethods o
foreb . chap in 344 Bickesss ke daieg Tatben tharpfilking fthe LaxPy yLhsapplyls-binding
surface groups, such as am ne, 14 0 hydroxyl, and
layepeandseithergymensdayer oosmpltifiageranaitivt e- bi ndi ng | ayer is
preferably fornmed under conditions in which the distal

eranly rormed _
A R e e
o OB B 5L Db i bRy i
w53 R s B L bR o

bi nding rate of analyte to the optical assenbly is
surfage, 4hg agragy thisknessaidhe Grskredlecting lpyer changesporerginglh dageguse the
~fromthe two reflecting surfaces in the optica
thickgess efrbll pthegpers fenaaany the same, redinterferened wael founesk hyatha light waves
or detach fromthe surface, the average thickness of
refle¢tbd fromrthe twoedukfecdsiinphdsaytdfied incaegadame evdthdhin ¢igkness change.
Because the thickness of all other |ayers remains the
ame, the interference ywave for by the Light es
10057 T Betelty bttt A gt ELkeauey the stbbuys #lees oM the firs
acc?ﬁgﬁnce with this thickness change. [0056] Assune
surfagq, 3thiqhrs the distal cpdunteréicp betwegn pradyig-binding mpleatlessmgihopad analyte
reflected fromthe first surface, which is the distal
and thgygiopeding medivpy ankd the seenadpeam iy redeeted fiomdha seeendasyface, which is

bound anal yte
the proximal interface between the optical element (the first layer) and the high-index of

refraction layer (the second layer). The overall wavelength -dependent intensity of the

interference wave is:

I=L+D+2JVID cos(—zgft—)

[0057] where I is the intensity, I, and I, are the intensity of two interference beams, A is the

optical path difference, and A is the wavelength.

[0058] When (27z'A/ /1) = N, the curve is at its peak or valley if N is an integer 0, 1, 2,....
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and the surroundi ng nmedium and the second beamis

reflected fromthe second surface, which is the

proxi mal interface between the optical elenent (the

first layer) and the high-index of refraction |ayer

(the second layer). The overall wavel ength -dependent

intensity of the interference wave is: | =lr+12+2 112

cos(2') [0057] where | is the intensity, I1 and |12 are

the intensity of two interference beans, Ais the
hedhickness ofhe firstlapéral e Als, Thargfire,ls= dhdNuhpeakeagtdiieys (extrema).

[ 0058] When (27r4 | 2) = Nn , the curve is at its peak

[00@&I Vaﬂ’cquﬂe f' 1f Atgvér‘silf\%hets %F N i/e 1 %’AI g, and ?%Ser é% (ng 1(70:nm, the

ckness of
. u% d/ N at peaks or valleys (extrena) [ 0059] For t he
UOP VS everal values of N, i.e., 0, 1, 2,...7, and
assumng a d of 770 nm the equation glves [ 0060]

[0068FO D=:peak)pdaRP61] N =1: ) = 4nd= 4, 496.80 m
(Valley) [0062] N =2: A = 2nd= 2, 248. 40 nm ( Peak)

= 4nd/ 3=1,498.9 nmm (Valley) [0064] N
[006[1 : Al’“lf?d 4&(*1@&%8)91@((3@ [0065] N =5: A =
4nd/ 5=899. 36 nm (Val | ey) [0066] N 6 A = 2nd/3

[0062 9Nl'l-znm'—'(f9§|22248j4@%7@e£i()_7 A = 4nd/ 7 = 642 nm
al | ey) N =8: A ='nd/2 = 562 nm (Peak)

0069] N 9 k = 4nd/ 9 = 499.64nm (Val ley) [0070] N
[0063h0: N=3:2 ﬂﬁ@ﬂ/i:@l,@fiéﬂ@n@waﬂﬂy)( Peak)

[0064] N =4: % =nd=1,124.20nm (Peak)
[0065] N =5:\=4nd/5=899.36 nm (Valley)
[0066] N =6: A=2nd/3 =749.47 nm (Peak)
[0067] N =7: A =4nd/7 = 642 nm (Valley)
[0068] N =8: A =nd/2 = 562 nm (Peak)
[0069] N =9: A =4nd/9 = 499.64nm (Valley)

[0070] N =10: A =4nd/10 = 449.6 nm (Peak)

[0071] As can be seen, and illustrated further in Figs. 3A and 3B, at least three peaks/valleys

(N=7-9) occur in the visible spectral range.

[0072] If the 7™ order valley is used to calculate the change in molecular layer thickness,
when the molecular layer attached to the first layer increases from 0 nm to 10 nm, the 7 order
valley will shift to 650.74 nm. Therefore, the ratio between the actual the phase shift of the 7h

order valley and thickness change equals (650.74-642.40)/10 = 0.834.
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[0071] As can be seen, and illustrated further in

Figs. 3A and 3B, at |east three peaks/valleys (N=7-9)

occur in the visible spectral range. [0072] If the 7t'

order valley is used to calculate the change in

nol ecul ar | ayer thickness, when the nolecular |ayer

attached to the first |layer increases fromO nmto 10

rim the 7th order wvalley will shift to 650.74 nm

Therefore, the rati o between the actual the phase

[00EX f t Bptontiast, ifghe insiabigpacing begemthe twhireflentiugslaydrsisgeade up entirely
equal s (650. 74-642.40)/10 = 0.834. 16 o [0073] By

of tieombly&shinding ntofseules b thelend pAthie fipel) assuwmdny 4 thizkhess of this layer of 25
reflecting layers is nmade up entirely of the

nm, i@l thé Brsbordel prak wall 6ot 8:S146Hnt, RR:afP Sutddf thdvangdd d¥elie visible

assum ng a thickness of this layer of 25 rim then

spedifih, §6 that the aeRte \pﬁﬁﬁﬂ%\&éela POFGIH offhe rbffon beWeek IHRAdrder valley and
out of the range of t’he visible spectrum so that the

oo GREMEE RIS R LGRS0 R
e B P B o ARSI L 0 L1 SRR EL

measure accurately. [0074] Not until the total
[0074hi c ket satibthe tdisl thiekdescfl th@relflastiiz 1ayp apmoivbss sldatil 00k will the
nmw |l the first-order peak appear in the visible
first-DRRE bédk"ﬁpﬁéﬁ%&lme Risite §pbhm! AsGERiAs & tAARERNRS chtBgé 6f up to 50
50 nm the thickness of the optical elenment can then
, D tRBKREB th@Sp(R ' P 0. of PrelGbly on th
o of seve?§+ huﬁ%rgﬁﬁﬂﬁ?ﬁgép?ﬁgpégigﬁ%h%%% s’??165} yonHe
i i odi Cj f icnt e r .
e T e e
of hi gher-order. peaks .or. _vall e.d., re N=3-10.
wave g e ey Y Bt sl taperdiel il ok Bt uf ree o
measured phase shift is considered as a key factor of
Vﬂkﬂ%ééhﬂ@ﬁﬁgNﬁiéﬂsitivity. It can be appreciated how one
can adjust the thickness of the optical elenent and

[0075]t S TRE FatfolUetfech MEEX tlaPtHidREQ R B ORbeApB&R e shi®: is considered as a
sensitivity to accommopdate the el ectronicS and optica

key 85! Feasurement sensitivity. It can be appreciated how one can adjust the thickness of

the optical element and its refractive index to improve and optimize the sensitivity to

accommodate the electronics and optical designs.

[0076]  Fig. 4 shows an optical assembly 50 that is removably carried on the distal end of an
optical fiber 52 in the assay apparatus. The optical element includes a plurality of flexible
gripping arms, such as arms 54, that are designed to slide over the end of the fiber and grip the
fiber by engagement of an annular rim or detente 56 on the fiber with complementary-shaped
recesses formed in the arms, as shown. This attachment serves to position the optical assembly
on the fiber to provide an air gap 58 between the distal end of the fiber and the confronting

(upper) face of the assembly, of less than 100 nm or greater than 2 pym. With an air gap of
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[0076] Fig. 4 shows an optical assenbly 50 that is
renovably carried on the distal end of an optica
fiber 52 in the assay apparatus. The optical el enent
includes a plurality of flexible gripping arnms, such
as arns 54, that are designed to slide over the end of
the fiber and grip the fiber by engagenent of an
annular rimor detente 56 on the fiber with
nEMInentary shaped recesses forned in the arns, as
gre%fmi abhii K0, dohlessthatdarmgaterml pfisttidnoiom He uomrlsméace of the
assenbly on the fiber to provide an air gap 58
optibal tagsemiblyt dae cdntsibale senificadtlyt toamtiésirabledringds lheat can adversely impact the
confronting (upper) face of the assenbly, of |ess
detetti@nact@cylrn or greater than 2 m Wth an air gap of
17 o greater than about 100 nn1 but | ess that 2 m
+nternal reflection fromth per surface o
[0075ht i cWith seatumsd yeferspeed Kig: ﬂbtb@ ep%qab ﬁﬁsﬁm@é{ﬂlﬂqh}deﬁ 3 A st optical
undesi rabl e fringes that can adversely inpact the
clemeat el similar taoptiea elemepOdBrdescriffedabem andbasing steand secend seflective
Fig. 4, the optical assenbly includes a first optica
layers| @nbhrepectisicly, Earespendinyg to @hdveedesoritred r8ffecties ayerbd0] 42,
above, and having first and second reflective |ayers
resp&ively4 The espmbly fufthat,indlades @ spnd iopdcdl elealzAMEs- wikse thidkaess is
reflective |ayers 40, 42, respectively. The assenbly

preférbbly BRater ifah U 06 i typRany & 108k DORhm SARINBIYse §leX\bPRBraction is

thi ckness is preferably greater than 100 nu,

simifa¥Y B R& Jf Xirﬁtogh@cﬁ‘%ferrﬁ%m mre%ﬁmw@{%f%ﬁ? So?gg% te{%félgvts are constructed of

refractlonl SIm tot

the ngng ag%olgﬁggcfxﬁglghﬁ ’ha{'ltﬂg a}x %)deg B% re‘ﬁ%ftlgrl (%‘B%mr?% gf;cﬁlt 1.4 and

CcoO n U C t
o T, o AR A ol
e LA AT oA 55, g PO St

opt|cal el ements as shown. [0078] In operation, the
[007 8]pt ' %@bpe@ﬁﬁﬁnmelbph&l BisemBH i9 Eﬁﬁe& (W%r @les(ﬁﬁal tfveP&ld 88 9napped into
nd snapped |nto pl ace on t | ower

f I
placesdrhr tFl@'ﬁS;cx‘? THe MG é owet S tﬁesasg%%'ﬂ'b?sgt@ 8%1 %%il tﬁ 5‘%%1&8& of Qlflalyte,

nail t Ions t
undex? &%&tﬁmg ﬁlat Y avor blndfng of é’jlarr]ﬂapll lﬁe po tlhg gneﬁ?te Sinidin ing Pmolecules 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 described 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 discarded, and replaced with fresh element

for a new assay, for assaying the same or a different analyte.
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reflective layer 62. As analyte nolecules bind to this

| ayer, the thickness of the |ayer increases,

i ncreasing the distance "d" between reflective

surfaces 62 and 64. This produces a shift in the

extrema of the interference wave produced by

reflection fromthe two | ayers, as descri bed above

with reference to Figs. 3A and 3B. This shift in

extrema or wavel ength, or wavelength period, in turn,
[007Y usEig. § dludirstes an opgictllesseatbingrel fier bhndik memsendiodintest of the

| ower (distal-nost) reflecting |layer. After use, the
invepibh dedign2d $ardetectif@ondd® niREOF£pludilitly of MmaBtededlg, different-sequence

replaced with fresh element for a new assay, for
nucRESR Mlyid3CinSARRpN, ARfi rfbfuﬁdlg o 1@6&'1156%86 of¥e arth) &/ circular

Fig. 5 |IIustrates an optical assenbly and fi ber
arrag%f”nﬁwjufhaﬁ RIPAGH TR, QfﬁbE &4, FTiRY %Bﬁ aPlss ﬁl{yglﬂgigatg@generally
etecting o e or nore of urality ana

at 7§ 196(?népos%1 ?tlr t§2 asic (%g}cglc%neng C(Zegﬁp de? & gve? \glgl}] Yeltgc%?nace lt(DFl% 4, but in
on g gl et » oot pleentAts g et Groyidedaf % lower dista

fgenerall at. 70, is conposed of the basic optical
sur ee%fﬁ’f%f of @aalyteryarstian EReiony uph Atesionn 84 epeh eanipining a jayer of
an array format. Specifically, a first optical

analéﬂeémsmg golerwles effective teehind toraneiofiths differentgmplyige in @ samaple. Each
surface, an array of anal yte-reaction regions, such as

regioneprons figs refleative lapartimiheiopticah assambly. dPne preferred sensing provides an
anal yt e- bi ndi ng nol ecul es effective to bind to one of

array bfdifferchiegeqiéncanatlyic @sids, 2.d, vDMeAN digomaddvtides desighed to hybridize
forms a first reflective layer in the optica

specEFRABVWitH difRrentREQIAEE ARISERTd MAIRE §;Yécﬂa§$n @Bam6." Byat & the array
dlfferent sequence nucl ei ¢ aci ds, cDNAs or

surfRk| Rl kAR s&taﬁ*ﬁ%r éaéetﬂlg%gcq % Zﬁiﬁrahgﬂ &&R%bﬂié Sehdnkes.

erent sequence “nuc acl ana yte speci es
in a sanple. That is, the array surface forns a "gene
[0086hi pAlsmmclydedintthe gpte:abemsetmblm ars| ageadnd gptichl elgnidne 7@ and a layer 79
gene sequences. [0080] Also included in the optica
of higls filab bfrefinetion maedal daaiptiched Ibesbeenthnt twodptical ekenleatseand which
79 of high index of refraction material sandw ched

provides e 8ecohl ecflestin@pirfacain Bt 6pRIAL Ssserdbly. Wk @fsemplydy talfisd on the
the second reflecting surface in the optical assenbly.
fiber bIRAIBT2 BYRhYagem APl &S aQRirldPBlexible 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 pm. Further, each of the
fibers is aligned with a corresponding assay region of the optical assembly, so that each fiber is
directing light on, and receiving reflected light from, its aligned detection region. Similarly, the

optical coupler in the apparatus, which serves to couple multiple fibers to the detector, preserves

the alignment between the array regions and corresponding positions on an optical detector, e.g.,
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fi ber bundle 72 by engagenent between a pair of

flexi ble support arm such as arm 76 and an annul ar

rimor detente 86 on the bundle. Wth the assenbly

pl aced on , distal ends of the fibers are spaced from

the-confronting surface of optical elenment 78 by an

air gap 85 whose spacing is preferably | ess than 100

nmor greater than 2 m Further, each of the fibers

is aligned with a correspondi ng assay regi on of the
twoghmensiinabe €Pntilhg mateyialsrantl thiekrtess dimensipns of giervatiphseptical-assembly

light on, and receiving reflected light from its
congonguseate sietilac td thoserdegdribed atsiveiwithrdespecttth &ig. dpt i cal

coupler in the apparatus, which serves to couple

[ ti tector reserves

r00f | & PR e Py et bR 4 ity SRbCaRer Dot setafisaly oy the

positions on an optical detector, e.g., 19 0
1bn?%ﬁgEMN€ﬁ@Wﬁnal CCD. The materials and thi ckness
di mensi ons of the various optical -assenbly conponents

[oosglig S(EB'Wllt@ﬁn dufdi- #38%@&91%3@ LREE AP@Y fip Yok tbrée%ﬁ@q%naana

0081] The appar at us describgd In

' ' L1y for the
expiplieb orB e WAERMRE BB 1 o
anti-species antibody carried on the tip, for
[0088t r edii) with hy bntigha rarricd op thestiy, tncHaractesiz€ bigh affidityl antibadies against
wi th high antibody expression; [0083] (ii) with an
that aftigeggen carried on the tip, to characterize high
affinity antibodies agai nst that antigen [00841
% rotein carried on_the e
[008 h ent illi)ywwga atpaele RaiFige p@ fhedipn fpr bciqliaﬁw@g aqsiaahtﬂﬁeieeﬂpeki&f‘mg
roteins, carbohydrates, organic nolecules) for
%,&anrom@smbc(hmat% erganic owidsvley)donthet prptein;
glycosyl nniety carried on the tip, for identifying

for % d
100805 I <afobl e Rl R Cleod SH68 o forilitine an

arb [008 ( a prat
char iR G el Bl WAoo ef B, o

h

molecglresr)I ce)rdthgtnca}bo?xyéra%
[0086]  (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;
[0087] (vi) with a small protein-binding molecule carried on the tip, for identifying and
characterizing protein binders for that molecule;
[0088] (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 determine

the concentration of the analyte in unknown solutions (cell culture supernatants, biological

samples, process mixtures, etc).

[0089] (viii) with a single-stranded nucleic acid, e.g., ssDNA or RNA carried on the tip, for
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for characterizing the binding conponents and/or

ki netics of conplex formation; 100871 (vi) with a

smal | protein-binding nolecule carried on the tip, for

identifying and characterizing protein binders for

that nolecule; [00881 (vii) with an anti body 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 determ ne the
identifyingartd moleariesathattbivel specifigally tb theumkleevacids ol ut i ons

(cell culture supernatants, biological sanples,

(008G a5 s e vt lpeRclhe s rodigehgd capgiso beused o

carried on the tip, .for .20 O i denti fying and . .
moriigr the findng; phﬁ?ﬁ@@ﬁé%bmﬂ@apéw e iliZed, pEP DA ga ofjgonucleotide
[0090] Using a tenperature control block, the

in seiptinar e pgdorandNRendyds-can al so be used to nonitor the
bi ndi ng and characterize the binding of an i nmobilized

OO T A R 4 A 0 O 25 v,

various_ nethaod nd |ications of the invention,
but %rgfn réor‘gaxlﬁ&eﬁlge%an?lﬁﬁg%ggﬁ tolimt its scope.

EXAMPLES [0092] Bel ow are exanples of specific
EX/evtPbB$ nent s for carrying out the present invention.

The exanples are offered for illustrative purposes

ly, and are not intended to limt the scope. of the .
100920 & el v ecrmples sgﬁvgwsv?om%ts R GATHES AUt o BrsElgrvention.

accuracy with respect P Y Y Y to nunbers useghée. s

The gxamplgssre @f&m%fcmlﬁlségt}veempqs,es oy, a8d gre nok puendee R lgrrut the scope of
error and deviation should, of course, be allowed

the piresent ifFGOOE] inTdany waya &ffocts hete hdee made treensuieraeamadyowitinespect to

enpl oy, unl ess ot herw se indicat ed,
numbers used (e.g., amounts, temperatures, efc.), but some experimental error and deviation

should, of course, be allowed for.

[0093]  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, Proteins: 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 Publishing Company,

1990); Carey and Sundberg Advanced Organic Chemistry 3rd Ed. (Plenum Press) Vols A and

B(1992).
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conventional nethods of protein chem stry,

bi ochem stry, reconbi nant DNA t echni ques and

phar macol ogy, within the skill of the art. Such

techni ques are explained fully in the literature.

See, e.g., T.E. Creighton, Proteins: Structures and

Mol ecul ar Properties (WH. Freeman and Conpany,

1993); A. L. Lehninger, Biochem stry (Wrth Publishers,

Inc., current addition); Sanbrook, et al., Ml ecular
Exagiple i nSmalAmoktdsoleairotein Maxdisgd reqtheh. Edi t i on, 1989) ;

Met hods In Enzynol ogy (S. Col owi ck and N. Kapl an

0035 TRERPFBl i aRueL e i%@iﬂhR&? R B piglg of protein to small

mOIGEHLF IPRIE0 OB P EHTELEP el LRI H DAL §f SR p%dan%%o%es The two-
(Plenum Press) Vols A and it B(1992). 21 o0 Exa

layesprufigurpiipe ey the fiprafien pptib fibrtiisesed Exdhis st Thmu]quh?%the first
exanpl e denonstrates the capability to detect the

Ta @y layhir i Sofm pndtheithicknsssofithe secomd $i€u layer w730 in. Zldw fibar wias
sensor tip and subsequent bindings of multiple

purchased lfiodi @sean Opeicd @mediayElbridOn it wasrmdnvally out itith segmentsthat are 40
an optic fiber is used for this test. The thickness of

mm 1d%g. Bottsdnds RBE%R skameits Wére%ﬁhﬁﬁe@t@ﬁldndd?&nﬁﬂ%ﬁ&fquu@ﬁty. The

the second Si Q2 Iayer is 770 nm The fiber was

polléﬁﬁfg‘}ﬁélﬁ&ﬁlsgﬁ AR 8 RRacHy th Sl ARAE Por oftidi 'léiilﬁ‘és anli ‘inlﬁ@l% One

manual [y cut into segrrents t hat are 40" mmlong. Both

surfac? gfsthgée ﬁ f §e%g§§%§fl X )%/ns cgd E)oinl fﬂ cgﬁ%%[tﬁ)ﬂgpata L e%zOs layer and

mrror sur 0|S|ng

058, 155 0 M B LR A R B8 08
oGRS PSS o S5 o i 8

assi sted physi cal vapor (gosn tion (1 APVD) coater
opticabfifers,y Theesxperimental atsppincluded thefabowipe (albsiersae peitprmed at room

technique for anti-reflection and optical filters.
tempmélréwaeﬂsmﬂmwabngteéps i ncl uded the follow ng (all
steps are performed at room

[0095] 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 15 minutes. 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.

[0096] The biosensor tip was immersed in 50 pg/ml streptavidin streptavidin (Pierce

Biotechnology, Rockford IL, cat # 21122) in PBS (Invitrogen, Carlsbad, CA; cat # 14190078)

for 9 minutes and then rinsed briefly with PBS.

[0097] The same tip was dipped into 10 ug/ml rabbit-anti-streptavidin solution (AbCam,
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tenperature unl ess otherw se noted): [0095] The fi ber

tip was coated with a pol yner nonol ayer derivatized

with biotin. The polyner nonol ayer was prepared using

a biotinylated lipid (custom. This lipid was using to

forma |ipid nonol ayer on the surface of water

sol ution. The nonol ayer was cross |inked using W

light for 15 minutes. Clean, dry fibers were then

brought in contact with the floating thin film and
Cantiviglghi MA; cat fab§6iks- 10083 indRBSofob 86 momites dnidehehni vieshed with PBS briefly.

The fibers were then dryed at 60C for 1 hour. The

jber_were.then st.ored ynd amii ent condi tjons. .

100983 06 67551 i CumaBiersed Ml n Bt Fblsgy A isbf Body solution
Streptavidin streptavidin (Pierce Biotechnola .
antipgqly(faskepn ImmungResearchy West érﬁ"@@é; crtEvil 1 08¢d ) 13 PBS for 25 minutes.
Car| sbad, CA; cat # 14190078) for 9 minutes and then

A fipal 1@ aninge riasq yasperforpghin RRfopitionhe sane tip was
di pped into 10 pg/m rabbit-anti-streptavidin solution

toogsf > %’ﬁfvlgg%%[ti‘ﬂ%%%%@%%‘%f ﬁf%%%@%‘?ﬂfe’@f@?é fost Bfhe
vertigal il fetll o Vafiey bbRe YD i BRRERGSEs. cRRubpfHoWs the binding of

Jackso munoResear ch,  \West G ove, PA, cat# . .
StreP(fi"i&B 6‘53‘? éé)tmi a?r © S‘Wb‘?’ll%\g 7 Hhf tiand Sﬂé?@ﬂh%ﬂt ﬁ’fémﬁf' A{AaL-
rinse was perforned _in PBS solution. 100991 Fig. 6
strepidiidia antihody &xstraptayidin ardypiesendsantibady torthis iirsd agtibodynhe
_ bi ndi n% test. The vertical axis is the 7th order )
dissegétion pf fleatreptatidintlayen froartbertip sias visitle @l sewHIrgdushiovin theptical
bi nding of streptavidin to the biotin already
thicknessp bt 900zecbndss t he ti p, and subsequent bi ndi ngs of
anti- streptavidin antibody to streptavidin and a

nple 22 B seula q alysis of s bS i lecular
.. was visible (a small reduction in the optical
Interaglions-oss) at 900 seconds. Exanpl e 2: Bionol ecul ar

interaction analysis of kinetics and affinity of
[00160]0 ”q{h%(éb&tﬁf)lé 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):

[00101] Mercaptosilane coated tips were prepared using the following procedure. Clean, dry
fibers were incubated in a mixture of Toluene: hexanoic acid: mercaptopropyltrioxysilane
(10:2:1 volumetric ratio) at room temperature for 24 hours. The fibers were rinsed 2X with
10mL toluene for 5 minutes each. The fibers were then rinsed 1X with 10mL of ethanol and

dried under a stream of argon and stored at ambient conditions.

[00102] The biosensor tip was first derivatized by immersion in a with 10pg/m1 solution of
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interactions. [001001 This exanple illustrates use of

the invention to carry out a bionolecular interaction

anal ysis (BIA) nmeasuring kinetics and affinity of

bi onol ecul ar interactions. The same tip configuration

as described in Exanple 1 was used. The experi nent al

steps included the followng (all steps are perforned

at roomtenperature unl ess otherw se noted): [001011

Mer capt osi |l ane coated tips were prepared using the
rabBinlgdadkgorpImmnantiRescardl, 8&3t Gebvy, PA; dagt J09vEaS 003 ninttBS fod 1 hour.

in a mxture of Tol uene: hexanoi c acid:

capt opropyl tri oxysil an 10: 2:1 voluymetric rati.o
001 £ o e et lbbes it Song e pn ibantb iy sBhiiSa Gackson
rinsed 2X with |1 OnL toluene for 5 m nutes each.. The .
ImmpyngResearghy Westr{anqve, iPds eat 1X1-W0$ Q03 )IamP Bsrand remgipid igafgfor 15minutes.
dri ed under a stream of argon and stored at anbi ent

[00%@!1 di Tﬁ&ggvga%xg%gg(ﬂanﬁhﬁasm@ﬁm H}J ff%ié%h@ idfs§<§ciation of the second

ivati y Inmersion in a w sol ution of

. id-laq6G , . ve,
ooty SP R iy ifncd o YRR B RERLD o AR T
coated tip was dipped into | Opg/ M goat-anti-rabbit
[00105] | bhctipswhsithérodippelbiatotheisantengoan ate sabait sdiptivéagain to show the
Grove, PA; cat# 111-005-003) in PBS and remained in it
reprb@iciblSasfuiitRm: of gbBOhA4AhbLIN® rittin-Ip@s removed and washed
in PBS. To facilitate the dissociation of the second
antibody fromthe first antibody, the PBS was, agi ta(nit ed, .
[001Qa}, diig7 shews Sy o androbkcuryeg genssted frem; theasse@atioemd dissociation of
di pped into the sane goat-anti-rabbit §nol ution again
rabbitdgGaod/goatantirahito dibsiviettisalasisos again the 7Toforder valley phase shift. The
goat-anti-rabbit to rabbit-1gG [00106] Fig. 7 shows
phast Iskiftds dizevdlyoélated ti thesveregmethivkeeks fwithm ratie of@ 83t | Hie ability to detect
and di ssociation of rabbit-1gG and goat anti-rabbit.
the ohld \6E dunees IrelablySis essemiph ifdt rhdasurtily iteetRtion Rinktiys apt affmity.
shift. The phase shift is directly related to the
trii ckness with a ) I 0 otfi 0. 834, Irl])e bili
139 ! ), AK (V-3 xen ;DAY g AIG

curves.

[00107] This experiment demonstrates the calculation of affinity constaﬁts 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 kilodaltons. The same tip
configuration as described in Example 1 was used. The same mercaptosilane fiber preparation as
described in Example 2 was used. The experimental steps included (all steps are performed at
room temperature unless otherwise noted):

[00108] The fiber tip was activated for covalent attachment of the antigen. Mercaptosilane

coated fibers were activated by immersing the sensor tips in 50pL of a 50mg/mL solution of

sulfo-SMCC (Pierce Biotechnology, Rockford IL; cat # 22322) in DMF (Sigma-Aldrich



Exanple 3: Calculating affinity constants from

anti body-anti gen binding and rel ease curves. |

[00107] This experinment denonstrates the cal cul ation

of affinity constants from neasuring on and off

curves for two anti bodies and their antigen. The

proprietary antibodies were |abeled as Ali- 1 and

Ab- 2. The nol ecul ar wei ght of the antigen was about 30

kil odaltons. The same tip configuration as descri bed
ChermicabECamphrey, St lvasis, M@gicat F404488)ret fve? hayws.oFhd sneorftiph svere rinsed

preparation as described in Exanple 2 was used. The

briefly peDMPediidaliedt eps i ncl uded (all steps are perforned
roomtenperature unl ess otherw se noted): [00108]

at
The fiber tip was activated for covalent atfachneni of
oo dE agkigen YRS OXplERiSY pod to s aftaxpiad thsr Gp e pamersing the
.activated by imrersing the sensor tips in 50L of a | i
activatadgipnin a2 i mbselwion of antigen InPBS e 2rmiautss.oT ke timypbidgsed with
Rockford IL; cat # 22322) in DWF (Sigma-Aldrich 24 o )
PBS@herinimitesCdiofawing st PBS dinss, thellip wastqugnched #@8 an agudoys sution of
hours. The sensor tips were rinsed briefly in DMF and
100 dM ethanol-BEIAO FH STESignmd-Addrivh\@hemdal Ebmpadyy Sbbeiig MO; ¢ah# E9508)
activated fiber tip by immersing the activated tip in

for Pmididteg A theR ik FagedRkaiahh PBS Tord Tmifatesf or 20 mi nutes.
The tip was rinsed wth PBS for 2 mnutes. Follow ng

the PBS rinse, the tip was quenched w th an aquequs _ .
[00140); ,iTihs sarp¢ tip Pop invmetsehinontifedydopan ssorigtiondesh angd theirealrtime
Chem cal Conmpany, St Louis, MO cat # E9508) for 5
bindiviglatacseraragorded fornabs minvéesddepgading on thergtibesty identity and
m nutes. [001101 The sane tip was imersed in anti body
conckwratian). a3ixedchetidata weestecanded, tthetip was agaimimmdyisaddin IS and agitated
data were recorded for 9-15 m nutes (depending on the
to médstuleRIROlyff calea (i d ydiabélatichosetwednthd indAgbilifddemtigdingd tdahdantibody)
were recorded, the tip was again imersed in PBS and
for 98131 thhRE. 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.

[00111] 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.

[00112] K., Kosr, and Kp were derived from these curves by fitting the raw data with a first

order exponential function. By averaging two sets of data, kinetic and affinity coefficients were

obtained as follows:
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to nmeasure the off curve (i.e., dissociation between
the i mobilized antigen and bound anti body) for 9-15
m nutes. The binding (on curve) and dissociation (off
curve) neasurenents 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. [001111 Fig. 8 shows the association and

di ssociation curves at different concentrations. The
test of | 25nM Ab- Apwas not conpl et ed beasuse t he

associ al xon \a$ 18X N1 'y SI'o ath(ﬁ fOS M@gcentratl on.
Th_ese | f&at ;$,5?§J-%15% %F?o are & ? %igpjs@plbiaw at-a:

[f|rst t %md K pl frnmt ese
curves b FilotriTag =t he0xlGwMat Kovi Kin'Bone ot d0” M)

exponential function. By averaging two sets of data,

kinetic and affinity coefficients were obtained as
JMM_&_%!&&B@ER l¢ 43 NHS-estey apfiyate Kon = 1.35x105 (M'S"1) Kon =

2.01xlI 05(M'1S"1) Koff = 5.55x 10 5 (S 1) Koff =
[001&3]15)613& sgfngtlﬁ koxﬁ%m’atf&ﬂfafs déé’éﬁged‘m%x%%lellow% Med KPhé&same

Kogr Kun = 4.4 Exanpl e -ester

mer ggdgfr{ﬁ{)qu)& %1@%{ tgo%o% ]d%;l.c\}\'%gg gﬁ@%ﬁmﬁ%@ W%? ngdg er%dp%llﬁl% coated
oo 219%'6 ol fs%l%rg&ﬁ 3t Jor PoarBin B %@ng/ﬁ‘ibseo?%wm gelfo-
MG e Burus 6. Soobrd ﬁf CEEReA by gmechr Dgpermical

Rockf or d IL cat # 22322) in DWF %Slgna Al drich

ComppspiSt houis, dRpeshff 494488) gtifos 2 hyrms. dhe Sepsorgipg geye psel iefly in
2 hours. The sensor tips were rinsed briefly in

DMEF and dried.

[00114] 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.

[00115] 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 PEG
(MW 8000) (Sigma-Aldrich Chemical Company, St Louis, MO; cat # 04162) that contained no
free amino groups was used as a negative control. This negative control was used to look for any

non-specific or multi-layered binding that might be inherent to PEG polymers on this surface.

[00116] Fig. 9 shows the time course of the treatment of the activated mercaptosilane tip with
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DMF and dried. [00114] Am ne containing nol ecul es can
be covalently bound to this surface through fornmation
of a stable am de |inkage. Ml ecules that do not
contain free amnes are not immobilized through the
NHS noi ety, but these nolecules can still bind to the
surface through non-specific binding. This
non-speci fic binding can be multi-layered whereas the
coval ent inmobilization through the NHS esters wll

the tpst moleaulsi hE ectivatedrtipshowedi Histindd ynctdase mwogptitad hitkness upon
and accessibility of the NHS ester. [00115] In this

expSsdie t0ftheX p &1g/iE bissamifio BEG (MW 330BECPESWIB3Grease is stopped when
(Shearwat er Polyners, San Carlos, CA) was used as a

the bi€ %M@B@Wﬂidn% a@b&ﬂ{ th% PlESrKﬁffeP TieachiChtby/ @b @;Ei)osed t0 0.1
surface A PEG ( 8000) (Sigma-Aldrich Chem cal

f b aWOd}QH PBS, Wch(églgta#ls 04 16%0es L R8s QQBEI?{HF%@ n{&i?egse in

groups was used as a negative contr

optlpeﬁ %&l&n\é% b%?ﬁlte &lzen%\? %gcoxﬁe% é‘f glolﬁrazllﬁéls { ééfl bFn corhc%udgd that the PEG

non- Speciti ¢ or Iayere

S TN A —
R T B she st

increase in optical thickness upon exposure to the

Exafiple $'dHbolly %eﬁ%ﬁ%d% l{s%ﬁ@ Qtet @h&%&ggh' S
Increase 1 s sStoppe sol ution
is replaced by the PBS buffer. The activated tip

[001&Ip o Jebis qxgmple]gllus&l@qutheﬁmi;il(lgmw mp]ncﬂggvelghﬂmqiecule binding to
contains no am nes, shows a small initial increase in

an inppobitizdd High mkleedsr ‘beighttrhdednﬂa CEsinglihelshme bEESOesEs tdrinatated surface
Fromthis it can be concluded that the PEG pol yner

descbgisin Bxhmpiaveandikd $aaf ti dvaligeReei 4d desdibed imBxafle 1 et anti-biotin
the binding seen for the his amno PEGis attributed

antibo@y WaSindREKilifddGo 3R} MinnldBiIRAIb s@hé ibRHy WasacGhpRshed by
group. Exanple 5: Antibody derivatized tips using

immé}Hﬁg %agflvg.&??%&tlﬁi %20 &#%ﬂﬂ% 5%1&&! of. n?«ﬁ.@g%tf bioltl}'x gﬁ%l g?ﬁmdemgn,

the“binding o ar wei ght ecu ing
Sacotl\st; 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
puM 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.

[00118] The first fiber was exposed to a solution of 200 pg/mL biotin (Pierce Biotechnology,
Rockford IL; cat # 29129) in PBS. Controls using a solution of sucrose (Sigma-Aldrich
Chemical Company, St Louis, MO; cat # S8501) (2mg/mL) and PBS were carried out on the
second and the third fibers to determine baseline noise. Data from these tests are shown in

Fig. 10. Biotin binding is seen as an increase in optical thickness, whereas exposure to sucrose

shows no detectable increase over baseline (PBS).
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an i mobi i zed hi gh nol ecul ar wei ght nol ecul e. Using

the sane NHS ester term nated surface described in

Exanple 4 and the sane tip configuration as descri bed

in Exanple 1, an anti-biotin antibody was inmobilized

to 3 fibers. Imobilization of the anti body was

acconplished by imersing the activated fiber in a 20

gg/ mL sol ution of nobuse anti-biotin antibody

(Bi odesign, Saco M\, cat # H61504M in PBS for 1 hour
[00H9] r cAmothermpgative wortrol Thae crripd watsusingrenddelewanharPiB&dy faoti-Lewis Y

2 mnutes. Followng the PBS rinse, the tip was

antibeisTedme dalbidchera Saa(Die g IS As elt# 434836 PimniéHilizeWlin an identical fashion to
et hanol am ne pH 8.5 (Sigma-Aldrich Chenical Conpany,

the a2iti-BiOH ntiblE) abo?t. ThisHRBBbilZ&d amtibold Wi &S osddo b REIBtMRSS 200
rinsed again in PBS for 2 mnutes. 100118] The first

LT LG Rt ) By POl e
. PBS. i . i . < a4
s S B3 SR U S st s

S8501) (2nmg/ L) and PBS were carried out on the
[00126F orWhidethe idv@ntidt ka3 beegariculalydshoan rind desoribel wittereference to a
noi se. Data fromthese tests are shown in Fig.. 10.

pref&tddtentbolinikat Al va¥iot € fferdde @bddMBERRSEWIINbORdERRbd by persons
t hi ckness, whereas exposure to sucrose shows no

skill&lEinQhd ARlvEnt a?ﬁﬁ&%ﬁo&v(%lﬁn%%% FdrfAEnb ?@@IS cahenddd@et&h without

Anot her negative contr S carried out using an

[ t ti ) i-Lewis Y antibody from
dqm%gkg%gﬁﬂgﬁ¥&%3%q@§éﬁ%ﬁ . cat# 434636) imobilized in
an identical fashion to the anti-biotin antibody
above. This imobilized anti body was exposed to a
solution of 200 fig/m, biotin. The lack of biotin
binding to this anti body indicates that the biotin
binding to the anti-biotin antibody is a result of
specific interactions and not due to non-specific
bi nding. [00120] Wiile the invention has been
particularly shown and described with reference to a
preferred enbodi nent and various alternate
enmbodi nents, it will be understood by persons skilled
in the relevant art that various changes in form and
details can be made therein wthout
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1.

departing fromthe scope of the invention. Il' 28 o
Clainse 1. An assenbly for use in detecting an anal yte
in a sanple based on interference, conprising: an
optical fiber having a tip; an optical elenent
attached to the fiber tip, the optical elenent
comensurate in size wwth the fiber tip and adapted
for coupling to a light source via the fiber, said
optical element conprising a transparent material, a
Jirst reflecting surface, and a second reflecting

M f ace separated fromthe first reflecting surface by
the transparent .material, said.first and second

F e ALESTRILY o g b et ipa P R B R & parimlclbeden ffrterence,
wherein  said first reflecting surface conprises a

| ay€PEfiNgnal yt e bi ndi ng nol ecul es, and an
interference between light reflected into the fiber

f r @mopticed fiberkavingradipsecond refl ecting surfaces varies
as analyte in the sanple binds to the anal yte bi ndi ng

nolaeoptied clesmnthttasleddan therfibkt g tthegptival dlenent commensikatgin size with

a layer of material having a refractive index greater
t hatie fibee tip@hd addptedefot doilpkngfo aSlaihd sdured i p ehiediber,
material. 2. The assenbly of claim1, wherein the

SeRad %biié&l‘ ei@ﬁfeﬁ@&ﬂxp‘ﬁ@ing afti}ahﬁiaréﬂﬂ that@R0 Airdt @éﬂe@ﬁﬁé $iffface, and a
surfaces is between 100 rimand 5,000 nm 3. The

as §§:’6$lli %’esf%&g%mgsegﬁi@{e%? $loth {2 %r&?ﬁt?‘%cghégﬂfa@@%%ﬁﬁﬁranspamm

sal secon 'ectl ng Ces | s between

40 mand 1,000 nm . 4. The assenhl f.clai .
an i 3R cpape PPl ciedll SFSEER s L sy, wherei
tran .material is.les

r h 8. ..
Sald BI%{flst ?e ecting surface comprises a lsayter &n anz]ilytse binding molecules, and an
interference between light reflected into the fiber from said-first and second reflecting

surfaces varies as analyte in the sample binds to the analyte binding molecules, said

second reflecting surface comprising a layer of material having a refractive index greater

than the refractive index of said transparent material.
The assembly of claim 1, wherein the separation between said first and second reflecting
surfaces is between 100 nm and 5,000 nm.
The assembly of claim 2, wherein the separation between said first and second reflecting
surfaces is between 400 nm and 1,000 nm.
The assembly of claim' 1, wherein the refractive index of said optical element transparent
material is less than 1.8.
The assembly of claim 4, wherein said optical element transparent material is a material

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



10.

11.

12.

13.

14.

15.

16.

17.

5. The assenbly of claim4, wherein said optica

el ement transparent material is a material selected
fromthe group consisting of SiO2 and a transparent

pol ynmer. 29 a 6. The assenbly of claim5, wherein said
transparent polymer conprises polystyrene or

pol yet hyl ene. 7. The assenbly of claim1l, wherein the
second reflecting surface conprises a |ayer of

material having a refractive index greater than 1.8.

8. Theesmsdbbnti ojaimf5, eheiem sjd trdnspazent pehyinctr s@opnmes polystyrene or
reflecting surface | ayer conprises Ta205. 9. The
asgelybthylent. cl ai m 8, wherein the thickness of said
second reflecting surface layer is between 5 nm and

50 ThBassbiblyldrelamsie Whbiimohe §dcahdelectiiaufiade o%ﬁipﬁsésfb)d@ier of
of anal yte bi nding nol ecul es conprises a nolecule

seln%Qér%@P I.Jﬁ%ctg‘; q]{i%xgé?&?érgﬁdnnlg gof a protein, a

nuc acl and a carbohydrate

s e IT gg?‘%g{é‘ﬁi}eﬁk %ﬁg \ravgﬁrs % glrlﬁigslec er[aﬁec?mé g‘ux@ac@ ﬁa&{erﬁ%o@nélrﬁ:es TayOs.

an avl

h%gggb’e%fwngp%bgrg%i&% ?éllé g%g gqfﬁgtrlr@nstui‘face layer is

gond optical el ement overlaying sald second
PLBEER AYIARIORAE. 13, The assenbly of claim 12,
mhereln t he thlgkness of sai d second optical elenment
i sThe ewembly af skaim 10wherain said layen ef anpbderbingingmaelecaancargprises a
wherein the thickness of said second optical elenent
i smptesaleselected fomADO gronp cdrsistinp of apsxeil| asnudl redledule, adycleic acid
further conprising: a nechanical coupling that engages
sanll sebotydepd.i cal el ement with said fiber.
The assembly of claim 10, wherein said protein is selected from the group consisting of
an avidin, a streptavidin, an antibody, and an antibody fragment.
The assembly of claim 1, further comprising a second optical element overlaying said
second reflecting surface.
The assembly of claim 12, wherein the thickness of said second optical element is greater
than 100 nm.
The assembly of claim 13, wherein the thickness of said second optical element is greater
than 200 nm.
The assembly of claim 12, further comprising;
a mechanical coupling that engages said second optical element with said fiber.
The assembly of claim 15, wherein said mechanical coupling provides an air gap between

said second optical element and said fiber.

The assembly of claim 16, wherein said air gap is less than 100 nm.
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18.

19.

20.

21.

22.

23.

24,

25.

16. The assenbly of claim 15, wherein said nmechanica
coupling provides an air gap between said second
optical elenment and said fiber. 17. The assenbly of
claim 16, wherein said air gap is less than 100 rim
30 0 18. The assenbly of claim 16, wherein said air
gap is greater than 2 m 19. A two di nensional array
of the assenblies of claiml or claim1l4. 20. An
apparatus for detecting an analyte, conprising: the
as Jhriatsgmbly aflckdinm 16, whereinahidhalr2ap is grietert thum 2ipnensi onal
array of assenblies of claim 19; a light source for
di remio digiehsi@ial aPaf 6f thdhsderhblics bf &nich &at elaimecnnd
reflecting surfaces; and a detector that receives

|| QB apbiraiis Stk tinSin Aafis bspsgsend reflecting
surfaces and detects a change in optical thickness of

7l o SEEFL bR G5 (R ERARRY Ay o Eibies of caim

coqpyising the assenbly of claim1 and instructions
for i nding said | ayer of analyte binding nol ecul es

to sajd first reflecting surface. 22. The kit of cla m

' a TRl R ol v g Bned s B and i Afand Egteffing Suftacls; and
nodi fying said first reflecting surface and .

i nadeigeter hatdesciyes hightiom spid firg apdsaid seggnd neflecting sugfpces and
claim21, wherein said optical assenbly further .
c ofipedtseehangs imcaptigalghickusss of seldefirstrreflesting [susfaqegipampxposure of said
second reflecting surface. 24. A nethod for detecting
anfitsyteflectimgausfacytoaaidanalptel si ng: | Cl provi di ng the
apparatus of claim 20 and a sanpl e; exposing said

f i Ait, cathpridiiig the assembB o cladm 9 @ind irBa0ticas fédtinding said layer of
det ermi ni ng whet her said

analyte binding molecules to said first reflecting surface.

The kit of claim 21, further comprising a reagent for chemically modifying said first
reflecting surface and instructions for using said reagent.

The kit of claim 21, wherein said optical assembly further comprises a second optical
element overlaying said second reflecting surface.

A method for detecting analyte in a sample, comprising:

providing the apparatus of claim 20 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.

A method for use in detecting an analyte in a sample based on interference using an
optical fiber having a tip and an optical element attached to the fiber tip, the optical
element coupling to a light source via the fiber, the optical element comprising a

transparent material, a first reflecting surface, and a second reflecting surface separated



26.

27.

28.

29.

30.

31.

exposure results in a change in optical thickness of

said first reflecting surface. 25. A nethod for use in
detecting an analyte in a sanple based on interference
using an optical fiber having a tip and an opti cal

el ement attached to the fiber tip, the optical il

el ement coupling to a |ight source via the fiber, the
optical elenment conprising a transparent material, a

first reflecting surface, and a second reflecting

surffoae thedieys seflerbug swgfaceby theriranspardnt meterialesdid Grst ayl second
surface by the transparent material, said first and
seceflggting sfrfacestsepayated by atlesst 6 paw th diist bsfleating smfate S@nprising a
nm the first reflecting surface conprising a |ayer

of layeabiinalyts binkiing nivhdcales hebtha Betohdh fefleetapNirhes dodtrisidg a layer
surface conprising a layer of material having a

r efof BfateriEhavin@ e HE@FE Bidek BaRtd ifn HRS reA&dtvY SndeR @€ theansparent
the transparent material, conprising: exposing the

fi mpderlaBicbfpdidif surface to the sanple conprising the
anal yte, wherein interference between light reflected

in anlg tﬁé 1%@{ reﬁécqmgtﬁgﬁ’ilf{eietg i?t%,]e S?ﬁl lezzgrcﬁl%ﬂgmr ﬁ%{]aggt .e[] tg/ﬁ%rein

surraces varil es as | 0]

anal yte bindin l.ecul es;. tgrm.nin ther th .
o Tt BEReh,Toy EEeehgpo U5 i FPrrile B et fyeticctng
the first  reflecting surface; and detectjing an anount

of SYTHSeS LS 4senplyte indhe samplebindsie dhepnalykbinding malsculss e

of the light reflected due to the change in the
opfistergining whrtherthe epmsurpiesulte ithaehange inloptipal M ckneheefdhe first
the separation between said first and second

r efeflegttngsyriaceyarfdaces i s between 100 nm and 5, 000 nm

27. The nethod of claim 25, wherein the separation

b edetenting smbidodrit of theaanal yseia alckampld tasdd dipthe sntérffae®s of she light
bet ween 400 nm and 1,000 nm 28. The nethod of claim

2 5refledied @ieno tehh@ddiadhd offtichNHRKnE. sai d opti cal

el ement transpar ent
The method of claim 25, wherein the separation between said first and second reflecting
surfaces is between 100 nm and 5,000 nm.
The method of claim 25, wherein the separation between said first and second reflecting
surfaces is between 400 nm and 1,000 nm.
The method of claim 25, wherein the refractive index of said optical element transparent
material is less than 1.8.
The method of claim 28, wherein said optical element transparent material is a material
selected from the group consisting of SiO, and a transparent polymer.
The method of claim 25, wherein the second reflecting surface comprises a layer of

material having a refractive index greater than 1.8.

The method of claim 30, wherein said second reflecting surface layer comprises TayOs.
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32.

33.

34.

35.

36.

37.

38.

39.

material is less than 1.8. 29. The nmethod of claim 28,
wherein said optical elenent transparent material is a
material selected fromthe group consisting of SiQ2

and a transparent polyner. 30. The nmethod of claim 25,
wherein the second reflecting surface conprises a

| ayer of material having a refractive index greater

than 1.8. 31. The method of claim 30, wherein said

second reflecth% surface | ayer conprises Ta205, 32 o .
32. Therethed of sdpim3 1 e wherenghe thigkaessiofi said secord reflaeting syrface layer is
sai d second reflecting surface layer is between 5 nm
andebreenmnmednd Sthemret hod of cl ai m 25, wherein said

| ayer of anal yte binding nol ecul es conprises a

ol hemethabifettin@Sf whereintseiddayeu pf anibgé bihding nlecales comprises a
protein, a small nolecule, a nucleic acid and a

C amndbautl le@ted Irbm the @rdiptdasstiy oFlairéteida siid)Eh6letuls @ licleic acid
protein is selected fromthe group consisting of an
aviadi B ca®olmddrapt avi di n, an anti body, and an anti body
fragnment. 35. The nethod of claim25, further

COMpELS 5 . . . i o
o ae TR o cBEA 35 dtplh Gl pE GRSl IR 0% P Bpisting ofan
wh | hi.ckne of said second.optical elenent

< S SR DG B 5 R B "c1 & m 36,

wher ei n .t he .t hi ckpess of sai.d second. optical el ement . .

5 ThF mkhod of b 3508 e coRBriSns & Scrond Ofk engptqvadaying said
further conprising: directing Iight fromthe optica

fi BrePrdraflsctung Wrfacs st and sai d second reflecting

surfaces; receiving light fromsaid first and said

s e baanethefl o€ elainn §5, sthefeie ths; thighukss of said second optical element is greater

than 100 nm.

The method of claim 36, wherein the thickness of said second optical element is greater
than 200 nm.

The method of claim 25, further comprising:

directing light from the optical fiber onto said first and said second reflecting surfaces;
receiving light from said first and said second reflecting surfaces; and

detecting a shift in a phase characteristic of an interference wave formed by light waves
of the light reflected from the first and second reflecting surfaces

The method of claim 25, further comprising immersing the second reflecting surface in a
dissociation buffer for a period of time until a decrease in the optical thickness of the first

reflecting surface occurs.

33 ©



40. ¢

41.

detecting a shift in a phase characteristic of an
interference wave fornmed by |ight waves of the |ight
reflected fromthe first and second reflecting
surfaces 39. The nethod of claim?25, further
conprising imrersing the second reflecting surface in
a dissociation buffer for a period of tinme until a
decrease in the optical thickness of the first
refl ecting surface occurs. 33 0 40. The net hod of

| akhemethod gfctain? S5y whergiarthe dgterjing step is earrisdrout aypr @geriod sufficient
over a period sufficient to neasure the thickness of
t hdo fepgyre thefthicknessaf thefifstrsflectingssuptheeras b iptuyaligy of different time
different tinme points. 41. The nethod of claim 25,
f urpoh®s. conpri si ng: neasuring one or nore of a
plurality of analytes in the sanple, the first
r efTheeldting Felim 08, fueBeiYondpridigan array of discrete
anal yt e- bi ndi ng regi ons, the regions being effective

t 0 mdakitthgink b ieRd otaartﬁﬁlﬁhﬁlsof afhlShedl BT BE Edn'ikge Qh&ﬂ%f‘ﬂ:ﬁeétﬁlg surface

the thickness of each he regions resulting from

bi
A o iy 0B T B B e
r efbl %C(flffgr%nt analy&as and

detecting a change in the thickness of each of the regions resulting from binding of the

one or more of the plurality of analytes to the analyte-binding molecules of the first

reflecting surface.



