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Enzyme assays typically require labeling the substrate in such a way that the enzyme acting
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on the substrate produces a detectable change in signal. Labeled enzyme substrates are often
not commercially available, in which case their synthesis can be complex. For companies
developing a multitude of enzyme products, the implementation of activity methods that are
simple and easy to perform in research & development and manufacturing environments
becomes a major task. The need for labeled substrates adds to the time, expense and
inconvenience of enzyme activity measurements. Specific activity measurements also require
quantifying the amount of enzyme present in a sample. Quantitation, as by, e.g., enzyme-
linked immunosorbant (ELISA)-based assays are also adds to the time and expense of specific
activity measurements and requires additional sample. The present invention addresses these

and other shortcomings of the prior art by providing simple, fiber based, real-time enzyme
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of enzyme concentration or amount. This is useful for carrying out specific activity

measurements. In preferred embodiments, the enzyme-binding molecules comprise an anti-

enzyme antibody, an antibody fragment or an scFv molecule.



anti body, an anti body fragnment or an scFv
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DETAILED DESCRIPTION OF THE INVENTION

Advantages and utility

[0023] Briefly, and as described in more detail below, described herein are assemblies,
kits and methods for assaying enzyme activity using fiber-based interferometry.

[0024] Several features of the current approach should be noted. Measurements can be
carried out using extremely small sample volumes (e.g., nL)). Measurements can be carried
out in vivo or in vitro. In some embodiments, measurements can be carried out on unlabeled
substrates while in other embodiments, substrates include a moiety to allow capture by the

assembly. In preferred embodiments, the moiety is one member of a binding pair such as,
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substrates while in other enbodi nents, substrates
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[0031]  Assemblies of the invention include biosensor tips adapted for coupling to a bio-
layer interferometer and carrying a layer of substrate or an analyte binding molecule. The
analyte binding molecule may be by way of example and not limitation, a member of a
binding pair such as, e.g., avidin, streptavidin, biotin, a hapten, an antibody, an antibody
fragment, an scFv, or a lectin.

Kits of the invention

[0032]  Kits of the invention include a glass fiber adapted for coupling to a bio-layer

interferometer, reagents and instructions for derivatizing the glass fiber with a substrate layer
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Kits of the invention [0032] Kits of the invention
include a glass fiber adapted for coupling to a
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Docket Nef 2435 e@6il hUS hibe comtants of twhich] 00 Bektinlincdrporafed Hyheference in
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their en re§1 - - - : :
"ass fiber. The activation steps include buffing
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layer inSFRRR By IBLDI BRI r?ﬂ'x@%&&o%ﬁ.%nﬁ# hORI$ S&Epldi ngdg?% surface
sem - pef neabl e nmenbrane optionally I's inc ude et ween
having & meleBile cagabioorf Ending kebsasayin del setoranformat, 4 bami-permeable
substrate.is u to a_s ort such as a mcrotitre
membrag Ot 'ﬁa B0 el figR s oad depariselitieny ¢ the
r .
st Se00dt | AR RE2 i EAFfor o8l oMt by
particulfrtyr weeful withflyxnesdes o plewertt oe nloyntEndiag of fillylengih sobstrate to the
derived bo({ggfff rom ki neti.c agd steady state conponents
BLI sengqr. (i, ghe;sge 8mclélfmﬁgp a cfvé @g@]meﬁgogivgy E@}/Eﬁ” derived both
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. . .. 0 a
s s GRlght et Mg TETRAL O LR
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.Bi Q-Layer Interferponeter can be configured to have
proportigyal &g Phérass GRBISCH S vekapt Oh e dunives malperisc d he Bisbaxer e

Interferdgﬁ%&'@ﬁ b%&'ﬁ]?gelgﬁ# fovilah¥ .sﬁ%%%{egﬁgﬁ%bﬁﬁ@eﬁqg hdbehf§ surface to

strate no ar weig
measure enzymes whose activity creates a change in the substrate molecular weight, either

increasing or diminishing the molecular weight, to produce a corresponding change in the
optical layer thickness.
[0037]  The invention is broadly applicable to enzyme activity measurements, including

by way of example but not limitation, measurements of hydrolases (including proteases),
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i ncreasing or dimnishing the nol ecular weight, to
produce a correspondi ng change in the optical |ayer

wao bioskmags. [ 0037] The invention is broadly appdT/Usishe000700
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[0039] i nmﬂbtééﬂcé/\bﬂthe ?fwérﬁynveﬂﬂbﬁ%v%u Q&Bﬁfvanﬁsss' Jitr GG ldicated,
conventi onal hods of protein chémstry,

conventm@lcrn@thpé& ofproteodiehiision biochAnisey et auisigam TN A techniques and

st BRSO el i Spchdratyicths e Plobisd il s thesraure

S eTE..C 3 EonPRIEN. Fhruckl0d
ce, e.g ol ecurl lagr OBI‘ e o u(cWrH. %ﬁ{‘zﬁfgﬁ%ﬂrzfag %’%He?ﬁesa@@]&{ Freegian and

Compan,g(, 1993)ehdi. hgkringes) Bl@hlmwstry GWEuth Puhlishey, IrE:h @nﬂﬁnﬂ addition);

Sambro ]E?ln d\lc?ld gz%_ctg! g%{n& y/Fk’,é or)( ML@’(}Q{I\{& E 1t10119 %9)' Methods In

Enzymoll@j/ S@ ASolbWicknRay NP K&@}én(eas Kehauic Prandnd)); KaRhaD,EdS-

emc Press, Inc.); Remngton's Pharngceuti cal
Pharmawtleﬁb%:sencmﬂ ﬁthﬂﬂimoro(Ea(s’@asP@msyIPwmmsMhdaBmlﬂlshmmmpany,

1990); R AR CHRE P oo 0 e (e B Dam Ry WA A and

B(1992)B(1 992) Exanpl e 1: BLI nol ecul ar wei ght detection
char act eri zation. [0040] The m ni mum nol ecul ar wei ght
Vveighih deteBtion clsmradeerization.s

i || ystr.at ed Fi
[0040] iﬁ? H{H%E%I%%ﬁ}ﬁﬁ'@ Felile At bRginedin R aBrg L o dest i
illustratddght 1 & g d h{l&Et P d&tadF a%ﬁ?dtﬁlvpﬁd}%gﬁg%t@ ifpd m§1%@1§19f1w'e%ht of

depi c sensor and met ho or coatin
900 Daliwes) bmdlr@"te agersptavidadcdatedditIasehsair s dapiced €thd BH. sensor and

methodspGU SfAIGE G eBsard Fooprihashig dolein 8p-oayned o pYen pigvisionsl
Applicatidi R6! 10/ @lt 9, ARINORRIRT Al 2H4BR% Eg)ng 51‘25;@5‘@ O%gi{fefl  Eiber-

Interferométry," Attorney Dockét
Optic AfSay Apparshisis¢echen PhaseliShift bfterdfiromietny, Mtddiney I36:kE) No 2437 7-

0961108 EF 08K B SEREs peHE M, ot h o oAy et oued BLI

sensor. Ph&datAhdate that the described interferometry methods readily detect binding of

molecules around 250 Dalton molecular weight, and that molecules in the 500 to 1000 Dalton
molecular weight range generate a substantial change in optical layer thickness. Based on the
minimum molecular size detection of BLI, one can configure the BLI sensor with
immobilized substrates to monitor the activity of enzymes producing molecular size changes

in the substrate as small as 250 to 1000 Daltons.



nol ecul es around 250 Dal ton nol ecul ar wei ght, and that
nol ecul es in the 500 to 1000 Dal ton nol ecul ar wei ght

WO 2nge7gener ate a substantial change i n opti caPCT/EY®6/000700
t hi ckness. Based on the m ni mum nol ecul ar si ze
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with immobilized substrates to nonitor the acti
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1nvent1oﬁﬁé&ﬁ$spéé1ﬁ§%§§rhpl|e§of SicARRIaYurBhkbnts0 a | arge number of
enzyrres The fo ovm ng ar e by way of exanple, but not
amplg 2 D S oats. activities can be

o0 B ESFRSETEE e BARECh, BN

anhydriddysbng@s.ase activity nmeasurenents. [0042] Hydrol yases
are enzymes that cat al yze cl eavage of C—O C N CC or

(enzy ‘ tln ‘ n etlde bons) Immblllzed
Substﬁ@%ﬁ&#&iﬁﬁ&—mﬁ‘l s format features the

[0043] Pr ThBFEENAUBSIea R frolBRIshbRae ffnbRE & BE Surble bPfe BLI
BLI gl ass fiber sensor using nmethods described in

glass fibgpseappratsing Bethpdmdasedivedsn opraivnagd pl.5 Aden-provisional Application

No. 105K N i 20 S B e

Apparatﬁﬁ"B@s‘éd%H'%bsd Shif ThRE RN, ARbIEY) [b%}éké?w QES’NQO%II g
24377-0961 | US (i ncor por at ed herel n by reference)

(incorporrs¢dbbereiniy refenence) andi hensy.s €k fiberds inemeyspci }ma;lmraymnwgntalnmg

t dfo t [ ]
sample, S Bofito R Sy GRS el 88 e ot ool s Lo
[0044] | nTH@B&s@c assBy ﬁroltcﬂ%ﬁfs tb Mcabits E‘HIEIL%§e1(I§@e¥ﬂercﬁﬁé?§1‘{BL?IEenso1 on

whi ch has been i mobilized an enzyhe substrate 1n ‘an
which hasrhegimuohilizied an gnsyuiasubsirate mzamenzyMheoatuiting sdftidrhenzyme.

ean GG P o TR S Byt
using thé BILARE ¥BIHENmeBY: (BLE Q&JEB%\C%H ?uliWJlésMrﬂS’e%qﬁ fch kb%ﬁlleﬂ Bnd g%nding

co-owied and pending U S n- proovi si onal catl
U.S. Nonjprovigpes Agpdicaticn Ned 0’81 9 efiled N(ﬁ/@ﬁlfbpr 4 cﬂoonmmg Hﬁag Tan et

. ntitled,"Fiber tlc ar at us Ba,$
o, entieyyElpetsefife Asseenangie B oaless Haft B Rune. A ttomey
Docket 1‘2& 348799641 1US iné B OLRAMRESIL {%&‘&bﬁbebyfﬂe%ﬁl%g%rlﬁ &. ical
change in, e. g., optical phase shift is proportlo%
phase shnﬁb istpivepertionaltio dfe asryibel @eyingiattviyninthesdaiian besause hydrolytic
ecause dro tic,activi t dS estipate rreasurl
activity RRGREn BY Prsmaec e et oGt i ths B fnor resultg
from thel @8Whé b@yifyt om the enzyne act ivity. Subtilisin
activity nméasurenents on i mmobilized casein substrate
Subttibeihsactivity measurements on immobilized casein substrate

Methods

[0045] An optical signal baseline was established by immersing the optically-activated
end of a fiber sensor tip in PBS and monitoring the optical signal using interferometry
methods and instrumentation described in co-owned U.S. Non-provisional Application No.
10/981,901, filed November 4, 2004, for Hong Tan, et al, entitled “Fiber-Optic Assay
Apparatus Based on Phase-Shift Interferometry,” Attorney Docket No. 24377-09611US

(incorporated herein by reference in its entirety). Next the fiber was coated with Poly-D-
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[ 0045] An optical signal baseline was established by
i mrersing the optically-activated end of a fiber
W@ e0vs074484 p i n PBS and nonitoring the optical BCHOS1006/000700
using interferometry nethods and instrunentation
Lysine bﬁbﬁr%ﬁBdthQhé &Pa 0WNRE/nY. Poly MNy§hevilsii@ndh PBISPbHC7a4)I fon1s
filed Novenber 4, 2004, for Tan
minutes. éntaiund @ntM—DI-IeS&lﬂ'eF\NmnS% by mCAh@iﬁlﬁ th@ﬁﬁ? wRBS @gﬂ@dm@ﬁtes

o0sl TSRS oL BB o s RSP REAEE ol Lo

MO] by intzﬁba&lD% Ik ey in a B@ﬁg/nim BaskinRButi0A $5 oM Bl BMotslbhate 150 mM
sine by incubating the tip in a 0.5

[ mL
NaCl, piP) gor D5 Imdauhas Yobaridonasgin wapBssedgh incuppting ikheltav in PBS for 10
m nutes. Unbound Poly-D-Lysine was rinsed by
minutes.i ncypating the tips in PBS for 10 minutes. [0046] The
[0047] fi ﬁ%érs\@?ﬁl £0805 8z EReid Wy BlouRlteCaSRkBuf Sr@8Mrations (1, 10,
npany, St Louis, MJ by incubating the tip
50 ug/mL)woizxusﬂhnMSnugma@tmmc@@qmmn stwum M@sobissfimp@mM Na

Phosphal 30N AChiTbAL| Fes T ofena e Ride oY Bho iR Gt o

Whﬂemgrg% #ﬂll:é I M} i mobi | i zed casein were i ncubat ed

I'n variou con ntrations (1, 10, 50 ng/ L) of
[0048] subt |R4sslmaiMSﬁWem cal Oorrpany St Louis, MJ
Phos

| utj 0 t
[0049] ES_E#; sl R0 TSR, A B DL Rl
illustraté’\ﬂg %arnfﬁﬁkﬁééﬁ 1,09 fhgioaRE AR Aiirpgféﬁ{ are [[Q43ks Mesivlays

scussion [0049] Fig 3 illTustrates the result of
thicknesk dusngxaaialleadiiig endpthsepient degreesesSplbaving|sabiiiligin fpcubation.

ST T AR ER e,
with higglg%%'bﬁliéiﬁ@%&ﬂtrgg% SHPIRALSE r6lger eases fol | owi ng

I'sin incu The traces show a cl ear
Hffsé-of ﬁseeinhﬂﬁﬁn‘tonm ic@c d and greater

changes occurring with higher subtilisin concentration
over Methodgsi ed range. Effect of protease inhibitor on

[0050] e”%@?&éﬁso?ﬁ%é b C%@%Mﬁ doRRa Yithab&h as aBsEbed hise. One

prepar e ed wth casein as descri bed
fiber waahgoudateOne 50 pg/emL whsubititisintselutidn (in 39onivgNahegphate, 150 mM

subtilisin solution (in 50 MM Na Phosphate, 150 mM
NaCL pRa , pH 7). [0051] Other fibers were incubated in a

[00s1] P’ g?tﬁ}ﬁ?&ré&grgﬁg@uﬂa%qﬁa PR B dUHnk - ﬁfcu‘é&emmoroasf

i'sin an Si gma Chem cal Conpany
50 ug/nilleif SubtiGh afdl Benki RMSFQSW Glreonibal tGeanpany 35t 10w, Molz@he

e L, e T kTR B
NaCl, p%’?). Which G %'Br&&rdhf& delgivetbRRwadicaRRld- out while monitoring the

optical signal.

[0052] Result and Discussion

[0053] Traces obtained from a fiber incubated in subtilisin solution show the expected
depletion of casein from the tip surface (Fig. 4). This shows up as smooth, time-dependent
change in the trace following incubation in the enzyme solution. Fibers incubated in the
subtilisin/PMSF mixture of subtilisin and (protease inhibitor) PMSF did not show the any
time-dependent changes in the optical signal (Figs. 5 and 6), illustrating inhibition of
subtilisin by 3 mM PMSF.



[0052] Result and Discussion [0053] Traces obtained
froma fiber incubated in subtilisin solution show the
wezpent4ads depl eti on of casein fromthe tip surP@oEs2006/000700

(Fig. 4). This shows up as snooth, tine-dependent
chan%bkpaltet@, YRRl oW ng i ncubation in the enzyne
sol utTon. ers rncupated in the subtilisin/PMF

[0054] i Xheisubstrite sammel fomnat eatedls (ggesti@nshthe Blthstrafedjy)a PbBhse in

dependent changes _in

. .. dd t he

tquid pi foligived g indiga-FiHbe SeiREais TRhe S perce he Pl sensor. The
il

binding bf‘trll}%a Eirlﬂg'tlgfoérlﬁg?s‘f H sb tﬁd_lt_ é&ésf%l é({%&é@éé gﬂﬁgﬁ{éﬁﬁﬁ% : produces a

detectablertv @hdrggedin gesipltmi la:jfer thiekeud sllnroate @réfyrrai anioddEmsat, an

J.iqui.d. e foll owe I ndj of the substrateto
streptavigine bighi &eémgfpa%rﬂ%uf@guw@ R GROSTPHEeCp Rl higuest 7 ghpas two
approacl?éé b$ tdzahEpdptiad §§Bs§ﬁ§:%ﬁl?bl§>ﬁﬁt P tc%él %ﬁérgt}fe g‘ﬁ’QT}é erhagf

he subst T at te produces a etectaletocanelnte

multlple@iﬁawﬂal Slﬂesaym bibtin dkerarws hhve orte subsiteted et siebiftt siesince she
bi oti n, bi pair is used to effect

t di
resultingX{jEShpa el eRscs RPepdgT 7 %ﬁs&ﬁgﬂx wealapioresaten sige dhe
substraté@aﬂ aﬁ%%e%ﬁ?h&?sosﬂﬁgﬁﬂaéﬁt P n%{% é"s1telaﬂdtt1t[@109§t§  of the
p as nul ti

wher e the protease vage sites,
biotin substattifion tieesh thet it hawang on te maﬂisﬁtlpbpimdﬁdfr@nemt spet plfoltGDIy'SIS

site since the resulting. digestion rodcea
MethOdSplebg‘?fHVé‘%nEﬁH’aﬂ@EﬁW‘% DI O BEoPT e FQaRag g Bt prsevel
known t& Hﬁﬁﬁe{rfﬁ 91(1%‘&‘ ﬁkﬁﬁ’oﬁé‘?s Qgﬁhﬁlﬂ&?bﬁ@h&ﬁ@ﬁ é&@ﬁ@atl)oi dt existing
of the biotin

S|ngeceavae3|tea ocat 1 on
substratesmbktules tor,mmnihssis usihg tlbmratnzbd sxérrmms Sonh hizthoelsatd d&stribed in,

) i de fragnment upon I\/lethod for i
o.2., LAnfERgigSic A b o o aroB Sh Toe o SB ke ossngaion

f % [
Protocol} SR RChnBIRRIcks RUSHYES b I?i%%‘é@ranf Bichodh CHHobINIL Y,
2004)] iscorysdratad by uifstenad, endrexemplifed belaw. synt hesi s usi ng

der| vatl zed sub uni ts Suchrret hods aredescrl bed in,

w1 3O R WO PR S s
cytochroliiah Q as b/sulﬁ&&te Wethlome CIQE pbmﬁtlédiﬂa}toﬂiﬁhenﬁﬁmﬂar wgight and
nplified bel ow. Exanp gb{lgﬁsln activity

mcludeSﬂ»éa§ GBHB §1eaVags; SHES- sﬁﬁgq%qd&l@ éierl[ve@%qurfP? psi n

s SRS SRS s Eey L9 BTG iy

standard(@hbqﬂiatamﬁfeféd @hﬁé) RBS)1pH K BaffeoBiotin- Nt sanixed with ght
and i ncl udes 8 trypsin_ cleavage sites. A standard

cytochrogjest pha a@m Tpgtatje Of pesk frictey BrtIrhERRyG) DRiSERY srsylting
in one bi:(:)'u]n hifstidffd é)teP Fﬁ@&lﬂ)fﬁ% é’f gfé%ﬁlos 5 aﬁav@ﬁf? LI ensors are

ItIOI’]S mploy Sstan I ne

prepared(ﬂRBﬁ)O dmiﬂnmdmétéqlassmhats Wrtlﬁ\lh'l&ﬂtﬂulm ox&id luyelr l’cbf GN(BLQQD moWend a
a nol ar couB ng ratig of 5 to 1 (biotinto

silicon daw%lﬁqué apyut PR ngnareipned in & PRg SPWU@ﬁ@omamng 5 mg/ml of
poly-D- 1%%‘19@ 5% &éé&‘ 14 4bBYe. étft%{rff S R0 S6 wn?perature the fibers are

reptavi di n-coa sensors are
washed in PBS then immersed in a 1 mg/ml solution of bovine serum albumin (BSA) labeled

with N-succinimidiyl 3~(2-pyridyldithio) propionate (SPDP) [Pierce Biotechnology, Rockford
IL] and incubated for 20 minutes followed by a wash step with PBS. The fibers are then
immersed in a solution of 50mM dithiolthreitol for 30 minutes at room temperature. After a

wash in PBS, the fibers are placed in the solution containing 20 pg/ml of streptavidin labeled
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prepared fromO. 6mm di aneter glass fibers with a
tant al um oxi de | ayer of about 20 nmand a silicon
waelr@xioda44 ayer of about 700 nm are di pped in ap@BBS2006/000700
. solution containing 0.5 nmg/ M of poly-DIlysine as
with SMUES afid hedbabdie 60 Mihetes, ¥5116WaHd BFPBY wARRNTHhE BBES abdWibred in
the fibers are washed in PBS then imersed in a1l
PBS untﬁgysm sol uti on of bovine serum al bum n (BSA) | abel ed

Wi succinpm diyl 3-(2-pyridyl dithio) propionate .
100561 'l Do RpL bR ARTOGY Mele PR igimat coais
adding tb AGidiaiyeed GfockBorit TUbRSiohOhl tRVBReDYT QOOW@F MoRHEB Whihl, a

. PBS. The fibers are then imersed’in a so Gfion of
trypsin sgophd, epitallylat il & woiwtfgtio 3@ fis adigestiat time peniod, a streptavidin
enper at ur.e. .After h in PBS. the fibers ar .
conted syRR R et e P e sl Raisei forsobsrgi g To avoid
trypsin 28tih€Bp@Vihdisheptaagine heich BadtRatRRtBE: §P8hmafBoiling the
mnutes, followed a by PBS wash. The fibers dre Stor ed
substrat¢ miyRS aymdiling apsotefse 088 bitath sudhasiapradisémg yust priopoatidmgeahe

act Vi usi ng the substrate.capture formt entail )
alass b6 it YL B Ta0 PG RURE HAE 5T RBsireS s duom S s epatical
layer thitlageuSin FRGHE the BTBHMate@pdptidle 9 FHure illUsHRRL theSRIRI B
Y typi callgl{y at % 1% vvtr.m/la\l/vt . p<;gpati 0. @Rﬁ e; aS di gesti (g)gé;l rmat
where protiepse paiviiiy@roduces seqiteapéntides mithteatiinnenemical lsygl aced in
melsubstrate mxture fo rate
roup o; Ldyeosylases (enzymes that hyg |_‘=_-_!' DR S.or Y g
can OguhbBifitdNSRE R Edifiar Py snap boiling the
substrate mXxture or adding a protease inhibitor, such
[0057] asThpfdlowingiexqmpde isglesariberd domdiditnagase hwit gheamsef étbods can be
apolied Thq eBLI sensor  can assess the c an%e i.n substrate size
plied i, bTCT RolEHrAY IS HECBPTE SaFY Tt EFD phimerAd fstpase. Dextran
is linkedatb Adir&@ir &t LT sBYdoR b ShiRSIR) leH&ingthOHERr-A Wikl iR heSodate
] the assay format where proté€ase activity produces
to 1ntrodgngte|agtuvepé@¢hyd@ growps pn thetdekraepolpmer. cAlpréteiperoated BLI sensor

o S AP R D T 20y e
in the de88R éblutiie TR 4184508 oRXPEBH hd dexfes GrhPEFhdE Nith free amino

dextranase, but the same nethods can be applied to
groups opttheprogeih yesaliivigan a did.1 sersoe vathrglestiay acthe Smehlaps. Measurement
anyl ase.and cel | ul ase tran j§ linked to a protein
of dextrfs &RV RIS G A Aer i G oied achiohy el A Banase
containiMy $dnReIHYMoPRIC REFHEOL e UBkTFRANCR AR MElethFHYIS! the
_ _groups on"the dextran polyner. A protein coated BLI
immobilezed slextrgrs ivdficheis dpicetod red thinnasogtica) layer.t he net hods

descré ae&[ i g%tEe %xa’r;pl e above) is then imersed in

t he e he al dehyde groups on the

[0058] deXidagitefnehtBrizBRAS) IS th the 8o AN APRIORRRAOR abffinplished by
protein resulting in a BLI sensor wth a dextran ‘as

biotinylating the peliysacelyside sitstrster dntret deafrankss examipls sdexttin s reycted with
. 0ssi bl.e when the, dextran ated sensqr..is i rsed in
sodium 06 B8 RESERE eI b B4R ET by e argiieg o5 e Poprrocss

of a bis-fiMedQith 28 BASRnEEAMERS (GRS SFIHHAT iR 8 aliind Bfiples to the
i mobi | i zed dextran, which is detected as a thi nﬁer

aldehydeopn thealextraykeavinSthssecatdeantap fige forfeonplinig to biotin-NHS in a

subsequent reaction. The molar coupling ratio of the biotin-NHS reaction is selected to yield

about one biotin substitution per dextran. The assay for dextranase activity in the substrate
capture format is similar to the protease second example where the biotinylated dextran

substrate is incubated with the dextranase sample followed by binding of the biotinylated
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[ 0058] Measurenent of glycosylases in the substrate
capture format is acconplished by biotinylating the
wpoiogwamaehari de substrate. In the dextranase er@NpPEm®P6/000700
dextran is reacted with sodi um peri odate to generate
dextran @l aefaytheidh eoured BPI bausd Duktbhe a8iity @Batef sthAfcY8extran
nol ar excess of a bis-amne, such as ethyl enedi am ne.
fragmenigryghigthpuganepsuisd aph thineeriopticadddyes coupl es to the
Xla%{e gg 0 gt%ec extran | eavi ng the second am ne free
¥ a W% subsequent reaction.
Stiberem 3¢ FeuRds"@nivihéahaf adthd liGihdhd reaction is
selected to yreld about one brotirn substitution per
[0059] defemerxarmples abestaraseninctinlz muelnasse (Rl¥asey DNase, retd.  elkaline

bstrate capture for is.simlar to ot ease
phospha SR aiaREe, BT erashist hypouS o DR EH R 8T & an
example o REaf@iy dsberhRGERALE BiNdd DNARE dexts aANgseraRl €
i fol | oned by binding of the biotinylateddextran to a
oligonucdgotides 2eanefilhasctbeee ddseBlin lesgths dsDN Dax prepa@d by acoimndryial

vencor S8 3 E TN ER L KIS B B G TR0 i
with a bit@fhih ig¥dulpYat GRS PR HERTiSa] eRUP gFHégl{ﬁot%iylﬁc%d 8IIRSRYs b g&s

that act on ester bonds) [0059] Sone exanples o
streptavidist copted d3L1 saniond € he srrbserdis den (iRNassed iDNesple cotining DNase I in

T I e o I

thicknes€¥andlifref. TRAQtMMYe SHsBERTBpRLL folﬁhﬁﬁ/i_s p@f@ﬁﬁed%ﬁ?dﬂg the
as

cl eaves at all 4 bases in oligonucleotides as s
biotin labaieddsINa4 exith thell¥¥ape f in debiliphise hefarp Hreddndiyg af the substrate to
the sir t:orrmerci al vendor using standard DNA synt hesis
strepfay i coRiedssIS ng a | ength of about 30-40 base pairs

EMai_l_ilhl@SDT%ﬁﬁeIQEQH&lﬁz RBRuPimbAYS, L €rm nal ends. The

rot I nylated ds S bound to a streptavidin coated

[0060] BLTragslerases arFlenzysmasshat calyzh the tramyfer s€ohethyl, shyvobyd, or phospho
containin e |l in.the. byffer: 10 nMTrjis pH 7.5,

eroups 15 S B R oGS ot it e Fa ol A S dby sl foroase

the moleb@%LEiz4 Bf BKREESrateSand i RERHy il MR d Bf MRHIY Sensor as an
substrate capture format is perforned by m xing the

increase n optical lagerethednessDNA with the DNase | in liquid phase

ef 0 he b'ii ng of .the substrate to the

serEgtn-¢ FatdISERAN? . Exanpl e 5: Transferase

[0061] ACKLMESYIRRARMERTR Uataly 7L AAEH o%éﬁ@i%fx%ifﬁﬁaéotﬁfeﬁ iR PN B
that catal yze the trarnsfer of thyl, glycosyl, or

RNA polyhwsp hidiggredusimwsshefonmat foompasmmicig DN A pobymheraset] attivitshes an

hy, tic.enzyne the transferases increase the,
examplepndy DR s S657 10 e G leOPdes Ghtmendiam & cppiergjal;vendor

with a bilgﬁltl SrdofishrYor A1QitH of HRRRhin&SmAHAES. EAREDNA t?ﬁ {845

ayer thickness. Subgroup 1: Nucl eotide transterases
hybridiz§D@8 pn Nigbmwmidotids ptimenafabling the [N Agloymrertted to incorporate

nucleoride G511 5 ROQESRIRR: bY Ritin Al bUb A tsgan BB PG e

streptavillin®ohtedst¥soR €itRd} before or after the DNA polymerase step. Conditions for the

polymerase step such as enzyme loading, dNTPs, buffer formulation, etc. follow established
protocols. Since the dNTPs have molecular weights around 400 D, incorporation of as little
as 1-2 nucleotides can be detected as a change in optical thickness.

[0062] An alternative approach to measure activity of nucleotide transferases is based on

hapten incorporation as shown in Fig. 10. A DNA template with a hybridized primer as
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exanple. A DNA tenplate from10 to 30 nucleotides is
obtai ned froma commercial vendor with a biotin
w0 pweopasat i on at either of the term nal nucl epCT/HER06/000700
The DNA tenplate is hybridized with an oligonucleotide
mixed wRthiDA RRARHARY 4 %@ ef &N’Fpéﬁﬁlddlﬁg%lb{"&ﬂéteﬁ A%‘Pe B-ATP
nucl eotides in the to 3' direction.” The ‘bi
is obtalmé@gmqmmem@drmlac@ sirzoe itie chmuodlyt wed i hick p:ttaasrlatdcbm After the
coa sensor. ei ther fore or after the
polymerfiglehe SRSy coaeﬂéﬁkiﬁsemgr Relsend forgraldsstaep
Unmcorﬁéfﬁﬂ%d FEATPANE, tg LOadieB8lar Q%ﬁsarom S0 D pRs Rt Sd | ﬁ?é%ively small
fol |l ow establ i shed protocols. SinCe the d S
increase mathe Omlb&idweanpmbgﬂm tastoeptalidifOwireasid ox T irmbiporataf in the
a ittle as 1-2 nucl eotides can. be detected
DNA terfgia sbguedF efalin Hiiraog 08 OPTGOADET SePeRiig R pelecr
weight cRBRITORAN to measure activity of nucleotide
transferases is based on hapten incorporation as shown

§g!2g£g@ lﬂho@l[dﬂﬂaltsﬁlrgkate with a hybridized priner
a. m xture of NFPF

10063] 2Bk hoins Rogn A b e oA pans e RO SRR e ey
contarnrr@éﬁ?ﬁﬁ&h@i ﬁﬁbﬁlﬁ%pﬁﬂ%ltﬁ fyrd SneC SIHRNbY thhBthel r@sﬂt'léék There

translation. After the polynerase step, a streptavid
are over d O@tt:@manlalbe nmpclloaalralnab@ﬂes thatt bied Bmmlhcsphmrytatmdeammo acrd
i ncor por at ed B-.ATP a ol .ecul, ht ar

or seci GRS BB 55 e BRGAPRPY LR deide ALG HSBREY Kinase
activity %'b@&{ rebBXET aliP8 cQﬂnﬁQk@ﬂg\e&/aﬁ&m@ i AYhd bRibodGI 6 as

B- ATP i nCorporated in the tenpl ate produces a
phosphogr@ed peptidesnbsisiesi Figure 1 bgescabés droaseay whigpeardaniy on t he

phosphoBRRARAC! EPeEBLOE Gy b SRS GHS Srsibmethods then
bound toc@éfﬁe?’a%fﬁirﬁ REatkd 83b£ rT&fsugﬁ&&g@ﬁﬁﬁfngygﬁ&})@%&mﬁ %Ydine

cont ai ni ng conpounds, typical pept
kinase plug A0SR, mfter whichtles sensortcdonted mlﬂnearltrqﬁlpsplWoﬁhersqalwed in the

1 C ci al | nocl onal . anti bodi es .t hat
sample. ¢ eé’l’}fﬁ &ﬁ%ﬁlﬁ%@&%ﬁﬁ%ﬂp&@? BIQS’PC%P?HGES%‘EEI?&%’Q% fayer
thicknesgnconpassi ng a phosphorlyated am no acid. Many assays

of kinase activity have been reported and are
[0064] c oﬁigarecl Zailluytratesaad asbdt}euslng dni aarmbgdptmta plogpkesylated amino acid

S R T
antrbodyf\ﬁ téph@%%réﬂgﬁea Bidediahd ﬂés@b%gbﬂﬁé't@tfqglggﬁ 3shandas %X&Eﬂlgx‘?f%rmat

to a streptavidin coat sensor.
for a kinsselestivation a(sﬁﬁlyu [AyHi} axarsple,mitdgen edtivitedptoyin kinase QMABKRis

ter which the s coated wi.th an
actlvate%bgl E‘W PREY |a§0t§Prae@é}smP§q§%3 ShRPPBErcHH Nt %ernh@ MAPK
&D@pﬁfg i roduces an increase in
bound too%]gtg%ﬁgca g{/%ll? %{:{ﬁ&g&rﬁggl\/ﬂﬁilgom] Figure 12
[0065] i | Wislertht Bwentivralssdgenisartignlaty shownbamdydesaritred Wrth reference toa

hosphoryl ated am no aci d sequence, fqQr a specif
preferrefﬁ?rﬁagememrﬁrxdh‘r%we%lgléemrtﬁ@m PHESELS; %Vﬁﬂ&@@pﬁerﬁwﬁé@@ pegsons

skilled uzﬁfe r@l% LRk V%ﬂ{)h?@ﬂ}{%%sgn ?%ﬂfﬁﬁp&éﬁrﬁtc%g v @ 'tlli]erem

I nase subst rate ows an exenpl a
without 8epantitig from the spirit and scope of the invention.

[0066]  All references, issued patents and patent applications cited within the body of the

instant specification are hereby incorporated by reference in their entirety, for all purposes.
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for a kinase activation assay. In this exanple,
m t ogen activated protein kinase (MAPK) is activated
whyoophogphor yl ati on by anot her enzyne, MEKI . PCT/US2006/000700
commercial anti phospho MAPK bound to a BLI sensor
cLAivSet ects the activation of MAPK. [0065] Wiile the
I nvention has been particularly shown and descri bed
Whathis clefneedeince to a preferred enbodi nent and vari ous
L A a tiggate enbodi ments, it will be understood by
- A MYAEE Y ASSAKING CRE ALYy GIOBRFEHE art t hat vari ous
iding AAYAS kltnledf Uy i ldopti
providingEPES SRolch! THBRE ER B Sufaifl%y BRAG ERE Bl yntcal cloment
including (e)entroximal fefiB6ifi]g shicfaeé endndistl rdffestigdsuphite sdppraatby at least
tent applications cited within the body of the
50 nm, q%ﬁgﬁmy ﬁé@%ﬁ@éﬁﬁatﬁﬂ@?f@i%wwﬁeﬂ gl 1atprigrence between
flectd CHEHLAGE thd'ploRfhdl rEfdoki |
2 reflect{ R RGE h pio it s HRE Wi Sy Tt AL i Bl
reflecting stuifadetwariecargardngyme reaptsovittdihe gulssratep bnd herelretive iéflected
coupleq.to a |light_ source via an optical fiber, the
beams a’i?rﬁ"ﬁ@&&“@?@??é?ﬂtm?]r@e@di ng (a) a proximal reflecting
: f chedt B St fleacting surface separated by
@qmmn%#kf@g§¥%5glnnﬁh§H%&{%§’%ﬁlayer of enzynme substrate
detectingrd kleamigk ésthp distetferenatbeswednhtht réfletet foedaras cehddeih Weethadge is

. . .reflected beamfromthe proximal reflecting surface
indicativg of edzymg 3H¥ed beam from the distal reflecting

e . I i strate,
2. Toe BULOERS A8’ CRuBSutle AU LIGRLT YL DULAGADS [
3. The mpthodalf chirbel whexehohe Bazynteis airdtedse, £pleo¥phitade) a @lycosylase, or
enzyne; and detecting a change in the interference
an estergset ween the refl ected beams, wherein the change is
i ngdi ' f P VILY. 2 e f h m
1. T bOAGHRI i S! BORHTREREM ol ThoREAR BLLELRLT
transferase offphs¥phdtathsfefasel ai m 2, wherein the enzyne is a
prot ease, a phosphatase, a glycosylase, or an

5. The megthod 98 elaim 1, frwbereqraprising proviing Dsecopbertiosl elsmeninopnied to

T e

reflecting iiifiteang @ dital Sefating iifslicRgpaats€ b atle@R 0GR, aaH eMRNhyer of
coupled to the |ight source via a second fiber, the
enzyme Biadmganelpeulesarosionad pe thahintartarenge betwegn psesanggrflected beam

rom e SLUBELAER HELRGE, A0 Qo g B 0B L AR

second dptiBlielgnatid UBE ke cRS bilrfx08 96ki&Qis thadnzy file DA RIE M&Slayer of
bet ween a second refl ected beam fromthe second

enzyme bigdinganolesudese ard yherrinihe second erflected bsumns aveecoanlgdanto the
aeflected beam from the second optical elenent dista
reflecting surface varies as the enzyne binds to the

detecting @yeingdin the interference between the second reflected beams, wherein the

fiber; an

change is indicative of enzyme amount.

6. The method of claim 5, wherein the layer of enzyme binding molecules comprises an anti-
enzyme antibody, a fragment of an anti-enzyme antibody, or an anti-enzyme scFv molecule.
7. A method for assaying enzyme activity, comprising:

providing an optical element coupled to a light source via a fiber, the optical element
including (a) a proximal reflecting surface and a distal reflecting surface separated by at least

50 nm, and (b) a layer of analyte binding molecules positioned so that interference between a
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enzynme bi ndi ng nol ecul es, and wherein the second
refl ected beans are coupled into the fiber; and
wa@ledent44my a change in the interference betweePCT/H82006/000700
second refl ected beans, wherein the change is
reflected B¥ECREM Re SbxBN YSTRcBAP SiFace Bnd 2 RENdRIINRIMAE ot iR ATk
_ Wherein the |ayer of enzynme binding nolecules
reflecting gyfadesatienss anrsnzeme shstratetdr ipotion therbofignésio thé lager of analyte

wiing AU RUHIS 54 R0 B SR SRR D ool e
exposinghe WpHE @1chiknOR 4 dkirAb GRRY of QHRLERL Wi 8 eh%ygfﬂé, a\{%%&‘éb%eche

via a fiber, the optical elenment including
substratepgrapqpartion pfthe echsimty bindsfta dhe lapet of adilgtedlinding eicutey; and

. surface.separated b | east 50.nm and (b) .a | ayer
detectingf RS ¥ EBRRHk o of e FELlegR i rBEP atreloin e thinge i
indicativgrgf@ﬁi}%ee%@itpet ween arefl ected beam fromthe proximal

reflecting surface and a reflected beamfromthe
8. The niethodlof cleith o wherginsthe Errymevia ailydrodsse an a ennsforse.

supstrate. or rtion thereof binds to the |ayer of
9. The mthogio clgimd Waerhin the GROEe APolFETEed AOHbRR P glicatylase, or
an esterd@gans are coupled into the fiber; exposing the optica
element to a substrate reacted or reacting wth an
10. The methpdef claie Bebiierbinghs elwgtucais @ nocleatigotrarstorasef a plyeosyl

R substrate binds to the | ayer of anal yte binding
transferage, pLa BRSELOUAICHSE-ect i ng a change in optical thickness

. . _ i S o
LT B g e R KB R S e
between Faidwipécaictentdnt ashgydeubistrate. hydr ol ase or a transferase.
9. The t hod of cl aj , Wherein the enzyne is a
12. The @P@PE&% glairg 7pr?6H’aiaé£n%l,%5 At /o0 10 8 UPRSFE an
13. The SEHOUST Baich %, Sl RSO Chro IR ShooHlBER T e bt coupled 1o
the light tsoaies feraseeoml filser phe sgpoat batiedl efesat intludingh@e) apidxddalof
. claim?7, further_caonprising intergosing a
reflecting gpfacsapda diitad reflsehpe s lanssaeasaied Ay gt spttio0 am. énd fdr layer of
e Lai , .
enyme BB 9 FELOR el S RSN

from theGEcarldaopiical, elénuit beoximeinieflecingGuiheyindi avgflecte®b&unt from the
optical elenent coupled to the |ight source via a

second opieadripraq distal reflecing BHiface yaiiesas the enrame bins to dhedgyeof

e By EELEGHLOh BU1L268900 Sl AR

fiber; an@f enzyme bi ndi ng nol ecul es positioned so that
interference between a second refl ected beamfromthe

detecting;p glipge dpiheceiprierrtrdintwenndhe pesond arflestedibrgms arhiees thnd
chm%&i%y%@%k@?éfgggﬁgghk%ﬁg1the second optical element

ng surface varies as the enzyne binds
14. The inetHol@fchyer7, wherehzjietaybt okinalytdBinding nesecudddbomigised vidin,

streptavigiﬂf biso%i(r:l?anr(ij anrti%gld}?,%tnealdltit?oecfawa?ag%geent,ca%usg{?‘idor iaqécqcint. he

15. The method of claim 13, wherein the layer of enzyme binding molecules comprises an
anti-enzyme antibody, a fragment of an anti-enzyme antibody, or an anti-enzyme scFv
molecule.

16. The method of claim 7, further comprising the step of inactivating the enzyme before the

exposing step.
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fiber; and detecting a change in the interference
bet ween the second refl ected beans, wherein the change
WO g006mTideat i ve of enzynme anmount. 14. The met hoRICD1S2006/000700
claim?7, wherein the layer of analyte binding
17. An a§§éhﬁﬁ3“ |c%ﬁ1pﬁ@1ﬂ§%h%§§ca"l‘¥leﬁieﬁt a&a{pfe%%@?fd g Pk ﬁkliltrboul%g via an
ant i body, "an anti fragmen an sc or a
optical fibgr, theheptivet ﬁademthndhthng(eﬂ):& prwherraéa raﬂet:hmg huafeee ami a distal

ne bindin es conmr.i an anti-enzy
reflecting A geparaied 9&@%‘# SR a¥er P %@a%é Blolegles
posmone'%f ol th@ﬁﬁbé%re%@g UetW@J:rE& WrRcted %earﬁ%n'i'ﬁ{egﬂgmﬁfal ﬁelﬂ%bﬁ'ﬂ Isurface
further conprising the step I nactiv mgteenz%/rre
and a reftwtadrt@amﬁomMBtagreﬂe@mgﬁrfaMa&s e ynzyaenpadtswith the
bstrated! optical elenent adapted for coupling to a Iight
substrates oy ce via an optical fiber, the optical el enment
18Anbs%ﬁ1 lcBhptiGhe @n t | i
o ROy 3 5020 PRlnch LB G EHTAPERS B e vinan
optical ﬁrban theawrmc@bélemelhtalycéudmg (2 Rzyroxinmil bkflecth@surfake and £distal
. posi.ti oned s erfer e bet ween a ref] ected
roflectin S fice SEIEL b FOKIHAD T NG LD G S oF Ralde hiing molecles
positiondddo tﬁ&ttlﬁférf‘é?eﬁ& Bét@géﬁ :S‘Feffébt%ﬁ @le%rﬁ?{wdn?ﬁfe il fe"ﬂ%gting surface
varies as an en2yne reacts wt e su trate . An
and a refiesdrtivhy, fran i dishhgflentingpuifeed vaies neat cayaptireatts with the
b coupling to a light source via an optical fiber, the
substraten nt i cal el ement including (a) a proxi mal reflecting
1 Akts% ¢ r
9. A ki rﬁgigg?é‘ﬂ 1a§s bt ghptgffdr%ﬁﬁglﬂgg fisgec) I‘gﬁg )%Se %fe?%rﬁgtep%agents
and 1nstrm:ﬂlcms libleéerpﬂaazmg dn@lass dibehedth |ar$ub$tfamf kpeaor kaﬂtamﬂyfe tanding
ﬁfl ected beam fromthe proximal reflecting surface
moleculag}ayer, \ of | ect ed beam from the distal reflecting
I .
20. Tho 6! Qe Y8 ARt Bl TR SR LSutlihe (DI kit iring
an end ofthepflassdibeo a bi o-1 ayer interferoneter, reagents and
instructions for derivatizing the glass fiber with a
substrate | ayer or an anal yte bi ndi ng nol ecul ar | ayer.
20. The kit of claim19, further conprising reagents
and instructions for optically activating an end of
the glass fiber.
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