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-1- Generic Kinase Assay The present invention relates to a method of
determining kinase or phosphatase activity comprising interacting a
binding partner, a detection molecule and a substrate molecule. The
physiological modification of molecules and supramolecular assemblies
plays 5 a major role in the structure and regulation of biological systems.
These modifications may include phosphorylation, cyclization,
glycosylation, acylation, and/or sulfatiori, "'among others, and the modified
molecules may include polypeptides, nucleic acids, and/ or lipids, among
others. The importance of modifications is particularly evident in the
cell-signaling pathway, in whicfFeBgFiBilagseadesfiracellular substances
related by 10 phosphate modifications such as phosphorylation and

cyclizgtign influer it] nature, and activity of cells. Compounds
which c:arr1is flntgﬁ}%%g_&\}cvﬁ[ﬁ gr?é;iép%%{r}ﬁa |8tn%%$ (%e(g td&cnﬁ%%lrn %Bﬁsec%{tﬁwﬁatase
[FyEpeREPHsREeBtlasrGngRbifidisg battatesa deecofivtenobicsiiecadheyubstrate
may=dnterfere with specific signaling events and thus be useful for

treatment or prevention of 15 diseases which occur through dysregulation
of su a hwa\ﬁ%iTh refare, it is of interest to develop methods of

determtyiRg XY BHSEBRaigR o elnty s a0 supTAmobicaimpamiies plays
mmamh.odlwimmd. ﬁﬁemgm@f@ﬂﬂﬂt J tiﬂ%tbﬂ\l%ﬁ&g&alét@@%@s? ggﬁfgpﬁﬁﬁ%ications
method, of determining kinase activi sed on a system o WO parts,
. B s O KT Bl B RASIBEET DFRIEHYS O ki aion,
-amanglotiyencral} the birtifig! partesd ¢s maentitindeatdbindstiies enaine acids, and/
itself 0 a solid.bhase e.g. a bead by an )
e R R R B o Penc in e
(FRioriIRbRS MathiviapHore histoepteradlubuenden) tisceliideh sabtoaAces thieted by
%B@sﬂi@&y %&6&%&%@9@&8@%%&%%%}%&%}}%9@%&&Q{&a%}t%%lgaz%% t%eS position,

energy transfer measurements. W 5167 discloses a me
Fer AR of felifoval of a substrate group to or from a substrate

which(sissubasedizh saaystertRi WA PRSSHISRINING dephosphorylation
catalysed by specific enzymes, or of specific substrates, are of interest since they may
interfere with specific signaling events and thus be useful for treatment or prevention of
diseases which occur through dysregulation of such pathways.

Therefore, it is of interest to develop methods of determining kinase or phosphatase

activity for screening for compounds that can modulate specific signaling pathways.

EP1156329 discloses a method of determining kinase activity based on a system of
two parts, the binding partner (BP) and the substrate molecule which is converted A -
>A¥. In general, the binding partner is an entity that binds the enzyme product and can
itself be attached to a solid phase e.g. a bead by any kind of interaction, covalent or non-
covalent. For detectior, a label (fluorophore, luminophore, acceptor or quencer) is

attached to A or the BP. The list of detection methods includes intensity, polarization and

energy transfer measurements.

WO00/75167 discloses a method of detecting addition or removal of a substrate
group to or from a substrate which is also based on a system of two parts, the binding

partner, which is preferably a macromolecule having entrapped metal ions, and a peptide
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partner, which is preferably a macromolecule having entrapped metal

ions, and a peptide -2- A, wherein the conversion of phosphorylated to
unphosphorylated peptide or vice versa is measured, e.g. by FRET. One
drawback of the two parts systems is that for optimal energy transfer, for a

5 given BP and A* ratio, a certain ratio of donor and acceptor is required.
Thus, for optimal FRET generation, it may be necessary to titrate BP, A

and AxvHiowevey theapsionni phieshbetlaseht8 Byphaespdioky laredgepadllyr vice

Vi&gg?ﬁ%%gsgyem% %?;%ipéﬂn pacity of BP for A* and the respective binding

constants on one also by the kinetic parameters of the enzyme
reaction for the target of interest on the other 10 hand. Therefore, the fixed

ratio§f Ba AvaRE £ gk [ReceseaY iIOERE o ARHAIZANY BAMO for a

parts system Lead_s to a compromise in either assay signal and” quality or
28 Hith SicEHAdURBTIBLRCE IR SAARRY LRI FESRIRS 1T &qHtRE WhYst for optimal

FEESE Herayifie iMmpossibleda Ry enaraspstem tag@aghieve the optimum
for all components: enzyme reaction for optimum kinetics, BP and A* for

optirpum binding of converted 15 produet,,agceptor z donor for optimum
PR OO oS GHRIERT IS T BBy e dichieia i Y g b th
banting/@oe¢its 18 B dm prisesddiassticsbedds thatdme wopedioith eithkand, and also

vminaRbecs aassenior and . stilacec saniats BIRLbe ABRIEd Athd e

other words'IMAPTM beads with optical label in the Core of the beads.
hpdladiiobosu s dhicdimlis P EBpadipahd ivitpahvsesasepics kRvaVe a
oPARSAB6 O LORDP 0l BB m BRI S D10 CHPRABL 1R K1t SNBERA EaRRIRINnd

distance of a typical .donor acceptor. pair which is 3 to maximally 9 nm. As

WL OB GUEHDE theeERR Y R Harrag 8 dBpatbEad Gl Bodirt case it
npepiidarpaaiber in elicienttiheseareomatyviutningphoiasinsitlethepbeads:
which don'tt see a FRET griner 1buf3§till co ;_ripute 0 assay 25 ¢ rted
egﬁ%ﬁ?ﬁr%e&ﬁdo snlgcr’l%ﬂpflﬁlils 6% 16" redlite dy%%%%é‘?% "AHdecrease ™
proderisitieitpioT-herefordoitopasitine FRA DS the present invention to develop
a more efficient method for determining kinase or phosphatase activity by

energy dransiRi MeAMBINENSoarts system disclosed in EP1156329 and WO00/75167
comprises plastic beads that are doped with either luminophore or acceptor and a surface
coating to bind the labeled A*. In other words IMAP™ beads with optical label in the

core of the beads.

To achieve sufficient binding capacity the IMAP™ beads typically have a diameter
of 100 nm or more. This is big compared to the energy transfer distance of a typical
donor acceptor pair which is 3 to maximally 9 nm. As a consequence the energy transfer
between a doped bead and a bound peptide is rather in efficient, there are many
fuminophores inside the bead which don’t see a FRET partner but still contribute to assay

background signal. This leads to a reduced dynamic range and decrease in sensitivity.

Therefore, it was the aim of the present invention to develop a more efficient
method for determining kinase or phosphatase activity by energy transfer measurements

between an energy donor and an energy acceptor.

The assay of the present disclosure consists of three parts: (i) a “binding partner”
(i) a detection molecule which is labeled with donor or acceptor of a FRET pair (iii) a

substrate molecule — a small molecule,peptide or protein- which is converted by the
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between an energy donor and an energy acceptor. The assay of the

present disclosure consists of three parts: (i) a "binding partner" 30 (ii) a
detection molecule which is labeled with donor or acceptor of a FRET pair

(iif) a substrate molecule - a small malgcule,peptide or protein- which is
converted by the -3- enzyme and thereby an amino acid (Ser, Thr, Tyr) is
phosphorylated if the enzyme is a protein kinase. The same setup can be

anggoh fomor dteinbphos patasesavhérer thidireSpeciivphespinoydaietlisl the enzyme is a

fsahaspharviated, | ,Q‘ééﬁdf} g first %ﬁ@@?ﬁ}@%&@ﬁ'gﬁa5&9&%%&% the respective

method for determining kinase or phosphatase activity comprising
Finsraetidg adsimbirg ateiad al Daetict dhshoieed anid el susageides a method

foleeuigmmharsinsadigiestionmpiesueiniahels iﬂygla@ﬂlgg%ﬁﬁing partner, &
donor or acceptor and said substrate molecule is labeled with an ener

! - ! Y.
WHenrcaste etid it menstale Taakasulsd Witkedh %f&&%&@@ﬁ%&{@ﬁi&fmﬁ labeled
vaithene egyr acaepteroif the-pletestionanotasuieis lnbrladnith-a01eNergl an energy

onor, wherein said binding, partner.only binds phosphorylated substrate )
RS R TR o AT SUATEN 76 1RO G BT sG i an enerey
astepsoofifahp kesphory lathg daitk Subdtrdteithole eule yyitvadtinalsereat said binding

ho latin ospharylated substrate molecule with .
B L B R e ) RS Sl Ron e i
ragtinith esaighiinglihg ﬁi‘&nﬁef:aﬁ)dﬁbawhdet@@msméls&mmndmcule with a kinase
dieiesmiging. inase 1 ARASRARIARE AR BV RASH 00 LOSIHRRSIE! and b)

from the energy donor to the €nergy acceptor of said substrate molecule _
STAREdE daRsSie iIsEUls BbiarF o alamiRY T HsH SinPrgaamgr and said
Gagindingdeartnenare) nastalionmyiish are prefeiphiy.asspeiated Withaasuring
solid phase, eﬁ%a?ﬁliﬁad’ membrane, sample holder. In a most preferred

f A

BREBHATARS NG BAMABP R R TS ASACIIARTIH heukirate molecule
aiMART Nekeadsiakydie bhiaihedsbidbi Mivlecudan Beviets £bospsdidisisding partner

been shown that IMAPTM beads can.be ysed as hinding platform to brin
B Mol HiBe g U ok Bt Hee fEabriBecmbrane
senmgigyhtrdrsfén (FRET)pbdmpedhes odmvatsahdetection system for metal ions on

ikingserassays MRW%Q@%%@%%%M@%“%?ﬁ\%%%{ﬁ%% Devices Corp. It has

embodiment, the su_bsq:glte moletule is a protein or a pepti
been shown that IMAP'™ beads can be used as binding platform to bring two

fluorophores close enough together for fluorescence resonance energy transfer (FRET)
being thus a universal detection system for kinase assays ahd phosphatase assays.

In another preferred embodiment, the substrate molecule is a protein or a
peptide.

In a second aspect, the disclosure provides for a kit for performing the method as
defined above, comprising, in separate containers, beads which are doped with metal
ions, more than one detection molecule comprising an energy donor or an energy
acceptor, more than one substrate peptide comprising an energy acceptor or an energy
donor, wherein said detection molecules and said substrate peptides are provided as sets
of FRET pairs.

As used herein, “binding partner” refers to an entity that binds the enzyme product
and can itself be attached to a solid phase e.g. a bead by any kind of interaction, covalent

or non-covalent.



In a second aspect, the disclosure provides for a kit for performing the
method as 25 defined above, comprising, in separate containers, beads
which are doped with metal ions, more than one detection molecule
comprising an energy donor or an energy acceptor, more than one
substrate peptide comprising an energy acceptor or an energy donor,
wherein said detection molecules and said substrate peptides are
proviledsas betsinpf *RET@rIreI3MIAS vsed hesgimitbhindmyiphkmerts a label, e.g.
ar?lf&g%g%e%? ﬁﬂgfyé}ﬁitaWME H&%@gﬁ me tB[éogg.t%Et drﬁ@i%&ﬁ&”é‘?ﬁ W}liCh binds to
attached to a solid phase e.g. a bead by any kind of interaction, covalent
ty hiodieswalémtr-3a As used herein, "detection molecule” refers to a
molecule which carries a label, e.g. a fluorescent label, that allows
detegtippsed thedetestipaimeletuleuiTdyhichdindsdn thadeldingptide or protein
) artner. As used herein, "substrate molecule" refers to a small molecule,
s 3R h

RSP PR BRI ARG A TR EBHOBRRA DS REBHSFE Hfough an

enzymatic reaction. As used herein, "energy donor" refers to a fluorescent
labelAshistd bpsmeXeitenionjooan trafesiceits ibnargyas thbebndrgh, upon excitation,
proTelol=Tol ol él.%@e[g ﬁggj{&@%[}%tgﬁceptor" refers to a molecule which
can recieve energy from the enhergy donor. As used herein, "kinase
activity" refers to phosphorylation of a substrate by an enzyme 5 (kinase)
As used herein, "phosphatase activity" refers to dephosphorylation of a
substrate by an enzyme (phosphatase) 10 As used herein,
"phosphorylated substrate molecule" refers to a small molecule, peptide
or protein which is phosphorylated by the enzyme (kinase). As used
herein, "emission lifetime" refers to the average amount of time a
fluorophore remains in the excited state following excitation.
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15 In comparison to a fluorescence polarization readout, an

implementation with TR- FRET as readout offers the following

advantages: Increased quality of the as?ay signal which is expressed by
the statistical parameter z', in particular for low substrate turnover. 20
Increased robustness of the assay signal vs. interferences of background
fluorescence due to the time gated, delayed detection. Increased .
sensitiviged/ Rt Fbp SRETSYAFETIRIOM SEBSHAtE TR heddd e pg ccieve energy
feonverted dthedoRseadout measures the average signal of the

quoro#gores fqrgiall substrate oletcul%s inb:[hels |utio ;atglu E{?a Jbs%%sen e
Sy A Frattion Bt ¥ha 35 HudraBRS L BAIA 16 e phosphorylated — 2
($udpstrate molecules). Reduced reagent consumption by a factor of more
than 20 fold. In addition, the three parts system used in the method of the

present invention has the follwing advantages over the gwo arts s sterg b
of the'prsidtrsien RipP haieidCENE J6M iR ARAREH 9%‘%&5@&@ ubstrate by

ahéhameuhotpleadsneeded for best binding of the substrate product and
the amount of detection molecule for best energy transfer signal can be

titrated separately. -5- The energy transfer betweer),. the detection
moledulesahddrans(ibbaatbondisrd sabetirin meldssin belme araderglecule,

Lipceleadsdn amare efficient HREH sighal enfpitbermere,. it is possible
o select beads (BP), detection molecule and substrate molecule
separately i.e. one can imagine an assay toolbox which contains several 5
univessalstd harsncheas beadsfedetettichrmioldoalosy aghstrates ahdreets

{EREL 235 BElsclion. (o ialaglhoxyields i diferent assay
@%%Ii? t%r?i?. éﬁg}w %e{}?lﬂflty and universality’is moreodifficult and
practically even impossible for a two part system. 10 Thus, a kit for
performing the method according hereinbefore and hereinafter

In comparison to a fluorescence polarization readout, an implementation with TR-

FRET as readout offers the following advantages:

e Increased quality of the assay signal which is expressed by the statistical parameter

7, in particular for low substrate turnover.

e Increased robustness of the assay signal vs. interferences of background

fluorescence due to the time gated, delayed detection.

s Increased sensitivity with respect to amount of substrate which needs to be
converted (the FP readout measures the average signal of the fluorophores for all
substrate molecules in the solution; the FRET sees only the fraction of the

fluorophores bound to the phosphorylated substrate molecules).

e Reduced reagent consumption by a factor of more than 20 fold.

In addition, the three parts system used in the method of the present invention has
the follwing advantages over the two parts system of the prior art even if the latter is also
implemented by {(TR}-FRET:

¢ Theamount of beads needed for best binding of the substrate product and the
amount of detection molecule for best energy transfer signal can be titrated

separately.
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R

described is also provided, comprising, in separate containers, beads,

more than one detection molecule, more than one substrate molecule,
wherein said. detection molecules and said substrate molecule are

provided as sets of FRET pairs. 15 Prefefably, the energy donor has an
emission lifetime less than 50 microsecs, more preferably less than 10
microsEls eReiay Fute preferaslyesetreainy MrlFsskc diber Krararapiylecule
the engrayrdanRMdias a.emissiondifetinerafddads micrasacsifificant FRET signal.

preferred embodiment, a Ry-lumingphore is used as energy donory.
CofpdiedhE e ik BANHRTE FEaCTTF ﬁ???ﬁe‘?ﬁf%‘%ﬁﬁd*&i}ﬁé[‘fééﬂﬁgb“m“

Ru-lumirdphdredpasasay embgener ahagdvaniagesyBoottshemigsiotontains several
spectrum with .good overlap,with acceptor, unlike the peaked_ specir
ol S e a St S S e e Pl

labelingactehsistijomiore U8stiapshosariditiots gotesibne assapamisgtions. Such
purification)ipRcagsays&RRiterirrenaeriromarrRgaRt kanthanida dyesle for a

are known to be sensitive to important ingredients of typical kinase
assay<SYOEHRSESR, Mb ions or Mn-ions). In another preferred
embodiment, a Tb-luminophore is used as energy donor. 30 A particular:

advapiage,is e&%{%&%ﬁbﬁg&&%g&? ﬁ%ﬁdayig}jﬁﬂ?c%ﬁ}%ﬁlﬁéﬁﬂ%‘Zﬁq{%%gﬁer

the r_esu’ltln iSsion. T ical emission lifétime of the Ru(batho)2bpy
deseripidss dpeler agsas: CORMTIORS I S PRIt feHAtIScRel IR Ean one
allewsosfficient backereunt sHPRIBSSINR Rodinglfluakestence devmtihenolecules

assay.ingredients and fluorescent 35 com Olﬁqﬁé owever, the photon
%‘Pf%ééigﬁgﬁﬁéag ﬂfgﬁc Ster ﬁé’ﬁ%rgtﬁsésfé% ani ’eﬁsp 1€ the detector
integrates 100x less of its electronic background signal. -6- In one

embogiment of the present inveRtion. Hhemethods perfarmes With &ecs, more

system wherein the sample moves with respect to the gptical detection
pERTFRARYY L eciera i) resTA Sy steTANS P TAIRRIFsAE eSS B> Ry secs: Most
prefaraly & d ecamiald (P themission lifetime of 2 to 3 microsecs.

In a preferred embodiment, a Ru-luminophore is used as energy donor. Compared to
the Lantbanide {Eu, Th, Sm) chelates and cryptates, the Ru-luminophore has several
general advantages

e Broad emission spectrum with good overlap with acceptor, unlike the peaked
spectrum of lanthanide dyes.

s Higher chemical stability which is of advantage for the labeling chemistry {more
harsh conditions possible, also during purification) and assays (no interference
from reagent, Lanthanide dyes are known to be sensitive to important ingredients
of typical kinase assays such as EDTA, Mg-ions or Mn-ions).

In another prefefred embodiment, a Th-luminophore is used as energy donor.

A particular advantage is given by the microsecond lifetime of the excited state and
the resulting emission. The typical emission lifetime of the Ru(bathe),bpy — complex
under assay conditions is 2-3 ps. This microsecond lifetime allows efficient background
suppression against fluorescence from other assay ingredients and fluorescent
compounds. However, the photon emission time is 100x faster than for the lanthanides

i.e. the detector integrates 100x less of its electronic background signal.
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system from SpinX. In another preferred embodiment, said system is a
microfluidic 5 system or a flow through cell. In such a setting, the
lanthanide emission is too slow to allowgeadout during the movement of
the sample. In order to make use of the TR-FRET readout, the
labwhrefdiskrbrothensatmplehflpveseaspactivaly, thoutcfhavetpgiotmedighth a

‘ N i " : .
SR S AR e ARG OB .
Bagtsrabibin R HetEao i pal ADWRES P X0 STREPo SRS S B Teb Pt hosdR iodd or the
haventede aslivsted acsordipg-teribe émningiaidhe sipPERUWmTNg microfluidic
"Fast-TR-ERET" w‘ig%hR -complexes and sh rtlmi rosecond. lifetimes |
SEISROOAARY FEARER IR A ST S R DAL E RSl 1 0 slow to
aodification dndrgftbrseospediabatvastagés. TheititA RTotebhnstodyitis AR-FRET

9&9&6@{@%9&%%}?%@%%@%@@@5@&%@&@3@%&3@9«%2@g%F%hmugh

readout, however, has the disadvantages mentionéd above. T ,
JRtrARRI PR BRIET SaAGIE T ERRmSTle 41d SIRNCA SSRGS iernatively one
wieferrad-ambedifent theeneigyateepodiSadiverephose exbibiting dath where

ectral overlap with . the Ru-complexes.which yields an Rc (Foster .
B R R S A R e s e

BA@dRLThe relation between Ro and the 20 spectral overlap J(X) is defined
by the following formulae (from: Lakowicz, J.R., Principles of

Fluorggeenge -Speckastapyh 2ndeeh iitwerAcaderniniPlestiand lifetimes allows
P blishers,lg. gﬁg)&E%aA:F 11 ~'k'7 1S-fRIft: 1L ait I'm 25.wherein E,D{~

R B07 ARE 0518 Pl B0 B SR P SR TG ArSEstar s @

shlesial Fivenzge, Bttd VOO, DierbhobrghlexauRlversz5esin mmivstsprefetrédrefore
S@Q?%W%%d.&ﬁgeW&)ﬂ@&@%%@é\;&?ﬂ%(%%IEQE&ZQQMges mentioned above. The

lanthanide TR-FRET cannot be readily used in such a setting,

In a preferred embodiment, the energy acceptor is a fluorophore exhibiting a
spectral overlap with the Ru-complexes which yields an Ry (Forster Radius) of at least 10
A, preferably at least 20 A, more preferably at least 50 A. The relation between Ry and the

spectral overlap J(A) is defined by the following formulae {from: Lakowicz, I.R,,

Principles of Fluorescence Spectroscopy, 2™ ed. Kiuwer Academin/Plenurn Publishers, p.
369):

o ; oo vy T Y
By =020 0 TR Ay
wherein

. | Eplestont &

Pl 7 oy 4 + A £
O

s

| Foih) di
£
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In a most preferred embodiment, the Ru-luminophore is Ru(batho)2bpy. 5
Additional dye pairs for such fluorescence resonance energy transfer
measurements between Ru-complexes and fluorophores which can be

used in the present invention are disclosed in W002/41001. The dilution

Ief £ heobinstisterpartnsbidatdaashbe0dnid aprefesaliy btxteBistor 000, foieb6t00, Dy701

befyeen,400 foldor 1000, foldkan Q‘ EBQ’!’LV%%HQ QOB IS Alexa Fluor
SRR 000 T 1] %6%d??>%%%orgbetwe’en S A s

7old. In the following section a non-limiting embodiment disclosed in the
examples is discussed: As a test system phosphorylated and

unphpsphesytaiedestddsirae dieptiderineR ulibeled phitAldkaBitioo j70pyas
energy acceptor and phosphorylated substrate peptide 15 was labeled

ith : | | rements
Wi g&@a&ﬁg@@h}%ﬁ%&g?ggxhd@@&resm?cé\{@&@&@ eckkinase, subsiat@rement

peptide IS p ylated by the enzyme. For the detection a ) ,
Drivssh Ay aRED RERRRASIIHIOP BERTHEIF B ERRAS Bifd S s JE gRion are
added:to;the reaptienomixture. Both phosphorylated substrate and

detection peptides bind to the beads, come thus into close proximity so

at fluoresc r - ) -
A R R (o) Sy
besgee) dRisialdey HYR @Wmiﬁéﬁm%&@%%@wm 2000 fold

argeptonoBindingretiRenRudabsled: pepidedri the IMAPTM beads did not
influence the fluorescence polarization measurements with Alexa Fluor

700 2 THoropete. . AR RAIISON L U 63O 2R LN R mics

and as proven to be the ore sensitive method. Already
Hospsiedsphorylation gives a z' factor above 0.5. Furthermore, for FRET
measurements at least ten times less IMAPTM beads are needed as

compared te-ftPsyfius, hsightiicéntd eainctionphiospagerit ednsuipption feptide was
R O 4R L17S EBaH reagEtis BT 20 CAmBHCAEE i peprice
assalehandliviaf: thetlapybpayiesreiaiu Astsie Bt Mhesr diRpes dinase substrate
%&9&&?”19- phosphorylated by the enzyme. For the detection a phosphorylated
Ru(batho};bpy detection peptide and IMAP™ beads are added to the reaction mixture.
Both phosphorylated substrate and detection peptides bind to the beads, come thus into

close proximity so that fluorescence resonance energy transfer (FRET) can occur (Figure
1),

As FRET pair the long lifetime metal-ligand complex Ru(batho},bpy (1=3 ps) was
used as energy donor and Alexa Fluor 700 as energy acceptor. Binding of the Ru labeled
peptide to the IMAP™ beads did not influence the fluorescence polarization
measurements with Alexa Fluor 700 as fluorophore. In a comparison of both readout
techmiques (FP and FRET) FRET was proven to be the more sensitive method. Already
10% phosphorylation gives a 2’ factor above 0.5. Furthermore, for FRET measufements at
Jeast ten times less IMAP™ beads are needed as compared to FP. Thus, 2 significant
reduction of reagent consumption is achieved without the necessity of miniaturized
liquid handling and readout which is typicaily dome to save costly reagents but
complicates the assay handling and thereby may lead to unstable and irreproducible

processing.
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-8- Summarized, the Fast-TR FRET kinase IMAPTM assay disclosed

herein is robust, sensitive, needs less IMAP' beads and has low

background fluorescence because of the time gated detection. 5 As

known from FP experiments the signal is affected by ATP because free
bindin§usitesrordhébasis BReFBIU piadshy 1P Hressatitiectpied herein 1s robust,

PhosRhonvated peplise i ind, dn.Coplastio bl fldlahad PRANES! the time

on the' FRET signal. The effect of ATP could be neglected after titration of
%édefi@ﬁ‘it@émponents of the herein described three parts system. 10 In
principle both fluorophores could be used as labels for the substrate.

Advantages of the Ru.complex as substrate, label- ar hi i T
stabiliésgﬁ‘é"-*’%sp‘ kA R Fier 00 A |ty}%%%|\|ﬁ}ﬂg§ e binding
sisteraid heatbimidecniicil BnhaRcustheomadbriBResrherasErReptide to bind. In

RGeS 127N atternative fe Afexa Giugl-7ORrmay g1 AR/ 8whicT@scould be
comparable excitation and emission spectra and.is available as N.I%%O s
REGlSF 8 FAISTEED DTS ASSATEP SRR b oo dHIeent A2 L5005 e P2
dWkteem-") Ro is reduced by -5 A for the FRET pair Ru-Atto 700 compared

to Ru-Alexa Fluor 700 (e=192000 M-'cm ', Ro=62 A). 20 Phosphotyrosine,
other phosphorylated amino acids or other small molecules carrying a

phosphrtegreups wimgh dreorspbrigawithite Ru sspix [hshitdfiatberpubsate
ﬁ!ﬁ%ﬁz&%@%f@@ RE: ARI00). N fen UsRE s & "tRivessalh deiegtiarbility and - as

molecule. 25 Figure 1: Scheme of the kinase reaction. using IMAPTM . . o
RRBERY Faci o RS (Mdodt PR Ot a I P Rcimide which
¢olenidesvitia 4ExitMiphasphdaytategipddexss-peptide and 100 nM and 300

nM phosphorylated Ru-peptide, respectively, IMAPTM dilution: 1:800.

Grey: 15 nM Alexa-peptide and phosphorylated Ru-peptide and IMAPTN
beads, AvhitieTpRESpHEr/ S e%ﬂ@e"éﬁﬁﬂ APV DRI d e Sopparable

weteingubated:atdRh fgr303hminutesi-BeadoNE T 360:¢8@h dmialietadd MDue to its
ns, gate 100 ns, exposure time 4 s. The part -
sma%er absorption cgefﬁcient (e=120000 "‘Cm(%) Rg is reduced by ~5 A for the FRET

pair Ru-Atio 700 compared to Ru-Alexa Fluor 700 {e=192000 Mlem™, Rg=62 A).
Phosphotyrosine, other phosphorylated amino acids or other small molecules carrying a
phosphate group, which are labeled with the Ru cornplex (or alternatvely Alexa Fluor

700 or Atto 700) may be used as a “universal” detection molecule.

Figure 1: Scheme of the kinase reaction using IMAP™ beads for Fast-TR FRET readout.

Figure 2: Observed FRET signal (black) with 15 nM phosphorylated Alexa-peptide and
100 oM and 300 nM phosphorylated Ru-peptide, respectively, IMAP™ dilution: 1:800.
Grey: 15 oM Alexa-peptide and phosphorylated Ru-peptide and IMAP™ beads, white:
phosphorylated Ru-peptide and IMAP™ beads. The beads were incubated at RT for 30
minutes. Readout: 730 (30) nm, delay 100 ns, gate 100 ns, exposure time 4 s. The part (a)
on the left shows the raw data, part (b) on the right shows the effective FRET signal.

Figure 3: Raw data of 20 nM phosphorylated Ru-peptide and 100 nM phosphorylated
Alexa-peptide (IMAP™ dilution 1:4000) (white) and 15 nM phosphorylated Alexa-
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on the left shows the raw data, part (b) on the right shows the effective
FRET signal. Figure 3: Raw data of 20 nM phosphorylated Ru-peptide

~and 100 nM phosphorylated Alexa-peptide (IMAPT dilution 1:4000)

(white) and 15 nM phosphorylated Alexa -9- peptide and 100 nM
PRhas:REHIORUMI MAR P HHUHoMBI0) dlackgn Readoita2B0 f3ajioum 730 (30)
delay;100 ns, gat ns, exposure time, 1 white)an chd.syfblack).
Dﬁ‘g?r%a QEQQ%ST a%nggvﬁhe%ﬁgg}%ﬁﬁﬁ%@T& [ u??ons ussigg %O 2M
phosphorylated 5 Alexa-peptide and 100 nM phosphorylated Ru-peptide,

HRHRALIOPEO MipHie S el Ik SOMEPPN il delay 10hps2@alR 1PR0eshorylated
exposure time 5 s. Figure 5: Ir]élue ce O]%ATP o,ré the FRET signal. %%trélg/l readout:
HRGPRBRAE e AR AN R RB DB S HESPHS Ry IREiP R B &P titie 1 -
TRcUbGtien, elminiessap R 1 teadontpd30e(88)eris, to delay 100 ns, gate

100 ns, exposure time 8 s. Figure 6: Influence of EDTA on the FRET

signal. 20 nM phosphorylated Alexa-peptide, 100 nM phosphorylated _
ﬁ@p@bﬁ@@gmmfﬁpe@lﬁm&i%@wwl-@%%ﬁmkg His Adeagpeptide, 100

0% NREXPOSEEE HE Bsorl B iguHaré: Sinilatiendeta kipages) nm,
assay with 2 n_hﬁg&phos horylated) Alexa-peptide and 100 nM
dresptioRRd BY-pestaas RAABTN Hilution 1:400 ((a) and (b)) and

1:4000 ((c) and (d)). incubation 60 minutes at RT. Readout: FRET: 730
KA. delaxlog necaaie, L0Q neuerpns e AR ARt bR RLAOR G pepide,

nm, emission 710 (40) nm. 20 Figure 8: Kinétic of the kinase
ek )/ ReasrhETEod B0y Pratide R EPTINE (PR Rxpsainatife ©0) pm,
Sechiowe 2, PesedesnonspatevediersATP, using 1 M Alexa-peptide for the
kinase reaction. 25 Final concentrations in the readout were: 20 nM

(phosphorylated) Alexa-peptide, 100 nM phosphorylated Ru-peptide, N
Fi40007diNited NPT baats: Reagouth7201(80) pimspderala i Adogarsrtde and

109 1% SXPQRUE M8 A0 Sepae, IMAP™ dilution 1:400 ((a) and (b)) and 1:4000 (<)
and (d)). Incubation 60 minutes at RT. Readout: FRET: 730 (30) nm, delay 100 ns, gate

100 ns, exposure time 10 s, FP: excitation 655 (50) nm, emission 710 (40} nm.

Figure 8: Kinetic of the kinase assay. Readout: 730 (30) nm, delay 100 ns, gate 100 ns,

exposure tme 7 s.

Figure 9: Dose response curve for ATP, using 1 pM Alexa-peptide for the kinase reaction.
Final concentrations in the readout were: 20 nM (phosphorylated) Alexa-peptide, 100
nM phosphorylated Ru-peptide, 1:4000 diluted IMAP™ beads. Readout: 730 {30) nm,

delay 100 ns, gate 100 ns, exposure time 10 s,
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Examples: Example 1: Observation of FRET due to Binding to IMAP
beads Materials: s Substrate peptide (YHGHSMSAPGVSTAC) from
Biosyntan labeled with Alexa Fluor 7001 #hosphorylated substrate
peptide (YHGHS(H2PO4)MSAPGVSTAC) from Biosyntan labeled with
Alexa Fluor 700 and Ru(batho) 2bpy Kinase enzyme: PDHK2
(recombinant pyruvate dehydrogenase kinase 2, 10 expressed according
to st%%;%r‘{ga ethods) IMAPTM beads from Molecular Devices (IMAPTM
Explorer Kit (IPP) Product # R8062) Buffer: IMAPTM Binding Buffer 1:5
diluted with dest. H20O + 0.05% BSA 15 Instrumentation: Zeiss

late::visi der Plate: tar, 3 \/- itati length: .
S ERERARGT 790 (30 A RIS 10) 2D I b frst experment

ek 800 diluted IMAPTM beads (recommended dilution for FP
measurements 1:400) were added to a mixture of 15 nM (end

concentration). phosphorylate @g}%gglkyg ubsirage Qﬁﬁgﬂq beled with
labeled with A%@%&%%ﬁ%éée&%%f er phosglgroi@%\?ed) Alex%-peptidg) see
and 100 nM axiex3C0us’@nd 25 concentrations) phosphorylated

supstrate PepiSRsiEdy LRHba N RRPY IRIEAIE, RIRRNARIONC) from

Ru-peptide), respgc ively. The reaction ‘mixture was then diluted 50 times

for the readottisthwrelaheid Fritbakers BvepRospRE AHRIDR-PEhtide.

Figure 2a shows _the & %ﬁ"‘ﬁﬁ&ﬂﬁf@&ﬁﬁ\:ﬁﬁﬁ%‘%’}Iy@@i)!a“&%ﬂ?&%’éeﬁa@%nase 2,

(black) was above the background signal of the Ru’'complex alone

(white). TherecHrasshrs PRETIHYESBREPEEMEBO Bihding of

unphosphgrylategdrilexa:-peptide.tosbaarsrigreg. The beekaraupet: Kit (IPP)
Product # R8062)

e Buffer: IMAP™ Binding Buffer 1:5 diluted with dest. H,C + 0.05% BSA

Instrumentation:

e Zeiss platenvision reader
o Plate: Costar 384, UV-NBS
e Excitation wavelength: 355 nm

¢ FEmission filter: 730 (30) um, 615 (10) nm

In a first experiment fhe 1:800 diluted IMAP™ beads (recommended dilution for
FP measurements 1:400) were added to & mixture of 15 nM (end concentration)
phosphorylated or unphosphorylated “substrate peptide labeled with Alexa Fluor 700
(hereafter (phosphorylated) Alexa-peptide) and 100 nM and 300 nM (end
concentrations) phosphorylated subsirate peptide labeled with Ru(batho)2bpy (hereafter
phosphorylated Ru-peptide}, respectively. The reaction mixture was then diluted 50 times
for the readout with the IMAP™ beads and phosphorylated Ru-peptide. Figure 2a shows
the raw data of this measurement. Only the FRET signal (black) was above the
background signal of the Ru complex alone (white). There was no FRET due to unspecific
binding of unphosphorylated Alexa-peptide to the beads (grey). The background

corrected FRET signal (Figure 2b) was increasing with increasing phosphorylated Ru-
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corrected FRET signal (Figure 2b) was increasing with increasing
phosphorylated Ru -11- peptide concentration indicating that with 100 nM
phosphorylated Ru-peptide and 15 nM phosphorylated Alexa-peptide the
IMAP'h beads were not saturated. Example 2: Comparison of

phjexR-peRtideranchRudientidetastsulthireie e pxperiveiitnhS aipopdioisernd 15
20 M horyl - o
A5i0s 20 M phasphondalsc Sy prpe.and 400 b ik igsphon ate

Teie Wit IMAPTM ads. Figure 3 compares the
raw data of the experiment using either Ru-peptide (white) or

Alexa-peptide (black) substrate, Becayse dlffe ent measuring
Example e fORERT 16%8%%%?0 g?(ﬁgf?ngen?s? hiy %ﬁlégrarflo{s of the

FRE?E}%&Q&@Jem@ﬁtR@@ﬂ@hg&aﬁedﬁ@gummm@w@frﬁeﬂyRaAﬁm@zeasmd 100
the FRE nal was twice Ru,bac

A SIRAFA: E%BW SR WE;% |%é£@§.zg% S Six W engﬁes?r%a%? o compares
ﬂmmmef@esmmmmmm@/ﬂemmw mw)d)né{l@@mwaf@ (black)

tOt 5 e = thsignakxperiments,
lIlay% %Q{I}E%gr&nﬁ I%Q%m%%n%??@%%ﬁ%?agi {%S‘éd'lfﬁ%termmexper o

oo ééﬁ@ﬁti@fn@l raRBuEHRS: &t RECKETFIGHI GBI Va8 ™Ry recty
Wik r2es vk m@sph%rydme@lsm@ peptidetantst6GmiMyblaospiiogythtediexa labeled

fH%é%QE% tﬁlé:ﬂl T t% 1%%?‘(% E{Ebzag? \e’:v; Ar}lcgec?igl%gx%)%}&@icg%a%ate in both

(E’ompare to a dilution of
axp@ﬂnmmmm&rlmm?@m diersigranivintdserbadngatrim Sktninghe time gated

ahaut the samesignal.as Wi %Mth 1:10'000. As stated 20 before,

with a 1:400 dilution the IMAPT beads were not saturated. Further dilution

yielded in more phosphorylated Ru-peptide per IMAPTM bead and

resulted in an increase of the FRET signal. With a dilution larger than

1:2000 the number of phosphorylated Ru- peptide per IMA.PTM bead was
sarepiedd Hitraino2 sTEXHPI429Afluence of ATP and EDTA on the FRET

S|gnal FP experiments showed that addition of ATP decreases the

polarlzattp&ewmmwOpaM&em&)hmﬁs thethez Beaddifactth isIpieVetitstions were

t{;g cteé%thc%qg o Pﬁj} kmg t#ei%%%s%gﬁ{quﬁﬁgg%g Agactlon Diidiylated Ru-pepride
(cmrure 4). The FRET szcnal was increasing by a factor of three when diluting the IMAP™
beads 1:2000 compared to a dilution of 1:400. With further dilution the signal was
decreasing again reaching about the same signal as with 1:400 with 1:10°000. As stated
before, with a 1:400 dilution the IMAP™ beads were not saturated. Further dilution
yielded in more phosphorylated Ru-peptide per IMAP™ bead and resulted in an increase
of the FRET signal. With a dilution larger than 1:2000 the number of phosphorylated Ru-
peptide per IMAP™ bead was decreased again. '

Example 4: Infiuence of ATP and EDTA on the FRET signal

FP experiments showed that addition of ATP decreases the polarization window
because ATP binds to the beads and thus prevents the phosphorylated kinase substrate to
bind. Therefore ATP was expected to also influence the FRET signal. The kinase reaction
was typically done with 100 uM ATP and 1 UM substrate. Before adding the [MAP™

beads for the FRET readout, the reaction mixture was diluted 50 times giving an ATP end



was typically done with 100 RM ATP and 1 .tM substrate. Before adding

the IMAP' 30 beads for the FRET readout, the reaction mixture was

diluted 50 times giving an ATP end -12-cé@ncentration of 2 M. Figure 5

shows the decrease of the FRET signal with increasing ATP o .
conuenttation. T INREFTzsigriareatschedepsree falctB? SREACTIRRG ¥ith increasing
ATR.Figure 6 shows,t J ' inflegneaehb Lifiom
of%g"l:ggn \Cﬁﬁ%ﬁl%nﬁggé%e%%ﬁ%§%ﬁgg\g?§a%%g£ H EDTA hagl, ’ﬁigdeffect

on the binding of the 5 phosphorylated substrate to the IMAPTM head,
nor doesﬁ%g&%ét%”?iﬁgﬁ‘émﬁm 'nwﬁf%é9??ﬁné: AL LR of EVTA

CoORGeMratinas{Up opdhxMinatsadadorn BBsUrable #ifksenodlsnbinding of the
IMAPT A beads. Higher ce o0 y.complex the MaE pudhe; )
Sbeadpss%ﬁr\%y?l%g F%g%%g%&et%&g (j%gt%ae IE)((;jw?osphorylated Eﬁgptide. :gm e
Examiple e KifiasdeasdafIrbAcnprasaneni{ip optht EMB AR paiERe measurable

kinasMAB:hASSRY ek tp.campRsadt ienheesiaklished SRIMAREMA®> on the
assay a simulation of the kinase assay was done. The level of
OB HORARE R TP A R e 1S IRSRRCTUBISAPTRONE 096 to 10096

by mixing unphosphorylated and phosphorylated Alexa-peptides. Two

IMAP dilutions were used, 15 namely 1:400 which is the recommended
mdil%@gﬁlﬁiﬁ@@%@ments and 1:4000 which showed still a good

FRET signal with 100% phosphorylated Alexa-peptide (Figure 4). The

gll?ET Sig'%?_lté'&ﬁ. i‘??&%gﬂm‘ -H)EWA | ]@J'ﬁ@d !h@m%HWT .ﬁ@_ "biﬁﬁhﬁﬁ'ﬁﬂ_ Ecompare it
ilutions (Figure 7 (a) an . As expected t T signal was higher.

for‘iﬁéhf:%@%‘%ﬁ@rté}jn)méﬁ‘dﬁfp&a%aytg ﬂ%‘%&ﬁﬁ §Iu |eoEnmgai“§’/€£igrﬁ"5s%Y Fgagtgrgsn = The ‘le‘ve}
(opefptieupiomds)itargéRthal t\BErparold 99 1009 FREsHHoFyIAlEHR, by mixing

FOH&@E&% Hiemeisoshe dalectionewindovaeitran INWPT v dittiorre used,
of 1.4

el o ‘
LB T T T P
1:4800vdr sificaihp HERFTas etk iiwiRB¥whospbanteiridles peapdangigure 4). The
redyﬁﬁ@ thﬁ%? nsitivie ofWiize ERexperinmenixRorHa@mplerbbkineiid df thelilutions
km?%?gx&?e? 9“(?151 and {c)). As expected the FRET signal was higher for the 1:4000 dilution
compared to the 1:400 dilution giving z’ factors (open diamonds} larger than 0.5 from

20 10% to 100% phosphorylation. For the FP measurements, the detection window with an
IMAP™ dilution of 1:400 was 200 mP and resulted in 7’ factors of 0.5 or better from 20%

to 100% phosphorylation (Figure 7 (b}). A dilution of the IMAP™ beads of 1:4000
drastically decreased the window to 70 mP (Figure 7 (d)) and reduced the sensitivity of

© the FP experiment.

Exampie 6: Kinetic of the kinase reaction

1 M of the PDHE?2 enzyme was diluted in 11 ! kinase buffer {25 mM Hepes pH

7.4, 150 mM NaCl, 18.7 mM MgCl,, 0.4 mM NHAc, 0.025% Triton X-100, 1.87 mM
DTT). 3 ul of a 5 UM solution of the Alexa labeled substrate-peptide in substrate buffer

30 (25 mM Hepes pH 7.4, 150 mM NaCl, 0.01% Triton X-100) were then added to the
enzyme. As a positive control the substrate solution contained 500 uM ATP whereas for

the negative comtrol no ATP was present in the reaction. This resulted in final



10

20

1 pl of the PDHK2 enzyme was diluted in 11 p kinase buffer (25 mM

Hepes pH 7.4, 150 mM NaCl, 18.7 mM MgC12, 0.4 mM NH4Ac, 0.025%

Triton X-100, 1.87 mM DTT). 3i of a 5 NLsolution of the Alexa labeled

substrate-peptide in substrate buffer 30 (25 mM Hepes pH 7.4, 150 mM

ACH OB IO YeI0N e AR ARt D090 SIAITIASARIftion for
u

C@élr?ﬁ%ﬁr é’ %%J Ostrate SO%E)UOH corllt%%ned 500 M ATP whereas for the

neyativengontirinie ATRWahpresetivin the maptioh. Bihiskiesultad infftial reaction
-13- concentrations for the reaction of 1 M substrate and 100 M, ATP. After,

PP 1% P RO e RAB R b AR Sty L beads
takiog, & ylefitheremnstionmixtdrepptaghingl24d\NRof 28@iddkoncentration of 100
p horylated Ru:peptide AdMAPR beads _in M inding, huffetenoo. Th
ﬂ*‘:ﬁ‘r?g"éeﬁ gﬁg&&ﬁgrﬁgﬁe‘ﬁ u-pept%gdgovr%:%gnﬁt%%b&rﬁ%ﬁﬁ)g%%. Three -
diffésentdilLinonb0tdMAP T beadswete REed or: 2be0redeiwo i final substrate

18009, I, headsyvere incubaae-{a56@ minutes,atRE. ke theteadouinal ATP

the final substrate concentration was 20 nM (phosp orylate{%llffe . I
AexenpeptideotAduMtith ERREI serrl depiderhranbro i ERre 5). Figure 8
%ff%%l %@%&@g&%ﬁghﬂﬁg9@@4%@%@9@6@0&&% rghd ﬁg@%%ﬂa@%; the three
of the kinase reaction for the positive and negative controls for th LQ{?F 10 1 was
AP s (B 1300, et HGoUREBen s Gb00p TR beer e e
FREIsianarwasisufficientidtnong for all three dilutions. Example 7: ATP
dependence of the kinase reaction The dose response curve for ATP

(Figure 9) shows that the ATP used in the assay 15 (100 M) was well

above the EC50 of 3.64M. Note that these were the concentrations in the
kinase reactign, in the, reado#é}tp y were 50 times less. An excess of ATP
(2}

& fromATRaMTACES BIRATBREor the ATP binding site and

assured maximal phosphorylation without inhibitor. The signal reached a

maximUFhad 82 pMpATR. SWith foigher AlipuseAchtratigh the 4ighapsed in the assay
eased again,dule to feeATP insthe readgut 20, mixiwe,whigh BaHRGhtrations in

%%ﬁg}ea%&gﬁzvgiggggvgn %ﬁ%ﬂd%%éga%é% the binding capacity of the

KA RiFivsbeadsoThis phobikatost thebireingcapasidgses fie IHaP Phedgprevented

igwell Skpown ang neegs 1ohgiadiusted indhemssay dinProrenidration of maximal

the assay reagents. - ‘ N .
phosphorylation without inhibitor. The signal reached a maximum at 32 uM ATP. With
higher ATP concentrations the signal decreased again due to free ATP 1n the readout
mixture which bound to the IMAP™ beads and thus decreased the binding capacity of
the IMAP™ beads. This problem of the binding capacity of the IMAP™ beads is well

known and needs to be adjusted in the assay by proper titration of the assay reagents.

The decrease of the FRET signal due to increasing ATP concentration measured
here (decrease by a factor of 1.6 and 1.9 from maximal signal (32 uM, 0.64 uM in the
readout) to 128 pM (2.36 uM in the readout) and 256 UM (5.12 uM in the readout))
compared very well to the titration of ATP (Figure 5) which resulted in 2 decrease of 2

factor of 1.6 and 2.1 for these ATP concentrations.
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The decrease of the FRET signal due to increasing ATP concentration
measured here (decrease by a factor of 1.6 and 1.9 from maximal signal

(32 pM, 0.64 pM in the z5 readout) to 128 M (2.56 pM in the readout) and
256 pM (15.12 pM in the readout)) comigared very well to the titration of

ATP (Figure 5) which resulted in a decrease of a factor of 1.6 and 2.1 for
these ATP concentrations. -14- Clai ks A method for determining

kinase or phosphatase activity comprising interacting a 5 binding partner,

a detection molecule and a substrate molecule, wherein said detection
moleCuRSRAG H et A e Kiarg PP Brascptoiaprigaising interagsng a
moleculgdimiahelec with @itienaigkdonandih he detectorMeIQEMER I8 said
Iabeleg \{vit an e erﬂfy.a ce té:)&]ar with an energy acce tor, if %pe.
detectior foleBE T Tab etad With TAR SHEFSY USHA IR &afiih kg ate
partnemolssusintisiphabplib aiatea substraté 18 Wstetoleraridctie is labeled with an

detec%@r%@&ﬂﬁrmimﬁﬁﬁtw . S e SR @ Molecule is labeled with

phosphorylating said substrate malecule with a kinase or

depho¥pRSHASARE S PREEHHSI SR sBRTRGoHy B ARAtphprylated substrate
phospiatasd; and thy iteractingdeeus beiteievabletudemphitainged insiep a)
with said binding partner and 15 said detection molecule; and c)

determining kinase or phosphatase activity by measuring energy transfer

fromaheheshbegy ingsed SHEERe FaY e de ok afdzer sulssrheerhrsldeing 2
and gaidgRiesiend Mplaawenbrung WigaidhindngRatner. 2. The method

of claim 1, wherein said binding partner are metal ions on immobilized 20

metal\jon affinity-hased fluor _ ization (IMARYTM. beads. 3. The
methc;(j) o?claﬂ% l'or 2, %k%g}egﬁfi%?gé?é%%&@%greéf gh%e?%llsggﬁﬁ fitetime and
of lesaidHigesiominpdets adThe method of claim 3, wherein said

emission lifetime is less than 10 microsecs. 5. The method of claim 3,

whergidcsaichieiniskicasditetiinesibdess thenisy hicrosasmg 2a0gThasiatioh the
of Cl%ﬁ@rgy W&%@eﬂ@ tﬁ@%g@%%‘&g&f%@%éssgbts%%emna%ﬁgéu %%ind said detector

molecule bound to said binding partner.

2.The method of claim 1, wherein said binding partner are metal ions on immobilized

metal ion affinity-based fluorescence polarization (IMAPY™ beads.

3. The method of claim 1 or 2, wherein the energy donor has an emission lifetime of less

than 50 microsecs.
4. The method of claim 3, wherein said emission lifetime is less than 10 microsecs.
5. The method of claim 3, wherein said emission lifetime is less than 5 microsecs.
6. The method of claim 3, wherein said emission lifetime is 2 to 3 microsecs,

7. The method of any one of claims 1 to 6, wherein the energy donor is a Ru-

luminophore.

8. The method of any one of claims | to 7, wherein the energy acceptor is a fluorophore

exhibiting a spectral overlap with the Ru-complexes which vields an R of at least 10

A.

9. The method of claim 8, wherein said energy acceptor is Alexa Fluor 700, Atto 700,
Dy701 or Alexa Fluor 750.
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7. The method of any one of claims 1 to 6, wherein the energy donor is a
Ru- luminophore. 8. The method of any one of claims 1 to 7, wherein the
energy acceptor is a fluorophore exhibifigg a spectral overlap with the

Ru-complexes which yields an Ro of at least 10 30 A. 9. The method of

claim BadvherRin SaifigNer whacaeRiRs daefodehier 1 Qe Aa v G0,
Dy701 or Alexa Fluor 750. - 15 10. The method of claim 9, wherein said

engrgy.acceptor is Alexa Fluqr.700. 11. Th thod of.claims,7 1010
e TR e D R b AR R R Rt St
claims | to 11, wherein said method is performed with a system wherein
thé SahipETHEde ftkniesiett iR BoridmsiedidRepRimedyy shesyrisa
methodhefstaiitesddpid ovherain saiskSystam ipiechaldaartospiaisyaiem.
14. The method of claims | to 12, wherein said system is a microfluidic

systerra:flow Shranghcell 13.pkhemethodaf.any. ongafeBims 1da,.
14, wherein the dilution of the binding partner is at least 500 fold. 10 16.

Th thod of claim 15, wherein the dilutipn is between 1000 fald and

10 0B TRECIA 5 KEFBE peropmiG e AP R A o o v
16, cammprgingelin separate containers, beads which are doped with metal

ions, more than one detection molecule comprising an energy donor or

an1BNengyRIRERIATa PR Ml RREISHDRI ARPERURE TATORNSING Bihding partner
energy accept n energy donor, wherein said detection molecules 15

St
and sad'sGBEtrate Péptides are provided as sets of FRET pairs.

16. The method of claim 13, wherein the dilution is between 1000 fold and 10,000 fold.

17. A kit for performing the method according to claims 1 to 16, comprising, in separate
containers, beads which are doped with metal ions, more than one detection molecule
comprising an energy donor or an energy acceptor, more than one substrate peptide
comprising an energy acceptor or an energy donor, wherein said detection molecules

and said substrate peptides are provided as sets of FRET pairs.



