Generic Kinase/Phosphatase assay with single readout  The present

invention is directed to a generic assay for detecting a kinase or

phosphatase activity and its use in life science and drug discovery.

During the last years several methods have been developed for the

detection of phosphorylation (kinase activity) or dephosphorylation

(phosphatase activity) of peptides or proteins for use in in-vitro

pharmacolog(}%‘ﬁiéﬁ LEARAYAESTY s inplsdeatritiive for

such applications are detection methods with fluorescent readout which

are hbenpgeaeous;cmixrand-theasdrenaasays-andawdicharadhussuitablease or

ﬂ‘gg rEcjirgigettég%%tli[o%igcl)rsnrggn a}sfsa%s are b%s d on, the binding of a specific
PIERE 033/ tothe 5h'bspi1a e é?obg, owever anrtlfl%od§/c ased assays are not

genkricas distibodiesfosphosphosksinehor phhesphathriepninéarge detection of

: Hic, Immohilized metal ion affinity based assays (IMAP) are .

S R e Y B A e e
orkprieisenadtvitydditiie Tisnsbreeneriagsapduhghet theuphpdtstionnof (AT §8. Most

afPRASYRI N Al these Basays a@t%&ﬁm@no%fsl Kingsg(phQRRRAIASE ACUYID: are

is based on fluorescence polarization (FP) or fluorescence resonance
hipeegy ghIfE ERETCAREERETS BTRE)ich arhdyes fiudrblcpcminiaturization.

CHeasHramests.howeayeh reavireimuliicleseadeut ehdifferem Optic@hate group,
parameters such as polarization, wavelengths, time delayed detection
haRITEH rBRfiisY abisre SPRIsHEAtRY igStEiifetitatitiP T o Qinkbrspboserine or
pHlsprescRBeR NteRSity measurRmeat. IeARRAssaMISanlyrsHitablader assays
”ﬂ AT_P/AD_E orl}qen'gra ioHs and high turnover of the enzyme and one .
(gt sy o the EaPTARde ortHa TeBRRUH: RiRheRmbYe dhgction of
kideteationidg @nhe iMdirectesiacestae ATRARP cansUmpiidA Breimonitared n all
which might not be specific and not the (de-)phosphorylation gf the | o
e R R R SR L Sicaprgieence
padarirapeovéd genérickirase andiphosphataseaastay ENBWIAR ArREficiehR F).
detegtior e ki t ivity. . It is bject.of the. ...
e i B TUL Rl gR igrerem
opaisHlinetptiosp Fathses aptlatizaiivich Yulfitlsnbibsetjmice dvdmteldy detwiigst which
regieseliablg fuQrsacense segdaninInisimethad crpriResHRs UMWING, ensity
steps: 2 a) incubating a kinase or phosphatase activity sample with a
MRS B pHESpAAtEsE Eb str ety iEtite fephisfising A HaBrephrsirations and
hiBRviRgR deteciable, eatdomid ond)ingubatng the mixturerRf SIRRARMIIN G the

detection entity comprising.an aromatic group and a binding partner,
regihePeih e PROSHHGIFATEICSUB SPGB R St Hedd chisAnsHitytion are
makacapatiechibipaing odhghinting Padnekaad-ipeobindingebiher the specific
Sy st{ate molecule f}nd the detection entity to the binding partner lead to
PRARPARETEd TG fﬂgt‘ﬁuorophore, and c) measuring the readout of
the Tlugrdplrotédre theanmiddrivohistepidyveheceiniarkalierec desdaph ofithessay
anfliorenfiorecompred .2 plankiis indicptive for e presence of & kinase
or pHosphatase activity in the sample. n'afirst aspecff there is
prolidecka miettvodbfotidetacindgjaditvadedetivdtyhorephosphatade acthatyod for
def 'ﬁ'@_@lﬁﬂ@ §E?1Q/§tya%rj fi‘ﬂ&gs@ lﬂﬁ]i%?t? %HH? Whﬁf@‘%ﬁ\lsa%%ﬁ}(emem by a
sample with a kinase or phosphatase substrate molecule comprising a i
rofgdspshiste Haviigraseetectapieteadout, b) incubating the mixture of step
a) withsa.delesiom sty e mirsing. an.promatic group selected from the
group consisting of the amino acids tryptophan, tyrosine and
phenylalanine, and a binding partner, wherein both the phosphorylated
substrate molecule and the detection entity are capable of binding to the
binding partner and the binding of the substrate molecule and the
detection entity to the binding partner lead to an altered readout of the
fluorophore, wherein the altered readout of the fluorophore is due to direct
interaction of molecular orbitals of the fluorophore of the substrate
molecule and the aromatic group of the detection entity, and c) measuring
the readout of the fluorophore in the mixture of step b), wherein an altered
readout of the fluorophore compared to a blank is indicative for the

presence of a kinase or phosphatase activity in the sample. Ina
carnnd nhiert the nrecent diceeclaciire ie directed to a methnd for detectina



molecule comprising an aromatic group, b) incubating the mixture of

step a) with a detection entity comprising a fluorophore having a

detectable readout and a binding partner, wherein the 2a phosphorylated

substrate molecule and the detection entity can bind to the binding partner

and the binding of the substrate molecule and the detection entity to the

binding partner lead to an altered readdut of the fluorophore, and

c)mggasuring fhg,readontiqf ioe Hpoﬁﬂgg})%ﬁa%tggtm%;uggn%figt%tﬁ).’a kinase or

wherein an altered readout of the fluorophore compared to'a blank is
phRarbatae fPIHaDreiBRES e mikinEserdhonoRphateractiditiefatie readout,

sample. IR SREANthasRRELNerads, Providedaqmethed (o deeaing o an

kinase activity or phosphatase activity comprising the steps: a) incubating
QRN ESE BpHESHREIEES BvRY YARiBIR itk hogtitsstiatecriuhstale molccule and
theafaRisingeati @romatis.group selested finmuiheigroupsansisting 8fiheg of the

mino aciqs tr tophﬁn, tyrosine and, ph_en%alar]ine, b) incubatit?}g the

S%?Qﬁ}?ené? SEAAT it deRsEiEn By (Rolip il MIBRsHhsRs Havirgaitered
readdatedidtl € veagdutandd binding partner, wherein both the

phosphorylated substrate molecule and the detection, entjty can bind to

the é?nding partner and the’ ICIII’(]) ind @fﬂ the Lﬁ%%ﬁ?ﬂ@rﬁ%lé& @“5%8%8‘0 step b),
wiletactionadietity teadsrbirding fhartnerdeachia@ncdlteredreadsutndidiere for the

i : [ red readout pof the fluorophore is due to direct
pli%ﬂ%%ﬁ%ﬁﬁ%%ﬁ%ﬁ%%ﬂéﬁé%ﬁﬁg ('b{ﬁh% ]ffl}g?osp c?rpé"of the detection entity

andlthe arshmaticgrobiprofithersubdsdatermtiedufe; dntbajmeasiming tieivity or
pHEAAULOLUE fuorapbare Inne LG, ol SITRD) WHISLEIN AL AURRRE. aciiviiy

readout of the fluorophore compared to a blank IS indicative for the
saptelsetith dRHRIAASP sphuaphashssascimyaneremarnne, a Mipeaphore having
a embodinertphike presrnbslisglogirenthe dugrophpre is,selected from g iy

group consisting of Fluorescein, Rhodamine B, Tetramethylrodamine, )
CORPTEI 08" AP E5 8T AR TO S5 KR8 706, MR 3o BHHIBY 6 30re 80 iaARCids
ot LyRraferreddfiyorophosemare.selectachipm theeEeuRGoRsiStingn e

]of MR-]T?‘tl’dATTO ?90, ATTE 65d5i Aléi) 680 and ATTO 700. Particular _
PR RO it G e LIPS T et G 61 FiRUibYese ir rbifort péndiae to the
biMiR d Pirand AtdotOBinThe ofolkeuldrstidciures0f sameothesen entity to the

fluorophores,can be found in Bigco te.Chem. 2003, 14, 1133-1139.
D G e ey Rt B A e g roadont
of Siegdumraawnamydue tindarotheceribodiment aofithe présdnt Hiseldswrephore of
»Ih ' ' from | roup of amjno acids with .
oy BB B R AR YRl ) measuring
theyreass tor tae nare metho dhefritie prestricrlistlvbureiare sélecteddrom of the

f]d@@}@%@@d%ﬁ&?&'%a U1 GAMP AEEYAIVES- the &Q?&§&@§F§§8r@§y%\? Iﬁo}%hatase

yreferably a peptide comprising at least a tyrosine and/or serine and/o
acﬁ,yrlé\bmﬁg? sample. ‘

In a second object, the present disclosure is directed to a method for detecting a

kinase activity or phosphatase activity. Said method comprises the following steps:

a) incubating a kinase or phosphatase activity sample with a substrate
molecule comprising an aromatic group,

b) incubating the mixture of step a) with a detection entity comprising a

fluorophore having a detectable readout and a binding partner, wherein the



In another embodiment, the method is for detecting a tyrosine kinase
activity and the substrate peptide comprises at least a tyrosine. In yet
another embodiment, the method is for detecting a serine kinase activity
and the substrate peptide comprises at least a serine. In yet another
embodiment, the method is for detecting a threonine kinase activity and
the substrate peptide comprises at least a threonine. In a further

pRIBARAMENE. &DSSFL%“R%E&(RE dﬁ‘@%‘il’é‘Qd%tB'%?&P%%aﬁse qctivity,and fhe

Jy il D i binding
substrate molecule is a peptide comprising phosphate groups, preferably

PHHBSpHONRe Sl B pHd8phoBETHe wophobphutiteciimetion chiy furtherbinding
pRnbodiment thedeigcion enfitidsigpentide camprising phosphotyrosine

and/or,phosphoserine and/or phosphothreonine.  In another )
embBddiment A& Bty Subétihfe fotsalieand detettishientify tp b).
witieehinging:paenesdovoMeienic ntaIastins: Rreferablygie Rinfintive for the
partner is selected from hard Lewis acid metal ions (e.g. In3M or solids
PISEH 8 e a8 ith RORYBHHACKY sl BGSINAP beads. I a third
objdat atkecdisClopute. relates teravkiffon datertingA KB@@B’?@]Q% kinase activity or
hosphatasee .activity comprising a kinase and/or phosphatase activity
PEUBEIAR SR TBO RaOTFY a RS LR G AL, o BBRSElBioe activic
saphiity aitid asbinding parinete cortrpasifouith-objeat: the diseleste felates group
Kit for.detecting a kinase or phosphatasee gctivit mprising.a kinase 7
e e o G e WaTlRE cho L eme e
mpdtectidrrentity voinprisirgtatabel yaving asietectable phadobidng a detectable
--Lindi : lled descripdi e jnvention, . The term "kinase
e RO s BT ) e and
thrigagstion ThdYer "phigsphataskizditigityitrused Herdimdafersticta substrate

mERBhRSRRCYAIgN-AhR é%lﬁ?t@tﬁx DY APROPRAALASE:d Wn atvered readogt of the
20091033580PCT/EP2008/007122 -4- ~ As used herein "tfluorophore _

MyerRraqEra Lo M BT s riodehe WhichHcapris aimible durdigsbisteraction of
milorescenidisis afumrlionsh gounia aspalesulsivhich will absark. SRR the
f a specific wavelength and re-emit energy at a different (but equally ,
SL‘EE)té%;tﬁfi) Bj%{?a%ffe?f fg measuring the readout of the fluorophore in the mixture of step
b}, wherein an altered readout of the fluorophore compared to a blank is indicative for the

presence of a kinase or phosphatase activity in the sample.

In an embodiment of the present disclosure, the fluorophore is selected from the
group consisting of Fluorescein, Rhodamine B, Tetramethylrodamine, ATTO 590, ATTO
655, ATTO 680, Atto 700, MR 121, Bodipy 630/650 and Bodipy FL. Preferred
fluorophores are selected from the group consisting of MR 121, ATTO 590, ATTO 655,
Atto 680 and ATTO 700. Particular preferred fluorophores for use in a method of_'the
present disclosure are MR 121 and Atto 700. The molecular structures of some of these
fluorophores can be found in Bioconjugate Chem. 2003, 14, 1133-1139. The ATTO
molecules are commercially available from Atto-Tec GmbH, Siegen, Germany.

In another embodiment of the present disclosure, the aromatic group is selected

from the group of amino acids with aromatic systems, preferably tryptophan. Other

suitable aromatic



The term "substrate molecule" as used herein refers to a molecule which
is modified by 5 a Idnase or a phosphatase.  As used herein "detection
entity" refers to a molecule which carries a label having a detectable
readout, e.g. a fluorophore, or to a molecule which comprises an aromatic
group, e.g. tyrosine, tryptophan, cGMP, cAMP derivative. As used
herein "binding partner" refers to an enity e.g. a molecule, which is

ofApRAlE efdthhindineheth the RJ?%RP%W&%@%%P@%E%@&O}%H'ﬁqﬁl’e‘éuies like

the detection entity. ~ The present invention describes a generic
cRiMEsprodhHaTALE Hssay which is based on the fact that fluorophores

e.g.The xazine GyeMRL2LerAIy Qge&'@@é{ﬁﬂﬁhﬁqﬁeﬁﬁ%ﬁmw BYosine and/or

molecules having an aromatic group, e.g. tryptophan which forms a non
SHUBTRLLERIGFSIHY state complex. The idea is to bring the entity having an

aromaticogieupnend therl StHeiaropbars inclesedpoximityosddhahase activity and
th%useggthgilgg b tq}jrect inte[ac;it()in of molecular orbitals - either by formation

5f 2 NOA-TIHOrEScEnt Grotind Stats AEHPIEY (“static quenching™) or

collisionakquéachingoddynamic quehehingr-deas hecursbyideindiag: thei vity and

g st‘%&%’%%!ag be %'é%!«?%%‘%%ﬁoé‘?eﬁﬁg the fluorophore entity to a
binding partner. In comparison to existing quench assays, the advantage

of Sﬁthi?é’]@éﬂﬁﬁlmédh?dﬁi@fmwﬁhfab@&bodiﬁof@dﬂbgﬂ@ﬁmﬁa&hﬂ@nilikéi_éﬂase activity
afHAESARNGR ESeRANGE GReLgY ansier,(ERE]) is that the interaction

length is much shorter and quenching occurs only at very high, typically
mMLGCBIrBsA aHPiiB AR it sty trdvisfercatapearhbavietiag baivigeand the
s HRNOKANG AR AGCERIARAS IR, Eﬁ%%%ﬁ‘&@%&&? "Frpé el@pﬁ/l '&g)gﬂm_tyrosine

two suitable molecules and a remaining absorbance of the donor emission
oLl RSB RS TS PSS RN EB RAGRE- Overall the hereby 25 described more

favaritequencRrsysiemdeads, tollessansnecifiaisionals Angeaighebmprising
sensitivity.. Eithey the aromatic, group or the fluorophore is part of the
PIERHAGE PERHHLIBR e IHLLE GPb B SetAEy investigated
whereasother eihBodsnpant ofidherdaigationeniity:r-dlalinding parmachiodsntity
oNe.PRosphor L?geg %qgg%%tg C{)e(ptide anid the ?;e_t?c_ti% ergtity but30not .
the unphosphoryiated SBStrate pePigd Lo thit & KinasE'actViNg partmer s
setngfadureat byrd beesrease! ofiftabraphere. leadput Elideschneebintensity) ions on

th le.l%(%heogpﬂm@% é rsivity causes an increase of fluorophore readout
}guorescen' e intensity). The fluorophore readout can e.qg.

In a third object, the disclosure relates to a kit for detecting a kinase or
phosphatasee activity comprising a kinase and/or phosphatase activity substrate
comprising a label having a detectable readout, a detection entity and a binding partner.

in a fourth ob_jécta the disclosure relates to a kit for detecting a kinase or
phosphatasee activity comprising a kinase and/or phosphatase activity substrate
comprising an aromatic group, a detection entity comprising a label having a detectable
readout and a binding partner.

Detailed description of the invention

The term "kinase activity” as used herein refers to a phosphorylation of a substrate
by a kinase.

The term "phosphatase activity" as used herein refers to a dephosphorylation of a

substrate by a phosphatase.
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WO 2009/033580PCT/EP2008/007122 -5- be fluorescence intensity,

fluorescence polarization, emission wavelength distribution or

fluorescence lifetime. The binding partner is an entity that can bind
w(phmephaies groups, preferably a hard Lewis acid metal ion (§TIHEBpp07122

solids such as beads with ions on the surface (e.g. IMAP 5 beads), or

similar. Figure 1 shows the assay principle for an exemplary kinase

substrate labeled with a suitable fluorophore (e.g. MR121 or Atto 700) and

a detactisd detitinctitainphges prdsphiste frompoaad B ptopakeauly Hehich causes a

substrate.| ylat | ' ical beagtiohergy of

e e el

2 gpscificrerdsashice s anicdo TR MR (kR pho S I rarimeth-

lessyllarescaneeisdaieeigtk Thasebusi-antaensitvadidoiRseantes modified by
readout and the simple and easy to use protocol makes the assay of the

a brassrin PERTRIIARS0 amenable for miniaturization of assay e.g.  either
in high geasibranicidiitetpotasiel fofgpscoessinipand réadootimnes 2 label having a
microfluidics systems.,15Short descripti f GUEeS, o rigure 1o
d%tﬁ% GRE %%é?ag'aasggg% |%%1|‘%1e0.rié%%%%g%ﬁ§ﬁ§beI%Ial%ubstrate Omake group,
e.fatysletheyiiyreophMRAIVIBr Xitid 7 d@)V8ipisosphorylated by the Icinase.

For K&Qg&%@&ﬁ @iﬁﬁﬂ%%%@@gféﬁ Q@@ﬁ%ﬁi@@gjﬁgﬂ?f%&@%{ AR Ris capable of

detection entity containing a phosphate group and tryptophan are added

bisling iibotia iehaseliRrlsiep ARLHRSFYRAALE BRH Hie YFREHRR 9 etection
entitypipgkigninakindinginriper lepdiag:tainae/enalingaot tieay which is based on

fluorescence by tryptophan;  Figure 2 the decrgase of the .
AR STAREPY b6 T FELRSHE I B A e Bt g pcienty
bVIRARIGE hvbipAdto FOOEIG BYowere.gitag ol plidy@pviaadien fluorescent

different concentratiops of INCI3 a AjtQ. 7 . d
e SR e TS 2 oy B G sl et group and the

flertiph(20 % dbsheipideiv R thefigerecdinn &) Jgsetduireerieuof gn g der orbitals -
cif4 'B? 13angkdor i ea%%]m%égﬁt(]é%ﬁ mﬁénﬁﬁkﬁé@ @'@Qﬁc _quenching"} or

fluoreScence) at 10 p.M to 100 plvf(b);. Figure 3 shows a titration of . .
coplFP BRGNS BRN IS RSB RN AR AR 1 comprising
thMRI216C @Y e kikMIbR0E ketinei mbingirenehineris reached at 30

7001r|;i I\c/:lsvn\'{;?aﬁgc;n fo existing quench assays, the advantage of such quench mechanism
above dipole-dipole interaction like fluorescence resonance energy transfer (F RET) is that the
interaction length is much shorter and quenching oceurs only at very high, typically mM,
local concentrations. For energy transfer a spectral overlap between a donor and an acceptor
is required. This means a double labeling with two suitable molecules and a remaining
absorbance of the donor emission if the accepior is free in solution. Overall the bereby
described more favorite quench system leads to Jess mon-specific signals and a higher
sensitivity.

Bither the aromatic group or the fluorophore is part of the substrate peptide for the
kinase or phosphatase activity investigated whereas the other is part of the detection entity.
The binding parter binds the phosphorylated substrate peptide and the detection entity but
not the unphosphorylated substrate peptide such that a kinase activity is measured by a
decrease of fluorophore readout (fluorescence intensity) while a phosphatase activity causes

an increase of fluorophore readout (fluorescence intensity). The fluorophore readout can e.g.
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Figure 4 shows a titration of MR121-CGpY at constant WGpY and InC13
concentrations (800 nM WGpY, 50 gM InC13); WO
2009/033580PCT/EP2008/007122 -6-  Figure 5 shows 0% to 100%

wpbasphesstation of the MR12 I-CGY peptide by mixing MRI28cG@p6@ng 7122
MR121-CGY accordingly. 800 nM WGpY and 50 pM InCI3 were used as
detection entity and binding partner. The fluorescence intensity is
decreasing with increasing phosphorylaﬁon to 20% of the initial

blupieseeBe® Thendidaciunteioaseshisaaheien).britsin® 2avelangitakitadbation or
ﬂ0.7 for > 4%%t§§osphorylation and  Figure 6 shows a titration of WGpY

I TtomiY %ds (b) at a constant MR121- CCipY concentration (20

nM fiftel bodeeniration) iFen (edtihe Hiution bitheliMplRbezdsimapreferably a hard

1%&%90392&]‘%5@? E%Qien(g%?ﬁ eSPE&F&%&JhVXsG&Xd\Q’M QMo e surface (e.g. IMAP

uorescence inte ases with increasing WGpY concentration to
bomiys, of Bvesiaftial intensity at 80 gM 10 WGpY. With a bead dilution 1:500

or 1:3000.thefiipragcencs,ivensie ifeaHahe AuRRoNEshIe 80afdhabeled with a

initial intensity, with hig/Per bead dilutions the quenching is, less effjcient.

sjfabis RO SRBMRthB MR L 2 95 iRld WA il SN D Ui P phosphate

ghptef Op%eiran Birsyniarteibio Bhdinlaldteredetivindesnitfcththe biochemical
flugrophore 12| was jprovided by Roche Diagnostics, 15 Penzber d

T R 50 DR G e ok e ol o e g and. he

fivRE2den aterasidedaribhatima@0 srtaleimide whtsphoaithiedryibgrdess dlubepscence s

aS¥sieine residue of the substrate peptide was done in house following a
standard protocol for labeling with maleimide substrates and purified on

an arsyaenstHpd epndyedimEserrIosoGad) SRl tRecBRIB I Fasy o use protocol
mMar GhensNIRag! 166 12bidaNuelaash b00Q-aniiolaet ). 2NMnaieatifal 31 assay e.g.
,%ig_ma—_Aldrich,Co.,, atalog No. 30@440 was used as inding&qpréggr.the ;
iRt g AR LIRS T RISRQY KA PTG BRING ARG AFRUR LI B TR 7 lGS Systems.
SigSreAldeatrigaonaifithiedigu¥ith [MAP beads as binding partner the

buffer was, 80% Ix IMAP hinding buffe n %.1x [ndi

o pIOBHE] SR A R (I Do AT O AR D (oclod

wSurmgvAHRICA 0108%Y. FoPlaliserperieniatad yofin&iBwpydiopian detection of

pﬁ@ﬂwgt&lsﬁgg%tgwmﬁﬂg saityan 20 Riehe Ling RYMALRZ" a phosphate
were mixed giving a total assay volume of 40 pl. Befqre reading the

BB b IS i, A B8 BB E b R DREL P pghs and the

de@ition entity bind to the binding partner leading to a quenching of the fluorescence by

tryptophan;

Figure 2 shows the decrease of the MR121 (0) and Atto 700 (o) fluorescence in the
presence of InCls. 20 nM MRI121-CGpY or Atte 700-CGpY were mixed with 1 uM WGpY
and different concentrations of MCly and the MRI21 and Afto 700 fluorescence was
measured. The maximal quenching for the MRI121 entity (20% of the imtial MRI21
fluorescence) is reached at 40 uM to 60 uM InCly and for the Atto 700 entity (15% of the
initial Atto 700 fluorescence) at 10 uM to 100 pM(b);

Figure 3 shows a ftitration of WGpY at constant MRI121-CGpY and InCh
concentrations (20 nM MR121-CGpY, 50 pM InCls). The maximal quenching is reached at
700 nM WGpY;

Figure 4 shows 2 titration of MRI21-CGpY at constant WGpY and InCh

concentrations (800 1M WGpY, 50 pM InCl);
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All measurements were performed in 384 well microtiter plates (Comig

B.V., Koolhovenlaan 12, 1119 Schiphol-Rijk, Netherlands, ref # 3723,

universal optics plate, clear, 30 non-binding surface). All fluorescence
Wﬁ’t@ﬁoﬁf%?ﬁ%@asurements were carried out by means of a plate pyisEwoss/c07122

multimode reader (Evotec Technologies GmbH, Schnackenburgallee 114,

22525 Hamburg, Germany) equipped with a high pressure Xe arc lamp
using an excitation filter at 630 rim (bandwidth 50 rim) and an emission

filter ABY8 AFheBEIRiMH S¥nihorphopyiation of the MR121-CGY peptide by mixing

2000/033580RGTIEDR008(00 4d2Raif M RBR %W@g%ﬁ&%ﬂm HEE Ay ere used as
865@5&@}1 &b%{wdwg%{%} nm) and an emission filter at 710 nm (banqlmdf_h 46 _
67 Atts ™ 665 BNt MRS iras aafFRtE to dasaiteeorisr iicreasing
. Fiax l eﬂﬁ@h@mﬁmﬁ&ﬁ&&rﬁ%{gﬂf@g}g&%ﬁ%&@@é}qggﬁove 0.5 for >
r ing.e re.times. 5Results,A. InCI3 as binding partner
%’%%@%%}%%3%®%%%3@n ol?ﬁhaé!%%ﬁﬁl lexes with hard Lewis acid
metaFigWs: Treowssgdisddtied PHoshh &tk grodbisEnbeadsdipie docanstant MR121-

S0ple BRial RO RS AUMBMELRLANE P (G ARAUT Sk HORIAP beads was
complex. Hard Lewis acid metal ions can thus be’used as binding
}pé?fﬁ)érfﬁf hh§ithETl srapRBratisrisf Adiie Hspishhah Sinfirwsiosece intensity

q@ma‘mlisywmfoamaimg M@ﬁ%%b@{%m Sz&%@}ﬁ}@@%@é- !%tl%ﬁf&%ﬁt&fy at 80 pM
i ort peptides were used a orophore- and tryptophan enti
b oReR Ao g s bt e tieiguAly quenched
tfhEGr6pHidhe wititliplosighorjtiatéghankkah phesphandates paplidenQfdifRient.

seqmg&&}gsé%é@}% eled with MR121 and Atto 700 at the Cys
residue were used 1 % 121-CGY, MR121-CGpY, Atto 700-CGY and

Atto A8orertifrysHaYedRE iy HA G b ested NG entityiwad 4 Péplicte Bithentan GmbH,
EmefgHeTEe krRtfoly oy rdﬂ*ﬂ%%}ﬁ&ﬁé@iﬁ;@ﬁﬁ@f%&?ﬂ&%ﬁ%ﬁ’@ W&B@Y g)iagnostics,

ereafter). Fiqure 2 s a titration of INCI3 as binding partnér at fixe
RIRGE T R8O Ro DL i ESpY Suchcer TS (ot coupling of
MBih2emtrationse Mid 2o TOGMARNMN ke F0:EER Era0 WM MY ER¥ide residue of
ﬂ@vgub-gﬂ?itglﬁa%%% eR%s 8oNeSI? @1(91}:3!6\:/' 'f%]'%\lving a standard protocol for labeling with
maleimide substrates and purified on an analytical HPLC (Merck Hitachi D-6000) using a
C18 column (Marchery-Nagel, cc125/4, Nucleosil 100-5, protect 1).

Where InCl; (Sigma-Aldrich Co., Catalog No. 303440) was used as binding partner
the reaction buffer was 100 mM NaAc/HAc (NaAc anhydrous, >99%, S8750, Sigma-Aldrich
Co.} at pH 5.2. With IMAP beads as binding partner the buffer was 80% 1x IMAP binding
buffer A and 20% 1x IMAP binding buffer B provided with the IMAP Kit (Molecular
Devices, 1311 Orleans Drive, Sunnyvale, CA 94089). For all experiments 10 ul of the

tryptophan entity, 10 ul of the fluorophore entity and 20 ul of the binding partner were mixed
giving a fotal assay volume of 40 pl. Before reading the fluorescence intensity the plate was
incubated for 60 minutes at RT in the dark.

All measurements were performed in 384 well microtiter plates (Comig B.V.,,
Koolhovenlaan 12, 1119 Schiphol-Rijk, Netherlands, ref, # 3723, universal optics plate, clear,
non-binding surface). All fluorescence intensity measurements were carried out by means of
a plate::vision multimode reader (Evotec Technologies GmbH, Schnackenburgallee 114,
22525 Hamburg, Germany) equipped with a high pressure Xe arc lamp using an excitation
filter at 630 nm (bandwidth 50 nm) and an emission filter at 695 nm (bandwidth 55 nm) for
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20 is quenched to 20% of the initial MR121 fluorescence (fluorescence in
absence of InCI3) in presence of 50 gM to 100 gM InC13. With higher
concentrations of INC13 the MR121 fluorescence increases to 70% of the

irtraPRARP4. fluorescence (Figure 2a) indicating that the MR ¥2iramstityis /o712

and the tryptophan entity are not bound to the same In-complex anymore.
Figure 2b shows a zoom-in from 10 gM tg 140 gM InCI3 to find the optimal
INC13 25 concentration. The Atto 700 fluorescence is quenched to 15% of
R rd Srestairtemflatist S5 50gMunTrad&iAfl aroat M Rtk ientityer at 710
the Aedv0uoress eiCRIRCIaRsER AR WL RIaReKINGIS, 4 s 1o.ghput 60% of

ﬁ%ncentrat'ons. Ag}ﬁ bseqtﬁnt exgeriments were doné with 50 g
ahd TSR T 1% ;i}.‘ﬁr%‘ 8t tepthearsp YichHegmianwsHigngliors and varying

optimiretdw®igure 3 shows a titration of WGpY with 20 nM MR121-CGpY

(finalﬁggéﬁtg and 50 AM InCI3 (final 30 conc.). At 700 nM WGpY the

fluorescence intensity reaches its minimum (Fig. 3b). With higher
AEAH0AE GV PAIAE Y the fluorescence intensity increases

slightio(¥eim 3094 ot iniialiatens %ALI00 M)
(Figure 4). In a final experiment tk%gf?ilg%re c%%%‘i%ﬁgt@fﬁv&%a% 1%8%% ions. The
WF&%W&W@%%@ (FigaieeB) mgggdion or crosslink some metal

20091 03ABORGTHR RO 22:r8 LMRLLLCERY iBRIMRAZISCRY: 25 binding

ixed accordingly.to give. 20 nM MR12] -CG(p)Y final concentration
%ﬁﬁ%i%r%’%%%g%ﬁ%@p DA N L2 S56 RRRY S e rkss BEpaisnity fo form a

fd@tébﬁ@ﬁ;@ﬂiﬁtgramﬂwam\/bml@a%m;iingfphﬁrmﬁhrciﬁlaesﬂblﬂfrgmemm used as
ﬁﬂ@g@ﬁﬁtg’ [ inearly with.increasin sphorylation from 100% to

20% of ghee%%%?&iﬁr@e@gﬁy%}{ga é@l meast r@]g}]g ‘fﬁ‘ﬁ%’ﬁ%‘&% SYiang g gvptophan,
TRIEESHVFAS datclrarsahmiorninoprrrbpnorddtion] omphesphiaptatis phoides of the

s%dﬁb@@?i@b”@%-i&@é% Lyiand fram40% %%9%@&9'&168 Cg{%%@%ea qa?ere used

ind art For the experiments with IMAP beads a
‘%@??r%f%p sa%{gﬁéﬂ%gde?‘%pa%g@gré’%e%@ MBA-E0aid hereafter) and the
copoptasi apipGI et TR NDAGSTEST S
. signifi iQNs ¢ u
t)ﬁ%)ldggi"}r?’?r concentr 'tisg%gﬁethe &’Wy% %835{’5@1%&6 A hiding BodyT at fixed
B&%é%’cﬁifg@‘épmém RA>CentitynANGpghaie dvnRobe diisahtemehinoidsgMR 121-
Gpwabasdheds GAGeLp sesMNRIGIRr RA0SHL HARISIIALNSAIE, o MR 121

irgﬁuir d, the novel and sensitive assay allows’the system to be use
|

g Parrererh e Bitiehdifd 2 dyersrssnesi Mvensigcafizatmnce of nCh) in
PMRﬂ@lfﬁGﬁ\éu“gtmé@qm’ﬁﬂﬂglééV%H %%B@@&Mﬁ%é%%ﬁﬁé‘gﬁe MR121
. AL _the orescence 1S quencne .tO i
ﬂg%t’%&gp J?ﬁlep“i%r.ﬁ%ﬁefn en@%.\%t%gecl%%%w@%é}c HEFSERSTGT @08y Yabsipdicating that
thei e dileridiied the WwiAPPheadstitp atotlerisbtohibetie ke DCbigp{Eidnymors.
F the Qpivnaldijytion: li t :50 d 1:1000. Conclysions
1%glvﬁlith the gf‘gr"% %%i%%si@?&gd\%ﬁemg d%ﬁdlﬁgra?gﬁg? k%{ﬁgség&ommal nCly
C%ﬁsgﬁsﬁﬁl%fs&&ﬁ{)m ¢8R Buvetentes isydvrasbeding AW orédseitkinhsb)orescence

alencrease (phosphamselhPhdN@e MR121 entity the Atto 700 fluorescence increases

again with higher InCl; concentrations. All subsequent experiments were done with 50 pM

InCl3 and the MR121 entity. In a next step the WGpY concentration was optimized. Figure 3
shows a titration of WGpY with 20 nM MRI121-CGpY (final conc.) and 50 M InCly {(final
conc.). At 700 nM WGpY the fluorescence intensity reaches its minimum {(Fig. 3b). With
higher concentrations of MR121-CGpY the fluorescence intensity increases slightly (from
30% of the mitial intensity at 20 nM to 45% at 100 nM) (Figure 4). In a final experiment the
fluorescence intensity of 0% to 100% substrate phosphorylation was measured (Figure 5).
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fluorescence intensity of a suitable fluorophore (e.g. MR121, Alto 700).
The quenching of the fluorophore by tryptophan being either static
uenchln% by formation of a non-fluorescent ground state complex or
Auenching is a short range interaction what assuré’sé)ﬂ:{g??{“%‘mln
occurs only if the fluorophore entity and the tryptophan entity are bound to
the binding partner. This is on contrary 1g_a regular FRET measurement

iApae AR AT S R e RN

Mr@piwmn&mm tmd%&am@phmmh@ty@tﬂubmpﬁ@nl&ﬁ@n@tﬁb’é@pé’em used as
JaLhsauenshing @é?&{ij qgse él?egxl-}& ‘M{%ﬁrﬂ% RO LERAGMS IS decreases

necessary the 30 re of que ng o luorescence requires
lmenlal siiif|énrsertoi. Phiaephstirietiemdrsen Ve ﬂeo?@éc@ﬁéherm@htréﬁw As a

ﬁi&ﬁsﬁwmqﬁﬁwpaﬁé%@tm makGshe assavEls e AReRRRIeH horylasion

elther in high denS|t micrgliter plates or for processing and readou

?C‘fo%ﬁf&?&% YEh? @8%@%%%8%&%%%%‘@ @*?ﬂﬁzﬁwz}
Alto EODViare imncited HNGH@QRARRB3580PCT/EP2008/007122 -O-

For the experiments with IMAP beads as binding partmer the same short model peptides

were uses a2 MRI121 and wyptophan entity as for InCly as binding partner. With a diameter of
~100 nm the IMAP beads are significantly larger than In3" ions and thus a 4-fold higher
concentration of the WGpY is necessary to achieve a good quenching of the MR121 entity.
Although the IMAP beads are not working as well as the InCl; in a sense that higher reagent
concentrations are required, the novel and sensitive assay allows the system to be used as a
binding partner. Figure 6a shows the decrease in intensity of 20 nM MRI121-CGpY with
increasing WGpY concentration with IMAP beads diluted 1:1000. At 80 uM WGpY the
MR121 fluorescence is quenched to 20% of the initial intensity. At a constant concentration
of 80 pM WGpY higher dilutions of the IMAP beads do not lead to a better quenching (Fig.
6b}, the optimal dilution lies between 1:500 and 1:1000.

Conclusions

With the examples described here we demonstrate that kinase or phosphatase activity
can be detected by measuring a decrease (kinase) or increase (phosphatase) of the
fluorescence intensity of a suitable fluorophore (e.g. MR121, Atto 700). The quenching of the
fluorophore by tryptophan being either static quenching by formation of a non-fluorescent
ground state complex or collisicnal quenching is a short range interaction what assures that it
occurs only if the fluorophore entity and the tryptophan entity are bound to the binding
partner. This is on contrary to a regular FRET measurement where there may be absorption
of the donor emission by the acceptor also without binding to the binding partner at high
concentrations of the fluorophores. Similar to FP measurements there is only one label
needed for the quenching assay described here but while in FP two readouts are necessary the
measure of the quenching of the fluorescence requires only a single readout. The robust and
sensitive fluorescence readout and the simply and easy to use protocol makes the assay also
amenable for e.g. either in high density microtiter plates or for processing and readout in a

microfluidics system. Because the fluorophores used, e.g. MR121 and Atto 700, are excited



in the red with a fluorescence emission in the near infrared it has proven

to be very sensitive and shows minimal interference with auto

fluorescence of e.g. compounds, biological material and plastic. The three
WELMBEHETRY - the fluorophore entity, the tryptophan entity an8GREBefg 7522

partner - can be titrated against each other to find optimal conditions for

each 5 assay providing unique flexibility._ While there are shown and

described presently preferred embodiments of the invention, it is to be o

EERERS, A SO FRRA R R o HSCERER THIRES thare @ Byepkery sensitive

athlestise \atiously emiiadied anthpaadicedondibindhescope afitpeunds, biological

followi laims. -10- Claims |. A methqod fgr detecting a.kinase activity or .
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Phdeptiataperaetivigesdmpleawithagadnasechrphosphitdsepsubstratalitions for each

m&gg%g@&@g&ﬁ@@ﬂgg{ phore having a detectable readout,

5b)incubating the mixture of step a) with a detection entity comprising an

aromAtiélytip veisktan ruhftseigrdunccandisarg sedbarimeatigd the invention,

PO BB RS QISR RN Y AR o @Rdia RINFRR RS WRSFEIbe otherwise

both the pr!g?%}fr lated substrate molecule and the detection entity are
GG

LB % RS ST SRR & WP HE WG S HESubstrate

molecule and the detection entity to the binding partner lead to an altered
readout of the fluorophore, wherein the altered readout of the
10fluorophore is due to direct interaction of molecular orbitals of the
fluorophore of the substrate molecule and the aromatic group of the
detection entity, and c)measuring the readout of the fluorophore in the
mixture of step b), wherein an altered readout of the fluorophore
compared to a blank is indicative for the presence of a kinase or
phosphatase activity in the sample.
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152. A method for detecting a kinase activity or phosphatase activity
comprising the steps: a) incubating a kinase or phosphatase activity
sample with a substrate molecule comprising an aromatic group selected
from the group consisting of the amino acids tryptophan, tyrosine and
phenylalanine, b)incubating the mixture of step a) with a detection entity
comprising a fluorophore having 20 a detectable readout and a binding
partner, wherein both the phosphorylated substrate molecule and the
detection entity can bind to the binding partner and the binding of the
substrate molecule and the detection entify4@ the binding partner lead to

an gltgred readout.ofhe lugrophore 1o¥"£?1%555@&5&%&!!%%&%%399&&19 L.

fluorophore is due to direct interaction of molecular orbitals of
fluofbphore BIHE WSS EREP AR SO MEhE &Hlmklf\afﬁéréﬂ%%ﬁ%f?ée substrate
meholéculepanc: 25oymeasuting tedreadbatofihe fluorophore in the mixture

of stgp b), whersinanaliered adaul %m% ﬂél@éﬁlﬁh&ﬂﬁ;ﬁ&impﬁmg 10 @omatic group
k is indicative for the presence of a hatase VI'[
Se fﬁ}%% #FO]H 9’18 glOﬂ%CQIDﬁIS?n]’E% P%’l Tg aoir%Cl or % vgﬁerem t fFuorg gﬁrégznme and a

bi%%véét@’awffovﬁ%@ Q?&U}?W?@%ﬁﬂ@aﬁfj ﬁ%ﬁ?@gé@?ﬂfcﬁw&aﬁﬁ H%t‘fB“"PI\?’I‘F?WAﬁm capable
efbﬁﬁﬁ@;oﬂtﬂ' TOGEHpATF @6 8E, ity O0thMERLERLs Bddipie 68016501B0ianehtity o the

b;f% rjt:nlcr mareprefeiably fram theaup RSN AL IR 590, Al dQiout of the

TTO 680, Atto, 700 and T etho of ¢
e HEHISTERhFE TS R Rire ot 5P et o o RSO S e ate molece

ang [hfraroTates a&mﬂﬁﬁéﬁﬂ#ﬁﬁf@mﬁb@@?oup is tryptophan. 6. The
method of claimsildans, beanesn dherhinsing ofithie sulbsitaie PlOCuUlR@n0an altered

reég&td%tﬁct%orog% tl&&ﬁg&@@ Rinding pastnerinvalve ionic INteractions. o hosphatase

he method of claims 1 to 6, wherein the binding partner is

acg‘é%(‘ftél?fﬁaé‘i‘ﬂ]%ard Lewis acid metal ions or solids such as beads with
iong.cnithbirdSurfreeting a kinase activity or phosphatase activity comprising the steps:

a) incubating a kinase or phosphatase activity sample with a substrate molecule comprising
an aromatic group selected from the group consisting of the amino acids tryptophan, tyrosine and
phenyialanine,

b) incubating the mixture of step a} with a detection entity comprising a fluorophore having
a detectable readout and a binding partner, wherein both the phosphorylated substrate molecule and the
detection entity can bind to the binding partaer and the binding of the substrate molecule and the detection
entity to the binding partner lead to an altered readout of the fluorophore, wherein the altered readout of
the fluorophore is due to direct interaction of molecular orbitals of the fluorophore of the detection entity
and the aromatic group of the substrate moiecule, and

c) measuring the readout of the fluorophore in the mixture of step b), wherein an aliered
readout of the fluorophore compared to a blank is indicative for the presence of a kinase or phosphatase
activity in the sample.

3. The method of claim 1 or 2, wherein the fluorophore is selected from the group consisting of
Fluorescein, Rhodamine B, TMR, ATTO 590, ATTO 655, ATTO 680, Atto 700, MR 121, Bodipy 630/650
and Bodipy FL, more preferably from the group consisting of ATTO 590, ATTO 655, ATTO 680, Atto
700 and MR 121.

4. The method of claim 3, wherein the fluorophore is MR 121 or Atto 700.

5. The method of claims 1 to 4, wherein the aromatic group is tryptophan.

6. The method of claims | to 5, wherein the binding of the substrate molecule and the detection

entity to the binding partner involve lonic interactions.
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8. The method of claims 1 to 7, wherein the detection entity is a peptide
comprising phosphotyrosine and/or phosphoserine and/or
phosphothreonine. 59. The method of claims | to 8, wherein the substrate
molecule is a peptide comprising at least a tyrosine and/or serine and/or
threonine. 10. The method of claim 9, wherein the method is for
detecting a tyrosine kinase activity and.the substrate peptide comprises at

lea rosin II Th me qbof cl hereln he metho
forsc’fete&ylﬁng a serlne ﬁlnase ?ac v%t’y‘?’t egﬁ% e%sia snt a e ner Jé Sgecwﬁ from hard
L@@mpﬂée‘seatilﬁastq sefifresuch ad Bedlihevitheibrodoftiotai mltfﬁwhereln the

method {5, for. detecting.a threonine kinage activity and ?f[t%}JdR ?%ﬁtrde comprising

peptide comprlses at east a thrednine. 13. The met
rhesohalierdin thd/mathewlodorvatedtnghoptoshbivatase activity and the

substraie MAIGHIR IS.AREPIGE COMPLISING RhasPhateJEeHRS Qr;%f{ﬁgl&)mprisin g

15 phosphotyrosine or phosphoserlne or phosphothreonine.
at fsatha dVeTeraiAs PR BeiRdiei FhERe fiforophore readout is fluorescence

iNteP§ityhe method of claim 9, wherein the method is for detecting a tyrosine kinase
activity and the substrate peptide comprises at least a tyrosine.

11. The method of claim 9, wherein the method is for deteciing a serine kinase activity
and the substrate peptide comprises at least a serine.

i2. The method of claim 9, wherein the method is for detecting a threonine kinase
activity and the substrate peptide comprises at least a threonine.

13. The method of claims 1 to 9, wherein the method is for detecting a phosphatase
activity and the substrate molecule is a peptide comprising phosphate groups, preferably
phosphotyrosine or phosphoserine or phosphothreonine.

14. The method of claims 1 to 13, wherein the fluorophore readout is fluorescence

intensity.



