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‘substan es relate

-1- Ceneric Kinase Assay The present invention relates
to a method of determ ning ki nase or phosphat ase
activity conprising interacting a binding partner, a
detection nol ecul e and a substrate nolecule. The
physi ol ogi cal nodification of nol ecul es and
supr anol ecul ar assenblies plays 5 a major role in the
structure and regul ati on of biol ogical systems. These
nodi fications may include phelsphorylation,
cyclization, glycosylation, acylation, and/or
sul fation, anong others, and the nodified nol ecul es
may i ncl ude pol ypeptid Fiddhgh& A&hds, and/  or
l'i pi ds, anobng others. The I nportance of nodifications
is particularly evident in the cell-signaling
pat h 1 L
Ry réséht lefiflo dﬁé{l/z{t?%t% :Jhlgétgﬁ% tag&rtr%c I@ggﬂlag% glr %hl?(s:]%hatase
a@:i‘fiﬂyprByﬂgamemtmd bingdulg pasinen a detettioremolectle@and a substrate
nature, and activity of cells. Conpounds

Can interfere with phosphorylation or
dephosphorylatlon cat al ysed by specific enzynmes, or
of s%@p]ﬁysmleybﬁtrn@hﬁ&tloﬁroémmﬂeculb‘s and sﬁpranﬂleaﬂhﬂ‘@yeﬂmws plays

S5 o SRS BBea 8 rrcin
Wil GRtl@RGiHo sﬁﬁﬁi’ﬁﬁﬂtﬁh dySIBEM, %‘l)!’(:%(Ej‘ylé’tflonS ‘d@flatﬁﬁlt Eﬂ@&ssulfatmn

Therefore it is of interest evel 0p net h

arepRs piharsnpddha adifind mpelseperanaymclude ﬁ)plynnﬁgftlde@,rnuclelc acids, and/
lti 8 'aﬂﬂ)n% thh SO Edﬁ i“‘%@%ﬁ‘gﬁg‘ fiC s34 ﬁarﬁglﬁ%ﬂ%%é\ﬁd?nt in the

I Ng ways. E closes a ne
k egmlmgrpgthwayamewlach extiracpl Nl asad lmna@llshs substantes r2Rted by

ﬁ%@g@%{: tgl%ﬂﬁcgﬁm?s'ss%g% ﬁ%gls) %0 fatlgg d 03{ z%tgq%el?lg}egr}c%ﬁlée position,

hatod] @gl pavitpef cdls. an entity that bi nds t he enzyne
prod ct a itself be attached 1o a soli hase
UGpdings B‘anﬁhsﬁnwpwafe@fm%@sa%qw@ﬂon et Sembethopy ation

: Mﬂyse@%ﬁb@ﬁﬁc et CslshaRfic dilsahel, atd &Mﬁfe%hﬁﬁ@e they may

| um nophore, acceéptor or quencer) Is attached to-
wfrsteppwitiripedificyigealing ey enss pashthie beaepfuli fox rentment or prevennon of

e ansf er

URLEEAAn oD bL Lo Mbon 0P AR bRET® o

det etharefgreatids of imterest ta developlmahods of| ldle&atmmi@ klgasmqn phoxsphatase
al so sed ste

Fligte, B SRR G i Sl ol PrRlip e R Vs
macronol ecul e having entrapped netal ions, and a

pe pt]éIglel 5_6§2_9 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 detection, a label (fluorophore, luminophore, ecceptor 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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A, wherein the conversion of phosphorylated to
unphosphoryl ated peptide or vice versa is neasured,
e.g. by FRET. One drawback of the two parts systens is
that for optimal energy transfer, for a 5 given BP and
A* ratio, a certain ratio of donor and acceptor is
0
A S%]Her%gg}sl% «?—({/H’b?rosnfn 8t Iﬂ@%ﬂﬁ@la’teg Eﬁgn%%gﬁﬁk%% rpebﬁdé.@rywce versa is
gﬁuﬁﬁhﬁgahﬁﬁﬁgﬁetmeen BP, A and A* are generally
i nfl uenced by the blndlng capacity of BP for A* and
the respective binding constants on one hand, and al so
by the kinetic parameters of the enzynme reaction for
&b@h@gpar@wyﬂpp@s @tth@trfoqqptﬁgﬂ@nergy transfer, for a
%@&f 5 %@A* H’tﬁ) E&é{ﬁﬂn bitld & BhoBhhd ﬁc zﬁﬁ?ea PTHS, for optimal
ecessary f optimzation in ystem
E%%Bsenemt@ncﬁmpﬂy(hﬂrseessaw & titnete Baséaydsﬁl gnal and

~quality or enzyme kinetics and biol ogical neaning of |

t he ﬁ%gsle} Sthe bg@muh‘pra HBELMRESI BEASEd A* aﬂ?%&pé?aﬂg influenced by the

NPOSSI le In parts systemto achi e
h;pﬂl«nmﬂ@afcw ofBP farghprondehe sespecting hivdingecgostenty on@ne hand, and also

bg’%v ert elg b%%}deg%aaigge @H%mé re%ér?iro_nqglg n %'rd? gdtt&%ﬁ[uq;r% the other

IrRETTha@rbore rﬂmﬂque?mmo ofB}i’,lﬁfeartd/@* wblchss wsasermf@n Hiilos ed

PR R R (000 5 ARRRES Pty DR

. qalahmdrameymc bmetisrsgmﬂ@iddbgldalmnhgbélﬁmieﬁﬁts, ian irpthia e-rOrst_C.aSé it

gﬁblm 551 rt§ %st%g’lt qpfa%iéi,ee % utnpfor aﬁ %B}%P&flentsz

ng capaci
dnlz}anb merrm Ecea;qbsmmnm kmatltsyBH auné A foli q:rmman buoﬁng@ﬁomacrted

Th|§ o the energy transfer

g{{g Céeljtf’r ?n?)rl 8§Ppu onoﬁ%z;[t:cept or pair whichis 3

to maximally 9 nm As a consequence the energy _

t r ar@heembdbimeetof the ﬁ/exppz,ttsk:sgadrnamﬂcmecbmﬁﬁilpé;’ﬂ9| agd W00/75167

coatémlg%eﬁr }fl%stﬁg)fée% Is t\%qttdrﬁ El(lé}%er 1%{ 8&1@ ﬂ%ﬂg?gﬂg)r%%? chegiotr and a surface

cshﬂnhg todsind thdiabaed A*. ds sther %rmm aﬂheeidsswmapricamabd in the
%ﬁb 5 reduced dynam c range and decrease in

‘?E% f ?%? Therefore, it was the aimof the present

invention to develop a nore efficient nethod for

det &favichieng sifinastbinding basphpattedd AR beadsytybizalbriengy diameter

f Bent bet
TR e T S L ST PRI I
d@ﬁgs itlateﬁo@baﬂr hed ipatd max(rma)lly@ irivi Aschi cﬂ)glseqmancterthe endrigy fransfer
et ection
DB DR SioPat bErar Tt repriss ARG BE Sl e oo ey
lmﬁf@hbrmm&e beqiewhich dof’t sqaradfRH Thpartter bht §t8l contribute to assay

bac ng\églgxch ggl?a}f "lthls 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 invention consists of three parts: (i) a “binding
partner” (ii) a detection molecule which is labeled with ‘donor or acceptor of a FRET pair

(iii) a substrate molecule — a small molecﬁle,peptide or protein- which is converted by the
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-3- enzyne and thereby an amno acid (Ser, Thr, Tyr)
i s phosphorylated if the enzyne is a protein kinase.
The sane setup can be used for protein phospatases
where the respective amno acgd is de-phosphoryl ated.
Thus, the present invention provides a nethod for
i . _ h i ohai _
Farer %?itﬁ%? B B R 2L S g S AR L B Gayme s o
rrateim kingbrs ihha semp egven aan bahseddpnpesdsia phespagastowhere the respective

e T
datererivingykinago o phoipfhatase adatigyotoimising istarhasingsa baldelgepprtner, a
(‘I.Mftéétﬂiﬁgqg&@&ﬂ?%n&%csﬁph%f ggfytsi’d%, ;‘EE?%% %ﬂﬁtrcﬁzyectigﬁ ‘hg&%c;lﬁe is labeled

etecti on nolecu W an ener

 witinen enwmigerdenor saaadepndidgaid pabstraer moticylels hitteled with an energy

&’J?l%?,p]? Fhe ld?t%cecﬂ) SyRRLIALe }a%%ie? %hhe an \QHEI%P a hlqud or with an energy

conpri ses es?tepsmo. a) phosphoryl ating sard

Fodpson, itthe deteettan molatdlh isdakélebweh an edengh dspho mherdin sgd binding
h oryl at ed substr at .ecule wi.t;h_a .

st R ARG R A E T SBHAE A pfimpd comprisesthe step

afok e phbsphobtlatinyeshid nulstap: a)olavutehwithi «d kimasd bn glepbwospherylating a

nd .sai etection | ecul £; and det grym ni ng.
PR A B SRR s i hp iR the substrate
tholangdé ebtafredrin tiep a) efdrsgyl odiap phanéhmmdeart dyteatiaepiobacule; and
f,said suhstrate | ecul e and, said detector 15
rsleIt g Jipasc 5 RAGPRIARS G IpRY RS UTae Spafdgfapsfer from the
cpaigtt domudi ng tipAkhagy adteptorebilsaidontbstrui gbleatle and said detector
BT ARt B S E bR il iRy BT FaiRe BarRe 53 %hctal oms
vﬁil 1&9?_156!’%6&1?1)5(&315%&%%&%@ blg a palid plﬁsg,&{ £ 8@&@mértfiﬂﬁl&n@,&ample holder.
m beads m peaas [; e obtalneq.from
_Iwmempa?f%e@ F@éedwb.saﬁdblﬂ@% BORROCH BT ol s O FMATIY beads.
Iln@ﬁ&f | Y ‘rﬁ‘eﬁﬂs hﬁydlb%aﬂ;tﬁﬁedafrﬁﬁizgg}l&h&?f{%meh fs @o]gilf.iw @ad B&n shown that
u phaores .aose enougr oge r. ror uorescence
IMATC N rads b gpsed P8 REFRE Pleierry tg gflﬁé by duospphores dose enough
tOFHNVET Rl AludtedcBidel RBoSMTE BNt trkhdl@s EFIASSaY&in@Nhus a universal
d{% osphat ase, assays. I'n another preferred enbodi nent,

fretiaupsternfos insrerstave 2pd PROPPBIEI 41597 a  peptide. 25
AS_USBAUERA! PrefcrRbinGthPGIRRGE NG’ sulbSRE SmbRedR BN iftein or a
e

that binds the enzyne product and can itself
Pgbtidehed to a solid phase e.g. a bead by any kind of
i nteraction, covalent or non-covalent. As used
herein, "detection nolecule" refers to a nol ecule
which carries, a |abel, e, a fluorescent | apel,

t hatsaisschieigetbaeding Ragnert fefera ae aw ety this béndsithe engiygne product
M CeitRISitthEhed30 2 kORI PhAIEE B% BARDHGRY kind of interaction, covalent

or non-covalent.

| As used herein, “detection molecule” refers to a molecule which carries a label, e.g.
a fluorescent label, that allows detection of the detection molecule, and which binds to

the binding partner.

As used herein, “substrate molecule” refers to a small molecule, peptide or protein

which is converted by the enzyme through an enzymatic reaction.

As used herein, “energy donor” refers to a fluorescent label which, upon excitation,

can transfer its energy to the energy acceptor.
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As used herein, "substrate nolecule" refers to a smal
nol ecul e, peptide or protein which is converted by
the enzyne through an enzymatic reaction. As used
herein, "energy donor" refers_jo a fluorescent |abe
whi ch, upon excitation, can transfer its energy to
the energy acceptor. -4- As used herein, "energy

acceptor” refers to a nol ecute which can recieve
ene rngwsed hergin, henesgyeacespteroefers tag mpdeqylaehich gan regichagersy

AShiNL Leroy &S tO phosphoryl ation of a substrate by
an enzyr%gyr IlElnase) As used herein, "phosphatase

Agcised hespin, f eﬂeﬁegcvﬁt}d spfatsdp Rbespharilatenaif agubsimse brarenzyme

_@y gn enzyme (phosphatase) 10 As used herein,
ho

phoryl ated substrate nol ecule” refers to a snal
nol ecul e, peptide or protein which is phosphoryl at ed
by t ‘ W
Y ¢ S HERENER, QR Bl HaIES lihosp iy BBLABY  substate by
4nl angyop pireephaasi ns in the excrted state follow ng
excitation. 15 In conparison to a fluorescence
pol ari zati on readout, an |nplenentat|on with TR FRET
as rﬁeadaedrhemﬁr éplospheryiatdd sobitrage moleanicayders t¢ nemahpotcule,
png@ge o%/ Prot 1111 ?vgs%c%ﬁé? os%hgry;ﬁztem tﬁ F#ll@mf?@rfa% FO\?vy the
substrate turnover. 20 9 Increased robustness of the
ass sigpal.vs. inte [ences
1 uareSedhBh e bgof histhrhetga R RS Hbwar ot e
flincogase eersansintthy etcjtedsthte fo]dmrnag t:xcntanamm unt of
substrate which needs to be converted (the FP readout
nmeasures the average signal of the fluorophores for
all substrate nolecules in the solution; the FRET
se esnanhgpaﬁttm thraghtoreoerat pphez#mnfreatinopnomgderheniaiibn with TR-

- hosph bst t | ecul Reduced
U BRIy BT ror & ¢ han 20 Tol o,

In addition, the three parts systemused in the nethod

of. -tlhefeare&%iaﬂity PRk ?&gﬁﬂﬁwhl@lﬁ@ ekiiredsebf theati Bt g@Smeter
over the two parts systemof the prior art even if the

| at t & I §arkicylgr f%‘éOW SESERESHTEWYEY (TR) - FRET:

» Increased robustness of the assay signal vs. interferences of background
fluorescence due to the time gated, delayed detection.

o Increased sensitivity with respect to amount of substrate which needs to be
‘converted (the FP readout measures the avefage 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:

¢ The amount 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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The anmount of beads needed for best binding of the
substrate product and the anount of detection

nol ecul e for best energy transfer signal can be
titrated separately. -5- Thesenergy transfer between
t he detection nDIecuIe and the substrate nol ecul e

Vn\'g Iro g aegq%(e’?gg/ﬁ?a D g—r %e&%ﬁx&r‘; £%C%r e'd%ﬁei stib stratg molecule
possivdhieh ber tneh BG]ﬁndD’&)&HS bédaFé)lrfachelbaisttb QMmaro Ieﬁw:lneP%ETi signal.
substrate nolecule separately i one can i magi anb

2 8y HSFBOR Wt BssBlstioanpe bewlrdPRI, dsteqn Boleablepd sipstrate

such rﬂ?leg%%g@par ?? Etdg@ Qaﬂrﬁﬁﬁg‘?ﬁ’é £PassHUBSIHbRIBRhaBHtains several

sets of _ ectlonfromthlstoolb
yi el denivdseal ifemp emréms ba@fba@et@s@@mumdﬁ%%ssubga@ﬁs and sets of FRET

F1exibili &Y. ARH fR] #8Y 8 b'osa@elcﬁ tHOireftnt £§s§ﬁlﬁph@5’tg)ns Such

pract’i caT?y even 1 npossi two part’ system

Thus flegitility and unjpirshliiyid mgra ch&lqbzchtané @r?e;élé@h'mveiglmpowble for 2
her eltggg; d herei nafter described is also

provi C rrprl sing, in separate containers, beads,

nore than one detection m)l ecul e, nore than one

L
deRibegad als pmﬁldléd,ecfoambhgg, int dqpareﬁ:@pgyuudfam deadsamozgthan one
(E—:te ? ﬁgnqlécu]fl etrﬂo Hla%s %Gtsg@s?ra?e mme&lﬂg SAefein r@ﬂa %.etec’uon molecules

M CIr 0SEcs, €even
qmdesﬁxdrsabét;até amd;ecuha.m Browided P BRbdtpainr ef er abl vy,
t he energy donor has a emssion lifetinme of 2 to 3
m crosecs. In a preferred enbodi nent, a Ru-I|um nophore
i sPrfedblgsthe Baergy ddmerdras aCemraioadif¢tone 2§ thive50 microsecs, more

Sm. chel at es
RETAT bt L midoues brd SO R AP G AR Gl BlerolgtE s
e Biefdiy thesqpetdyrdomonhish guiedomlifetitne! ditd A nacoegsor ,
unl i ke the peaked spectrum of | anthani de dyes.
Hi gher chemical stability which is of advantage for

thend Eﬁﬂﬂéﬁﬁnﬁhﬁﬁinﬁﬁﬁ ¥ Rgriosnoptoroignséd seneigy idonsr. Compared to

w55 Ty i PR and Fle R SRS PRk s

defetaPadv@itabés ve tO | nportant i ngredients of typical
ki nase assays such as EDTA, Mj-ions qr M-ions

andt Hspagemission sHecarivodithened overpp ithmcaespo P@h%th&’?éé‘ed
as € Q;EE&%IIH OPRhthanif dyes.
¢ 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 preferred embodiment, a Tb-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(batho);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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A particul ar advantage is given by the m crosecond
lifetinme of the excited state and the resulting

em ssion. The typical emssion lifetinme of the

Ru(bat ho) 2bpy - conplex undergassay conditions is 2-3
gs. This mcrosecond lifetine allows efficient

backgrpand o%ﬂﬁ@ﬁt@ﬁ%l&é{&}es%ﬁﬁinf&&{tﬂd BRI BS6EA %q;efciro%bd with a
ot her assay ingredients and fl uorescent 35 conpounds.

weigehereiniibe prverle movps wish epect taethe @Pﬂl%féle?eaféﬁ@ath‘ﬁ%}h
Rferdt] s!na@%lﬂ?}g 1§jaeﬁbw5re§%m gﬁerﬁeﬁl%% ﬁrefeﬁ*ﬂﬁ)gQT@Jaﬁgfab]@ﬁ)br the

ess O Its ctronic round si gna -6- I n one
ptondioredpinst. In heotperrreferrefl apndadinesnt, smdesyﬁémh@)@l njigrofluidic

?Jeﬁlom%m{gau SYS %‘&EPI‘?%E% b ﬁrﬁ@iﬂ?&@eﬂ@ﬂ@xﬁs%& Bow to

espect t t| c ect| n pat Pref er abl

detresgast dring e habvass o ieneEpiL Temrdnbfrf)énﬁfeé#se pEtbeyR FRET
AT R 0y S AT O3 0 St
garssem ayeles whidwis pmcue@llsa lmebﬂsﬂvld arndstu,mh C@nssmtltlg n@lternﬁéfelY one
Wk '%%9{ %emgcﬁn\fff?ll ?&Hu?n %ﬁﬁ 119 k‘?z!vg\ﬁldﬁﬁerfxﬁleg{&gt{oﬁq Qi%{&iﬁon path where

durrtn
tlhs @omﬁommf thRpERETYs wadd bare, to bh edjustiodasoedioi skthetiming of the
Ie flow, respectively, would have to go through

s%arl{ stop cycles, which is practically inpossible and

ti me consum ng. Alternatively one would have to

modi The ‘tFag-TRIREIFwnith Rwochaplexe adidfshent entrosscond dfdtiores allows
n [ t

on%mlggéahd%ut ‘le}_ﬂg ‘%1\@‘}2 le 1%0 mabﬁg?@tr% Llc &Qfor%{l%&ﬁfm% aH%?@rs a

sphaal adeattage Tha'[i‘dAPF‘h&thﬁEﬂbﬁREﬂ'ﬁnmnsﬂ am:,rcfmdpwxwdathdrefore

_ R%ﬁbfg’?ai’l}{n?ﬁ%& O@#ﬁgreﬁgo V(I!mrrrgr%r %%%tgxm%lsagvanta%lax ?g(%'etd above. The
lananitle SRSFRET sqpeni ak radmameégm sucﬁhesettNIgAP t echnol ogy

is a universal assay for klnases and therefore 15

& sabvrgd ShentPinbdnE R0 dormlS! P X Thmeihihad BRibiipes

spadtrad bvdrtaprveisial tHe)Ru;IS(&dpllexes S\Wh }aeldeem Raordter Radius) of at least 10

mfaﬁ%&bﬁrﬁi Zergg&ﬂi nll?fﬁ é)r:gkgragg' é’li %%%%6?@:118 elat10r{al%et¥\zﬁen Rp and the

sBectpa@ apérfa?ga)vy@ HQEhe)d'b%'tH@foﬁBwﬁ@ %ﬁﬁﬁﬁ@(%m@&bw@z oK.,

| east preferably at | east nor e
Hsmréqasatfﬂucaeschwsspe@oasmpme edeﬂdawebﬁcaaf@m@/é’&ﬁnw Bilishers, p.
3155?3 20 spectral overlap J(X) is defined by the

Towing fornmulae (from Lakowicz, J.R, Principles
of Fl uorescence Spectroscopy, 2 d ed. Kl uwer

. Acadeni n/ Pl enum Publ i shers, p. 369): RD = 0.211 -4

QDAX). 76 ("n A)

= 02110500 G A)

" wherein

_ j FoesO)id .
30y =] Epfyea(int dh =

e [ Py a
]
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25 wherein J(X) F,(~L) C~ o~WdA=" 0 f F)~(X) A O
-7- In a nore preferred enbodi nent, the energy
acceptor is Al exa Fluor 700, Atto 700, Dy701 or Alexa
Fl uor 750. In a nost preferred-enbodi nent, said energy
acceptor is A exa Fluor 700. Fn a nost preferred

ﬁ}?ﬁﬁ?%@oﬁ%rﬂ%}g%ﬁlbgﬁiﬁ% the @H&%? ?%CS%‘LBP (sDALRALHPN0, Bito 700, Dy701

e pairs for suc | uorescence resonance
enlexsy Fluparsk &y a measpresmsd embogsnensenidrunersynisicentasis dhegra Fluor
$dquor ophores which can be used in the present

Invention are disclosed in WO02/41001. The dilution

of the binding partner is at |east 500 fold,
pr ef kv aslogt pefetred embadioent.sheRerluminapherais Rolbatln)ebryr
1000 fold and 10,000 fold, wherein the dilution is

bet gﬁg@gﬁgggﬁggz ?%i?s dfo;glnc?l{fﬂlg}%c Qrds8hshce En%}g‘& aﬁﬂer%ﬁ%urements

f ol ol  om ng sect

rsviedni Rirtcomglesatrodi frenephiireciivisk ear be ushé inethapseseat ingention are
&%3ﬁ¥5§%QVOﬁ§4ﬁgﬁeSt syst em phosphoryl ated und
at

unphosphory ed substrate peptide was |abeled with

Al exa Fluor 700 as energy acceptor andfphosphorylated
Thbeiwtioneofisbpbinding prenomis at lasss FeQifold, prefriablyat ratdQpe fold or

Btwhd 4®onﬂo(ﬁoﬁ)0?] ihe F.I‘g g@éé%d f@?ﬁ lydr il ARBLBER R eRk&n 2000 fold

e
peptide i s phosphory (Y e enzyne. For the
aist Be@00dnldeorpietsgsh 0§ widend $a00Haldho) 2bpy det ecti on
pepti de and | Nl AP beads are added to the reaction

m Xtur - .at: : . i .
e e P AR g SHBak A gl o e
disosadi ty so that fluorescence resonance energy

transfer (FRET) can occur (Figure 20 1). As FRET pair

the Longidd t&id slhic@anth CRNRL DAL OBK RO Yeptid
('[fépg1§%ﬂ&gkkyﬁgggﬁgtyeﬁergy E%ﬁgrﬁéﬁg%gle;a. Fluéfp : w%
Iabdechwitnleyy Flior 00 o8 endigndicenptet andhpbaphominsecegpbstrate peptide

hogqt e i bren Llehng bstrat

b5l o MATTD B 0 R o s
feptide %0 @haspHoirdaedphiorthe  Emzyanes ohgrarths odetestiopoth phosphorylated
lﬁt?(%g&%t)szy 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 flucrophore. In a comparison of both readout
techniques (FP and PRET) FRET was proven to be the more sensitive method. Already
10% phosphorylation gives a z’ factor above 0.5. Furthermore, for FRET measufements at
least ten times less IMAP™ beads are needed as compared to FP. Thus, a significant
reduction of reagent consumption is achieved without the necessity of miniaturized
liquid handling and readout which is typically done to save costly reagents but
complicates the assay handling and thereby may lead to unstable and irreproducible

processing.
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25 techni ques (FP and FRET) FRET was proven to be the
nore sensitive nethod. Already 10% phosphoryl ation
gives a z' factor above 0.5. Furthernore, for FRET
measurenents at |east ten tings |less | MAP' beads are
needed as conpared to FP. Thus, a significant

reduc Ehﬁﬁlaﬁ)fzec{ %?9 eaL- I@Pﬁﬂmﬂa% TR pac Qés@}y afvtein@Yin is robust,

t he necessit mniaturized |iquid handling_and
sepudcuteedhles IiMAsPTf’ yerds and hasdomdacksr auddiuetssensp because of the time
% %é $iohut 30 conplicates the assay handling and

here y may lead to unstable and irreproducible
processing. -8- Summarized, the Fast-TR FRET ki nase

Lg@g; R %—%%Cﬂpé%gnggﬁg 'TJE o\?svbajéfgt ed gilia&guse free binding

filesion ésdendsearb eccaxpmi lI)TATEBrewmg tbapb@p@@t}éﬁcd peptids to bind. In
0 [ Y,
ﬁﬁa#ﬁnte‘egg%’g% }Eaxyiprg{ éfﬁe‘%{‘ éﬁ ttIé;Q %g%"l"t @'lag) 'Phcfagffe@p LEATPYcould be
Imgtﬂamdeecftebmtﬁﬁl@npmfeﬂm rﬁssaygcmh{a)rmhtsspﬁ treyhertisddgsenipdddhree parts
t% bind. In contrast to ATP, EDTA had no effect on
YRE FRET signal. The effect of ATP could be neglected
after titration of the assay conponents of the herein

d bed t.h t I t
1 uor B RoPeBLe Balt idrorbbiisasbid ot oph A KBS RE! fhe substrate
Adibstagad &f the Advantges wbstrdte 148l certhé h&ghashemuﬂak stelility and — as

| abel re t.he h em.cal ilit - .
oo bis S el eRfor S et 4, KSErer 31 amagimide which
@ﬁﬁﬁ&s&&dkﬁ&ﬂﬁy@fﬂﬁlﬂhhﬁ@pnﬁ&hances the flexibility of
the | abeling process. 15 An alternative to Al exa Fl uor
700 may be Atto 700 which has conparable excitation
and efm SHeAtisOast AldxAMlidrS70Av aidyabt evtas thSv}aslt dtas asognparable
mal eimde, Due to its nall r,.abs efflc
PEHLARIO WHEROR $hechg and s e¥les %;M%es plsfipDue to it
R Q.5 A for the FRET

L R G R M 5%‘5%% F’%’e ® Siher
o Rphoty | @b ethrapatd @o aRldalas Hhber0s nak192800 @ddtms‘ R=62 A)
carr ing a phosphate grou whi ch, are beI Hg

w1 %tiaer(lahosah@rér FHEORCs Tl 1 @'6 s carrying a

p‘HJsﬁhazQ uga%%huﬁ% datRfedewith The RuS@Impleet @Cdlieiutively Alexa Fluor
nmol ‘ecul e. ure 1: Schene _of the k| se reactlon

- 798ioadhtiontpl m@ébsslsqdoqs aFgatversl” driettion g

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 nM and 300 nM phosphorylated Ru-peptide, respectively, IMAP™ dilution: 1:800.
Grey: 15 nM Alexa-peptide and phosphorylated Ru-peptide and IMAP™ beads, white:

phbsphorylated 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-




10

15

20

25

Figure 2: (bserved FRET signal (black) with 15 nM

phosphoryl ated Al exa-peptide and 100 nM and 300 nM
phosphoryl at ed Ru-peptide, respectively, | NAPI
dilution: 1:800. Gey: 15 nM 4l _exa-peptide and
phosphoryl at ed Ru-peptide and [ MAP' beads, white:

: - ige e
LRRRURE YhahGth Bk i iR Bt Read 72 6o
1118303 elaym 00ctesl gage 1WOsnexpogaredin10l) ravhitekgrkbis @ohqkare 4 s.
The part (a) on the left shows the raw data, part (b)
on the right shows the effective FRET signal. Figure
BiguRadw BREE sgiab @ith\Mifhesp AAR A tdlutiPs pepg i2@enMinghasphorylated

5 %Stp%\?&rﬁldlt @e@é t?ﬁlf%)i%ﬂq%%oﬁh%%k &t ealgd 1(5:31{)-(1;5% _fginutes, readout:

T80 demaddayl D0 m3MaRhDX)-RDeHoRure (indL k' di | uti on
1:800) (black). Readout: 730 (30) nm delay 100 ns,
gate 100 ns, exposure time 10 s (white) and 4 s
El@hﬁﬁﬂﬂnﬂﬂt&lg&mt@[ﬁ? ofRE‘IFE&l’lgsighal VROt phédpéoadatec&/aleia—pepnde, 100

h ted, 5 ti
S AR S L USRI AL O KB L8 oo o,
ddlutoas:s, geatiuts, expédle (id)s Hm delay 100 ns, gate 100

ns, exposure time 5 s. Figure 5: Influence of ATP on
the FRET signal. 20 nM phosphoryl ated Al exa-pepti de,

HiQ8re OVhRHGER e EDITAL &6 (HRUFIEDtikale, 20 ARuiaispaorytifed Alexa-peptide,

m nutes at, RT, readout: 730 (39)
o SHhom s SSupetide riboa o ) qipuceeat EhiiFadiie 91 30) nm
&@Mo@ms} ﬁi@Eﬂé éd(]):r%\ﬁ"etm?e%sn'\/l phosphoryl at ed
Al exa- pep nM phosphoryl at ed Ru-pepti de,
i ncubati on 60 m nutes at RT, readout: 730 (30) nm

ﬂ%ﬁ@? ]ngguﬁ%on Qﬁtaqqﬂ&@ afkay wﬁﬂpgﬁﬂwgﬂﬂo atedp Afdx@Ueptide and
Si mul ati on of a kinase assay w t

](Qﬁ)ﬁ@gmhgpg}';ogfl@i@l Rpu—p.gp@d&e{w%m dilution 1980 I(l and (b)) and 1:4000 ((c)

&\?quﬁ’ 1Aatied 68%18@&% 'aQRT R%ht iRyt Fen(3b) 49, c(e(zﬁ}’)l(}() ns, gate

and 1:4000 ((c) (@&j . I'ncubation
lﬂOnut e@osurelme lﬂeeaBB meataFtREﬁ%f TOBEIsHAT Hé) (49) 190
ns, gate 100 ns, exposure tine 10 s, FP: excitation
655 (50) run, em' ssion 710 (40) nm 20 Fi <I:1ure 8:
Hignet§: Kingtictoli heldiime asseis &géouke@@é@ﬂ) ng3ty a(}fé@p ngygte 100 ns,
%gl % E%) Ns, gate 100 ns, exposure tine s. Figure
Seé ‘response curve f or ATP, using | ~MAI ex
a-peptide for the kinase reaction. 25 Final
at o)

]%‘gﬁlg?ﬁ feg]?c‘?néja QK%XJ;?(%{ A %%Vﬁ%&lé& Mlde 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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nM phosphoryl ated Ru-peptide, 1:4000 diluted | MAPI
beads. Readout: 730 (30) nm delay 100 ns, gate 100
ns, exposure tinme 10 s. -10- Exanples: Exanple 1:
(bservation of FRET due to Biur}lg,i_ng to | MAP beads
Materials: 5 0 Substrate peptide (YHGHSVMSAPGVYSTAC)
fromBi osyntan | abeled with Al exa Fluor 700
Phosphoryl at ed substrate peptide
( YHGHS( H2PO4) MSAPGVSTAC) from Biosyntan | abeled with
Al exxaBiplessr 700 and Ru(bat ho) 2bpy Kinase enzyne:
PDHK2 (reconbi nant p7ruvate dehydrogenase ki nase 2,
10 expressed according to standard net hods) | MAPI

ds. f.r : ' : ) r Kit (IPP
e T e B TR
Miderited Wi th dest. H20 + 0.05% BSA 15
Instrunentation: Zeiss plate::vision reader Plate:

Costar 384, LTV-NBS .  Excitation vel h: 355 nm )
Em soi of 1 Prgete e SUHGRIMBALOY B Chfo T Bp gD labeled vith
first expegjpeAtot e 1: 800 diluted | MAP~ beads

(recomrended dilution for FP nmeasurenents 1:400) were
added te aPhisghenyltedfsubSratipepiidt (FHEBHHROLBMFAPGVSTAC) from

PhoSPher | P AR SR RIS

| abel ed wi

( phospher yiaheddnzAneXPPBRDL drel@)mlﬂﬁﬁltgemw aatyd3Rna kinase 2,

(end 25 concentrations) phospharyl at substrate
pepti de | %F@Wdﬁch{g%(tﬁéﬁaﬁgirgﬁﬁ?ﬁ? reafter

phosphoyy! Ruzpepki de epLivel i  om
orosROu SR AN SIeP Y puThe et

Wi th the ITMaBTct #R&0%8) and phosphoryl at ed Ru-pepti de.

Figure 2a sh .aw dat a. of _t.hi s .nmeasurepent.

Onl'y tha PREFTIMBET TiBraEp oG HHBoa e AEes EEgh bR DS
signal of the Ru conplex alone (white). There was no

FRET due to unspecific

Instrumentation:

» Zeiss plateuvision reader
e Plate: Costar 384, UV-NBS
e Ixcitation wavelength: 355 nm

e Emission filter: 730 (30} nm, 615 (10) nm

In a first experiment the 1:800 diluted IMAP™ beads (recommended dilution for
FP measurements 1:400) were added to a 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 substrate peptide labeled with Ru(batho).bpy (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 (Rigure 2b) was increasing with increasing phosphorylated Ru-




10

15

20

25

30

© 30 binding of unphosphoryl ated Al exa-peptide to the
~ beads (grey). The background corrected FRET signal

(Figure 2b) was increasing with increasing
phosphoryl ated Ru pepti de conclgnt ration indicating
that with 100 nM phosphoryl at Ru- pepti de and 15 nM

t e and 15
AR T e RN G P R pebt e and
R-ppemlictdatas A gteptid etHEAM ARSI beddswvere peisairaed.done
usi ng 20 nM phosphoryl ated Ru-peptide and 100 5 nM
phosphoryl ated Al exa-peptide with 1:4000 diluted | MAP

dihi d" éiﬁ_{d% aQEuHsHﬁte

%% rrﬁﬁcﬁsﬁs%seﬂ%ﬂ tb&%glpt@sg (white) or
A exﬂ:ep@@%hﬂhem( whaslk) doas uslugsznrxﬁﬂq:ho@lwubeedd]lﬁpeptedﬁt and 100

Iﬁﬁﬁ%‘@ﬂiﬂﬁéﬁ}' ‘ﬁqtaﬁgeiﬂﬁe Lﬁo@%gfd%{rl qg«&g\.frmsbleac}]saﬁgyre 3 compares

ﬂhE Qawgggf%&ffltﬂé @itpaﬁnfeﬁu héinpeitearmapeadiddi (white) yr Alemcpem (black)
the S

s twice.the Ru back
TGO S AN FEBST IR SR S P (dbe oo xpiments
dilif HeASRbs 1P tﬁé FRPNQAUB i thet RE bRtkgrabel eshls Hestongiaeed directly.
In both ex nts Alexa‘h‘:dﬁ r 700 dj d. not Alexa labeled
WaRtees B B steR WA RFo BbackEBoY wheRisipgy By Alexa labe

%%E@&EI% ﬁPo}ﬁsﬁ&%&eglt@%& yrrhelxgluam g kRO RI&SI)abelE:i(alMsa"a& In both
itration_o S o deter

EpAImEnts dexp diluaryao ﬂégaeh%maﬁﬂ?lft% ol ng %PBH‘? Hﬁ‘f fpfhg time gated
FRLSion e dak i dhaPQienMpbasphor yl at ed Al exa- pepti de

and 100 nM phosphoryl at ed Ru- peptide (Figure 4). The

FRET signal was increasing by a factor of three when
diluting the INIAP beads 1:2000 conpared to a

dilution of 1:400. Wth further dilution the signal

MAashpldecrigasder IR ™ beg@Chi ng about the sane signal
as Wwith 1:400 with 1:10'000. As stated 20 before, with

C D i SR B RS B S GHuons v

B PRRhi22M BhodphbARteDRRSA E?hdeeﬁlw 10eaM phmphlon;ditedaﬁa-peptlde
of the ERET SI ghal . Wth a

on I ™
Ereare hhfoe FBET ﬁwaglp‘ﬁ@rlwrse%%s 'w eep%ff—l Flndggge ar
B/@§s Q%D@ %%ﬁx?af‘bﬁaﬂona BRtibx adrnl 200t W’Etﬁf fublﬂ‘lléﬁ th@floA'EBe signal was
DTA on the FRET signal FP e perl ﬁ gpb&)aA tated
c&@aﬁafmg) AgHR rm:bmgea&wea%sawfeﬁw 6 th 1470 s state

B%E&@U%%AATT 406 RES LR th@qmﬁad%e@@ﬂw%@§otpﬁeﬁﬁﬁﬁ&f) Fuber dilution
C{I)\mory ated kinase substrate to I}Srrefor

smesebhosehprlated RibPERiidensh Mﬁ"‘e fgfl n an increase

o-lfl?ﬁe iﬁkgii%@nél%' O utiRSa ¥1P1!h%§|112300@1€1{éehdﬂ11§é} of Qo%)hleated Ru-
ATP ~t M substrate. Before adding the | MA 0
Ieptide perdMATNY bembway destrssrd agele reacti on ni xture was

diluted 50 tines giving an ATP end

Example 4: Influence 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 pM ATP and 1 UM substrate. Before adding the IMAP™
beads for the FRET readout, the reaction mixture was diluted 50 times giving an ATP end




-12- concentration of 2 RM Figure 5 shows the
'decrease of the FRET signal with increasing ATP
concentration. The FRET signal decreased by a factor
of two with 2 RM ATP. Figure 6 shows that the FRET
si gnal was not influenced by addition of EDTA which
wa t TAdtad
o RadRREEbR o 2 1 SRR, R R of BRI TGP with incressing

S ump eaicenttAiohEhd mmrgntalec&drema by d@esor iof twafwidc2 phhETP.
Rut heni um conpl ex in any way. The tested EDTA

o o PR Bkl BERNE L that U ORRGA R of EDTA

mayhieR iRk eXed taestdyf the Gimabd ﬁ:actbﬁaEDTanhhdt tusfacnon thertgeding of the

T

Fagt anyReERThe ktbsfﬂ&ﬁED'l"M%ncé}ﬁﬁﬁMnsa@Q th GACEMPalse hiall notraeasurable

~the established FP | MAP~ assay a sinulation of th

(i HAGEICA Saihe UM RIS risadsT Fghes FRconSHIoR SMg FoTTplekt Pg M on the
of p 285 S cAGh AP e BendiBSof RCIHRasHRE 1 fEdpBphde.t o 100%

by m xi ng unphosphoryl ated and phosphoryl at ed

Al exa- peptides. Two | MAP dilutions were used, 15

namely 1:400 which is the recomended dilution for FP .

10MEBGMRAE Kisasaitdayl : 4000 which showed still a good

FRFT -signal .wi th 100% phosphoryl ated Al exa-peptide

(Fi gurep 4? st Jpgn?lgﬁggfﬁhm%&g BREP Raad xmﬁm hé@&;fa%% Bénpare it

phosphory atron utions (Figure 7
( a1)0 thn dstqtdiphed FRSIMARY esser 2 sl tiREf dheyhnase wiay Wasginwe The level

ul% ﬂurﬁ% o iOLﬁMqiﬂexa% & Rk ﬁl@reis@@ bR to 100% by mixing
ving z' factors (open d| nmopd %E‘ Q
0. SphoBThPI T4 ghapbomshdsHRBr ARk oR 7o S Fept Sike wse

15”%@14&1;9 majtt Which B%&@E&ﬁﬁab@dhd\&ﬂﬁﬂmowp Beasurerh&®Pmd 1:4000 which

25

30

O CTaP ok e 2, 5 P08 LML s iome T
" phesPhatghlatncensddFivghir@créasdhy) phosphaliylativn dior dbtlt AEAP™ dilutions

P ga)(;s 4.).{5))% ’_Afsmg;?ecte% LF dﬂ(ﬁ?'si&% dafjéghggﬁ%fgo A€ 1:4000 dilution
secmnp;are.d toythefl1:400 hiduﬁ(ﬁ:t gixivgrd fastors (qp8n Biaznnpide) lgrger than 0.5 from
K' ik L& 180 gﬁfsgh&gfﬁﬁgn ff%?@ﬁé %Eas@en%ﬁtst fie d(E’QHﬁ% window with an

nzyme was Ki nase buffer

Heﬁ\ééP’bd}dﬂumomof h419 way2RR ol an@gespltpé\,qnw @ftgrs qf 05 c::ggetter from 20%
'\"'?o ﬁS‘O% g%lQ%ﬁo/Pg%b&Q@%ﬁrelﬁ)%) )1. 8Giedn @Fﬁ)e mmlbe@as &f 1:4000

exa |'abel ed su de ...
| ndrg@]:[tyg]ﬂ)f daceeapndfthe window to 70 mP ?Figure 7 81?) an re fle sensitivity of
- the FP experiment.

Example 6: Kinetic of the kinase reaction

1 wl of the PDHK2 enzyme was diluted in 11 yl kinase buffer (25 mM Hepes pH
7.4, 150 mM NaCl, 18.7 mM MgCls, 0.4 mM NHAc, 0.025% Triton X-100, 1.87 mM
DTT). 3 pl of a5 pM solution of the Alexa labeled substrate-peptide in substrate buffer
(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 pM ATP whereas for
the negative control no ATP was present in the reaction. This resulted in final
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30 (25 mM Hepes pH 7.4, 150 nM NaCl, 0.01% Triton
X-100) were then added to the enzyne. As a positive
control the substrate solution contained 500 [ LM ATP
whereas for the negative cont,ol no ATP was present
in the reaction. This resulted’in final -13-

R TRA s FSr e SRP e ond DML RS S 20Sbaton o
{' 55> t4h aga 53 Q c%s atE%OB@ %é 'I'Qalatﬂé\@%v&gt Ebgﬁgﬁj b?y akﬁl? f‘gl bf F/Il‘ré reaction

e reac m Xture an

zBB&&i@%H)éJdﬁin%dzﬁM FFenbinde panghdfylated RiARpbidadad 25l IMAP beads
| MAP bi ndi ng buffer, giving a flnalwghos phoryl at ed

iRUMyt bindéng bwéangivigi ofinab phogdosylasg Renpepdidgicopesniation of 100
I%l/[s'g%tlegﬁ e?gntldWOmbﬁqgﬁkW‘b@adﬁ@e% used2086h0, 1:44608,8N8000. The

beads were incubated for 60 mnute g}l
remds Fere tm@lhe&ﬂd&n 60 haiuterat Ribstarathe reasukbripe dpmabpubstrate
P a REd Wih thBe&final ATP
%ﬁhgﬁgf@g|§%g%§eﬁgggk %qﬁﬁ&ﬁt%gﬁﬁ ; Ré? si gnal "
Sheedtehtioa cEfazSMMytHéeEm a@haé shéild beecaly. dd%ecgahle (Egure 5). Figure 8
ows the Ki etlc of the k|n§§e reacti

%6@7';5 the Janelicp ﬁléfglgpﬁs‘;ée%cgﬁg lf%q e P%SrltlYW%tI}?g%téve cgnfrm&#ﬁor the three
A PdiQ RS glﬂ)@l 20@NR 111000, %rékaqoéoogy.em dhs66/@A)FREThaenal was

obhserved F iciently strong for al
$¥ﬁ%@“ﬁﬁFGPggﬁ§h%E%ﬁﬂ%a%m¥ ATP dependence of the

ki nase reaction The dose response curve for ATP

(Figure 9) shows that the ATP used in the assay 15

(100 gM was well above the EC50 of 3.6 RM Note that

t hese wer he concentrations in the kinase reaction,
Q@HEEE%Z#gﬁﬁéﬂFmgﬂ§§(ﬁﬂng%ﬁ ¢fRH | ess. An excess of

ATP prevented fromfinding a conpetitve inhibitor for

the AfR &isodéspens duevefod ATPYBigeee 9eshiowslthat the ATP used in the assay

hos horyl ati on wi t hout inhibitor. The_ signal feached
3/1 Jrvian vmll @@VF thg BT of (ot M. Np@:ﬁépt thegs were the concentrations in

SIS LA AT P et b s

ﬂnetadﬁmﬁngi ax mmpctmw aémlsibidor K men@m damcapgcqutwrélf asspigd maximal

L beads. ghie. problen of, Lhe bindi ng capacity 4 ate. wit

Iﬁ hdSA e cbﬂcetnlfk%tl@ﬁssﬁié Qghaﬂ) rd@ﬁ@ise& I £1ﬁtd19:nt00freé haPaisisthy readout

agents ~ ecrease of th | gna
VS Hy bATR S AART! bAPdERs GREdIcorgre! (du g gepaciy of
tg&é gmgﬁ\/lﬁtb%dbﬁfﬂﬂs g rn bf d Bﬁf&ﬁr[z@&gﬁ'ﬁ'ty st enaiMABR: BMds is well

readout) taq Min the
krgarehoand) negggitodsamdiusiad(is tllezassqme mopﬁﬁ‘ém"-a@g&é{ftt gassay reagents.
,conpared very well to the titration of ATP (Figure 5)

\glhi C itk da8d of theRIiECEi ?ﬁ‘aﬁ Quefto FncrbAGIEOATP oA e tr@atfion measured

1 for these ATP concentrati ons.
here (decrease by a factor of 1.6 and 1.9 from maximal signal (32 uM, 0.64 pM in the

readout) to 128 uM (2.56 PM in the readout) and 256 uM (5.12 pM in the readout))
compared 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- dains 1. Arrethodfor det erm ni ng ki nase or

phosphat ase activity conprising interacting a binding
partner, a detection nolecule and a substrate

-nol ecul e, wherein said detectign nolecule is |abeled

with an energy donor or acceptor and said substrate 5
nmol ecul e is | abeled with an engrgy donor, if the

- detection nolecule is |labeled with an energy acceptor,

or with an energy acceptor, if the detection nolecul e
i's | dbélmethodipt fetermising kigysedo pbosphathemetivitysaingribingohitergrting a

partnert Qi Bhns: BROSRIRIALEH) s SHOSLE AR ARME wia

whi ch | ses
sai d sudptectign @%ﬂb‘eﬂp@l% With an elamﬁéen@ror acceptor and said Substrate

sde p hos pﬂ@fe&h@k'l:ﬂﬂleﬁ withGn QH%PMOX‘ ;e deRUPRAAL&le is labeled with

nol ecul’e with a phosphatase? and b) interacting the
Subst r AT S OT G PAIBANFTEY sqcgon it thy defeciign aloiecule is labeled

3! Pdl NQwigtasir Ekl%gy' dvhdr, S\&leﬁlrﬁeﬁfd?ﬁﬁd.lﬂglpﬁﬁieﬁt@ﬂly Binda Peosphorylated
etermn 1 N 0S ase 1 VI
measur i WB rkgaﬁ %C'tﬁle’ &’e‘P tF?‘g?ﬂmerfé ﬁétreﬁ%)fdonor to

the energy acceptor of said substrate nol ecul e and

sai d 18 phetphotydatingoiid sulistath nhgule ovitha kdndsé owdiephosphorylating 2

20

25

Partn ‘ aid
b| ndi ﬁﬁhoéélrotrﬁgéd %H%Fgﬁmﬁ%ﬁéﬂgﬁj}?%{%&n eads.
The nmethod of claiml or 2,wherein _the energy donor

has arP)émersstingthe ﬁwtrﬁtﬁ@%ffwle oBtatned iy Fieps) iihapding partner

20 4. Hdeaideddi@doRindldcdieind, Wherein said em ssion
lifetine is less than 10 m crosecs. 5. The net hod of

claim g.wherein.said ne is |less th
i or oed e eEREI IR S BRI STrclbarh Sl fREgiertron
em ssitbaeterdyaldnoetd the Snergy Beepiarvbsitaibsivate Tokecule tindghid

150f anyde?&ﬁ)u%{olgéuﬁ'%ﬁn&tosgldgn % the ener gy donor

|s a R rni nophore Fod of any one of
claims 1 to 7, wherein the energy acceptor is a

fluo ﬁdﬁhan@h@:i(bﬁ dimi Inghereis ped bindingpaenbregye wietshiophen IMAP™
Ru-co %es which yields an RO of at least 10 A 9.
The net "of claim8, wherein said energy acceptor is

Al exa  Fluor_ 700, Atto 700, Dy701 or Alexa Fluor 750.
. 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 5, 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 1 to 7, wherein the energy acceptor is a_
- fluorophore exhibiting a spectral overlap with the Ru-complexes which yields an
Rg 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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15- 10. The nethod of claim9, wherein said energy
acceptor is Alexa Fluor 700. 11. The nethod of clains
7 tol O wherein said Ru-lum nophore is Ru(batho)2bpy.
12. The nethod of clainms | tao k1, wherein said nethod
is performed with a system wherein the sanple noves

with TRSREEba bR ILAeo APl EAgeh el AT RALG, FHiRol A

The ai ns ei n" sai ysten1|s a

- |l abware spin system 14. The nmethod of clainms 1 to

whét eThe methad @;}sltaaem 7 ©18, wheseinfaid Rairlemgpephare twRL&bathO 2bpy.

flow through cell. 15. The nethod of any one of clains
149 'ﬂi‘?& m¥8H BF A, {nf&zl & ﬂlu%%1ana1dtIH§thBH H%dl%éilﬂ)rm'éé Wlt'Bearsystem
is at l.east 500 fo claim]l

wher evkereinghelsampl¢ @wvegwﬁlerw tq@@ @pﬂ@ﬁl def@ﬁfaﬂwtb‘w
fold. 17. A kit for performng the nethod according to

¢l ab MByelmbiBod Bf IGRMWPH doSi2DFhereh saRBRRERLEa !%‘B%?é sﬁ’oﬁ{ stem.

bi ndi ng partner and at | east one détection nol ecul &,
wherein the optiml anmount of sajd binding p%rtner
and4.dEhecnethed ohdrisesdl t© Janhereimsidisystergpy microfluidic system or a
i ndi vigdual-byeh 4. The kit of claim 17, additionally
conpri si ng a substrate nolecule. 19. A kit for

perform ng the nmethod accordin ns

cohprihs method gf a@e@%@@%@hﬁh?‘h gf?@fel%ﬁ@d%luh% b thefpinding

one- qﬁﬁgﬁ;kggkggggggh@ nore than one substrate
peptide, wherein sald detection nolecules and sald

substrate peptides 20 .are proyided as sets of
ok 6 <Thezoethh et somba iFeF R i Hfion feaosses MU &7l B 10000

espech,pd |y with reference to the foregoing exanples.

17. A kit for performing the method according to claims 1 to 16, comprising, in
separate containers, binding partner and at least one detection molecule, wherein
the optimal amount of said binding partner and detection molecule can be

titrated individually.
18. The kit of claim 17, additionally comprising a substrate molecule.

19. A kit for performing the method according to claims 1 to 16, comprising, in
separate containers, beads, more than one detection molecule, more than one
substrate peptide; wherein said detection molecules and said substrate peptides

are provided as sets of FRET péirs.

20. The method and kit hereinbefore described, especially with reference to the

- foregoing examples.




