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hand the conpl ete decay curve for each
the inverse rate of fluorescence transition, k; In contrast to this radiation lifetime of excited

molecules, said radiationless processes must be taken into account for contemplating the actual

- measurable - FLT 1 of the excited molecules: 7 = where k;. = rate of transitions

20  between vibrational states, ki = rate of transitions to triplet states, kg = quenching rate. It is
apparent from this inter alia that a fluorescence quencher decreases the FLT. A similar action is
displayed by “acceptor dyes” which absorb the excitation energy of the donor dye in a
radiationless manner by way of a resonance phenomenon and release the absorbed energy either in

a radiationless manner or as fluorescence. This likewise decreases the FLT of the donor dye.
25  Methods of measuring fluorescence lifetime (FLT)

Two fundamentally different methods are applied to measuring FLT: measurements in the time

domain (TD) and measurements in the frequency domain (FD).

In TD-FLT, the sample is excited by a short pulse of light and the fluorescence decay curve is
measured. It is possible in principle to record on the one hand the complete decay curve for each
30 flash. However, this requires a transient recorder with high time resolution and a bandwidth in the

gigahertz range. In most cases, however, the “time correlated single photon counting” (TCSPC)
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20  fluorescence of a protease reaction with a fluorogenic peptide substrate from which fluorescent
aminocoumarine (AMC) is removed by cleavage. Normally large sigﬁals are measured but
autofluorescence of screening substances might interfere. Moreover, the fluorescence intensity
signal is susceptible to the “inner filter effect”, if the solution contains an absorbing substance.
Dynamic fluorescence quenching due to molecular collision and also light scattering in cloudy

25  solutions may interfere as well as bleaching of the fluorescent dye or volume/meniscus effects.
The fluorescence signal moreover depends on the concentration of the fluorescent dye and on the
temperature. All of these sources of interference create problems regarding the stability of such
assays and their use as screening method. On the other hand, assays of this kind can be performed

very easily with very short measuring times and have therefore developed into a standard in HTS.

30 If a small fluorescent molecule is bound, for example, to a substantially larger molecule, (e.g. a
protein), it is possible to measure the slow-down in rotation diffusion of the large molecular
complex produced by measuring stationary fluorescence polarization. This method too has
meanwhile become a standard for binding reactions in HTS. Interfering influences due to the inner

filter effect, light scattering, concentration and temperature are not noticeable. However,
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apparatus for reading out microtiter plates, the Ultra Evolution, in late 2002.
Known FLT applications:

FLT measurement was applied to a large variety of biological problems. Use was made here either
of fluorescent probe molecules whose fluorescence properties and in particular fluorescence
25  lifetimes are modified when said molecules bind to cations such as, for example, Ca* (Schoutteten
L., Denjean P., Joliff-Botrel G., Bernard C., Pansu D., Pansu R.B., Photochem. Photobiol. 70,
701-709 (1999)), Mg** (Szmacinski H., Lakowicz J.R., J.Fluoresc. 6, 83-95 (1996)), H'(Lin H.J.,
Szamacinski, Anal. Biochem. 269, 162-167 (1999)), Na'(Lakowicz J.R., Szamacinski H., Nowaczyk
K., Lederer W.J., Kirby M.S., Johnson M.L., Cell Calcium 15, 7-27 (1994)), K" (Szmacinski H.,
30 Lakowicz J.R. in , Topics in Fluorescence Spectroscopy* Vol. IV, (Lakowicz, J.R., Ed.), 295-334
(1994)) or anions such as, for example, CI" (4.S.Verkman, Am.J.Physiol 253, C375-C388 (1990)).
The change in fluorescence lifetime is also achieved by a binding reaction to a molecule which
either produces a smaller FLT of the donor dye due to resonance energy transfer (quenching or

FRET) or, in rare cases, causes a larger FLT. The activity of a receptor tyrosine kinase, for
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20  phosphorylation reaction is always measured indirectly (except for radioactive methods). These

methods are therefore susceptible in principle to interference by substances interfering with the
downstream enzyme cascade or binding reaction. Some methods are even limited to tyrosine

kinases only.

Traditional methods of measuring the state of phosphorylation of cellular proteins are based on the
25  incorporation of radioactive **P-orthophosphates. The **P-phosphorylated proteins are separated
on a gel and subsequently visualized using a phosphoimager. Alternatively, phosphorylated
tyrosine residues may be bound by binding radioactively labeled anti-phosphotyrosine antibodies
and detected by immunoassays, for example immunoprecipitation or blotting. These methods are
time-consuming, since radioactive isotopes need to be detected, and are also not suitable for high
30 throughput screening (uHTS, ultra high throughput screening), owing to the safety aspects

concerning the handling of radioactive substances.

More recent methods replace the radioactive immunoassays with ELISAs (enzyme-linked

immunosorbent assay). These methods use purified substrate proteins or synthetic peptide
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20  Recently, Molecular Devices has offered nanoparticles having charged metal cations on their
surface as a generic binding reagent which is suitable for phosphorylation reactions both on
tyrosine and on serine and threonine. However, the binding reaction is carried out at a strongly
acidic pH of approx. 5 and at high ionic strength. Binding of the nanoparticles therefore requires
the reaction to be greatly diluted in the target buffer, which, with total assay volumes of 10 pl in

25  the 1536 format in uHTS, is a problem. Binding here is also measured by means of fluorescence

polarization.

As a method of measurement, fluorescence polarization is relatively complicated and currently
does not allow any parallel measurements of a microtiter plate (MTP). Measuring times for a
1536-MTP would therefore be very long and parallel measurement of enzyme kinetics would not
30  be possible. Moreover, the method of fluorescence polarization is limited to very small fluorescent

substrates.

Kinase activity may furthermore be measured by way of ATP consumption by means of firefly
luciferase or by way of ADP formation by means of a downstream enzyme cascade. These assay

formats are disadvantageous in that, owing to the indirect method of measurement, they not only
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pol ari zat i onfarseiampie eghibagouraarine sfonl profehseo rvdwee i(i-terrsindls ammb escidsKarga samoved.
activity yfurthernore be neasured. by.way.of ATP consu 1,on_b ans .of
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enzyne cascadRET hksage with steeydonbiofe gREBABNSpardi asecghron Ay esge gLBabichl) béiag locsted tigthe o

the indirect thad of ne renment, they not _only -6 generat reater data
Seatt or | ng. TG B SHEBe ST e Iniet U Cad e pHrE BTy beslieg ReACeahie
enzynes. |f plRosahes Yémti givhele Bosdap dys. e ade héwever, GildoOprb@asd® #srUwRith no
directly by FLT detection, then neasurenment would be nore direct and

consequent | y fHieraseicchtttes cam e ponstpuctedndit sush Gases. dhsomvyme sastiongnusiby Bigasared

the |imyati QmeplhySRIRs 38 SaiplicAfedBhemics! &Mg&% I8, KPeARS GE/MY)ORPRATRES Dy
woul d be renoved, since a specific antibody would no | onger be required:
Current ass ayhefmi@lb Feagfipn or enzyme cascades. As a result, any disadvantages with respect to the stability

of the assay and to unspecific reactions of screening substances with the detection reaction must be
accepted. The complicated analysis is not suitable for high throughput screening. Enzymes whose
reactions - in the throughput required - cannot be measured directly include those which carry out,
20 for example, the following modifications on substrates: phosphorylation/dephosphorylation,
sulfation/desulfation, methylation/demethylation, oxidations/reductions, acetylation/deacetylation,
amidation/deamidation, cyclization/decyclization, conformational changes, removal of amino
acids/peptides/coupling of amino acids/peptides, ring expansion/ring contraction, rearrangements,

substitutions, eliminations, addition reactions, etc.
25  Description of the invention:

Fluorescence lifetime (FLT) changes in principle with changes in the chemical environment.
However, such changes in FLT cannot be generally predicted yet, in particular if the molecular
modifications are small. Therefore any FLT assays previously published always included a binding

reaction, either with a sensor molecule or with a quenched partner molecule.

30  Surprisingly, we found in our experiments that peptides which differ only by a phosphorylation
already have distinctly different FLTs. More detailed experiments have shown that this statement
can be extended to a further peptide. In order to obtain for this acceptable FLT differences
between the phosphorylated and the non-phosphorylated peptide, diverse conditions had to be



In very many cases it is possible to use fluorogenic substrates containing
C-term nal dyes such as, for exanple, am nocoumarine for proteases where
C-termnal am no acids are renoved. 10 Endaproteases which cut in the mddle
"of peptide sequences can usually be neasured well in FRET assays, with the
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ave distinct i fferent FLIs. More defailed experinents have shown that
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t hi s accept aljk e Audreedtlsebstecs between t he phosphoryl ated and the
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and phosphatase reactions. In addition, other reactions which

further reagents such as, for example, cascade enzymes, in order to be able to record the reaction

by measurement. Each pipetting step causes a pipetting error and thus an additional error for the
measured result, which is also called error propagation. These propagated errors result in an

increased variance of the measured results.

25  With the pipetting of very small volumes, as in substance screening, the errors of each individual
step can no longer be disregarded. It is therefore necessary for any test systems in which small
volumes need to be pipetted, and in particular for substance screening, to reduce the number of

sources of error and thus also the number of pipetting steps.

It follows from this, that the present invention makes possible simple, more robust and more
30 accurate measurement results than conventional assay methods. These advantages become

particularly noticeable in substance screening.

The homogeneous assay method according to the invention or method according to the invention
of directly and quantitatively measuring molecule modifications is characterized in that the

molecule carries a fluorescent dye and that the fluorescence lifetime of said molecule differs from



cannot be neasured by previous nmethods with regard to HIS suitability or can
be nmeasured only 5 very indirectly should also be accessible. In general,
the follow ng should apply: If, for exarrste', the state of phosphorylation of
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accur at e meakigh ehfoughpub SEIEERINgG fra it RIFIFEIE | 1B nBIBh athsenghnub ¢ ergRIng THoe sidentifying
advant aggs bRGAAR eutRAN dclivetofpbingfiot i ceabl e in substance screening. The
honbgeneous assay nethod according to the invention or nmethod according to
the invention of directly and quantitatively neasuring nol ecul e

nodi fi cat i onEhd igventien frthermoreagdlatep ta frgpgentiat comprising fluorescent dye-molecule conjugates

and other reagents required for carrying out the assay method according to the invention or method

according to the invention.

Description of the figures:

25 Fig. 1: Fluorescence decay time course (logarithmic scale) of 15 nM of a fluoresceine-peptide

conjugate. Measured on Ultra FLT prototype (TECAN) by means of TCSPC.

Fig. 2: Differences in the fluorescence lifetime of a phosphorylated (1) and non-phosphorylated
(2) peptide (1: FI-P1, 2: FI-1). Measurement time 1 s. The mean and standard deviation of

10 measurements is shown.

30 Fig. 3: The time course of fluorescence lifetime (FLT in ps) is plotted as a function of reaction
time (time in s). During the reaction of PDE1b phosphodiesterase with fluoresceine-

cAMP,



nol ecul e carries a fluorescent dye and that the fluorescence lifetine of
said nolecule differs from-8 the fluorescgnce lifetinme of the nodified

nol ecul e. The fluorescence lifetine of the nodified nolecule nmay be greater
‘than that of the unnodified nol ecul e. wever , the invention also conprises
an assay nethod ddderrdsasipercAMA i iFlugves ceinet-ndMP(preBcence
lifetime of the nodified nolecule is less than that of the unnodified
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the invention rraf"ﬂ‘éssﬂglé'g)'f@f‘%’léﬁ.l?g%fl?ﬂﬂuﬁagﬁ g@ggl&ﬁ?‘cal assays in which
enzynmes may carry out, for exanple, the following nodification reactions:
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renoval gf am no diffiébrd pHpRRics drb200aaI NATY (RfpHATS, DOpI0isdS/ fIER4: GHS), 51 BHIG00
expansi on/ring contraction, rearrangenents, substitutions, ellmnations,
addi ti on reacti of8MNEL B &ver, the assay nethod according to the
invention or method according to the invention may be enpl oyed in a useful
manner for UBE. §: MheMudkeséREOHRARE oS£ p&Ektial Eactant(FRB! hasted) ahd it phddaét (F124,

t hroughput screening for identifyin 20 pharmaceutical active conpounds.
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Differences in the fluorescence lifetinme of a phosphorylated (1) and

non- phosphoryl ated (2) peptide (1: FI-PI, 2: FI-1). Measurenent tinme 1 s.
The nean and standard devi ati on of




10 neasurenents is shown. 30 Fig. 3: The time course of fluorescence
lifetime (FLT in ps) is plotted as a functjon of reaction tinme (time in s).
During the reaction of PDEl b phosphodi este¥dse with fluoresceine- CAMP, -9
‘(Fluoresceine - cAMP(redit) P Fluoresceine - AVP(rPwaw) ), the fluorescence
lifeti me chak3dmelesiom approx. 3500 ps to approx. 3350 ps within 100

m nutes. This change indicates directly the conversion of Fl-cAWP in Fl-AM.

The enzynme neact Dfiferbed Nial QRS | Mar¥scendei Ihrdtsk Ly iaN GheGhoRJate®NERNt £ ahduoNS
of BAY 383045 5 (green triangles: 20 AM red squares: 10 M purple crosses:
5 M brown circl eBhospheyylgted poptige @3Bl ¥ssFLY) 25 '\ bl ue dianonds: 0.7 M
green plus signs: 0.35 M dark blue mnus signs: 0.17 M |ight blue m nus
signs: 0.08 Material:9- 4: The differences in fluorescence lifetine between the
phosphoryl ated and non- phosphoryl ated formof a

fl uorescei ne-kenpti de-pepti des conj ngate are plotted for 10 different pH

val ues anél 26bP W“MW‘“E?‘W@@QQQ -6P0OHY, Eurogpntegyphgspharylaged 7 5: pH 200 nM
NaCl, 7: pH 6. Fig. 5: The fluorescence lifetines of a potential reactant

(FI23, hasheg.1 airesdeme RIGOHSOYQFIRE0OH EaRsnteS nédhosBNREGH ON Wi th the

TAFI enzynme were neasured under different conditions (1. water, 2: pH 6, 3:
pH 7, 4. pH8, 5 pH9.5 6: 00nMMNaC, 7: 2 MNaC). The 15 fluorescence
|ifetimes ar 8rog¢durqyal | y i ndependent of the conditions tested. However, the
fluorescence lifetinmes of FJ23 (552 ps) and FJ23 (2194 ps) differ very

clearly. - 14 \Eﬁ%ai%h@ea:to %ve&éafe%ﬁé&ﬁ?%h&@is@h@if%teﬂ% betwéer Gre hhér@g)ckﬂl\% lffétir@els

phosphoryl ated and a non- phosphoryl ated pepti FL- Pl vs. FL1 terial:

5 Fl-P1: {1 u6Fléstef thelhsesriaopaptiigoniogmes Filnod Ent. &or thistpomotromydach ege HnM:
f1 uor escgpnep(pr JHFMN AL o iFs6 NFREPES pRY. IO ARACLY R 1ifimeEAGSAWES
measured by means of an Ultra FLT prototype (Tecan). In each case, 10 measurements of 1 s each

were averaged.
Result:

The fluorescence lifetime of F1-P1 is 3880 ps and the FLT of FI-1 is 3600 ps. Since the standard
15 deviations for a measuring time of 1s are very small (<25 ps), the two molecules can be
distinguished very well (see fig. 2). It is possible to calculate from the standard deviations and the
average fluorescence lifetimes of F1-P1 and F1-1 a z’ factor of approx. 0.5 for the performance of a
potential biological test with an FLT measurement window delimited by FI-P1 and Fl-1, which
would be sufficient for a screening campaign. The z’ factor was introduced by Zhang et al. 1999
20 for calculating the performance of HTS assays (Zhang JH, Chung TDY, Oldenburg KR, J. Biomol.
Screen 4, 67-73 (1999)). The activity of a kinase, such as for example p60°™, which would

phosphorylate F1-1 should be very well measurable by means of FLT measurements.

Many of the kinase assays currently in use are endpoint assays in which the kinetics cannot be
monitored continuously. Rather, different reactions must be stopped at different times and the data

25  obtained must then be assembled to give a kinetics curve.

Measurement of fluorescence lifetimes enables phosphorylation kinetics to be monitored directly
and immediately without detection enzyme cascade. This facilitates in particular also the setting of

the incubation time for a robot screening campaign.



It was intended to investigate whether there is a difference between the
fluorescence lifetines (FLTs) of the flugresceine-peptide conjugates Fl-P
‘and FlI-1. For this purpose, in each case “16-nM 10 FI-Pl and Fl-1 were

di ssolved in 50 mM HEPES pH 7.5. The fluorescence lifetines (FLTs) were
measured by neans of an Utra FLT prototype (Tecan). In each case, 10
nmeasurenents of | s each were averaged. Result: The fluorescence lifetine

of FI-Pl is 8880 @ptidi2etids¥ thib Biffreddeid FLY W&nﬁ%oré’cﬂﬁ@laﬁ)bﬁd ?ﬁ@iﬂﬂ@fﬂated‘-5
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per formance of HTS assays (Zhang JH, Chung TDY, O denburg KR, J. Bionol.
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p60s' ", mhlch woul d phosphorylate FI -1 shoul d”be ver nmeasur abl e by
means of FLT neasurenents of the kinase assays currently in use are
endpoi nt ass&yM NPDHMOCTHMtWéatkgle@F pHs° 5 &AM HEEES poffertndt 80, onMi RERRSSHuffer
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25 obtalnedlﬁagp %&@ﬁ%%E ass Ied to give é netics curve. Measurenent of
fluorescence lifetimes enabl es phosphorylation kinetics to be nonitored
directly anRfo¢edmmedi ately without detection enzyne cascade. This facilitates:
in particular al so the setting of the incubation tine for a robot screening

??Hgﬁueggel ne- Z%Ialﬁlgggk%osp or yﬁft&‘ggv"ﬂh jcﬁe%ﬁ fsp S%g}‘ﬁghﬁ&-ﬁ%ﬁrﬁlh élm&sab){l de
Mat eri al :  SrefeitanPakd pyodiad.eAn foptimallyslerge LA diEfRiRA@SKBOMIHZ , mdasured) emtaeliately in
PhosDnOr Y1 L SR e S SRR 5o S SR FEL BBy
buf fer pH 8. éhtaifed, Hfidyl dAiifS Byudieeting pill Cordbinin® vaibugERardmtitdre sudht-ash f&, exafplerV
Nadl (1 ow Pﬁl%(r:e%cent E(iye spacer molecule between dye and substrate molecule, or polarity, pH, ionic
15  strength of the solvent or other additive. This example demonstrates how a significant increase in
the FLT difference between a phosphorylated and a non-phosphorylated variant of a fluoresceine-
kemptide-peptide conjugate (F1-P-kemptide, Fl-kemptide) was achieved by increasing the pH. In
each case 50 nM Fl-P-kemptide and Fl-kemptide were dissolved in the solutions described under
Material, and their FLTs were measured by means of a modified Nanoscan instrument (IOM
20 GmbH, Berlin, Germany) which transferred the signals to a transient recorder. 16 decay curves
were averaged for each data point. The descending part of the logarithmic-scale curve was

evaluated by means of linear regression and the negative slope was mathematically converted into
FLT.

Result:

25  Fig. 4 indicates the differences in the FLTs of Fl-P-kemptide and Fl-kemptide under various
conditions. The result here is that differentiation of the phosphorylated and non-phosphorylated
form of kemptide by means of FLT improves when the pH increases from 6.0 to 9.5. The result
obtained, together with the finding of the first example, suggests that it is possible, by selecting the
correct fluorescent dyes, spacers and solvent properties or additives, to find for very many, if not

30 nearly all, pairs of phosphorylated and non-phosphorylated peptide substrates for phosphatases or

kinases conditions which result in a large difference between the fluorescence lifetimes between



10 .The quality of an FLT assay inproves with increasing differences of the
fluorescence lifetinmes of reactant and product. An optinmally large FLT
difference will not be neasured innediatéﬂ%‘in every case. On the other

" hand, it should be possible to increase the FLT difference initially
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FI - kenpti de under_various conditions. The result here is that

di fferentd at3-on PR Faosphoryl at ed and non- phosphoryl ated form of
kenptide by neans of FLT inproves when the pH increases from6.0 to 9.5. The
result obt aypeghl: together with the finding of the first exanple, suggests
that it is possible, by selecting the correct fluorescent dyes, spacers and:
solvent properties or additives, to find for very many, if not 30 nearly

all, pairs di-<pEsgtbeyAME:BIQILGC ki Seierss ERIE at ed peptide substrates for

phosphat ases or kinases conditions which result in a large difference

bet ween t he gRpiQr QReHRGEstirhdeQbiR3rRRY VOGN A: Tstb et BAMra@nd products whi ch
is sufficient for screening. Thus it 1s possible to construct, for the

cl asses of enzynes nentioned, generic assays which can be devel oped very
easily. OnceBAK83W&BayetAGeacti on conditions for the enzymes have been
clarified, the reaction only requires the mxing of enzynme and substrate.
The subsgquegbccliigeti cs can be nonitored i mediately and 5 directly. This
enabl es 1 ncubation tines on HTS robot apparatus to be readily set. OMng to

the robust paraneter of fluorescence Iifetine, slight fluctuations in
vol ume and shkiksthe ahesplatasescand kinapes fiscupsadeabpve, neosphogiesteragss agerpoveme irpeFtathSkess

only slight lc)f . ta.ljgg'ts,a’ﬂfa' tahé)'?n tHNARS &Y inglfcatEoIﬁi of Aﬁ%ﬁ&a%iﬁ,hﬂ%liﬁ Efi\fgorders, central

nervous system, cancer and respiratory diseases. It is therefore of great interest to have a generic
assay format which can measure the conversion of cAMP or c¢cGMP to the respective

20  monophosphate. Usually detection enzyme cascades are used. This example demonstrates that it is
possible to measure the phosphodiesterase reaction directly. In the experiment, first 1 uM FI-
cAMP and a 1:360 dilution of PDE1b were mixed in the presence of different concentrations of
the inhibitor BAY 383045. The kinetics of the enzyme reaction was measured by means of an
Ultra FLT prototype (Tecan) at room temperature.

25  Result:

The FLT of Fl-cAMP changes - without inhibitor - from approx. 3500 ps to approx. 3350 ps within
100 minutes in the course of the reaction to give FI-AMP. Increasing concentrations of BAY
383045 increasingly inhibit said enzyme reaction (see fig. 3). The distinct concentration
dependence of the inhibition of the phosphodiesterase reaction revealed that the change in
30 fluorescence lifetime of Fl-cAMP is clearly associated with the enzyme activity. This proves that it

is possible to use this method in principle for the screening for substances which inhibit



pi petting steps is generally regarded as bei ng markedly nore robust than

ot her standard assays w th additional Eettl ng st eps such as those
sonetimes required by detection enzyne castades. 3. PDE reaction
" Material: Fl-CAMP: 8-fluo-cAMP, BIOLOG Life Smencelnstitute PDE1b:

phosphodi est@@@b@dwsﬁr?(sﬁaﬁ@wa‘f%r@e weasmyemen, prifeipletshewid also Bugaendaidy) to kmye and
383045: B d
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above, phosph |estera es are a very | nportant class ets
in the fi el deodificafierdpf dtei swbstoate. Ay Eir tia pbesphatase namtl dbdse cassdysdxsdxssesi aboe)tar al

hervous syst %23 hgoell&?e?e{se Q&%' Witk ElrJC?#:Bf Xet?ctl V\ﬁ aF sﬁl%stra € mod'S ﬁcala %“fdg’S ?éq%gtfﬁ of

interest to gener assa can heasire
CAMP or GGVidwing tohee me:sﬁamotd-mm’s}ﬁvermmmhd)s@iﬂtaﬁd fddspnpét{n;(g stejseThd axsayanialcee
cascades are, us. denonstr.at es ossible to asure

This ex I
Che: phosphodeabst said Pediet B SERT (T of SUEIBRS| Wi B op SEomes
CAWP and a Yolkffngligplitd Rrpeftdral IREN d&b@ﬂ&d%%?dndtﬁbdbﬁ&h@ﬁa@ﬁ%ﬁ‘ﬂﬁor@icexﬂ:’efliff&fn%nt
concentrations of the inhibitor BAY 383045. The kinetics of the enzyne

reaction waé“er%@ﬁ%‘ﬁ‘?"ésd theyingylatiog tisges gf phosphadigsterase, kingseqang phospirsess @ysays asrwidim
tenper at ur e.,5 3teRESANE asstiiafibd s@fin bh eGtReRNRABRRAiTy aEMitaMgtcl& A2 0o b &R high

from approx. 3500 pS to approx. 3350 ps wthin” 100" mnutes 1nh the course of
t he reachd oﬁhlpegbgm\ﬁereﬁlmmpallgm@t“e@sthm@}m@bm@emmpta@tﬁ owesursmeBYOf enB8B(arBtics.
increasingly inhibit said enzyrre reaction (see fig. 3). The distinct

concentrati g gﬁﬁ atﬁ&fﬁ E&ﬁcé IE}Q{@SB ¥aePfeabidfit m&;ﬁp@@c‘? k?&%?@ﬁ?&w o

reaction reveal e ange I'n Iuorescenc etine o
clearly associ at aeactipnh the enzyme activity. This proves that it is
possible to use this method in principle for the screening for substances

whi ch i nhi b'l%atena:i"‘?FJW(i% eQé%beﬁé %@e??lfé’ﬁ%’kﬁ%lgg%xﬁ ﬁ@al%b'ﬂn%%glr}g pri ncipl e

shoul d al so be extenda to Kkinase an assays ot her enzyne
assays if a neasurable FLT change occurs during enzym c nodification of the
substrate. As for R4 Byblug3RditdstSpacantFRCRQH, Jausidieptidti Techmwingits above, a
phosphodi esterase assay with direct FLT detection of substrate nodification
shoul d VeLY.e &g_pust 5 owing to the interference-insensitive neasured

si gnal and few. pi petting steps. The assay net hod

The enzyme thrombin activated with fibrinolysis inhibitor (TAFI) is a carboxypeptidase which
plays an important part in thromboses. TAFI cleaves the arginine of the peptide sequence IFTR.
This reaction may be detected by either mass spectrometric or chromatographic methods. Both
methods are not suitable for high throughput substance testing. Alternatively, more or less
20 complex enzyme cascades or chemical reactions may be used which generate a measurable
absorption, fluorescence or luminescence signal. No method has been described to date with which
the TAFI reaction can be measured directly and which is suitable at the same time for higher
throughput. Therefore, the fluorescence lifetimes of the conjugates FJ23 and FJ24 which both
carry a fluorescent dye excitable at 630 nm (Evoblue30, Mobitec) and which differ only in the
25  FJ24 conjugate lacking the C-terminal arginine were measured. FJ23 is a potential reactant of the
TAFI reaction, while FJ24 would be the corresponding reaction product. The FJ23 and FJ24
conjugates were dissolved at a concentration of 60 nM in various buffers with pH values of 6, 7, 8

and 9.5, and in the presence of 200 mM and 2 M NaCl.
Result:

30 The fluorescence lifetime of FJ23 is (552145) ps and that of FJ24 is (2194+18) ps, independent of
the pH value and NaCl concentration (see fig. 5). From this, an excellent 2’ factor of 0.89 can be

calculated which suggests that a very powerful assay can be expected. It was demonstrated, as



descri bed could be used to elimnate interference of substances with
detection enzynes. The following applies.in general for the described assay
met hod on the basis of fluorescence lifétine nmeasurenents: the incubation
ti mes of phasphodi est erase, kinas nd phosphat ase assays as well|l as_ather
enzyne assaEadam g’é REglous FXampPIes §§ﬁ?"m§‘?ﬂ pb‘g‘PV‘“?S%%lEﬂq phosphedicsterasess ey itfiyr a
robot high Jddisiblerteygtimdize %b&%hﬂ&n%%ﬁ@@bﬁ&actﬂﬂi@ atPproftdiwh@ft- AnRe L4pRdi ate
measur enent _of enzyne kinetics, 4. Difference in fluorescence lifetine

bet ween r ea&fBht hayfda peyderge differenge inT fipgresseney didetimes Jhisi laige flvaresqengg) lifetmo 3.
Evobl ue30- ThfielaRAfRENes HERedilion SF dR! asEBPLAN G GNAGH QiR add) &y good
Evobl ue30- Tt ds( Spacer) -1 FT- COOH, Jerini Peptide Technol ogi es” 15 Procedure:
The enzyhe differsntirtion heswesnadierenilyt inhibiting substeness.dn additian, thay expmple|dpmprstrates a

car boxypept | | C i t an t | 0 C ves
the argini néeoq%?)gtt e epeﬁlPéggé{é% ugirﬁ:g};t(ﬂ%tﬁ%etﬂ 'S h%bé%?{rﬁg% %go?/l glffygé‘{ee%tg Igd by
ei t her massdsgitet rfonEAF] ¢ date ovhidhnatosg disgeh ineasvednieoti of tH8odnaymeredabidmhs withait not
suitabl e for hi h(}&rougﬁgyt substance testing. Alternatively, nore or |ess
20 conpl ex gﬁ?v%a LA B cheni cal reactions may be used which generate
a nmeasurabl e absorption, fluorescence or |um nescence signal. No nethod has
been described to date with which the TAFI reaction can be neasured
directly and which is suitable at the sanme tine for higher throughput.
Therefore, the fluorescence lifetinmes of the conjugates FJ23 and FJ24 which
both carry a fluorescent dye excitable at 630 nm (Evobl ue30, Mbitec) and
which differ only in the 25 FJ24 conjugate |acking the C-term nal arginine
were neasured. FJ23 is a potential reactant of the TAFI reaction, while
FJ24 woul d be the corresponding reaction product. The FJ23 and FJ24

conj ugates were dissolved at a concentration of 60 nMin various buffers
wth pH values of 6, 7, 8 and 9.5, and in the presence of 200 nMand 2 M
NaCl . Result: 30 The fluorescence lifetine of FJ23 is (55245) ps and that of
FJ24 is (219418) ps, independent of the pH value and NaC concentration
(see fig. 5). Fromthis, an excellent z' factor of 0.89 can be calcul ated
whi ch suggests that a very powerful assay can be expected. It was
denonstrated, as -14 already in the previous exanples for kinases,

phosphat ases and phosphodi esterases, that it is possible to synthesize

fl uorescent conjugates of reactants and products, which - in the case of



TAFI - havewwo yaosy4Be37ge difference in fluorescence |ifeti per/HEPiods 196
fluorescence lifetime difference involves the construction of an assay with
great signal stability and very good 5 differentiation between differently

i nhi biting substances. In addition, this 1éxarrpl e denonstrates a solution to
the TAFI-specific problemthat no nmethods suitable for high throughput have
been descrEl#8sfor TAFI to date which allow direct neasurenent of the
enzyme reaction wthout secondary detection reactions. WO 2005/ 043137

PCT/ EP2004/ 911108 lethodl @ rrﬁorilxo eﬁbdﬁﬁ&h(}ﬂre&iy hﬁ}q‘)gﬁﬁ}ﬁ%§kl nﬁi:'a!u?iﬁél }ﬁoﬁ
quantitatively measuring nolec % nmodi fi cations, characterized In that the
mol ecul e carri esmadlﬁﬁﬁeﬁse%%?ﬂte@?bﬂaﬁdt the amolechle cafries ar Rupeesernt d}"t fireck ﬁlmethgf

sai d nol ecul e di lLyer c f I f 1 ¢€,

nol ecule. 2. Th MO?{ Egg% o af){re Qllﬁ(ﬁgﬁ‘ﬁ% grllﬂlf S E&'n\ﬁl gﬁo{eﬁ%n &fed |tsean
or gani ¢ $wol ecul emodlﬁedrpeiedztﬂecul ar a peptide or peptidom netic, or is an

i norgani ¢ nol ecule. 3. The net hod as clainmed in clains 1 and 2, in which the
fl uorescent ,dye for a.cout ne f|.uor escei ne

rhodami ne, &n oxﬁﬁyﬁ%’%"% % dél“nr?e mofi/alfn L& Xv hé r‘?g’tlei%l& H4n cqr%laimr?elableﬂ‘l i s
1to 3, in whi chpatxﬁtﬁlafrhpémﬂsaxeﬁebudmﬁmbﬁc 6101 ah Mbighiic Moleciloncoval ently coupl ed
to the nol ecule. A spacer nolecule nay be | ocated between the fl uorescent

dye and the m)le ule. 5 The. nmethod .as cl gijred i.n_clai 4 for
quanti fyi ng>bi oc @f’d §§§§§f§ed B 8*\*%1@'&%‘3“ Jehich the rels‘i?nbfi%ﬁ FreYs be for
whi ch enzynmes cagkafigle! ¥ cotharifid) @ filisredcome, AGhodaRine D dxh£m¥, h Byanin€@gd.1 ons:
phosphoryl ati on/ dephosphoryl ation, sulfation/desulfation,

nmet hyl at j on/ derne ations/reductions, acetylation/deacet I atl on,:
ami dat i 6@/ dé&ami di'ﬂﬁy @%F'ﬁ i1B 1MLy & 3730 aeH the Jhotssorat fsriaico

removal of am nﬁbna&aaﬁﬁ(lpempledqslmeﬂeem HDbpaRér Hflecitd fy B@Wchtg&ﬁetwéérﬂﬁe
expansion/ring contraction, rearrangenents, substitutions, elimnations,

addi tion react i of4cresoent dye and gheralesslé- as clainmed in claims | to 6 for the use
in high throughput screening. 8. A reagent kit conprising fluorescent

dye- nol ecul ¢ conuatRs a@@ﬁlrﬁﬁdh{?l&laﬁ%qgﬁﬂff& dusflifihEBocHecaCASAYI NY out the

assay nethod as clained in clains

6. The method as claimed in claim5, in which enzymes can carry out the following
15 modification reactions:  phosphorylation/dephosphorylation,  sulfation/desulfation,
methylation/demethylation, oxidations/reductions, acetylation/deacetylation,

amidation/deamidation, cyclization/decyclization, conformational changes, removal of
amino acids/peptides/coupling of amino acids/peptides, ring expansion/ring contraction,

rearrangements, substitutions, eliminations, addition reactions.
20 7. The method as claimed in claims 1 to 6 for the use in high throughput screening.

8. A reagent kit comprising fluorescent dye-molecule conjugates and other reagents required

for carrying out the assay method as claimed in claims 1 to 6.



