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1 WD 02/ 12547 PCT/USO01/ 24758 Background of the Invention There are
numerous situations where one is interested in performng a multiplicity
of deterwoarizws in a single vessel and being abl e to i nBECTUSuZI4738
determne the result of each determnation. In order to be able to achieve
the individual results, it 5 is necessary that each determ nation be

i ndependent of the other determ nations, and that each determ nation
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the specithe @iqdyC‘éfOfth@eOtb@’rﬁﬁwﬁth'ﬁ% elation to 15 side effects. Besides
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det el nif0eAEARIRS dodifd o Ehb uh Aor ERIRS Hsaibals BE BB ngt e activi ty

of 1ndividual enzynes, 'or an enz le In relatron to a conpound or
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receptors, which represent a significant ass rug
scr eeni n@nFeplalty qfr@ezyree% PNBIcan apkoivdeeyEgs e @elpglcglraﬁww ofiee

met abol i gy Hé( a ﬁé?é 8f iNRY&st GNA ¥ZB OSBRIty SHRE cé:%p&b\?d ih&ididr

receptor nsu ke growth factor receptor epi der nal grovvt% factor,
and pPat él'ciﬁemiﬁ ved growth factor (Wiite). Sone receptors can be coupl ed

to enzyme for I?e%ﬁu%\é's@ﬂaehlh@ doffpRBh& Rr b&%gra:%n@amy, e é\s& bﬂﬁﬁé’re?t‘uﬂds to

the specific site of eptor, It t activates he receptor’
enzyme dcﬂ%ﬁrmmlmmthw&ecmf@@angw erwzryﬂ@emtsormetﬂvler ﬁCtMtY‘.ﬁetOtSh%QIle:an be

measur ed elPi?é rqgé efg) %Eepéellgfoﬁehﬁ‘ol{]@ﬁguﬁéreﬁt@@?‘?@@é%ﬁhg%ﬂﬂlﬁ%@n gwnthetic

pepti de. Since many receptors have Init r specific
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activity. Since on e speci y bound, natural l|igand has the
One specnal class of enzymes for which enzyme multiplexing would be

advantageous is cell-surface or intracellular receptors, which represent a significant
class of targets for drug screening because the receptors are involved in cell growth and
metabolism. Many receptors have enzyme domains, such as the insulin receptor,

25 insulin-like growth factor receptor, epidermal growth factor, and platelet-derived growth
factor (White). Some receptors can be coupled to enzyme for assaying the receptors
(Bunemann). When a ligand binds to the specific site of a receptor, it typically activates
the receptor's enzyme domain. In many cases, the enzyme is protein kinase that can
be measured by determination of the rate of phosphorylation of a synthetic peptide.

30  Since many receptors have high affinity to their specific ligands (Pike, 1984, Blakesley,
Sasaki), it is possible to develop a method to perform the receptor assay by monitoring
their enzyme (kinase) activity. Since only the specifically bound, natural ligand has the
potential to activate the enzyme domain, the receptor assay by monitoring its enzyme

activity may avoid the non-specific binding issue. This approach can be used for both



potential to activate the enzyne domain, the receptor assay by nonitoring
its enzyne activity may avoid the non-specific binding issue. This

appr oach wan2/s4used for both 2 WO 02/12547 PCT/ US01/ 247B8T/URb1gang8 bi ndi ng
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assays. 15 Summary_ of the Invention In one aspect, e invention includes a
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al so the substrates in the reactions are separated in a single separation
medi um For each separated product and substrate, a separation

char dét erSWamangithenventiony i dentify that product and substrate and a

signal 25 rel ahepel@psdethaimdntorthcilibes #rRdplkedatkyrithsdshpRihcy. defeect ed.

Fromthis, the amunt of substrate converted to the correspondi ng product
in each dPethRgincties peHerminga peralieelsna/medeactings bdha PrSeR eiivateri sti ¢

of the suiishbEhessittalRs08lHGESofistibBFREE LABLYCoNBHiBRS EMEUN0E & EshvERRRI Ity in
an el ectrophoretic nedi umunder the influence of an electric 30 field,
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by exgl usth®BudtratdRav&ifiarBBescpBf-B0R CRaaRNtics IBATL ARt dthér SrGHbwh the Or mass

spectr osccgﬁg/r substrates in the set and their corresponding products. After performing the
reactions, the products, and preferably also the substrates in the reactions are
separated in a single separation medium. For each separated product and substrate, a
separation characteristic effective to identify that product and substrate and a signal

25  related to the amount of the product and substrate is detected. From this, the amount
of substrate converted to the corresponding product in each of the reactions can be
determined.

The separation characteristic of the substrates and products is preferably

electrophoretic mobility in an electrophoretic medium under the influence of an electric

30 field, although other separation characteristics, such as behavior when separated by
exclusion or ion-exchange chromatography, isoelectric focusing or mass spectroscopy
are also contemplated. The subsirates and corresponding products may be fluorescent-
labeled, where the detecting includes detecting the fluorescent signal from each product

when irradiated with a fluorescence-excitation wavelength.



are al so contenplated. The substrates and correspondi ng products may be
fluorescent- | abel ed, where the detecting includes detecting the

fl uorescemo ox1gwal from each product when irradi ated w t BCHUS01/24758

fl uorescence-excitation wavel ength. 3 WO 02/12547 PCT/ US01/ 24758 |In one
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pat way €l anot her era odi pent or .u i n,assayi ng the
Pt e G SR poind SRS B e JBMS S s eivans the Bl Oh e A AR RRE R 13 of
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speci fi c trerbgehitmEREmpfady gresips bhersgimes Midi@efretepor-iavalelaizymes th@cabi ity  of
t est corrpoun ffect enzynme activity, the reaction m xtures al so contain

one or '@p‘ftgy"aiﬁﬁazyé?e plurality of different test agents and/or one
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charact eri sti ds adhore specific embodiment, for use in screening for or evaluating the ability
of test compound to affect enzyme activity, the reaction mixtures also contain one or
both of (a) one of a plurality of different test agents and/or one of a plurality of different
25  concentrations of a single agent. The reaction mixtures are combined prior to
separating the substrates and products of the different reactions.
The different substrates in a set may include (i) an enzyme substrate moiety, (ii)
a mobility modifier that imparts to each substrate and its corresponding product in the
set, a unique separation characteristic with respect o the separation characteristics of
30  other substrates and corresponding products in the set, and (iii) a reporter moiety that
permits detection of a signal from said substrates and products in the set. Where the
substrates in a set have an oligopeptide substrate moiety, and the mobility modifier may
be (i) non-peptide moieties coupled to the oligopeptide, (ii) one or more amino acid

substitutions in said oligopeptide that preserve the substrate moiety but alter the



30 other substrates and correspondi ng products in the set, and (iii) a
reporter noiety that permts detection of a signal fromsaid substrates
and prodw082/12541 he set. Where the substrates in a set hROBU86L/24758
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separation characteristics of other supstrates and correspondi ng products
"n the set, an20PHe] aspach 128 husniiBiaAesImEe! SERRRMS Substraes for

performing a multiplexed enzyme assay. The set includes a plurality of enzyme
substrates, each having (i) an enzyme substrate moiety at which an enzyme in the
assay reacts with the substrate, to convert it to the corresponding product, (ii) a mobility
25  modifier that imparts to each substrate and its corresponding product in the set, a
unique separation characteristic with respect to the separation characteristics of other
substrates and corresponding products in the set, and (iii) a reporter moiety that permits
detection of a signal from said substrates and products in the set. The reporter moiety
may be, for example, a fluorescent reporter. The enzyme may be, for example, a kinase
30  from different functional groups of kinases, including cyclic nucleotide-regulated protein
kinases, protein kinase C, kinases regulated by Ca*/CaM, cyclin-dependent kinases,
ERK/MAP kinases, and protein-tyrosine kinases. The kinase may be a protein kinase
enzyme in a signaling pathway, effective to phosphorylate an oligopeptide substrate,
such as ERK kinase, S6 kinase, IR kinase, P38 kinase, and Abl kinase. In this enzyme
35  assay, the substrates in the set include the oligopeptide substrate, and a mobility



detection of a signal fromsaid substrates and products in the set. The
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Fig. 3A and 3B are electropherograms of multiplexed enzyme assays with 4
different kinases, showing assay products and substrates (3A), and substrate specificity
(3B);
Fig. 4 is an electropherogram for a multiplexed enzyme assay with 3 classes of
25  kinases;
Figs. 5A and 5B each shows a time course study for enzymes in an individual
(5A) and multiplexed (5B) assay format;
Figs. 6A and 6B are inhibition measurements in an individual (6A) and
multiplexed (6B) assay format;
30 Fig. 7 shows an electropherogram of a multiplexed enzyme assay with
phospholipase and PKA kinase;
Fig. 8 shows an electropherogram of a multiplexed assay for enzymes in the
insulin receptor pathway;
Figs. 9A and 9B show electropherograms of a multiplexed kinase assay used for

35  monitoring cell signaling pathways;
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enzyme substrates. Each enzyme is capable of converting one of the substrates to a

corresponding product, where the substrates and corresponding products have
20 different, unique separation characteristics that allow the products, and preferably the
substrates, to be separated from one another in a single separation medium.

In a second general assay type, detailed in Section B, a plurality of enzyme
reactions is carried out separately, e.g., in parallel. The separate reactions may contain
one or more of the same or different enzymes, one or more of the same or different

25 enzyme inhibitors or activators, and/or different concentrations of inhibitors, activators,
or substrates. As above, each reaction mixture contains one or more substrates
capable of being converted to an associated product, where the substrates and
corresponding products have different, unique separation characteristics, as above. In
one exemplary embodiment, the different reaction mixtures contain a receptor enzyme

30 thatis known to be activated or inhibited by a ligand, the ligand itself, at one or more of
a plurality of selected concentrations, and either different test compounds being
screened for their ability to inhibit or stimulate ligand-receptor binding, and/or different
concentrations of such a test compound. After carrying out the individual reactions, the
reaction mixtures are combined for separation of and detection of the products and

35  substrates.
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The plurality of substrates and/or products is separated and detected, where the
presence and amount of individual enzymes can be determined or where specific
changes in the amount or nature of the substrates and/or products is indicative of the
effect of an agent. Conveniently, the products may be determined individually by

25 capillary electrophoresis, where the amount or nature of the products in the presence of
the agent may beAcompared to the result in the absence of the agent. The subject
methodology finds particular use for screening compounds for their effect on enzyme
activity, changes in cellular enzyme activity or enzyme activity of a medium of interest.

The assay requires having a set of substrates that can be individually

30 determined. Depending on the nature of the enzyme activity to be determined, each of
the substrates will have the appropriate functionality and conformation about the
functionality to permit binding to the enzyme active site and undergoing enzymatic
modification. The individual substrates are labeled or become labeled as a result of the
enzymatic reaction, whereby the enzymatic reaction results in a change in a separation

35  characteristic that allows for separation between the reactant and product. Usually, the
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P enzymes an<¥ may n¥clucfe 4 or more enzymes. While any maximum number of

enzymes will be arbitrary, as a practical matter, there will usually be fewer than 12

25  different enzymes, more usually fewer than 9, generally in the range of 2 to 8, more
usually in the range of 3 to 6, conveniently 4 to 6. A group of enzymes will generally
have compatible reaction conditions, such as pH and ionic strength, however cofactor
requirements, metal ion requirements, and the like, involving assay components having
relatively low mass concentrations, e.g. cofactors, need not be common.

30 By independently active is intended that less than about 20% of the conversion
of a substrate will be due to enzymes other than the intended enzyme. Common
conditions require that each of the enzymes provides a measurable rate during the
course of the reaction and will generally be that each of the enzymes has at least about

10%, usually at least about 20%, preferably at least about 50% of its maximum turnover
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otherwise known in the art. For example, the reaction generally requires the presence of
an effective amount of a nucleoside triphosphate, such as ATP, usually at a
concentration in the range of about 0.1 - 20 mM. The buffer, such as HEPES or Tris, will
generally be at a concentration in the range of about 1 - 50mM, at a pH in the range of
25 about 5 -9. Individual enzymes will generally be present in an amount in the range of
about 1pg - Sng/ul. Frequently cations are employed, such as Mg, Mn and Ca,
generally at concentrations in the range of about 0.1 - 5mM. Other additives may
include DTT at a concentration in the range of about 0.1 - 2mM. In some instances
sodium ortho-vanadate may be employed at a concentration in the range of about 0.5 —
30 2 mM to inhibit contaminating phosphatases. Also, inert protein may be included, such
as ovalbumin, serum albumin, etc., generally at a concentration in the range of about
0.1 - 5 mg/ml, to prevent non-specific binding and inactivation of low concentration
assay components, especially to prevent enzyme binding to the surface. For many
mammalian kinases, the reaction is carried out at room or elevated temperatures, .

35  usually in the range of 20° to 40°C, conveniently at room (ca. 25°C) temperature. For
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1pM nore properly 10"6 - 1 1UmM (IUis defined as 1lunole/ mn of product
formati ow@n2/a347 mal conditions). Exenpl ary assay condit PODES@ra73$i ven in
Exanples 1-8. One may vary the reaction conditions depending on the
targeted kinase(s); in 20 vitro conditions to support activity of

exenpl ar @{P\?ﬁ@%aﬁpﬁ%&mﬁk rfeb& n%ﬁe%’n%ﬂ%?é afili REUSMa R FEAQEY oy he art.

For exanp 1on geherally requires the presence of an effective
anount ofmererusoblyoahiotieOtirtb dhosphat e, such as ATP usually at a

concentration ('séhetrS'l A8EMOLs FRAL s Qiltne o MU 184 of $URGedS HEPES
S'a({lyﬁm R onl’nte %

or Tris, wll e at a concen range o outl-
50mV at eanzwﬂemrﬂl beméeheﬁn@edwthwpabiﬁgsulfstrateg asw\rﬂﬂuasuthmeaacmvfrtbs wil |

gener gl | y enggmgrvﬁtﬁ%%&r%t‘aﬂ? W@ﬁaﬂegﬂc}r%ﬁwe{\%ﬂ%gg in ﬁw%g}ﬂése%c%ra ﬁsé?]%é ul-

Frequently ions are e enera
concentra:tfutmnssplentwtermlblsb[afge of about 0.1 - 5mM QO her addltlves may

include DTT at,,3.GONG fe(/é”}uét Ds 0P cd i @B FoRIndAR Ay, theloanariad | n some
AL 6 nay be ereroye at "a

i nst ances sooll tam or t ho-vana concentration in the
range of c@bpoundiscadded a2 ardesired d:cﬂmbtﬂ'ratioommamidlra;ityioﬁgsqalysswyahea_ses. Al so,
goner al | SogEEYiA fod MR orfidilha £ 3RieR) BicRral e, BB RLRes B 0

pr evdit rfbho—%cprdensfofq:nagrurtddmgDaMdlngamthaabii\cbhy rafigd ofvintemst éimg r at i on assay
COMPONEN! no&RRAGH Bf 1nt AaRERYAA} ROEN B MAHh AN B I JHEhAFEonfiRs ™Y
manmal i an” KI'nases € reaction’is arr room or 8

t enper at wandisipated 36tivityuefltheycandidates threamgpaberfof 20ztroestio @he medivenitentdtyreat r oom

(ca. 250) r%TR&cQﬂictH ‘r%er%ﬁ the@an%a@e%s%%&% mveg{éé{églétgd'gﬁg?rtlgulgﬂn%?éﬁqwhpUt

applicati ons, PEAL ual
nmor e usudaré gardidate compotnds] which@ee beiag investigatedior h@mgmaéaﬁwttxs eg.l | be

perfq macbru%g]%% &h@ss tﬁgrﬁ“??(ba ei ep%fct‘lrall %%XL%?&”PLLJ@? t‘éet ermned with a

speci |c S reac ion o enzyme with
conbi nat i ons dAftes gbebiningeall dfdhe mmmneetszyMreacmrtmmLpe,dsmmﬂg toe absence

of its ree%%‘ir%é ‘féﬁd %%‘Pdﬁ&ététcgmgbg‘no"\%fb% r&‘dQ&’ansY%lgag&eeigod‘a/tﬁhgfsig@th% te

conmpound acC und I're
concent r addiion of tm pibatrates tthe ofactios Mowaty tdproceed. f Oneredmaiet dliquibts neandi dat e

compound o] LHRh SRIC AL A0 ReachY B Ibch RS Bhyrdfls L oL B0 Bt e S
conce&ft r atligooet, the remtlooamu kkageenchgd byaa@cbng BD mrmﬂnatstcmpﬁd fpideoatring/

dependi ”%r&%ﬁg&e Héi%é ﬁ{aﬁﬂ{g hﬁt%%ﬁ ¥t dbaltioh 8 tHeARBLARAE Front 1RE SAYJTRE  orOf

enzynes i'n
other convenient means.

Examples 1-8 below illustrate various embodiments of the assay method in

which multiple enzymes are assayed in a single reaction mixture. Figs. 1A and 1B show

25 the channel network in two types of electrophoretic devices used in carrying out the
separation and detection reaction. Briefly, the network in Fig. 1A, indicated 20, includes
a separation channel intersected by two side channels, which divide the separation
channel into a downstream separation region 24, an intermediate sample volume region
26, and an upstream channel region 28. A sample is contained in reservoir 30 in the

30 network and loaded into region 26. After sample loading, a voltage is placed across the
ends of the separation channel, causing electrophoretic migration of the substrate and
product components of the reaction to move into and through a separation medium
contained in separation region 24. A detector (not shown), such as a standard confocal
fluorescence detector, positioned adjacent the downstream end of the region, is used to

35  detect migration of sample substrate and product bands through a detection region,
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of the indication for which the candidate is being investigated, etc. O
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substrates of the other enzymes used in this experiment.
Example 2 describes a similar method involving the three enzymes Src-kinase,
Receptor ll-kinase and PKA kinase. The purpose of this experiment was to
25  demonstrate multiplexed assay performance after optimizing of the experimental
conditions, so as to have balanced amounts of products for the enzymatic reaction, as
detailed in the example, and with the results in Fig. 3A. The specificity was also studied
for these three enzymes with one enzyme incubating with substrates for the other two
enzymes in one tube, as in Example 1, with the results shown in Fig. 3B.
30 In Example 3, the method is used to assay three classes of kinases:
phosphorylate tyrosine, serine and threonine, respectively, with the substrates and
reaction conditions given in Example 2. The results, shown in Fig. 4, again demonstrate
the ability to detect position and signal intensity for each substrate and corresponding

product in the single reaction mixture.
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10 detected as above. Exanple 1 describes a single-mxture nultiplexed
reaction for four different kinase enzynes, in a reaction m xture
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20 same assay results as individual phospholipase and PKA assays.
The multiplexed assay method described in Example 7 involves several key
enzymes in the insulin-receptor pathway, namely insulin receptor kinase, Erk kinase,
and S6 kinase, to demonstrate the use of the assay method is detecting activities of
several cellular enzymes in a single pathway, e.g., with coupled function. Fig. 8 shows
25 that the activities of the three enzymes can be simultaneously monitored in a
multiplexed assay.
A similar assay for simultaneously assaying the activities of multiple enzymes in
a cell-signaling pathway is given in Example 8, with the kinases S6, P38, and Ab1, with
the results shown in Fig. 9A. To investigate specificity, the assay conditions were the
30  same except only one kinase and the substrates for other two kinases were used in the
assay to check the cross reactivity. As shown in the Fig. 9B, less than 1% cross
reactivity was observed between kinases and the substrates for other kinases.
Therefore, these substrates are specific for their respective kinases in this experiment.
It is evident from the above results that multiplexed enzyme assays can be

35 performed, where not only can the activity of the individual enzymes be determined
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mul ti pl ex-assay format show substantially the same response to enzyne
inhibitors as do single enzynes. The enzyne enpl oyed was Src-kinase, and a
known i nwobr/m@s47 The 10 enzynme was present either in a sipgli/Esernaysse format
(Fig. 6A), or a nultiple-enzyne format (Fig. 6B). As seen fromthe
figures, the presence of additional kinase enzynmes in the nultiple enzyne
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for exanp e capi
substrates As mdlcated above, the substrates in a set may be distributed among

different reaction mixtures, one per mixture, or two or more per mixture.
In one exemplary application, the assay method is applied to ligand-activated or
25  ligand-inhibited receptors, for purposes of screening for and evaluating compounds
capable of interfering or activating enzyme activity, by interfering with ligand-receptor
interactions. Receptors represent a significant class of targets for drug screening
because they are involved in cell growth and metabolism. Of special importance, many
receptors are involved in oncogenic processes. Many receptors have enzyme domains,
30  such as the insulin receptor, insulin-like growth factor receptor, epidermal growth factor,
and platelet-derived growth factor (White). Some receptors can be coupled to enzyme
for assaying the receptors (Bunemann). When a ligand binds to the specific site of a
receptor, it typically activates the receptor's enzyme domain. In many cases, the
enzyme is a protein kinase, which can be measured by determination of the rate of

35  phosphorylation of a synthetic peptide.
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necessary to do that, since the purpose of finding a compound either competing with
ligand or inhibiting enzyme domain is to stop the harmful signal transduction involved in
the cellular growth or metabolism (e.g., oncongene process).
25 In screening for compounds that are capable of inhibiting ligand/receptor binding,
there are two, and sometimes three, variables that must be screened, as noted above.
The first variable is the test compound itself, e.g., a large number of test compounds
derived from a library of potential inhibitors of ligand/receptor interaction. In the present
method, a large number of test compounds can be screened in separate assay
30 mixtures, each containing the enzyme and an optimal concentration of ligand, where
each reaction mixture contains a substrate from a set of substrates having the same
substrate moiety, but different separation characteristics, as detailed in Section D below.
The reactions mixtures, or portions thereof containing the products and
substrates, are then combined, separated in a single separation medium, and analyzed
35 as to separation characteristic, e.g., electrophoretic mobility, to identify each product
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ligand/receptor ration for the EGF/EGFR pair, using two different substrates (Figs. 11A
25 and 11B). The kinase activity measured from Figs. 11A and 11B were plotted as a
function of EGF/EGFR ratios, for both substrates. The plot in Fig. 12A shows a 6.3 fold
enhancement in kinase with an optimal EGF/EGFR ratio, when the enzyme is acting on
substrate 1. The maximum level of enhancement was about 11-fold with substrate 2, as
seen in Fig. 12B.
30 It can be appreciated how the same information can be obtained in a multiplexed
format, in accordance with the invention. Here each different reaction mixture contains
one of the selected EGF/EGFR ratios, and one of the substrates from a substrate set.
The individual reaction mixtures are then combined, the products and substrates

separated in a single separation medium, and the relative levels of substrates and
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Fatl 89, ARAHEATR0 ifmatba higaescaigPA WS bSed ATee 2t Examele idi Oneual
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significant difference of enhancement for this receptor kinase activity from several

ligands (4 fold for IGF, > 20 fold for Insulin and insulin B chain, only about 3 fold for
Insulin o chain), insulin B chain was chosen for demonstrating the receptor-ligand

25  binding assay by monitoring the receptor kinase activity.

The competition between insulin B chain and epidermal growth factor (EGF) with
receptor Il receptor was performed to demonstrate the assay method for use in
competition between an activating ligand and a putative competitor by monitoring
receptor kinase activity. Fig. 14A shows inhibition of ligand-induced receptor Il kinase

30  activation by a non-activating ligand, at a high concentration of activating ligand. Itis
also possible to show near complete competition with EGF when a lower insulin § chain

concentration of 3 pM was used as shown in Fig. 14B.

It will be appreciated from the above how the ligand-inhibition assay just

described would be carried out in a multiplexed assay, in accordance with the invention.
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separated in a single separation nmedium and the relative |evels of
substrates and 16 WO 02/ 12547 PCT/ US01/ 24758 products neasured for each
reacti onweowmsthi s, dose response curves |i ke those shomTURIIR4E3S. 12A
and 12B are constructed. Exanple 10 denonstrates the use of the assay to
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dose respDnSeparammﬁd)metbbt&)rconpound s inhibitory 15 activity. As another
exanpl e, rece an |ns ated. rece tudied in
connection w !tOlI qq{gqu(t% anflipge Sqag{xﬂtﬁeﬁgﬁcate g%g%at)eﬁ‘\l%n’aihq 78Kt enhancenent
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tested include insulin,.ins i n n and insulin
(5° chai n BrPlRmRER PRSP sPoPinef R ccan Piegoray ) B e AeAraeSho 1 of o
when a hifigin tereadtionais applisato ausmgle(s“éabﬂaeoamenuﬁmnﬁﬂm es élb):tromend nsulin R
chai n dose reiﬁ "lﬂ% stud for thlﬁ rece i s _shown g}e gsed on
the sigitPREEN? AMBiPIERhY g tOFPd?aﬁslﬁpéc?%s&QBY le"ha?é‘

act i ?/i ty dlroﬂmm@brodbt:MBatééci)mbﬁhé‘rms’ ae@eparatetfon tatimegium. nsul i n and
i nsul,in P chai

I I 3 ch
hae dRosen o trefiedt SERarigR rteh s i AP s i oand Sieh £y <"
moni t or i rgpafaton dewdd Bra MichsfRmliccdevitetof thellipe desapibed bbove ﬂoeseymétmgnsul inR
chai n and gl(%egernal rowth factor tor receptor was

i th
or T or o SREReD A Sotss SeCa TR ChtTer APodi B el Bkt MERS b et ween
En act i vatmm@tdateg:andeamdlcﬁtmmgurey%lemmpb t l%rbﬁt?éeﬁaymniﬂrdnﬁgfanﬂgesdhﬁi@ﬁ{u‘OrII
| nase acti,vi | I nni 1on O I N rece or
ki nase 3¢ %[B'{a"&;ﬂf B%GB)?”Q SHE%V%%% SIS 'Iﬁéc?qr@gﬁbegsl’g}& gﬁ’dconcenltoratl on of
activating Ii gamsiembhtly 2in atihs®, gErealipinet inorsihawabedrs. ,asrhedieradlrg i ti on

wth EGF s\g’n’ueple raesleR/\gﬁ ofa mlCl'OhUIdng de\plgleI gr capillary electrophoretic device, either

directly through electrophoretic or pneumatic injection into an integrated system or by
syringe, capillary or the like. Microfluidics devices are described in a number of
domestic and foreign Letters Patent and published patent applications. See, for

25 example, U.S. Patent nos. 5,750,015; 5,900,130; 6,007,690; and WO 98/45693; WO
99/19717 and WO 99/15876.

Figs. 1A and 1B illustrate two types of microfluidic devices suitable for use in CE
separation and fluorescence detection, as described above. The conditions under
which the separation is performed are conventional and will vary with the nature of the

30  products. Longer times will be required for products that have similar mobilities under
the conditions of the electrophoresis. The conditions will be applicable to oligopeptides
or other substrates using conventional voltages for capillary electrophoresis.

In order to identify each product and substrate, either each substrate and its
corresponding reporter must have a detectable reporter that is unique to that

35  product/substrate or, more commonly, to know the relative separation characteristic of
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concentration of 3 Mwas used as shown in Fig. 14B. It wll be appreciated
fromthe above how the |igand-inhibition assay just described would be
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ortion of the separation medium, an orescence emission of the zone is measured
by a standard light detector. The signal height or area recorded provides a measure of
product and substrate concentration in the sample.
With the above detection information, it is now possible to assign each detected

25  product or substrate-product pair to a particular substrate in the substrate set, and to

compare the levels of substrate-to-product conversion for each substrate, corresponding

to each different enzyme in a muiti-enzyme assay, or each different reaction in a multi-

reaction assay.

30 D. Substrate set

The substrate set provided by the invention includes a plurality of enzyme

substrates, each having (i) an enzyme substrate moiety at which an enzyme in the
assay reacts with the substrate, to convert it to the corresponding product, (i) a mobility
modifier that imparts to each substrate and its corresponding product in the set, a

35  unique separation characteristic with respect to the separation characteristics of other

19
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their di fdeiveatronensdizaind-ovHenyixMhans. Tios rHdasines 28d Pluodyedinangle a
substrate sicgg)al S are we me roduct s

|1 known. | n_ one referre t ho e
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the sanple. W t he abovfe det ect.i on infgrmatho '

assi gn each \cllv ‘gq;'t"%rd;m%o HIMGERFEENtGPMARHE sr%rleé-%%ﬂﬁléwé%ggg’vvia&%gs%glr '? i E:::.I)| ar
substanat earhifolghsupsitl isd siph& osBéta pasiton, UsugyENsHEpdsiton! B¢RESd 8mong the
substrate-to-product conversion for each substrate, corresponding to each
G 7 er ont MEREPIEIG cam RIS 2 - BE B o8P B SUIoPREs S TPEZe: i on i n
mul ti-  napththalene sulfonate and 2-p-toluidinyl-6-naphthalene sulfonate. Some naphthalene
compounds are found to have some non-specific binding to protein, so that their use
requires employing an assay media where the amount of protein is minimized. Other
25 fluorescers are multidentate ligands that include nitrogen-containing macrocycles, which
have conjugated ring systems with pi-electrons. These macrocycles may be optionally
substituted, including substitution on bridging carbons or on nitrogens. Suitable
macrocycles include derivatives of porphyrins, azaporphyrins, corrins, sapphyrins and
porphycenes and other like macrocycles, which contain electrons that are extensively
30  delocalized. The azaporphyrin derivatives include phthalocyanine, benzotriazaporphyrin
and naphthalocyanine and their derivatives.
In some instances fluorescent fusion proteins may be employed, using green
fluorescent protein or other fluorescent protein fused to a polypeptide substrate.
For electrochemical labels, including electrochemiluminescence (ECL), the ECL

35  moieties encompass organometallic compounds that emit electromagnetic radiation,
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sul f onat e. re found to have some non-specific
o na to e TiaPahg Sheiaf mRePhe gliorditkr Tub asah dpprerian. BadAYSRedi &
wher 0t hetsam@tbeatangﬁ o p»nomdesjlffmndéts #esbparitidarchdfacldrisidse #Rersstoar e

I |dentat nds i n¢l ude nitragen-cont, |n|n Ccro ,
mul t fun lona mobhg/ moé]tger orexamﬁg amino acids in a oI%%pept? tLatare

whi ch
not related to substrate interaction with the enzyme may be substituted to increase or
reduce total molecular weight or size or vary the charge of the oligopeptide. In
constructing substrates of this type, one first identifies the amino acids necessary for

25  enzyme specificity, then makes amino acid substitutions, deletions, or additions
designed to alter electrophoretic mobility. After constructing a new substrate, it must be
tested to confirm that substrate kinetics are unchanged, or if changed, the kinetics must
be standardized to a known substrate. A combination of substrate modification and
separate mobility modifier may also be employed.

30 Finally, changes in separation characteristics can be achieved by changes in the
mass, charge and/or size of the detection group. Flourescent groups with different
numbers of charged base or acid groups, or different molecular weights are known.

The following examples illustrate various combined-enzyme and single-enzyme
assay formats in accordance with the invention. The examples illustrate, but in no way

35  are intended to limit the scope of the invention.
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have conjugated ring systens with pi-electrons. These nmacrocycl es may be
optionally substituted, including substitution on bridging carbons or on
nitrogensvo Buizsabl e macrocycl es include derivatives of ppePUPO12IZI8
azapor phyrins, corrins, sapphyrins and porphycenes and other I|ike
macrocycl es, which contain electrons that are extensively 30 del ocali zed.
The azaporphyrin derivatives include phthal ocyani ne, benzotriazaporphyrin
and napht hal ocyanine and their derivatives. In sone instances fluorescent

fusion proteins nay be enplERXRERIMENTAL for Eremples dek escent protein or other
fl I
| orescent prkSideaBsiatBoRohipeal ) 05, BUBS AL Eon Bl SRy o o2

enconpas svitrAyateseeotical systampémm&?sr sty witth touelrﬂepermmgylemrntmlledidl ation, 20

WO 02/.12 CT/ USO / 8 bl f
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and Pt(2-(2-thie dj ne) 2. .The rs inth substrat es
oTe ol acvharaly hshubRibked fokt e 1 tereck et b o et . a
uni que seRAfAk 8O NrakaiAGtEYArduL fenttish THeSBSSoifsw&as mal iefiarRedr.al | ot her

substrates and corresponding products in the set. \Were the separation
characteristic is electrophoretic nobility, the nobility nodifier wll

pref QUab|Mlth@?ea'°g%h%Cérﬂdas%9ybﬁ‘ﬂ%ﬁtar@hs‘k% seigwchar ge/ mass ratio and/ or shape
to each substrate and product. Wiere the separation characteristic is

chr onot ographﬁﬂzy@salaa@lﬁ@lhstratﬁe 10 different nobility nodifiers will have
di fferent hydrophohjgi Ha@ééTfr{‘ |rg%e|e#ba E‘EI‘E:I%EFEQQERkor si ze. For

mass spectronetric an ySi ferent rm ty nodifiers will have
di fferent masses. In one general enbodl ment, the nobility nodifiers are

unrel ated to the_sylistrat g, FIW%%Q?R'G@GW?RO covalently. Modifiers of

this type sui table for i mparting ferent 15 el ectrophoretic separation

chard8teristics havesgiefinass @aredlTGRERIWRIOPET pat ent  application WO
00/ 66607, publi sheﬁm&{e\@gg&r Tﬁ ﬁ?@q;K-ﬁ:nd i ncorporated herein by

reference. Such nodifiers t a have rerpeatl ng subunit groups that inpart
uni que charge/ n‘asé’%%eﬁ r@éhthdjTG{ﬁ &RRNBUi fi er. Were the substrate

noi ety is a biopol gigggf,o?t“qhngé E}-PROH-]QQRRR%IP%Y\}[\E]EFGWDI ety 20 itself may

be vari ed to provi erences separation characteristics, that is, to
functi on &Yloresseingsnthiocyanairives esed Pcﬁttaebt Hugreeceinii the tegaing afmincegroup.

ol i gogept i de thals axﬁéﬁate%%ck%%lu%ﬁéjwér% crebshE 6.1 HIPERChVe T dubskBg enzyme

may be substituted to I ncrease or
concentration in each assay is described in the assay protocols. All enzymes were

purchased from Upstate Biotechnology, except that Receptor li-kinase was a generous
gift.
o Reaction Buffers and stock solutions:
25 1. 100 mM HEPES (pH 7.4) with 2 mg/mL Ovalbumin
50 mM HEPES (pH 7.4)
10 uM fluorescein in 50 mM HEPES
100 uM fluorescein in 50 mM HEPES
50 mM DTT in 50 mM HEPES
50 mM NagVO, in 50 mM HEPES
10 mM MgCl, + 5 mM MnCl; in 50 mM HEPES
8. 100 mM Mg-ATP in 50 mM HEPES

All the chemicals for preparing the above solutions were purchased from Sigma

30

N o o s~ DN

Chemicals.
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reduce total nolecular weight or size or vary the charge of the

ol i gopeptide. In constructing substrates of this type, one first
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except t hetindRecat PKA kinaké Nase sidrate BESRIMEe was cdc-2 and the substrates

for the other kinases were listed above for the corresponding kinases. The total assay

20  volume is 60 uL and is incubated at room temperature for 45 min. To stop the reaction, .
10 pl of 100 mM EDTA was added to the assay mixture. Before performing an
analysis, 70 pL D.l. H;O was added into the assay solution for dilution of the analytes
and the salt. To confirm the enzymatic reactivity, an individual enzyme assay was also
performed for each of the 4 enzymes following the same protocol as for the multiplexed

25 assay by using only one enzyme and its substrate in the assay. The peak identification
is shown in Fig. 2a.

To demonstrate specificity of the multiplexed assay, the assay volume was
maintained at 60 pL and the same protocol followed as for the multiplexed assay,
except that only one enzyme was added together with the substrates for the other 3

30  enzymes (i.e., no substrate for the enzyme in the assay mixture). As can be seen in
Fig. 2b, there is no cross reactivity between each of the four enzymes and the
substrates of the other enzymes used in this experiment.

The separation of the assay products was performed on the modified LabCard
microfluidic device with the following injection and separation conditions (sample is

35 always in well 4):
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gift. Reaction Buffers and stock solutions: 25 1. 100 nM HEPES (pH 7. 4)
wth 2 ng/nmL Oval bumn 2. 50 nM HEPES (pH 7.4) 3. 10 Mfluorescein in 50
mV HEPESwd 02/13@7 M f | uorescein in 50 mM HEPES 5. 50 nmM DRQT/UR0133758M HEPES
30 6. 50 MM Na3v®4 in 50 nM HEPES 7. 10 mM Mg 2 + 5 nM MnC12 in 50 nmM
HEPES 8. 100 mM Mg- ATP in 50 mM HEPES All the chemmcals for preparing the
above sol utiong; e , i i $, WO 02/ 12547
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These are depicted in Figs. 1A and 1 B, as described above. The channel
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mM EDTA. Before analysis on the modified LabCard microfluidic device, the assay

A g
12, R

sample was diluted with 70 pL of D.I. H;O. The specificity was also studied for these

three enzymes with one enzyme incubating with substrates for the other two enzymes in

one tube. The same procedure and pretreatment were used to stop the reactions and
20 dilute the assay sample. The analysis conditions are the same as used for Example 1.

Example 3:
Multiplexed enzyme assay with three classes of kinases (Fig. 4)

The assay protocol is the same as used in Example 1. The multiplexed assay is
25 for three classes of kinase, which phosphorylate tyrosine, serine and threonine,
respectively. The assay was incubated for 1 hr with 5 uL. each for PKA and Receptor II
kinase and 3 pL for MAP (Erk-2) kinase. The same procedure as in Example 1 was
used to stop the reaction and dilute the assay sample for analysis. The regular LabCard
microfluidic device was used for performing the analysis. The injection was done by
30  applying 800 V at well #2 for 60 s while grounding the other 3 wells. The sample is in
well #4. The separation condition is: 0 V for well #1, 800 V for wells #2 and #4 and
1500 V for well #3. The separation distance is 3 cm. A relatively long separation

distance was required to resolve the components that have similar mobilities.
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analysis, 70 L D. 1. H20 was added into the assay solution for dilution of
the analytes and the salt. To confirmthe enzymatic reactivity, an
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one enzyne and its substrate in the assay. The peak identification 1is
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assay volune was nmintained at 60 he sanme protocol followed as for
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assay was | ncubat ore stoppin reacti on Ing 10 gL

of 1086 e tEpTAIviRE essayarfdieysodifiesilabbardriire La;ﬂc Hatcaves m?Qdf@f thei di c
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specificity or these "three e one enzyne
i ncubat i ig tlw Iﬂterrsak§Wdartob(§ucﬁrgﬁceumgvastu$@d te mnérprztpﬁﬁsteh’mf tomesactie. AShe sane

procedur 3R iPERT 5 SHHTERLKiINGBNYSFHEA kifast SHIWIS HPRTI INRSGRS about 1

hour in either the multiplexed or individual assays. Also, both enzymes had about the

20 same reactivity in the multiplexed assay vs. individual assays, which indicates that the
two enzymes are operating independently in the muitiplexed assay at a rate equal to

that in the individual assays.

Example 5:
25 Inhibition study (Fig. 6)

This experiment demonstrates that the 1Cs, or inhibition measured in both

multiplexed assay format and individual assay format show similar results. The assay
conditions were the same as used in Example 1 except for the number of enzymes and
use of 1 uM fluorescein as an internal standard. For src-kinase, a known kinase

30  inhibitor provided as a generous gift was used for the inhibition study. A commercially
available inhibitor PKI-[6-22] was used for the PKA kinase study. The inhibitor
concentration range is 0 — 50 uM for src-kinase and 0 - 150 pM for PKA kinase. The
reaction was incubated for 40 min with 0.4 pL each of src- and PKA kinase from freshly
diluted enzyme solution (similar approach as in Example 4). To stop the reaction for

35  quantifying the inhibition, the assay tubes were heated at >80°C for 1 min (which
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20 dilute the assay sanple. The analysis conditions are the sane as used
for Exanple 1. Exanple 3: Miltiplexed enzyne assay wth three cl asses of
ki nases (W0 @2/125)7 The assay protocol is the sanme as used i PCEvam@4e581l. The
mul ti pl exed assay is 25 for three classes of kinase, which phosphorylate
tyrosine, serine and threonine, respectively. The assay was incubated for
1 hr wt P (Erk-2)
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cm Avrelatrvely Separaton dr st anc® was requir to resol ve the
conponentreulthaxeor@aseymrmal and imdlyiduiat assey format. WO 02/ 12547 PCT/ US01/ 24758
Exanpl e 4: Tine course study (Fig. 5) The sane protocol as used for Exanple
1 was used for this experinent, except for the enzyme anount and addition
of 2 gMfluorescein as an |nternaI.EKEMMQ§d Src- 5 klnase and PKA ki nase
were used for fNe
and PKA ki nase X f
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src-kina
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bot h enzy r t nl al ent
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For tihe miRERS BRI SES By 14U e e e £ PR e, bas pHbGuaESa dsant | Only

the specidante Sharbhabe fdr%mfpﬂ&@ataségy Wefe &éya dxoght\that ety @M%mg%dmdi fied
LabCard m crof] uidic device was used for the analysis with the sane

condi t i orl§ s48st3ie miesprpfidediintorthe agsayditurpe ke 8752y MEFeCHRied far sOmB

i nternal a&fd&ﬂ@éhiim@é\h‘é}’é%ﬁﬁiuf‘éd Wﬁedﬂrﬁ@@gt’cmwptc‘f&fz hine extent of the
reaction. As shown in Fi src- ki nase and PKA ki nase showed very

good linearityl hecﬁna%&ﬁon%ltlo%aqe the semegerused éoribg Megifies £a8P6adi ndi vi dual
assay®. AhsafluldRt dbvRRZ ¥RE heRBariion nddiifn was 25 mM HEPES with 1% PEO. Fig.

7 shows that the assay for these two enzymes can be multiplexed.

Example 7:

Monitoring an insulin-stimulated signaling pathway (Fig. 8)

25 Experimental conditions for multiplexing the key enzymes (biochemical samples)
involved in the pathway: 50 mM HEPES (pH 7.4), 2 mM MgCl,, 1 mM DTT, 1 mM
NazVOy4, 1 mM ATP, 30 uM substrates (S6 kinase: FITC-LC-LRRASLG; IR kinase: (5-
FAM)-KKKSPGEYVNIEFG; Erk kinase: FITC-LC-PKTP), 3 pL S6 kinase (Upstate
biotechnology), 1uL Erk-2 kinase (Upstate Biotechnology) and 1 plL insulin receptor

30  kinase (Sigma). The assay was incubated for 1.4 hours at room temperature before

performing analysis (Fig. 8)
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20 sane reactivity in the multiplexed assay vs. individual assays, which
indicates that the two enzynes are operating independently in the

mul tipl evedoassay at a rate equal to that in the indivi deal/UasI2AY3s.
Exanple 5: 25 Inhibition study (Fig. 6) This experinent denonstrates that
the 1C50 or inhibition nmeasured in both nultiplexed assay format and

i ndi vidual assay format show simlar r . The assay conditions were
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1 M fl uor esdeltiplezesd kinasendssap &ir nsdraindag dell fomalisg pathivags €iga IenarBRi nase 30
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i nhibition, the assay tubes were heated at >80C for 1 mn (which 25 WO

02/ 12547 kiereiSosiateirisechrniond ane §. & HeAklignase SCALBIOGHEM) skiaybatethell es wer e
| _ : ’ : trevas
not anal yggg tén%??%#%%rya hrs! lenss.t%@s rS3BbE thedt the?RCay maggveﬁgbyc%rtﬁr

enzyne denatura . e anal ysi onditions are exact e sanme as used
i n Exanplmeinto@enafuee thedinesesl LabCard microfluidic device. The results

(Fi 9.1068) I ndi caleiridipbiubiranPb@ssihfehialeohiford ik thd dags ffect the
S inhibition Crg%sbr e?rer‘llt Vofge?‘?éﬁer ?ﬁgs@.oTh\E&FCSOQ%ggﬁes a?@g)%g?rpar abl e
for the knaseignddhe guksiratas fooethert twardnasasiverelusad indragsshyinelecktbaanpl e 6:
Ml ti pl exegsHazyiRy ARS d¥oh iMinBYRy KbSafanassB Wity RARcotsBhvag 7) 10 This
experi nment dsjé:'lrafon_st?at es (t)mt itlﬁlags’ %easi BI gg(t:oggie%?or% a rrut{stglt\%fjexed enzyne
assay w thetueer Whasas anddbe subsyptasfoyetber kinrses. dbefefnieclbash substiates &re be

enpl oyed &0 Rirdhdlr KiRASRNRHiCesRanEAt I C turnover rates. The nultipl exed
assay solution contains 50 mM HEPES, 10 mM Ca(Ac)2, 2 mM Mg 2, 1 niM

Mhd 25 2 nM My- ATP (Sigma), 3 M fluorescein as internal standard, 30 M
substrates each for both I‘?}@PEﬁﬁﬁENfAL?bR]@xRMEEEQ@thaSG (Sigma P7147) and
e

0.5 L of PKA kinase. For individual assays, t same conditions as for
mul ti pl ex¥8TERE B wer e St seldiept: that only one enzyme and its substrate
vere added into the assayy i HePEs-NRgRssaYs were incubated for 20 min

and the enzynes were deq?\}lt&r%? by heating up to 100 C for 2 mn.
a

20 50 mM DTT in 50 mM HEPES
50 mM NazVO3; in 50 mM HEPES
1% Triton X-100 in 50 mM HEPES
100% glycerol
100 mM Na-ATP
25 10 mM MgCl,
5 mM MnCl;
1 mM substrate in D.I. H,O
(Sub1: FITC-RRLIEDAEYAARG; Sub2: FITC-IEDNEYAREK)
0.5 mg/mL EGFR kinase (Sigma E-3641)
30 0.2 mg/mL EGF in 10% acetic acid
Receptor Il kinase (unknown concentration, provided for use as a
gift)
1 mM Receptor Il substrate in D.I. H,O (5-FAM-
KKKSPGEYVNIEFG)
35 100 uM IGF (prepared in 10% acetic acid, CalBiochem)
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The anal ysis conditions are the sanme as used for the nodified LabCard 20

m crofl uidic device, and the separation nmediumwas 25 nM HEPES with 1 %
PEO. Figwo®/sisews t hat the assay for these two enzynes cROT/8OWA4IIS pl exed.
Exanple 7: Mnitoring an insulin-stinulated signaling pathway (Fig. 8) 25
Experimental conditions for multiplexing the key enzynes (bi ochem cal

sanples) involved in the th .50 HEPES (pH 7.4), 2 MM Md 2, 1 nM
DIT, 1 M Na3VO4, 1 mwm‘\@?nsy@ﬁ?%cgawéggm s (S6 kinase: FITC LC- LRRASLG

| R ki nase: (5- FAM - KKKSPGEYVNI EFG Erk kinase: FITC LC-PKTP), 3 L S6

ki nase (Upstate Dbiotec g 1L Erk-2 ki nase (Upstate Bjotechnol ogy)
and 1 L i ﬁ'lwnf‘ls'receptoP'E%g%kﬁﬂgéyb@bf@ﬁé;mpeﬁ@”%&§%ye aesy %’U‘foﬁ‘f"&d for 1.4

hours at room t enper at upgTbefigs®@reitpoer f orm ng analysis (Fig. 8) 26 WO
02/ 12547 PCT/ USO1/ 24758 ) l e 8:_Miltiplexed kinase assay for nonitoring
cell 8ignaling pat hwaysAa—E;(ggg”O@Ne%ﬁ'@Bf.hat%xperi mental conditions for

mul tipl exed assay: 50 nNGHRPEDideRthlgréwth factdiMecéPids 1 MM Na3vdd, 2 nM
MyCl2, 2 nM ATP, 60 gM E%t%sér tes for e?ch ki nase (Abl 5 ki nase:
FI TC- LG EAl YAAPFAK; p3sERin&Riermal Browieiagiel VEPL TPSGEPNQALLR, S6 ki nase:

FI TC- LG LRRASLG), 3 gL RéF:MhaiangréwAgidére bi ot echnol ogy), 0.5 gL p38
ki nase (Upstate biotechpol opﬁgr)”.and 0. ki nase ( CALBI OCHEM) . I ncubated
S

] 0.5 L Abl _ \
at roomtenperature foRe% afidneiip felated receptarivaih @ kaage 4aieissay
m xtuype at 80 Cfor 1 mn to denature the kinases. 10 Specificity study:
t he experinental conditions were the sane except onl § one ki nase and the

substrates forPgiaserfor REFRiasaaE Lo & 109aeMiHERER (A I, 10reRetkmhe  cross
reactivi tM%CIAS- SRAMNED, 3 [ oFY %Nab@%?LtdWMll?%,qr SBo Fr@ﬁ‘ﬁltaé L ¥ pas
t he substrates er

observed etween ki nasSes and or ot i nases. % erefore,
t hese sulgycesle2 plribo Tritpe ot TA0C 2fudr100BMINdcATBs2 gL iBGHRmMkisass panidusent . 15
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15  reaction. Before adding substrate, incubate the mixture for 5 min to activate EGFR by
binding to EGF. The incubation was done at 30 °C for 30 min to 1 hr. Either 10 pL of
200 mM EDTA is added or the sample is frozen to stop the kinase reaction before
analysis. For the frozen sample, analysis was performed immediately after thawing.

Analysis was done on a LabCard such as, e.g., see Fig. 1B, with 2.5 cm effective

20  separation length. Injection was performed by applying 1000 V at well #2 for 30 s while
grounding other wells. The separation conditions are: 0 V for Well #1, 700 V for well #2
and 4, 1500 V for well #3.

Protocol for Receptor Il assay: 30 pL of 100 mM HEPES (pH: 7.4), 10 pL of 10
mM MgCl, + 5 mM MnCl,, 1 uk 50 mM DTT, 1 pL 50 mM NazgVO,, 2 ul. 100 mM Na-

25  ATP, 1 pL receptor Il kinase, various amounts of Insulin 8 or other insulin ligands
[activating ligand] and/or EGF [competitive inhibitor of activating ligand binding], and last
step is to add 3 pl receptor |l kinase substrate (50 pM final concentration) to initiate the
reaction. Before adding kinase substrate, incubate the mixture for 5 min to activate
receptor Il kinase by binding to insulin 8. The incubation was done at room temperature

30  for 30 min. Either 10 uL of 200 mM EDTA is added or the sample is frozen to stop the
reaction before analysis. For the frozen sample, analysis was performed immediately
after thawing the samples.

Analysis was done on a modified Henry chip with 5 mm effective separation

length. The injection was performed by applying 400 V at well #2 for 45 s while
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50 MM Na3VvQ3 in 50 MM HEPES 1 % Triton X-100 in 50 mM HEPES 100% gl ycer ol
100 mM Na- ATP 25 10 nM MgC12 5 mM WMhC1l2 1 nmM substrate in D.1. H2O (Subl:
FI TC- RRLMVEDAEYAARG Sub2: FI TC- | EDNEYAREK) 0.5 ng/ nlL EGFRCRUR@EA748SI gha
E-3641) 30 0.2 nmg/nL EGF in 10% acetic acid Receptor Il kinase (unknown
concentration, provided for use as a gift) 1 mM Receptor Il substrate in

D.I. H20 (5- FAM KKKSPGEYYNI EFG) .35 100. gM | GE (. pr din 10% acetic
acid, Cal®P te“z"fe'{ﬁo%/sfﬁé')@?orﬁﬁ‘??cg%g‘ /%%%%?OVW%W’r‘i‘§8|\’|1fﬁf>(vé'?§%ai n
(Si gma) Asndonyoe vV IdEREB#3 N- [ 2- hydr oxyet hyl ] pi per azi ne- N -[ 2- et hanesul foni ¢
acid] DITT: Dithiothreitol 5 ATP: Adenosine 5' -triphosphate EGFR Epi der mal
grom h factor receptor EG-. Epidermal growmh factor G~ Insulin growh
factor Receptor Il: an insulin rel gemgegeptor with a kinase domain 10
Protocol for EGFR assay: 25 L of 100 mM HEPES (pH 7.4), 10L of 10 mM

MyCl 25+ 5 mM MhC12, 3 L pGFlenhbiahent bf EGPR KiddsBBEtivily pPL 50 mM Na3vO4, 3 L
glycerol, 2 L 1 %Triton X-100, 2 L 100 nM Na- ATP, 3 L EG-R ki nase, various
anount s OfhEG:Eig.amlsHB)leSh@gG:cFaérﬂhaﬁgégnéﬂtfof E?meﬁdieﬁy,m&%me? to f
initiate the 15 r L on. Before addi ng, substrate, incubate the m xture for
5" 0 t o IUENGETE TRAFRKEgSC BRRUY HG oF SBLRES ARE FTaaRr FON Al at 30 C
;or 30 i Accoairig tﬁr’che Fietdere, WﬁerpEG!Ffbti)nc&QG E@#FE,mlTa%u@s aﬁ@d?tﬁfn %rhe sanpl e :s
rozen tq stop the kinase reaction ore analysis. For e frozen sanpl e,
anal ysi s '0gY" éqt'PBrOFrH!T TeRFRIGH M%Xeéﬁﬁ%mem%ww not well understood. As a

10  transmembrane protein, EGFR has its kinase domain inside the cell. It has been

reported that EGF binding to EGFR extracellular receptor domain significantly increases
its kinase activity. This process is found in many aspects of the development of
carcinomas. The extent of enhancement observed in this study is consistent with what

has reported in the literature.

15 The dose response of EGFR kinase activity vs. EGF amount was studied with
- both substrates (Fig. 12A Substrate 1, Fig. 12B substrate 2). For the dose response
study, the substrate concentration was 50 uM for either substrate and EGFR
concentration was 50 nM. Other conditions are listed in the Experimental section. As
. would be expected, since EGF binds tightly to EGF, kinase activity enhancement
20 reaches a plateau when a stoichiometric amount of EGF is added. This is reached at a
molar ratio of EGF to EGFR equal to 0.5:1 probably because EGF causes dimerization
of EGFR so one molecule of EGF can activate two molecules of EGFR.

The kinase activity measured from Figs. 11A and 11B were plotted as a function
of EGF/EGFR ratios, for both substrates. The plot in Fig. 12A shows a 6.3 fold
25  enhancement in kinase with an optimal EGF/EGFR ratio, when the enzyme is acting on
substrate 1. The maximum level of enhancement was about 11-fold with substrate 2, as

seen in Fig. 12B.

Example 10:

Screening Assay

30 This example demonstrates the use of the assay to screen for competition
(screening antagonists) that can interfere with ligand-activation of a kinase receptor
enzyme. In this example, two EGFR fragments were studied for their ability to saturate

the binding sites and block binding of EGF and consequent increase in kinase activity
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Anal ysi s was done on a LabCard such as, e.g., see Fig. 1 B, wwth 2.5 cm
effective 20 separation length. Injection was perforned by applying 1000 V
at well #209Pp12580 s while grounding other wells. The sepReBUS@rR4eEsNdi ti ons
are: 0 V for Well #1, 700 V for well #2 and 4, 1500 V for well|l #3.

Protocol for Receptor Il assay: 30 L of 100 nM HEPES (pH 7.4), 10 L of 10

mv Mg 2 + 5 MhCl12, .50 MM DTT,_ 1 0 _mM Na3vo4, 2L 100 mM Na- 25

ATP, 1 L Rt F00ep; TaBis e TBS A REERAOPRIEIS Yot dffer | nsul i n
l'i gands [RotR wal EGKF édrganedtioAViEre Us&Cht 3CMARRAHISH e rdsPBEREOTASOktedGh Vat i ng
| i gand bi_ndi ng], and last step is to add 3 L receptor || Kkinase substrate
(50 M fi naPlechressnnaneYyRgntipobsarygdavieen the frageest twenttiosv@sad@iflld ki nase

subst r at eyigHen e GF thScdhtratioh. eHbWEVED, iMlidkst bt d6MbaesugppeRRh@EGH ki nase
by binding to insulin R The incubation was done at roomtenperature 30 for

30 ni R, E'PHEld Fhanemento Theremveiitos PhaRYReRan isemeaRIted More Flgadn to st op
the  reaciiaBcOREON Rinasbistly s FRlsédipdispzen sanpl e, anal ysis was

performed imediately after thawi ng the sanples. Analysis was done on a
nodi fied Henry chip with 5 mmeffective separation |ength. The injection
was performed by applying 400 V at well #2 for 45 s while 28 WD 02/ 12547
PCT/ USO1/24Kk58 InBibRIsAGT FEG M KiRhse\Rdtivity frdMQofRfich o HGFREghem8wiRre: 0 V
for Wll gy 400 V for well #2 and 4, 700 V for well #3. anple 9: 5 EGF
enhancenment of EGFR kinase activity Fig. 10 shows the EGF enhancenent of
EGFR1§i nase—activity.  The EGE can enhance the EGFER kinase activity by as
much as 4 {fold as neasured wi thFiaghfeht 86¢ 1. A(:mgihgmmwt he literature,
when EGF hinds to EGFR, it causes dinperization or 1 nternalizationjof the
receptor. (However, the nechani HAWESGRot wel | ungdPR/ESE. As a 10
t ransnmenbriane lprc,)t €in, EG-R has 1ts Kinase donmaijn inside the cell.jlt has
been repd™M¥d ©HAt EGF binding to EGPRVextracell ular re¥8tor domhin
significantly I ncreases its Kinase activity. ThiS process is toung in many

tly I
aspects of| 'PHeiltigsh &f EphaMtedof | carci néA¥s. The éxtent off3#nhanceneft

observed ijeghrs study is consistent with what |has reported in the
|iteratur 15 The dose response of EGER kinaselactivity vs FEGE ahpunt was

studi ed W ¢dinpdpbwighkisdseaichvity(dEGFR SuidsiviirEeFL, Fig. 12B substrate 2).
For the dose response study, 'the substrate concentration was 50 pM for
ei ther substrate and EGFR Example 11:

Receptor |l Assay by Monitoring Receptor-Il Activity

As another example, receptor Il (an insulin-related receptor) was studied in

15 connection with insulin-like growth factor (IGF). A significant enhancement (>4 fold) in
receptor Il kinase activity was observed. Other ligands tested include insulin, insulin o
and f chain. Both insulin and insulin B chain stimulated this receptor kinase activity by
as much as 20 fold when a high concentration was used (Table 2). One Insulin 8 chain
dose response study for this receptor is shown in Fig. 13. Based on the significant

20  difference of enhancement for this receptor kinase activity from several ligands (4 fold
for IGF, > 20 fold for Insulin and insulin B chain, only about 3 fold for Insulin a chain),
insulin B chain was chosen for demonstrating the receptor-ligand binding assay by
monitoring the receptor kinase activity. For this experiment, 25 uM substrate was used
with a fixed amount of receptor Il and variéus amounts of ligands to ensure a saturated

25  binding between receptor and ligand.
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concentration was 50 nM Qher conditions are listed in the Experinental

secti on.

As woul d be expected,

since EGF binds tightly to EGF, Kk

i nase

activityvwohamsenent 20 reaches a pl ateau when a stoi chi or€T/USE/AMsuNt of

EGF is added. This is reached at a nolar ratio of EGF to EGFR equal
0.5:1 probably because EGF causes dinerization

of EGFR so one no

to
| ecul e of

EGF can activate two nol ecul es of EGFR The ki nase activity neasured from

Figs. 11Aadied2:1lgdsdveihancdménted raseptorfiLiicdsecattivinfin E&iotdingRgamd | os, for both
substrat es. ;rl'Fget. lot in Fig. 12A shows a 6.3 fold 25 enhancenent in ki nase
with an dpf'f Ta'E@/ EGFR ratio, when the enzyme is acting on substrate 1.
The maxi mim | ev of enhgncenent s aboyt 11-fold Wwith substratel 2, as
seen in Fig. 12%5%9(5{%51“@&%? Scr ¢eni ngﬁ rgd&?ﬂ A% ¥l e dejnonstrat es
the use of i nc ni sts)
that can i nterf @eeeptof h Aidr@and- activati on of a kinase receptor enzyne. In
t hi s exanple; } } i 0 saturate
the binding siteecgmdr Phack bi ndi ng of EGF and congequent increasje in

ki nase actiwvity 29 WD 02/12547 PCT/USQ1/ 24758  when EGE is added. | In this
experiment, 50 McB&HBr pubpiviate 2 Was used. The >BGFR and EGF congcentration
wer e used ot | i din Table 1 {1|ess

enhancenent is eRegsivel hgmnthe f1

hi gher t hg

EGF 5 pronoted %Qg@gfﬁﬁ]ﬁ%uﬁ

clearly

Mth rece

agment concentyation was -10 f

competition phengggnon is denonst

ol d
ppress the
rated nore

se assay as discussed bel ow. Table

1

Inhibiti%

EGF 10 Fragy

ol e AR AR bt l oo EERR R b o

| nhi biti on% of Enhanced 22% 43%

EGFR fragmehts W th

ratio
EGFR* * Conparing with kinase ac

EGFR saturated with EG-. Exanple 11:

5

Example 12:

Screening Assay for competitive inhibitors

300 300
tivity of

The competition between insulin B chain and epidermal growth factor (EGF) with

this receptor was performed to demonstrate the assay method for use in competition

between an activating ligand and a putative competitor by monitoring receptor kinase

10

activity. At a fixed receptor concentration, two concentrations (3 pM and 15 uM) of

insulin B chain (activating ligand) were used to conduct the competition experiment with

various amounts of EGF (competing non-activating ligand), which led to comparable

IC50 of 0. 2 - 0.3 uM. Although the competing, non-activating ligand did not show

complete competition at the higher insulin B concentration, it is straightforward to

15

measure the binding competition based on the changes in receptor kinase activity.

Fig. 14A shows Inhibition of ligand-induced receptor Il kinase activation by a

non-activating ligand, at a high concentration of activating ligand. Itis also possible to

show near complete competition with EGF when a lower insulin 8 chain concentration of

3 uM was used as shown in Fig. 14B.

20

All publications and patent applications cited in this specification are herein

incorporated by reference as if each individual publication or patent application were

specifically and individually indicated to be incorporated by reference.
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Receptor Il Assay by Monitoring Receptor-1l Activity As anot her exanpl e,
receptor Il (an insulin-related receptor) was studied in 15 connection with
i nsul i n-wae2/tpsawt h factor (1 GF). A significant enhanceneR€CT/sel/f40d8d) i n
receptor 11 kinase activity was observed. O her |igands tested include
insulin, insulin a and R chain. Both insulin and insulin (3 chain
stinmulated thigs receptor kipase activity by as nuch as fold en a high
concent rat i on AHRUGIL Kt TPFEGRING IpMentieR, hag l}(fas‘%ﬁ‘l qescribeddp spme cé’gaélepyr‘%%y nse study
L _o][ f this illu%ﬂ'?ﬁtﬁrﬂind éxmﬁbfripnrdﬁ'ﬁ_gs ofldaritPas@ietstaridi®y, Sivmbé iréaf’ﬁﬂil 20 |
ifference o nhancenent for this receptor kinase activity fromsevera
1 gande. GRPREAH s Praina ey ToR ToR e EaRa e Eet . onl y
about 3 fiRateeftin chBfgds dhd Mogifi@itidhs maybeuhade tRehPwithol defAaag Romor

denonstrating the receptor-ligand hinding assay by nonitoring the receptor
ki nas@ adb® ¥ 'f'V?rSI@BPePﬁ %aQRfigqa‘%dr%‘ﬂ“?- 25 M substrate was used with a fixed
anount of receptor Il and various anounts of l|ligands to ensure a saturated
25 bi ndi ng between receptor and |ligand. 30 WD 02/ 12547 PCT/ US01/ 24758

Tabl e 2: Ligand enhancenment on receptor |l kinase activity in saturating

| igand concentrations Assay Conditions Receptor |l Kinase Activity
Enhancenent (fold) Receptor Il Alone 1 Receptor Il + IGF -4 Receptor |l +
Insulin >20 Receptor Il + Insulin a -3 Receptor Il + Insulin (3 >20 Fig.
13 shows the activation curve for receptor Il kinase by insulin 1li. 5
Exanpl e 12: Screening Assay for conpetitive inhibitors The conpetition
between insulin R chain and epidernmal growth factor (EGF) with this
receptor was performed to denonstrate the assay nethod for use in
conpetition between an activating ligand and a putative conpetitor by
nonitoring receptor kinase 10 activity. At a fixed receptor concentration,
two concentrations (3 Mand 15 M of insulin R chain (activating |igand)
were used to conduct the conpetition experinment with various anmounts of
EGF (conpeting non-activating ligand), which led to conparable 1C50 of O.
2 - 0.3 M Athough the conpeting, non-activating |ligand did not show
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conpl ete conpetition at the higher insulin R concentration, it is
straightforward to 15 neasure the binding conpetition based on the changes
in receptvwo okizsase activity. Fig. 14A shows | nhibition ofPCTigard7isnduced

receptor Il kinase activation by a non-activating |igand, at a high
concentration of activating ligand. It is also possible to show near
conpl ete m g1 0 i.t.h EGF when a lower insulin i3 chain concentration
of 3 M in Fig. 14B. 20 Al publications and patent

applications cited in this specification are herein incorporated by

reference as if geach individual publi on or. patent application were
specifically andE P(?f‘%%ﬁ”?fyy‘% ?%mee@bo"lt‘iﬁ’”ﬂ% lr{‘)?corporat ed by reference. 31
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enzyne sw@tdd@bmglaudtéma@@tslghg a correspondl ng product in the presence of
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strate, wh
t hat substrat &°RhE ”@Hﬁ%’rbé ?teEé‘B %%8'1)%'%13%{ PP 1 &8ingle SAPABUY ot her
and fromrhé®urat her substrat es in the set and their correspondi ng products
and (ii) each te and its. c ondi n uct have a detection
noi ety capabl éiselfl n%’f %?%ﬁﬁlﬁﬁpﬁ@t%gp g\é‘gt%ﬁ?r@ rfgﬁra§%b°’3133 ‘?‘ﬁ'(}jelt%e
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det eg;ﬁ_l ng, for ch se ara{hed r? duct, a separation characterjstic

effective to qe YR, RO, SEPAEAQN SherRgierpls %‘ide%lg‘ﬂ%dﬁ’?@tegr%runt of

the produgich padcmuctlﬁwed@h@urrﬂdﬂsm&traferméﬂf@j t@&h@@b@étp%ﬂamﬁqirmm in each
characterl stic and signal detected for each product e anount of

subst r at € EBAVEI8ASt 0 t he correspondi ng product in each

2. The method of claim 1, wherein the separation characteristic of said
20  substrates and products is electrophoretic mobility, and said separating includes
separating the substrates and corresponding products within an electrophoretic

medium, under the influence of an applied electric field.

3. The method of claim 2, wherein the substrates and corresponding products

25  are separated by capillary electrophoresis.

4. The method of claim 1, wherein said detecting further includes detecting, for
each of said substrates, a separation characteristic effective to identify that substrate
and a signal related to the amount of the substrate.

30

5. The method of claim 1, wherein said substrates and corresponding products

are fluorescently labeled, and said detecting includes detecting the fluorescent signal

from each product when irradiated with a fluorescence excitation wavelength.
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of said reactions. 2. The nethod of claim1, wherein the separation
characteristic of said 20 substrates and products is el ectrophoretic

nobi | i ty,wann12sai d separating includes separating the subeT/UatIER738nd
correspondi ng products within an el ectrophoretic nmedium under the

i nfluence of an appl ied electric field. 3. The nethod of claim2, wherein
t he substrates respo roduct ar.e separ at b JIIary
el ect rophore3|63althf3 h@gr?gf’% q?’ Nl (! cipluwﬁg(roéleﬁz ?E?a(‘fg c‘%/r? 'Pﬂrt her

i ncl udes digires singig,red@ion neigitike edntaining asmllnsnty@f gifferent Sefyaios! ammeach of
characterisfic effect i denti f é rate andam%ﬂ rel at ed
Co t he. arbiiheses et fpdven nd of s sitEid hearsRe it ol o oa o
subst r at aRe aodespondiag pedtlicng products are fI uorescently | abel ed, and said
det ect5| ng includes detecting the fluorescent signal fromeach product when
irradirfated with a fluorescence excitation wavel ength. 33 WO 02/ 12547

PCT/ US01/ 247587, fhe Hibmomaif Biafn of fof Ligd im dbtermiieig@ine ISwiglofdauvig dfTeEch)Bf enzynme
reactions

re carrl In a sin | e eacti o Xxture confalnin
e Dr SR et ehaymiedn S0 e Sako2d il Som e omh oL ve o
convert ofiffereht evaifhes IHSHid AdaRBorl Mix@@k Grd 6&tainea from sdiditall drdler biigh

correspondll%:? cg{ﬁ?duct 5 7. The nethod of claim®6, for use in determning
the | evel¥ licopeliont each of a plurality of different enzymes in a

cell ,qounder selected cell conditions, wherein said different enzynes in

sai d reaction ture areotandfromsal cell, under su el cted cell
Candi | ons. 10 g Rt SR a7 o1 AR RGaagsn RS BfarBEOT 1 the

| evel s ofeazftof Wigkoupadt en@ﬂﬁbs wfa eeugrrmmtr@lfarméytrm cobAdifiorewhereinsai@nt r ol and
test cell conditions sai

e erf.orm aratin detecting, and
et er m niRORD BRI, deeing e e psEbs sit B ot Br oA e eEe] s ot
t he cont reptaingdifrérasie 683G tHeodEhtrollandtestidddditibhdlod of claim 7, for
detern ning changes in the levels of activity of each of a group of

enzymes in a cell, when the cell is exposed to an agent known or being
tested for it amdinbihod@f craltmh bbj for Bsteanihingahanddan gy ielelobf adwitpet | vity of
one or nore, of
each of a group of enzymes in a cell, when the cell is exposed to an agent known or
being tested for its ability to inhibit or activate the level of the activity of one or more of
said different enzymes, wherein said performing, separating, detecting, and determining
20 steps are carried out for enzymes obtained from the cells before and after exposure to

said agent.

10. The method of claim 9, wherein said group of enzymes are selected from
groups consisting of receptor-kinase enzymes and cell-signaling pathway enzymes.
25
11. The method of claim 1, for assaying the effect of one or more agents in
inhibiting or stimulating the activity of a selected enzyme, wherein said performing step
includes performing multiple separate enzyme reactions in separate reaction mixtures,
where each mixture contains (i) one or more enzymes and (ii) one or more of the
30  substrates from said set, and wherein said performing step further includes combining
said reaction mixtures prior to separating the substrates and products of the multiple

reactions.

12. The method of claim 11, for use in screening for or evaluating a test

35  compound capable of affecting enzyme activity, wherein the separate reaction mixtures
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said different enzynes, wherein said performng, separating, detecting, and
determ ning 20 steps are carried out for enzynes obtained fromthe cells
bef ore amdoat/i®u7 exposure to said agent. 10. The net hod PET/WRG@23TB,
wherein said group of enzynes are selected from groups consisting of
receptor- ki nase enzynes and cel | -signaling pathway enzynes. 25 11. The

nmet hod of claim11, for sayi.ng the effect one or

bt byt APRCYs har BF bl o e er § Py BF ot e P Sp BRI BB s o
per f or mi n@ iligpto adﬂaétudﬁmhpﬁrtﬁ@eaﬂvngoﬂmbtenayraes@rma(babm sfpomlityedict i ons in
separate action mxa£S ch mxture contains (i) one or nore

ea
enzynmes et PG R AT 'Pn% 2sigg etaﬁgntgo substrates fromsaid set, and
wherein said performng step furt her i ncl udes conbi ning said react i on

mxtures prlor t arating th bst.rat es_and products of th tiple
Tenct Pons, 19, 19T TBEHEH cbEiatn - HHetoin fis IS8 shtakaies i AgotigHuds 0

eval uati g @zym&tsuBEtra@mwol(up@n@bms/ raédmérftﬁ@tt.mpgrt@aéymmamil vity, wherein
t he separ te react on mx% 5\4[ 5547 PCT/ US01/ 24758 al so i ncl ude
one d%ﬁra&fe%% WFRFNGU atr?}Plﬁ’P FPW%?F’OH g SFct indRg selghatisuUBRYGy test ed
for lts vatpi Hels,becttcoth@c‘s‘epm&@n @harb&Blidlick of b@epsibsthicy a0l cbh@spanamge and (D)
one of a nt .concentrations

I|t di f ofasnlea 5 13.
The et ndloBiTndle et N HDRLIHeRR8 Mafe drei e SIS DB ST P HIORAGER™ | i uee
(i) 18n eprysssuesbhatiesinsireisyonding progud®bi I ity nmodifier that inparts a
separation characteristic to each substrate and its corresponding product
in the set that is unique wth respect to the separation characteristics
of ot her subst1r4at'ﬁﬁa 1ABHo6 OF EIGHP P3| 0iHegein eGSRt $ubstrhies #E4 setdizle@hi i ) a

det ecti on noi et t permts detection.of a.signal fro sai d substrates
T et TOIBRaRLe SHRTAIS B EE SarmORHE TRTb S SHoqacl 115 SRIR: o n 1 he

di f; er eBtcloﬁslibﬁdg%ﬂ(?&ohlbe@tl&ﬁ?wofé?&ﬁcc?mle@t?ltﬁ@@Iﬂjﬁpbﬂﬁﬁes(lb@hté@l‘c fof@aming, and
sai il ier el ecte rom ou nsj s

mon- Jépt 135 SHIRBLIES Bap) JGobEER PSS EHEP o P ae E et no 15
acid subswsiawemme Busalied tHd) s@@%bhbﬁ@ab@ﬁ&tldﬁf&ﬁ@bn@péﬁmgamd {ign of said
substrate i et¥ Q{g/ c?ﬁ but alter the segar ation characteristic
of the olq%’gﬁrétﬂ P ”%Hiﬁt'e(sl"i"ﬁ{ JrRksepartiop SRYACERSYESi et i es with different
separation characteristics. 15. The nethod of claim 11, for assaying

|nteract|onsbt en a_receptor Oenzrreandall dknovvnto affect the
recept or - enzy W?WS oﬁﬁl@mﬁ K graqsaa%ng interactions b%g/veen a receptor

20 enzyme and a ligand known to affect the receptor-enzyme activity, wherein said

separate enzyme reaction mixtures include (i) said enzyme (ii) one of the substrates
from said set, (iii) one or more different concentrations of said ligand, including, in at
least one reaction mixture, a concentration of ligand sufficient to produce optimal

activation of the enzyme.

25
16. The method of claim 15, wherein at least one of the reaction mixtures
contains substantially no ligand, to provide a enzyme activity level of non-activated
enzyme.
30 17. The method of claim 15, for assaying the ability of one or more test agents

to interfere with ligand-activated enzyme activity, where at least some of the reaction
mixtures contain, in addition to an optimal concentration of ligand and one of a plurality

of different test agents.
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separate enzyne reaction m xtures include (i) said enzyne (ii) one of the
substrates fromsaid set, (iii) one or nore different concentrations of
said |igamap2/iaset uding, in at |east one reaction m xtur ePCHRUSOIAZISt r at i on
of ligand sufficient to produce optinmal activation of the enzyne. 25 16.
The nethod of claim15, wherein at |east one of the reaction m xtures

cont ai ns subst nt al | t o pravi me activi | eve

non- acti vat ed 1% Xthgg ﬁ‘?’g' f?@’%ﬁﬂn% c%g‘? e qrg}orgées%ege{gs %Che
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cl ai mFS for assaying the effect of one or nore test agents to interfere
W th |gand activated enzyne activity, where at |east some of the reaction

m xtures cont ajgn e rAethbaet c|§|am:5%m\trfeaém e8idécdptdrantlyras & ® Fbeplor-RiPbSe
di fferent congﬁnt ratjons
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Ol a o R eraioP Rt b Heaciai®h siaf Jhahrha ile 37 lyoneprida b tiatey A

ef f ect i vahe biibsiater0h sidtsedingluad suct @lg@b@ﬁtm@u}ébt&it@ @mobilitydAeamdriisle
substrate, and _the substrates in set include such ol |hgopept| de

subst r at SeleSEHHRT f‘rieygrﬂ‘dEIF‘P'?séﬁt'”g of i ?é@%‘%@'&em%‘?ﬂeﬂ?@@%u&) onsi sting of

(i) non- Rﬂ@épéﬂﬁdgﬂ(il)%ne%@'rﬁ@@@nﬂdo beld shestit@iopk irgade Bligopeptidd that fr8sergs nore
amno acid substitutions in said O|I§8 eptid th?@{é reserve recognition of

sai d subdEFANUIoRST &g syhsteale groigly Pyad Yget &8 &lf9on

char act erdhatdcteriefic bihte @ligdpRped, iade (m)amﬂer(eht detestiohimdistitls wiel @Bdremn noi eti es
W th dlffererlqtt separation characteristics. 15 20. The nethod of claim19,

wherei n SEPAAIBLE rBFteﬂﬁﬁme is selected fromthe group consisting of
EGFR, where the Ilgand is EG-, receptor |l kinase, where the Iigand i's
i nsul i and nd ins receptor kinase, where the | |s |nsuI|n
21, Fhie’ met ho B P o CRTEF b ICES GBS ooy et g ahs  The
met hod ofgr@d.pacdns%hn W’IEGERnwﬁ@ﬁedh@ gatitEs ESFS edceptordl kiraes) \Mﬁ@e ﬂﬁe)ﬁgénd
consi st ng lg S6. ki nase, .P38 kjnase, .and AN kj nase.

msulln and R nd insulin receptor kinase, where the ligand is insulin.

21. The method of claim 11, wherein said enzyme is a kinase.
20
22. The method of claim 21, wherein said enzyme is selected from the group
consisting of ERK kinase, S6 kinase, P38 kinase, and Abl kinase.

23. A set of enzyme substrates for performing a multiplexed enzyme assay,
25  comprising
a plurality of enzymes substrates, each having (i) an enzyme substrate moiety at
which an enzyme in the assay reacts with the substrate, to convert it to the
corresponding product, (ii) a mobility modifier that imparts to each substrate and its
corresponding product in the set a unique separation characteristic with respect to the
30  separation characteristics of other substrates and corresponding products in the set,
and (iii) a detection moiety that permits detection of a signal from said substrates and

products in the set.

24. The set of claim 23, wherein the detection moiety is a fluorescent reporter.
35
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23. A set of enzyne substrates for performng a nmultiplexed enzynme assay,
25 conprising a plurality of enzymes substrates, each having (i) an enzyne
subst r at avoor/etsy7 at  which an enzyne in the assay reacts RCTASO1R3758
substrate, to convert it to the corresponding product, (ii) a nobility
nodi fier that irrparts to each substrate and its correspondi ng product in

the set a unlg;ée araf f@gracterlstltﬁ (ﬁ’gth respect to the 30
separ ati on charac gaim, 'HEE '] A0RTPAT 5 a3 O P pBA iSRG Brdduct s
in the setavingaditbligopéptida sdbstesé | vaieramitied subshrates s Bt favdedresiigbpeptiot a

| f d b t t 4. Th t of clai
252 aher SR THE Mt derEr PRty TaftErit erded Bin e pstpsorisum gefvo o
02/ 12547 Wdé{iﬁ@éhﬂ)ﬁégmaﬁed fohtee DRGopiptied, diiyBnddr nicde akfto dida net hod for

assayl ng o mar e aV|n an oligo ti trate, whereln t he
eubet Pt PRt SAEBSSePuS Lish BrsePog o duBah Y saRgratiAe Tiuegy o
mobi | ity srmderuyﬁfe b6t ek &@t@@afah@ﬂbhé}@c@h@t@ﬁ%f@t@@ug@bemeobnd (il)) dif@éntpept i de
m)letlescfeg |l ed to the ol ne. or nore amno acid 5

substi t ut lop mnalefieg VA, % sieﬂéraf'ﬂ%(g‘?f)?‘%t@@?t\?é recognition of said
substrate noiety by said enzyne, but alter the separation characteristic
of the oligopeptide, and (iii) different detection noieties with different
separation characteristics. 37
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