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MOLECULAR MODIFICATION ASSAYS
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Great When It Sits on a Chip: A Bright Future for DNA
Arrays, 13 THE SCIENTIST, May 24, 1999, at 18.

BACKGROUND

[0016] The physiological modification of molecules and
supramolecular assemblies plays a major role in the structure
and regulation of biological systems. These modifications
may include “local” modifications, such as phosphorylation,
cyclization, prenylation, carboxylation, glycosylation, acyla-
tion, and/or sulfonation of amino acids, nucleotides, and/or
lipids, among others, as well as the reversal of these modifi-
cations. These modifications also may include “global” modi-
fications, among others, such as cleavage and/or ligation of
proteins, nucleic acids, and/or lipids, in which molecules are
split into two or more fragments or spliced to one or more
other molecules, respectively.

[0017] The prevalence and significance of molecular modi-
fications make it particularly likely that errors in modifica-
tions and/or errors in the regulation of such modifications will
lead to disease and/or other pathologies. Therefore, there is
intense interest both in characterizing molecular modifica-
tions and in understanding their regulation. There also is
intense interest in identitying and/or characterizing activating
and/or inhibitory drugs to modulate molecular modifications.
This interest, in turn, has created a demand for assays of
molecular modifications and/or their effects. Unfortunately,
standard assays have a number of shortcomings, including the
use of radioactive labels (with their attendant safety issues),
binding partners that are excessively specific to the substrate
or product (making them difficult to use with more than one or
unknown substrates or products), and/or slow time courses
and unstable endpoints (that require precise timing of assay
readouts), among others. Thus, there is a significant need for
molecular modification assays that are both safe and simple.

SUMMARY

[0018] The present teachings relate to systems for detecting
molecular modifications and the presence and/or activity of
enzymes and/or other agents involved in facilitating or oth-
erwise regulating such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a schematic view of a cell-signaling path-
way.
[0020] FIG. 2 is a schematic view of a G-protein-linked

cell-surface receptor mechanism that includes a receptor pro-
tein, a G-protein, and a target protein, all associated with the
plasma membrane of a target cell.

[0021] FIG. 3 is a schematic view of an enzyme-linked
cell-surface receptor mechanism that includes a receptor pro-
tein positioned across the plasma membrane of a target cell.
[0022] FIG. 4 is a schematic view of two common intrac-
ellular signaling pathways: (A) a phosphorylation pathway
involving ATP/ADP, and (B) a GTP-binding pathway involv-
ing GTP/GDP.

[0023] FIG. 5 is a schematic view of a representative por-
tion of a second messenger pathway that may follow the
receptor activation shown in FIG. 4.

[0024] FIG. 6 is a schematic view of species and/or reac-
tions that may be analyzed using assays provided by the
aspects of the present teachings.
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[0025] FIG. 7 is a flowchart showing steps that may be used
alone, together, or in combination with other steps to con-
struct assays according to various aspects of the present
teachings.

[0026] FIG. 8 is a graph showing the effects of incubating
10 nM TK-1 tracer with different concentrations of MM-Ga.
[0027] FIG. 9 is a graph showing a dose-response curve for
TK-1 calibrator, with 10 nM TK-1 tracer and 1.6 nM (esti-
mated) MM-Ga.

[0028] FIG. 10 is a bar graph showing results from an
endpoint assay for PKA activity with MM-Ga under the fol-
lowing conditions: (1) reaction with enzyme, with MM-Ga;
(2) reaction with enzyme, without MM-Ga; (3) reaction with-
out enzyme, with MM-Ga; and (4) reaction without enzyme,
without MM-Ga.

[0029] FIG. 11 is a graph showing a time-course assay of
PKA activity with MM-Ga performed under the reaction
conditions of FIG. 10.

[0030] FIG. 12 is a graph showing a time-course assay of
PKA activity with a Ga>*-coated plate.

[0031] FIG. 13 is a bar graph showing results from an
end-point study for cGMP PDE activity using MANT-cGMP
and MM-Ga under the following conditions: (1) reaction with
enzyme, with MM-Ga, (2) reaction with enzyme, without
MM-Ga (3) reaction without enzyme, with MM-Ga (4) reac-
tion without enzyme, without MM-Ga.

[0032] FIG. 14 is a graph showing results from a time-
course study conducted using the system of FIG. 13.

[0033] FIG. 15 is a graph showing results from a time-
course study for cGMP PDE activity using fluorescein-cGMP
and MM-GA.

[0034] FIG.16 is a graph showing an IC50 measurement of
Zaprinast using the system of FIG. 15.

[0035] FIG. 17 is a graph showing the detection of PDE 4
activity using a fluorescein-labeled cAMP substrate.

[0036] FIG. 18 is a graph showing the detection of PDE 5
activity using a fluorescein-labeled cGMP substrate using the
conditions of FIG. 17.

[0037] FIG. 19 is a graph showing the detection of PDE 1
activity using fluorescein-labeled cAMP and fluorescein-la-
beled cGMP substrates under the conditions of FIG. 17.
[0038] FIG. 20 is a graph showing results from binding
assays using a metal salt without associated beads to provide
the binding partner for phosphorylated or nonphosphorylated
binding targets, in accordance with aspects of the present
teachings.

[0039] FIG. 21 is a bar graph showing results from binding
assays conducted with an untethered metal (“no beads™) or a
particle-associated derivative thereof (“beads™) as the bind-
ing partner for peptide binding targets, in the presence or
absence of an ATP challenge, in accordance with aspects of
the present teachings.

[0040] FIG. 22 is graph showing results from binding
assays conducted using a tethered or untethered metal to
measure the kinase activity of MAPKAP Kinase 2, in accor-
dance with aspects of the present teachings.

[0041] FIG. 23 is a bar graph showing results from binding
assays conducted with dialyzed or nondialyzed forms of an
untethered metal (not associated with beads), in accordance
with aspects of the present teachings.

[0042] FIG. 24 is a bar graph showing results from binding
assays conducted using an untethered metal in a set of binding
buffers at a range of pH values, in accordance with aspects of
the present teachings.
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[0043] FIG. 25 is a bar graph showing results from binding
reactions conducted using an untethered metal with various
binding buffers and pH values and in the presence or absence
of a nonionic detergent, in accordance with aspects of the
present teachings.

[0044] FIG. 26 is a bar graph showing results from binding
reactions performed as PK A assays and testing the stability of
binding solutions with various solution compositions, in
accordance with aspects of the present teachings.

[0045] FIG. 27 is a pair of graphs showing results from
binding reactions performed as CDK-2 and PKA assays,
respectively, using binding solutions including various ATP,
gallium, and acetate buffer concentrations, in accordance
with aspects of the present teachings.

[0046] FIG. 28 is a pair of graphs showing results from
binding reactions performed as CDK-2 and CKD-5 assays
and comparing reconfigured (panel A) and original (panel B)
binding conditions, in accordance with aspects of the present
teachings.

[0047] FIG. 29 is a bar graph showing results from binding
reactions performed on a MAPKAP Kinase 2 substrate pep-
tide (derived from glycogen synthase) under different binding
conditions, particularly, the presence or absence of ATP, with
BSA or Tween-20, and at two different gallium concentra-
tions, in accordance with aspects of the present teachings.

[0048] FIG. 30 is a bar graph showing results from binding
reactions performed with the MAPKAP Kinase 2 substrate
peptide (FIG. 29) or a corresponding product phosphopeptide
as binding target under various conditions of acetate, sodium
chloride, ATP, and time of binding solution preparation, in
accordance with aspects of the present teachings.

[0049] FIG. 31 is a pair of graphs showing results from
binding reactions performed with the MAPKAP Kinase 2
product phosphopeptide (FIG. 30) under a range of ATP
concentrations, in the presence of BSA or Tween-20, and with
different gallium concentrations, in accordance with aspects
of the present teachings.

[0050] FIG. 32 is a pair of graphs showing the change in
polarization produced in binding reactions with Phospho-
crosstide relative to Crosstide as a function of gallium con-
centrations and using different acetate buffer concentrations,
in accordance with aspects of the present teachings.

[0051] FIG. 33 is a series of graphs showing results from
binding reactions with Crosstide (panel A), Phosphocrosstide
(panel B), and the net binding signal defined by the difference
between these two peptides (panel C), as a function of gallium
concentration and with various conditions of acetate and
sodium chloride in the binding reactions, in accordance with
aspects of the present teachings.

[0052] FIG. 34 is a series of graphs showing results from
binding reactions with a Src substrate peptide (panel A), a Src
product phosphopeptide (panel B), and a net binding signal
defined by the difference of these two peptides (panel C), as a
function of gallium concentration and with various condi-
tions of acetate and sodium chloride in the binding reactions,
in accordance with aspects of the present teachings.

[0053] FIG. 35 is a graph showing binding results with
Crosstide or Phosphocrosstide as binding target, as a function
of ATP concentration and with different acetate/gallium
ratios, in accordance with aspects of the present teachings.
[0054] FIG.361is aseries of graphs showing binding results
from binding reactions performed to address optimization of
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ATP, acetate, and gallium for Crosstide, Src substrate peptide,
and a p38 substrate peptide, in accordance with aspects of the
present teachings.

[0055] FIG. 37 is aseries of graphs showing binding results
from binding reactions performed with a p38 substrate pep-
tide (FIG. 36) or a corresponding product phosphopeptide
under various gallium concentrations and sodium chloride to
acetate ratios, in accordance with aspects of the present teach-
ings.

[0056] FIG. 38 is a graph showing binding results from
binding reactions performed with a p38 substrate peptide or
product phosphopeptide as binding target, as a function of
ATP concentration and with various gallium concentrations,
in accordance with aspects of the present teachings.

[0057] FIG. 39 is a pair of bar graphs showing binding
results from binding reactions performed as Syk kinase
assays using substrate peptides with different numbers of
carboxy groups and under various conditions of acetate buffer
and sodium chloride, in accordance with aspects of the
present teachings.

[0058] FIG. 40 is a pair of bar graphs showing binding
results of binding reactions performed as casein kinase-2
assays with a highly acidic substrate peptide, in accordance
with aspects of the present teachings.

[0059] FIG. 41 is a bar graph showing binding results from
binding reactions with various nonphosphorylated peptides
and at various gallium concentrations, in accordance with
aspects of the present teachings.

[0060] FIG. 42 is a schematic representation of an exem-
plary FRET (or TR-FRET) kinase assay, in accordance with
aspects of the present teachings.

[0061] FIG. 43 are schematics showing exemplary terbium
chelates, which may be used as suitable members of a donor/
acceptor pair, in accordance with aspects of the present teach-
ings.

[0062] FIGS. 44 and 45 are spectra from (44) terbium and
fluorescein, and (45) terbium and rhodamine, in accordance
with aspects of the present teachings.

[0063] FIG. 46 is abar graph showing that FRET is suitable
for detection of phosphorylated peptide, in accordance with
aspects of the present teachings.

[0064] FIG. 47 shows results from a FRET kinase assay for
CDK2-cyclin A cyclin-dependent kinase, in accordance with
aspects of the present teachings.

[0065] FIGS. 48 and 49 show comparisons between FP
(left) and FRET (right) assays, for FAM acceptor (48) and
TAMRA acceptor (49), in accordance with aspects of the
present teachings.

DEFINITIONS

[0066] The various technical terms used herein generally
have the meanings that are commonly recognized by those
skilled in the art. However, some terms may have additional
and/or alternative meanings, as described below, and/or as
described in the Definitions sections of the patents and patent
applications listed above under Cross-References, which are
incorporated herein by reference, particularly Ser. No.
10/746,797, filed Dec. 23, 2003 (e.g., for phosphate modifi-
cations); Ser. No. 60/554,766, filed Mar. 19, 2004 (e.g., for
protease and ligation modifications); Ser. No. 10/957,332,
filed Sep. 30, 2004 (e.g., for prenyl transfer modifications);
and Ser. No. 11/146,553, filed Jun. 6, 2005 (e.g., for lipid
modifications):
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[0067] Association—a detectable connection, proximity,
and/or binding between a first partner (a moiety, molecule, or
group of molecules) and a second partner (moiety, molecule,
or group of molecules). The association may include covalent
linkages, higher affinity (e.g., specific) binding, lower affinity
binding, and/or relatively nonspecific binding, among others.
[0068] Cyclization/decyclization—the formation or degra-
dation of a ring connecting a phosphate group and a nucleo-
side in a nucleotide. A common cyclization forms cAMP and
cGMP from ATP and GTP, respectively, by removing two
phosphate groups from the nucleotide triphosphates and join-
ing the “free” end of the remaining phosphate group to the
sugar in the remaining nucleotide monophosphate. A com-
mon decyclization reaction degrades the ring to form noncyc-
lized AMP and noncyclized GMP from cAMP and cGMP,
respectively.

[0069] Immunoglobulin—a group of typically large glyco-
proteins secreted by plasma cells in vertebrates that function
as antibodies in the immune response by binding to specific
antigens.

[0070] Luminescent—capable of, suitable for, or exhibit-
ing luminescence, which is the emission of light by sources
other than a hot, incandescent body. Luminescence is caused
by electronic transitions within a luminescent substance (or
luminophore) from more energetic to less energetic states.
Among several types are chemiluminescence, electrochemi-
luminescence, electroluminescence, photoluminescence, and
triboluminescence, which are produced by chemical reac-
tions, electrochemical reactions, electric discharges, absorp-
tion of light, and the rubbing or crushing of crystals, respec-
tively. Molecules may be intrinsically and/or extrinsically
luminescent, meaning that they are luminescent on their own
or luminescent due to covalent and/or noncovalent associa-
tion with another molecule that is luminescent. Exemplary
luminescent molecules and mechanisms for producing lumi-
nescent molecules, as well as exemplary energy transfer
pairs, are described in U.S. patent application Ser. No.
09/815,932, filed Mar. 23, 2001; and in Richard P. Haugland,
Handbook of Fluorescent Probes and Research Chemicals
(6™ ed. 1996), each of which is incorporated herein by refer-
ence.

[0071] Nucleotide—a compound comprising a nucleoside
and a phosphate group, some of which function as cell regu-
lators and some of which function as the basic constituent of
DNA and RNA. A nucleoside in turn is a compound compris-
ing a sugar, such as ribose or deoxyribose, and a purine or
pyrimidine base, such as adenine, cytosine, guanine, thymine,
oruracil. Nucleotides are named according to the identities of
their constituent bases and sugars, the number of their con-
stituent phosphates, and the presence or absence of cycliza-
tion. Suitable nucleotides are listed in the following table:

TABLE 1

Nucleotide Abbreviation
Adenosine cyclic monophosphate cAMP
Cytidine cyclic monophosphate cCMP
Guanosine cyclic monophosphate cGMP
Thymidine cyclic monophosphate cTMP
Uridine cyclic monophosphate cUMP
Adenosine monophosphate AMP
Cytidine monophosphate CMP
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TABLE 1-continued

Nucleotide Abbreviation
Guanosine monophosphate GMP
Thymidine monophosphate T™MP
Uridine monophosphate UMP
[0072] Phosphorylation/dephosphorylation—the introduc-

tion or removal of a phosphate group to or from an organic
molecule such as a polypeptide. Phosphorylation is a versatile
posttranslational modification that is a recurrent theme for
regulation of enzyme activity and signal transduction path-
ways.

[0073] Polypeptide—a polymer comprising two or more
amino acid residues linked together by covalent bonds, typi-
cally from amino end to carboxyl end by peptide bonds,
and/or modifications or complexes thereof. Polypeptides gen-
erally include peptides, proteins, and/or protein segments,
among others. Here, peptide generally refers to smaller
polypeptides (e.g., less than about 100, 50, 20, or 10 amino
acids, among others), and protein generally refers to larger
polypeptides, and/or complexes thereof, possibly modified
by other organic or inorganic conjugated chemical groups,
such as phosphates, sugars, luminescent labels, and/or so on.
Polypeptides may include unbranched chains and/or
branched chains, among others. Exemplary amino acids are
listed in Table 2:

TABLE 2
Three-letter One-letter
Amino acid abbreviation abbreviation
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic acid Asp D
Asparagine or aspartic acid Asx B
Cysteine Cys C
Glutamine Gln Q
Glutamic acid Glu E
Glutamine or glutamic acid Glx Z
Glycine Gly G
Histidine His H
Isoleucine Ile I
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp w
Tyrosine Tyr Y
Valine Val \'
[0074] Specific binding—binding to a specific partner to

the general exclusion of binding to most other potential part-
ners. Specific binding can be characterized by a dissociation
constant. Generally, dissociation constants for specific bind-
ing range from 10~ M to 10™'* M and lower, and preferred
dissociation constants for specific binding range from 1078 or
10~° M to 107> M and lower.

DETAILED DESCRIPTION

[0075] The present teachings relate to systems for detecting
molecular modifications and the presence and/or activity of
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enzymes and/or other agents involved in facilitating or oth-
erwise regulating such modifications. The modifications may
include, among others, (1) phosphate modifications such as
the phosphorylation and dephosphorylation of molecules
such as polypeptides and lipids, and the cyclization and decy-
clization of molecules such as nucleotides, (2) prenyl modi-
fications such as the prenylation and deprenylation of mol-
ecules such as polypeptides, and/or (3) the cleavage and/or
degradation of molecules such as polypeptides and lipids.
The enzymes may include, among others, enzymes involved
in performing and/or regulating phosphorylation, dephos-
phorylation, prenylation, cyclization, decyclization, cleav-
age, and ligation modifications, such as kinases, phos-
phatases, prenyl transferases, cyclases, phosphodiesterases
(PDEs), proteases, and ligases, respectively. The systems
may include, among others, luminescence assays, such as
assays detecting luminescence energy transfer, luminescence
polarization, and/or luminescence intensity. The systems pro-
vided by the present teachings may be useful in a variety of
applications, including, without limitation, life science
research, drug research, accelerated drug discovery, assay
development, and high-throughput screening.

[0076] Further aspects of the present teachings are
described in the following sections, including, among others,
(D cell-signaling pathways, (II) overview, (I1I) assays, and
(IV) examples.

1. CELL-SIGNALING PATHWAYS

[0077] The systems described herein may be used for any
suitable purpose(s), including, among others, (1) detection of
the presence and/or state of modification of a composition,
such as an enzyme substrate or enzyme product, (2) the pres-
ence and/or activity of an enzyme, for example, that might act
on an enzyme substrate to generate an enzyme product, and/
or (3) the presence and/or activity of a modulator of enzyme
activity. These assays may be performed on any suitable
system(s), including biological systems, which may be stud-
ied in vitro and/or in vivo. This section describes, without
limitation, exemplary cell-signaling pathways that are suit-
able for analysis using the disclosed assays.

[0078] FIG. 1 is a schematic view of a representative cell-
signaling pathway 100. Here, signaling cells 102 produce
signal substances 104a,b that interact with target cells 106 to
effect a response in the target cells. These responses may be
short term, such as glycogen breakdown or muscle contrac-
tion, among others. These responses also may be long term,
such as growth, differentiation, reproduction, and/or apopto-
sis, among others. Generally, these responses are brought
about by increasing, decreasing, and/or maintaining enzyme
activity in the target cells.

[0079] Signaling cells 102 are cells capable of producing a
signal (substance) that can effect a specific response in
another (target) cell. The signaling cells may be components
of'an endocrine, paracrine, or nervous system. The endocrine
system is an organism-wide control system that regulates
body function using hormones released by endocrine organs
into the bloodstream. The endocrine organs include the pitu-
itary gland, thyroid gland, parathyroid glands, adrenal glands,
thymus gland, pineal body, pancreas, ovaries, testes, and kid-
neys. The paracrine system is a local control system that
regulates nearby cells using local mediators released into the
extracellular medium. The nervous system is a specialized
control system that regulates specific cells using electrical
impulses and neurotransmitters.
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[0080] Signal substances 104a,b are substances through
which a signaling cell may communicate with target cells,
evoking a specific response. Signal substances may act as
hormones, local mediators, and/or neurotransmitters, among
others. Signal substances may take the form of proteins, small
peptides, amino acids, nucleotides, steroids (e.g., cortisol,
steroid sex hormones, vitamin D), retinoids, fatty acid deriva-
tives, and dissolved gases (e.g., nitric oxide (NO) and carbon
monoxide (CO)), among others.

[0081] Target cells 106 are cells capable of responding to a
specific signal substance produced by a signaling cell. The
ability to respond may depend on the cell and on the signal
substance. For example, the signal substance thyroxine from
the thyroid gland may evoke a response in nearly all cells,
whereas the signal substance progesterone from the ovary
may evoke a response only in specific cells in the lining of the
uterus. The target response may include kinase activity, GTP
binding, and/or cyclic nucleotide production.

[0082] The ability of a cell to respond to a given signal
substance generally is determined by whether the cell
includes a receptor for the signal substance. Here, a receptor
is any molecule or supramolecular assembly capable of spe-
cifically binding a signal substance and initiating a response
in a target cell. Representative receptors include cell-surface
receptors 110 located on the surface of the target cell and
intracellular receptors 112 located within the cytosol 114 or
nucleus 116 of the target cell.

[0083] The nature of the response initiated by binding of a
signal substance is determined by the intracellular machinery
to which the receptor is operatively coupled. For example,
binding of the neurotransmitter acetylcholine to identical
receptors in heart muscle cells and secretory cells causes
muscle relaxation in the heart muscle cells and secretion in
the secretory cells, due to differences in the associated intra-
cellular machinery.

[0084] The remainder of this section examines (1) the
receptor mechanisms that cells use to bind signal substances
and to communicate this binding to the cell interior, (2) the
intracellular pathways that cells use for regulation, (3) the
effects of errors in cell-signaling pathways, and (4) selected
shortcomings of current cell-signaling assays.

1.A Receptor Mechanisms

[0085] Target cells generally have receptors capable of spe-
cifically binding specific signal substances, including cell-
surface receptors and/or intracellular receptors, as described
above. Cell-surface receptors are more common and include
(A) G-protein-linked receptors, (B) enzyme-linked receptors,
and (C) ion-channel-linked receptors. These receptors typi-
cally bind large and/or water-soluble signal substances, such
as many peptide hormones. Intracellular receptors are less
common and include (A) guanylyl cyclase and (B) ligand-
activated gene regulatory proteins. These receptors typically
bind small and/or water-insoluble signal substances, such as
steroid hormones, thyroid hormones, retinoids, vitamin D,
and NO.

[0086] FIG. 21is aschematic view of arepresentative G-pro-
tein-linked cell-surface receptor mechanism 130 that
includes a receptor protein 132, a G-protein 134, and a target
protein 136. These proteins may be positioned on or within
the plasma membrane 138 of a target cell. In use, a specific
signal substance 140 binds to a signal-substance binding site
142 on the extracellular side 144 of the receptor protein and
thereby creates, exposes, or otherwise activates (*) a G-pro-
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tein binding site 146 on the intracellular side 148 of the
receptor protein. The G-protein then binds to the G-protein
binding site on the receptor protein and thereby creates,
exposes, or otherwise activates (*) a target-protein binding
site 150 on the G-protein. The G-protein then dissociates
from the receptor protein, binds (via the target-protein bind-
ing site) to the target protein, and activates (*) the target
protein. Activation and deactivation of the G-protein may
involve binding of a guanosine triphosphate (GTP) molecule
and dephosphorylation of the GTP molecule, respectively.
The receptor protein may belong to a large superfamily of
homologous, seven-pass transmembrane proteins. These
seven-pass proteins consist of a single polypeptide chain that
crosses the membrane seven times, with an extracellular sig-
nal-substance binding portion and an intracellular catalytic
portion. The G-protein may be trimeric, consisting of three
polypeptide chains—a., 8, and y—that associate and dissoci-
ate during signaling. The target protein may consist of an
enzyme or ion channel, among others. In particular, the target
protein may be an enzyme that modulates the presence or
activity of second messengers within the cell. These second
messengers (also known as intracellular messengers or intra-
cellular mediators) may bind allosterically to specific cellular
proteins to alter their conformation and hence their activity.
These second messengers include adenosine 3',5'-cyclic
monophosphate (cAMP) and calcium (Ca**).

[0087] In the cAMP pathway, the target protein may be
adenylyl cyclase (also known as adenylate cyclase), and the
G-protein may be a stimulatory G-protein (G,) that activates
the adenylyl cyclase to make cAMP, or an inhibitory G pro-
tein (G,) that inhibits the adenylyl cyclase to prevent it from
making cAMP. The cAMP produced by the adenylyl cyclase
activates cAMP-dependent protein kinase (A-kinase), which
is a serine/threonine kinase that in turn activates or inhibits
other enzymes to effect a physiological response. For
example, in connection with glycogen metabolism, A-kinase
may inhibit glycogen synthase to shut down glycogen syn-
thesis, and simultaneously activate phosphorylase kinase that
in turn activates glycogen phosphorylase to break down gly-
cogen. A variety of signal substances use cAMP as a second
messenger, including calcitonin, chorionic gonadotropin,
corticotropin, epinephrine, follicle-stimulating hormone,
glucagon, luteinizing hormone, lipotropin, melanocyte-
stimulating hormone, norepinephrine, parathyroid hormone
(PTH), thyroid-stimulating hormone, and vasopressin. The
level of cAMP may be reduced by phosphodiesterases
(PDEs), and the activity of kinases may be reversed by phos-
phatases, as described below.

[0088] In the Ca®* pathway, the target protein may be a
phospholipase with specificity for a phosphoinositide (i.e.,
inositol phospholipid), and the G-protein may be G, which
activates the phospholipase to cleave the phosphoinositide to
produce an intermediate that releases Ca®* from the endo-
plasmic reticulum. For example, the phospholipase phos-
phoinositide-specific phospholipase C (phospholipase C-f)
cleaves the phosphoinositide phosphatidylinositol 4,5-bis-
phosphate (PIP,) to produce the second messengers inositol
triphosphate (IP,) and diacylglycerol. The inositol triphos-
phate is water soluble and diffuses to the endoplasmic reticu-
lum (ER), where it releases Ca** from the ER by binding to
IP,-gated Ca**-release channels in the ER membrane. The
diacylglycerol is membrane bound and may be cleaved to
form the second messenger arachidonic acid or may activate
the Ca**-dependent serine/threonine kinase protein kinase C

Dec. 2,2010

that in turn activates or inhibits other enzymes to effect a
response. A variety of signal substances use Ca®* as a second
messenger, including acetylcholine, thrombin, and vaso-
pressin.

[0089] FIG. 3 is a schematic view of a representative
enzyme-linked cell-surface receptor mechanism 170 that
includes a receptor protein 172 positioned across the plasma
membrane 174 of a target cell. The receptor protein includes
a signal-substance binding site 176 on the extracellular side
178 of the membrane and a catalytic portion 180 on the
intracellular side 182 of the membrane. (In some cases, the
catalytic portion of the receptor may be replaced or aug-
mented by a separate enzyme directly associated with the
receptor protein.) In use, a specific signal substance 184 binds
to the signal-substance binding site, initiating a series of
events (such as dimerization and concomitant autophospho-
rylation of the receptor proteins) that activates (*) the cata-
Iytic portion of the receptor. The receptor protein may belong
to one of at least five classes of single-pass transmembrane
proteins: (A) receptor guanylyl cyclases, which catalyze the
production of guanosine 3',5'-cyclic monophosphate (cGMP)
in the cytosol; (B) receptor tyrosine kinases, which phospho-
rylate specific tyrosine residues on some intracellular pro-
teins, (C) tyrosine-kinase-associated receptors, which asso-
ciate with proteins that phosphorylate specific tyrosine
residues on some intracellular proteins; (D) receptor tyrosine
phosphatases, which dephosphorylate specific tyrosine resi-
dues on some intracellular proteins, and (E) receptor serine/
threonine kinases, which phosphorylate specific serine or
threonine residues on some intracellular proteins. Some of
these receptors are described below in more detail.

[0090] The signal substance also may bind to intracellular
receptors, such as guanylyl cyclase. This enzyme produces
cGMP from GTP, which then acts as a second messenger
much like cAMP. As described above, cGMP also may be
produced by enzyme-linked cell-surface receptors. cGMP is
present in most tissues at levels 10 to Y100 those of cAMP. A
variety of compounds increase cGMP levels in cells, includ-
ing (1) the hormones acetylcholine, insulin, and oxytocin, (2)
the guanylate cyclase stimulators (and vasodilators) nitro-
prusside, nitroglycerin, sodium nitrate, and nitric oxide, (3)
chemicals such as serotonin and histamine, and (4) peptides
such as atrial natriuretic peptide (ANP) that relax smooth
muscle.

[0091] The level of cyclic nucleotides such as cAMP and
c¢GMP may be controlled by specialized enzymes known as
phosphodiesterases (PDEs). These enzymes catalyze the
hydrolysis of the 3'-ester bond of cAMP and/or cGMP to form
the corresponding noncyclized nucleotide monophosphates
AMP and GMP, respectively. More than 30 human PDEs are
known, and there is great interest in the pharmaceutical indus-
try in finding inhibitors for PDEs for a broad range of poten-
tial therapeutic applications. A selective inhibitor of PDE-5
has been commercialized as the drug Viagra™ (i.e., Sildena-
fil) for the treatment of male erectile dysfunction. Moreover,
several PDE-4 inhibitors are in clinical trials as anti-inflam-
matory drugs for the treatment of diseases such as asthma

1.B Intracellular Signaling Pathways

[0092] Target cells may have intracellular signaling path-
ways capable of specifically binding signal substances,
including cell-surface receptors and intracellular receptors,
as described above. These pathways may include (1) a phos-
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phorylation pathway involving ATP/ADP, and (2) a GTP-
binding pathway involving GTP/GDP.

[0093] FIG. 4A is a schematic view of a representative
portion of a phosphorylation pathway. Phosphorylation is the
predominant mechanism used to regulate protein activity in
eucaryotic cells. In phosphorylation, a phosphate group (P) is
reversibly attached to the side chain of an amino acid in a
protein. The attached phosphate group may cause structural
changes in the protein, for example, due to electrostatic inter-
actions between the negative charges on the phosphate group
and positive charges on the side chains of nearby amino acids.
These structural changes may affect the activity of the phos-
phorylated protein, enhancing or inhibiting its function.
[0094] Specialized enzymes control phosphorylation in
cells. In particular, protein kinase enzymes transfer phosphate
groups to proteins, and protein phosphatase enzymes remove
phosphate groups from proteins. Protein kinases and protein
phosphatases are found in great variety in eucaryotic cells: a
single cell may contain more than 100 different kinases, and
one percent of genes may code for kinases.

[0095] There are two major categories of protein kinases:
(1) serine/threonine (S/T) kinases, and (2) tyrosine kinases.
The S/T kinases function by selectively phosphorylating
serine and threonine side chains on substrate proteins or pep-
tides. These kinases include cyclic AMP-dependent kinase
(A-kinase), cyclic GMP-dependent kinase (G-kinase), pro-
tein kinase C(C-kinase), Ca**-calmodulin-dependent kinase
(CaM-kinase), phosphorylase kinase, MAP kinase, and
TGF-f receptor, among others. The S/T kinases are predomi-
nantly cytosolic. The tyrosine kinases function by selectively
phosphorylating tyrosine side chains on substrate proteins or
peptides. These kinases include the receptor kinases for epi-
dermal growth factor (EGF), platelet-derived growth factor
(PDGF), fibroblast growth factors (FGFs), hepatocyte growth
factor (HGF), insulin, insulin-like growth factor-1 (IGF-1),
nerve growth factor (NGF), vascular endothelial growth fac-
tor (VEGF), and macrophage colony stimulating factor
(M-CSF). These kinases also include the nonreceptor kinases
associated with the tyrosine-kinase-associated receptors,
such as the Src family (Src, Yes, Fgr, Fyn, Lck, Lyn, Hek, and
Blk) and Janus family (JAK1, JAK2, and Tyk2) kinases. The
tyrosine kinases are predominantly membrane bound. A few
kinases function by selectively phosphorylating threonine
and tyrosine side chains on substrate proteins or peptides.
These kinases include the mitogen-activated protein (MAP)
kinase-kinase.

[0096] FIG. 4B is a schematic of a representative portion of
a GTP-binding pathway. The GTP-binding pathway gener-
ally resembles the phosphorylation pathway in that each path-
way involves transfer of a phosphate group to a protein.
However, in the GTP-binding pathway, the protein gains a
phosphate group by exchanging a bound GDP for a bound
GTP, whereas in the phosphorylation pathway, the protein
gains a phosphate group by covalent addition of the phos-
phate group to a serine, threonine, or tyrosine by a kinase
enzyme. The binding of a GTP to a GTP-binding protein may
cause structural changes in the protein that in turn affect the
activity of the protein. Examples of GTP-binding proteins
include the trimeric G-proteins described above and the Ras
superfamily of monomeric GTPases. The Ras proteins are
activated by release of bound GDP and binding of GTP stimu-
lated by guanine-nucleotide releasing proteins (GNRPs). The
Ras proteins are inactivated by hydrolysis of the bound GTP
by GTPase-activating proteins (GAPs).

Dec. 2,2010

[0097] FIG. 5 is a schematic view of a representative por-
tion of a second messenger pathway that may follow the
receptor activation shown in FIG. 4. Specifically, FIG. 5§
shows the production of cyclic nucleotides by activated
receptor cyclases such as adenylyl cyclase and guanylyl
cyclase and the degradation of cyclic nucleotides to form the
corresponding noncyclized nucleotide monophosphates by
phosphodiesterases and/or other mechanisms.

[0098] A physiological response may require stimulation
by only a single type of signal substance, or may require
stimulation by two or more types of signal substances. The
latter mechanism permits finer tuning of the physiological
response through signal integration. For example, a protein
may be activated only by phosphorylation by two different
kinases, themselves activated by binding of two different
signal substances to two different receptors. Alternatively, a
protein may be activated only by concurrent phosphorylation
and GTP binding, or by binding of two subunits whose bind-
ing is contingent on phosphorylation by separately activated
kinases.

1.C Effects of Errors

[0099] Errors in the signal transduction and regulation
pathways described above can cause cancer and other dis-
eases. Indeed, a primary cause of cancer is a mutation that
makes a stimulatory gene product hyperactive, converting a
proto-oncogene into an oncogene. The primary classes of
known proto-oncogenes include the following cell-signaling
proteins: (1) growth-factor receptors acting via tyrosine
kinases, (2) GTP binding proteins, (3) membrane/cytoskel-
eton-associated tyrosine kinases, (4) cytoplasmic tyrosine
kinases, (5) steroid-type growth-factor receptors, and (6) S/T
kinases. Consequently, cell-signaling proteins have become
important subjects of research and drug development.

II. OVERVIEW

[0100] FIG. 6 shows exemplary species and/or reactions
that may be analyzed using assays provided by the present
teachings. Additional and/or alternative exemplary species
and/or reactions are shown and described in the patents and
patent applications listed above under Cross-References,
which are incorporated herein by reference, including Ser.
No. 10/746,797, filed Dec. 23, 2003 (e.g., particularly for
phosphate modifications); Ser. No. 60/554,766, filed Mar. 19,
2004 (e.g., particularly for protease and ligation modifica-
tions); Ser. No. 10/957,332, filed Sep. 30, 2004 (e.g., particu-
larly for prenyl transfer modifications); and Ser. No. 11/146,
553, filed Jun. 6, 2005 (e.g., particularly for lipid
modifications). The species include reactant and product A
and A*, respectively, enzymes E , ;. and E .. ,, and/or enzyme
modulators Mg, ,« and M ;. ,, among others. The assays may
be used to analyze the presence and/or quantity of a binding
target, A and/or A*. Alternatively, or in addition, the assays
may be used to analyze the presence, quantity, and/or activity
of E j«, E 4u 4, Mg 4», and/or Mg . ,. Quantity refers gener-
ally to amount, which may be defined intrinsically and/or
extrinsically, for example, using concentration and/or num-
ber or mass, respectively. Activity refers generally to rate,
which may be defined as the rate of substrate consumption
and/or product formation per time. Here, quantity and/or
amount may be used so as to encompass the simple presence
of components, and activity and/or rate may be used so as to
encompass the simple presence of activity.
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[0101] Binding targets A and A* generally comprise any
two species related by a modification (denoted by the pres-
ence or absence of *). A and A* may include molecules and
assemblies of molecules such as polypeptides and/or nucle-
otides, among others. The modification may include phos-
phate modifications such as phosphorylation, dephosphory-
lation, cyclization, and/or decyclization, among others, and
nonphosphate modifications such as nonphosphate posttrans-
lational modifications of polypeptides, among others. A and
A* may be related as substrate and product in a reaction, such
as an enzyme-catalyzed reaction. Thus, depending on the
direction of the reaction, A and A* in a phosphate modifica-
tion may be a phosphorylated polypeptide, a nonphosphory-
lated polypeptide, a cyclized nucleotide, or a noncyclized
nucleotide, among others. In some embodiments, A and/or A*
may include components intended to facilitate detection of
binding between A or A* and BP, such as a luminophore, a
quencher, an energy transfer partner, and the like.

[0102] BP generally comprises any binding partner capable
of binding specifically to binding target A or A* (i.e., the
modified species or the unmodified species) but not to both.
BP may include any binding partner having the specified
binding properties. In some examples, BP may not include a
polypeptide and/or an immunoglobulin, and/or a functional
portion or fragment thereof.

[0103] BP may include a metal. In some examples, the
metal may be a metal ion. The metal may be configured to
form a metal-ligand coordination complex with the binding
target, in which one or more electrons are shared between the
metal and the binding target. For example, the metal may be
a Lewis acid and particularly a strong Lewis acid. In exem-
plary embodiments, the metal is a Lewis acid that shares
electrons with a Lewis base, such as a phosphate. Accord-
ingly, binding between BP and the binding target may be a
covalent interaction and/or may be a charge-charge interac-
tion, among others. Exemplary metals that may be suitable as
part (or all) of the binding partner include aluminum, chro-
mium, europium, gallium, iridium, iron, manganese,
osmium, platinum, rhenium, ruthenium, scandium, stron-
tium, terbium, titanium, vanadium, yttrium, and/or zirco-
nium, among others. In some examples, the metals may be
aluminum, gallium, and/or iron. Alternatively, or in addition,
the metals may be strontium, europium, terbium, and/or zir-
conium.

[0104] The metal may be in ionic form. Accordingly, BP
may be, include, and/or be formed from a metal salt. BP may
include one or more metal ions, including dicationic, trica-
tionic, tetracationic, and/or other polycationic metal ions,
among others. Suitable dicationic metal ions may include
europium (Eu**), iridium (Ir**), osmium (Os**), platinum
(Pt**), rhenium (Re**), ruthenium (Ru**), and/or strontium
(Sr**), among others. Suitable tricationic metal ions may
include aluminum (AI**), chromium (Cr**), europium
(Eu**), gallium (Ga>*), iron (Fe**), manganese (Mn>*), scan-
dium (S¢**), terbium (Tb*?), titanium (Ti**), vanadium
(V>*), and/or yttrium (Y>*), among others. Suitable tetraca-
tionic metal ions may include zirconium (Zr**).

[0105] A metal or metal ion may be a binding species of BP
required for interaction with the modification on binding
target A or A*, for example, the phosphate group on a phos-
phorylated protein or a noncyclized nucleotide. BP may bind
to a substrate such as A or A* only if it is phosphorylated,
where the binding between the substrate and the binding
partner is substantially nonspecific with respect to the struc-
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ture of the substrate aside from any phosphate groups. Thus,
the binding may occur substantially without regard to the
target amino acid or surrounding amino acid sequence in a
phosphorylation/dephosphorylation assay, or the base or
nucleoside in a cyclization/decyclization assay.

[0106] Insome examples, BP may include a distinct struc-
ture to which the metal is connected or otherwise associated.
The distinct structure may be a macromolecule (a protein,
nucleic acid, polysaccharide, polymer, and/or the like) and/or
an associated solid support (or solid phase). The solid support
may be a particle, a membrane, and/or a sample holder (such
as a microplate), among others. Here, particles include nano-
particles and microparticles, among others, where nanopar-
ticles are particles with at least one dimension less than about
100 nm, and microparticles are particles with dimensions
between about 100 nm and about 10 um. The metal may be
associated with (or “tethered”) to the macromolecule and/or
solid support using any suitable linkage mechanism, includ-
ing hydrogen bonding, ionic bonding, electrostatic binding,
hydrophobic interactions, Van der Waals interactions, and/or
covalent attachment, among others. Alternatively, or in addi-
tion, the metal may be “untethered,” that is, not connected to
a distinct structure substantially lacking the metal. However,
an untethered metal may be included in a metal-based com-
plex, particularly a macromolecular complex, such as an
aggregate, microcrystal, and/or a metal hydroxide/oxide,
among others. In some embodiments, the complex may form
from a metal (or metal salt) when the metal (or metal salt) is
placed in a suitable aqueous environment. The suitable aque-
ous environment may include buffer components (including
pH-modifying components such as an acid or base). In some
embodiments, BP may include components intended to
facilitate detection of binding between BP and A or A*, such
as a luminophore, a quencher, an energy transfer partner, and
the like.

[0107] Metal salts forming a metal-based complex
included in the binding partner may have any suitable formula
weight. As used herein, the formula weight is the mass of the
smallest repeating unit of the metal salt. The formula weight
generally is defined with the metal salt in an anhydrous or
hydrated crystalline form, that is, before placed in a liquid.
With this definition, water-mediated reactions that produce
bridged compounds, hydroxides/oxides, aggregates, etc. are
ignored in calculating the formula weight. For example, the
metal salt gallium chloride may form larger complexes in
certain aqueous environments (see, e.g., Example 23 of Sec-
tion IV), but has a formula weight (anhydrous) of about 176
grams/mole. In some embodiments, the metal salt may have a
formula weight of less than about 10°, 10%, 10%, or 400 grams/
mole. Alternatively, or in addition, the metal salt may have a
formula weight that is less than the formula or molecular
weight of the binding target (for example, the substrate or
product), or less than about ten-fold or one-hundred fold the
formula or molecular weight of the binding target.

[0108] E,,.and E ., generally comprise any enzymes or
other catalysts capable of facilitating reactions converting A
to A* and A* to A, respectively. E, ;. and E ., may include,
among others, enzymes such as kinases and phosphatases,
which catalyze the addition and removal of phosphate groups
to and from polypeptides, respectively. E, ,. and E ., also
may include enzymes such as cyclases and phosphodi-
esterases, which catalyze the cyclization and decyclization of
nucleotides, respectively, to produce cyclized and noncyc-
lized nucleotides.
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[0109] Mg~ and Mg,., generally comprise any modula-
tors or other agents capable of modulating or otherwise
affecting the activity of E, ;. and E ., respectively. The
modulator may be a change in environmental condition, such
as a change in sample temperature, but more typically is an
enzyme or other reagent added to the sample. The modulator
may be a chemical reagent, such as an acid, base, metal ion,
organic solvent, and/or other substance intended to effect a
chemical change in the sample. Alternatively, or in addition,
the modulator may have or be suspected to have a biological
activity or type of interaction with a given biomolecule, such
as an enzyme, drug, oligonucleotide, nucleic acid polymer,
peptide, protein, and/or other biologically active molecule.
The modulator may include an agonist or inhibitor capable of
promoting or inhibiting, respectively, the activity of the
modulated enzyme. For example, in a cyclic nucleotide assay,
preferred agonists include magnesium and calmodulin, and
preferred inhibitors include isobutylmethylxanthine and Zap-
rinast.

III. ASSAYS

[0110] FIG. 7 shows several exemplary steps that may be
used alone, together, or in combination with other steps to
construct assays according to various aspects of the present
teachings. Additional and/or alternative exemplary steps are
shown and described in the patents and patent applications
listed above under Cross-References, which are incorporated
herein by reference, including Ser. No. 10/746,797, filed Dec.
23,2003 (e.g., particularly for phosphate modifications); Ser.
No. 60/554,766, filed Mar. 19, 2004 (e.g., particularly for
protease and ligation modifications); Ser. No. 10/957,332,
filed Sep. 30, 2004 (e.g., particularly for prenyl transfer modi-
fications); and Ser. No. 11/146,553, filed Jun. 6, 2005 (e.g.,
particularly for lipid modifications). These steps may include
(a) contacting at least one member of a pair of molecules or
other entities related by a modification as described above
with a binding partner capable of binding one of the pair of
molecules but not the other as described above, (b) detecting
a response indicative of the extent of binding between the at
least one member of the pair and the binding partner, and (c)
correlating the response with the extent of modification, or
with the activity of an enzyme that affects the modification.
The extent of binding or modification, or the activity, as used
herein, are intended to include the presence or absence of
binding or modification, and the presence or absence of activ-
ity. The assays further may include contacting the at least one
member with the enzyme before and/or after the steps of
contacting, detecting, and correlating. The assays further may
include contacting the at least one member and the enzyme
with a candidate compound such as a putative modulator
before and/or after the step of contacting the at least one
member with the enzyme, and determining the ability of the
candidate compound to promote or inhibit the modification
by its effects on the extent of binding. Alternatively, or in
addition, the assays further may include washing the sample
including the at least one member and the binding partner to
remove any member of the pair not bound to the binding
partner prior to the step of detecting the extent of binding. In
some embodiments, the assays may include repeating the
steps of contacting, detecting, and/or correlating for the same
sample and/or a plurality of different samples. For example,
the assays may involve providing a sample holder having a
plurality of sample sites supporting a corresponding plurality
of'samples, and sequentially and/or simultaneously repeating
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the steps of contacting, detecting, and/or correlating for the
plurality of samples. The remainder of this section describes
in more detail the steps of (a) contacting, (b) detecting, and (c)
correlating.

III.A Contacting

[0111] The step of contacting assay components such as
enzymes, enzyme modulators, substrates, products, and/or
binding partners with one another and/or with other species
generally comprises any method for bringing any specified
combination of these components into functional and/or reac-
tive contact. A preferred method is by mixing and/or forming
the materials in solution, although other methods, such as
attaching one or more components such as the binding partner
to a bead or surface, also may be used, as long as the compo-
nents retain at least some function, specificity, and/or binding
affinity following such attachment. Exemplary apparatus
having fluidics capability suitable for contacting or otherwise
preparing assay components are described in the following
U.S. patent applications, which are incorporated herein by
reference: Ser. No. 09/777,343, filed Feb. 5, 2001; and Ser.
No. 10/061,416, filed Feb. 1, 2002.

[0112] One or more of the assay components may comprise
a sample, which typically takes the form of a solution con-
taining one or more biomolecules that are biological and/or
synthetic in origin. The sample may be a biological sample
that is prepared from a blood sample, a urine sample, a swipe,
ora smear, among others. Alternatively, the sample may be an
environmental sample that is prepared from an air sample, a
water sample, or a soil sample, among others. The sample
typically is aqueous but may contain biologically compatible
organic solvents, buffering agents, inorganic salts, and/or
other components known in the art for assay solutions.
[0113] The assay components and/or sample may be sup-
ported for contact and/or analysis by any substrate or material
capable of providing such support. Suitable substrates may
include microplates, PCR plates, biochips, and hybridization
chambers, among others, where features such as microplate
wells and microarray (i.e., biochip) sites may comprise assay
sites. Suitable microplates are described in the following U.S.
patent applications, which are incorporated herein by refer-
ence: Ser. No. 08/840,553, filed Apr. 14, 1997, now aban-
doned; and Ser. No. 09/478,819, filed Jan. 5, 2000, now U.S.
Pat. No. 6,488,892. These microplates may include 96, 384,
1536, or other numbers of wells. These microplates also may
include wells having small 50 L) volumes, elevated bottoms,
and/or frusto-conical shapes capable of matching a sensed
volume. Suitable PCR plates may include the same (or a
similar) footprint, well spacing, and well shape as the pre-
ferred microplates, while possessing stiffness adequate for
automated handling and thermal stability adequate for PCR.
Suitable microarrays include nucleic acid and polypeptide
microarrays, which are described in Bob Sinclair, Every-
thing’s Great When It Sits on a Chip: A Bright Future for DNA
Arrays, 13 THE SCIENTIST, May 24, 1999, at 18, which is
incorporated herein by reference: Suitable hybridization
chambers are described in U.S. Pat. No. 6,486,947, issued
Now. 26, 2002, which is incorporated herein by reference.

1I1.B Detecting

[0114] The step of detecting a response indicative of the
extent of binding generally comprises any method for effec-
tuating such detection, including detecting and/or quantify-
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ing a change in, or an occurrence of, a suitable parameter
and/or signal. The method may include luminescence and/or
nonluminescence methods, and heterogeneous and/or homo-
geneous methods, among others. The method also may
include combining two or more detection methods on a single
composition, for example, combining luminescence energy
transfer and luminescence polarization, among others. Exem-
plary systems, including apparatus and methods, for combin-
ing two or more detection modes are described in U.S. Pat.
No. 6,825,921, issued Nov. 30, 2004, which is incorporated
herein by reference.

[0115] Luminescence and nonluminescence methods may
be distinguished by whether they involve detection of light
emitted by a component of the sample. Luminescence assays
involve detecting light emitted by a luminescent compound
(or luminophore) and using properties of that light to under-
stand properties of the compound and its environment. A
typical luminescence assay may involve (1) exposing a
sample to a condition capable of inducing luminescence from
the sample, and (2) measuring a detectable luminescence
response indicative of the extent of binding between the
member of interest and a corresponding binding partner. Most
luminescence assays are based on photoluminescence, which
is luminescence emitted in response to absorption of suitable
excitation light. However, luminescence assays also may be
based on chemiluminescence, which is luminescence emitted
in response to chemical excitation, and electrochemilumines-
cence, which is luminescence emitted in response to electro-
chemical energy. Suitable luminescence assays include,
among others, (1) luminescence intensity, which involves
detection of the intensity of luminescence, (2) luminescence
polarization, which involves detection of the polarization of
light emitted in response to excitation by polarized light,
and/or (3) luminescence energy transfer. Luminescence
energy transfer involves detection of energy transfer between
aluminescent donor and a suitable acceptor (a donor-acceptor
energy transfer pair). Such energy transfer may occur with or
without the emission of a photon. Generally the efficiency of
the energy transfer is dependent on the distance between the
donor and acceptor. Accordingly, the amount of energy trans-
fer detected relates, at least partially, to the proximity of the
energy donor and acceptor, and thus may be correlated with
conversion of substrate to product in an assay. In particular,
the energy donor and acceptor may be placed in (or out of)
proximity by the enzyme reaction itself, or by selective asso-
ciation of a substrate or product of the enzyme with an asso-
ciation partner. These and other luminescence assays are
described below in Example 14 and materials cited therein.
Nonluminescence assays involve using a detectable response
other than light emitted by the sample, such as absorption,
scattering, and/or radioactivity, among others. These and
other nonluminescence assays are described in the following
materials, which are incorporated herein by reference: U.S.
Pat. No. 6,466,316, issued Oct. 15, 2002; and Joseph R.
Lakowicz, Principles of Fluorescence Spectroscopy (2" ed.
1999).

[0116] The detectable luminescence response generally
comprises a change in, or an occurrence of, a luminescence
signal that is detectable by direct visual observation and/or by
suitable instrumentation. Typically, the detectable response is
a change in a property of the luminescence, such as a change
in the intensity, polarization, energy transfer, lifetime, and/or
excitation or emission wavelength distribution of the lumi-
nescence. For example, energy transfer may be measured as a
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decrease in donor luminescence, an increase (often from
zero) in acceptor luminescence, and/or a decrease in donor
luminescence lifetime, among others. The detectable
response may be simply detected, or it may be quantified. A
response that is simply detected generally comprises a
response whose existence merely is confirmed, whereas a
response that is quantified generally comprises a response
having a quantifiable (e.g., numerically reportable) value
such as an intensity, polarization, and/or other property. In
luminescence assays, the detectable response may be gener-
ated directly using a luminophore associated with an assay
component actually involved in binding such as A* or BP, or
indirectly using a luminophore associated with another (e.g.,
reporter or indicator) component. Suitable methods and lumi-
nophores for luminescently labeling assay components are
described in the following materials, which are incorporated
herein by reference: Richard P. Haugland, Handbook of Fluo-
rescent Probes and Research Chemicals (6™ ed. 1996); U.S.
patent application Ser. No. 09/813,107, filed Mar. 19, 2001;
and U.S. patent application Ser. No. 09/815,932, filed Mar.
23,2001.

[0117] Heterogeneous and homogeneous methods may be
distinguished by whether they involve sample separation
before detection. Heterogeneous methods generally require
bulk separation of bound and unbound species. This separa-
tion may be accomplished, for example, by washing away any
unbound species following capture of the bound species on a
solid phase, such as a bead or microplate surface labeled with
a tricationic metal ion or other suitable binding partner. The
extent of binding then can be determined directly by measur-
ing the amount of captured bound species and/or indirectly by
measuring the amount of uncaptured unbound species (if the
total amount is known). Homogeneous methods, in contrast,
generally do not require bulk separation but instead require a
detectable response such as a luminescence response that is
affected in some way by binding or unbinding of bound and
unbound species without separating the bound and unbound
species. Alternatively, or in addition, enzyme activity may
result in increased or decreased energy transfer between a
donor and acceptor of an energy transfer pair, based on
whether the acceptor quenches or not, and based on whether
enzyme activity in the assay results in increased or decreased
proximity of the donor and acceptor. Homogeneous assays
typically are simpler to perform but more complicated to
develop than heterogeneous assays.

1I1.C Correlating

[0118] The step of correlating generally comprises any
method for correlating the extent of binding with the extent of
modification of the assay component being analyzed, and/or
with the presence and/or activity of an enzyme that affects the
modification. The nature of this step depends in part on
whether the detectable response is simply detected or whether
it is quantified. If the response is simply detected, it typically
will be used to evaluate the presence of a component such as
a substrate, product, and/or enzyme, or the presence of an
activity such as an enzyme or modulator activity. In contrast,
if the response is quantified, it typically will be used to evalu-
ate the presence and/or quantity of a component such as a
substrate, product, and/or enzyme, or the presence and/or
activity of a component such as an enzyme or modulator.

[0119] The correlation generally may be performed by
comparing the presence and/or magnitude of the response to
another response (e.g., derived from a similar measurement
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of'the same sample at a different time and/or another sample
at any time) and/or a calibration standard (e.g., derived from
a calibration curve, a calculation of an expected response,
and/or a luminescent reference material). Thus, for example,
in a polarization assay for cyclic nucleotide concentration, the
cyclic nucleotide concentration in an unknown sample may
be determined by matching the polarization measured for the
unknown with the cyclic nucleotide concentration corre-
sponding to that polarization in a calibration curve generated
under similar conditions by measuring polarization as a func-
tion of cyclic nucleotide concentration. More generally, the
following table shows representative qualitative changes in
the indicated detectable luminescence response upon binding
between A* and BP following a forward reaction A—=A*.
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ners in binding assays, (4) experiments testing the effect of
other solution components on the ability of a metal salt in the
absence of beads to serve as a phosphate-binding partner in
binding assays, and (5) experiments testing hypotheses for
the action of a metal salt, without associated beads, as a
binding partner in the binding assays, and (6) experiments
testing the effects of different assay conditions—substrates,
buffers, salt concentrations, gallium concentrations, ATP
concentrations, etc.—on assay performance. These aspects
are applicable to a wide variety of enzymes and enzyme
substrates and products.

Example 1

[0122] This example describes a macromolecular trapping
system for use in luminescence polarization and/or energy

TABLE 3

Intensity Intensity  FP ET
Label on A* Label on BP (Luminophore) (Acceptor) (Luminophore) (Lum.— Acc.)
Luminophore  — Increases
— Luminophore Increases
Luminophore  Quencher Decreases
Quencher Luminophore  Decreases
Luminophore  Acceptor Decreases Increases  Decreases Increases
Acceptor Luminophore  Decreases Increases Increases
[0120] This reaction is representative of a phosphorylation transfer assays, among others, in accordance with aspects of

reaction performed by a kinase or a decyclization reaction
performed by a PDE, assuming that the binding partner binds
to the (noncyclized) phosphorylated species. Similarly, the
following table shows representative qualitative changes in
the indicated detectable luminescence response upon binding
of A* and BP following the reverse reaction A* A.

the present teachings. In this system, Ru®* is entrapped in
small (-20-30 kDa) synthetic polymer macromolecules
(MM), which are obtained from PreSens Precision Sensing
(Neuburg/Donau, Germany). These macromolecules are rela-
tively hydrophilic, with carboxyl groups on their surfaces for
activation. The MM with the entrapped Ru®* is used as a

TABLE 4

Intensity Intensity  FP ET
Label on A* Label on BP (Luminophore) (Acceptor) (Luminophore) (Lum.— Acc.)
Luminophore  — Decreases
— Luminophore Decreases
Luminophore  Quencher Increases
Quencher Luminophore  Increases
Luminophore  Acceptor Increases Decreases Increases Decreases
Acceptor Luminophore  Increases Decreases Decreases

This reaction is representative of a dephosphorylation reac-
tion performed by a phosphatase or a cyclization reaction
performed by a cyclase, assuming again that the binding
partner binds to the (noncyclized) phosphorylated species.

IV. EXAMPLES

[0121] The following examples describe, without limita-
tion, further aspects of the present teachings. These aspects
include (1) the ability of binding partners such as tricationic
metal ions to bind specifically to phosphorylated species such
as phosphopeptides and nucleotides, and (2) the use of such
binding in assays for enzymes and other agents involved in
phosphorylation and dephosphorylation (e.g., kinases and
phosphatases, respectively) and cyclization and decyclization
(e.g., cyclases and PDEs, respectively), among others. The
aspects also include (3) experiments comparing metal ions
with and without associated beads as phosphate-binding part-

support to immobilize tricationic metal cations, including
Fe’* and Ga™*. Specifically, the chelator imidodiacetic (IDA)
acid is linked to the MM using the secondary amine group of
IDA and a carboxyl group on the MM. Afterwards, the MM-
IDA is incubated with either FeCl; or GaCl;. The FeCl,
quenches the luminescence of Ru**, whereas the GaCl, does
not. The macromolecule loaded with Fe** or Ga** is denoted
MM-Fe or MM-Ga, respectively.

[0123] The macromolecular trapping system may be used
in a variety of kinase, phosphatase, phosphodiesterase, and/or
cyclase assays, as described below in Examples 3-5 and 7-9.
In an exemplary assay, a kinase enzyme phosphorylates a
luminescently labeled kinase substrate, which binds to the
metal cations immobilized on the MM. Binding is detected
using polarization and/or energy transfer methods, among
others, for example, using apparatus and methods as
described herein. Binding is detectable using polarization
because binding leads to a decrease in substrate mobility and
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a concomitant increase in the polarization of light emitted by
luminophores bound to the substrate. Similarly, binding is
detectable using energy transfer because binding leads to a
decrease in separation between the luminophores bound to
the substrate and the Ru** immobilized in the MM, and a
concomitant increase in energy transfer from the Ru** (do-
nor) to the luminophore (acceptor).

[0124] This approach may be extended by various modifi-
cations and/or substitutions. For example, in polarization
assays, the Ru>* may be omitted, if desired. In energy transfer
assays, the Ru** may be replaced by any energy transfer
partner, as long as the energy transfer partner supported by the
MM is capable of energy transfer to or from a complementary
energy transfer partner supported by the species binding to
the MM. Exemplary energy transfer partners are described in
U.S. patent application Ser. No. 09/815,932, filed Mar. 23,
2001, which is incorporated herein by reference. Also, the
Ru?* or its analog does not need to be encapsulated in the
MM. A luminescent species may be attached directly to a
suitable Fe®>* or Ga®* chelate. In a heterogeneous assay, phos-
phorylated proteins bound via Ga>* or Fe** to microplates,
particles, or inner surfaces of microfiuidic devices may be
detected after a wash by measuring luminescence intensity.
Such detection can take place either directly on the surfaces or
in the solution phase by adding an elution solution such as a
phosphate buffer. With other detection methods, such as the
laser-scanning method used in fluorometric microvolume
assay technology (FMAT™) technology (PE Biosystems,
Foster City, Calif.), the bound phosphoproteins can be
detected directly on the beads, without the need for washing
or separation. Other labels such as enzymes also may be used
in the heterogeneous format.

[0125] Potential difficulties with this system include (1)
interference from compounds (e.g., ATP, free phosphate,
EDTA, and possibly primary/secondary amines) that may
compete with or otherwise affect the interaction between the
metal and the phosphorylated protein, and (2) difficulty in
maintaining a pH that preserves the affinity and selectivity of
the binding between the metal and phosphorylated protein.

Example 2

[0126] This example describes assays for the presence,
activity, substrates, and/or products of kinases in accordance
with aspects of the present teachings. Similar assays may be
used to analyze phosphatases in which the substrates and
products of the kinase reaction become the products and
substrates of the phosphatase reaction, respectively.

[0127] Kinases catalyze the addition of phosphate groups
to appropriate substrates, as shown below:

RV aVavaval

Thus, the presence and/or activity of akinase may be detected
by a decrease in the concentration of a nonphosphorylated
(e.g., polypeptide) substrate and/or by an increase in the
concentration of a corresponding phosphorylated product,
among others. (The presence and/or activity of a phosphatase
may be detected similarly by a decrease in the concentration
of'a phosphorylated substrate and/or an increase in the con-
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centration of a nonphosphorylated product.) The present
teachings provide among others kinase assays that involve
contacting a sample containing a candidate kinase (and
optionally a modulator thereof) with a luminescently labeled
nonphosphorylated polypeptide having at least one amino
acid subject to phosphorylation (such as a tyrosine, serine,
and/or threonine) and a binding partner that binds specifically
to the phosphorylated polypeptide but not to the nonphospho-
rylated polypeptide. These assays further involve detecting a
response indicative of the extent of binding between the
polypeptide and the binding partner such as luminescence
intensity, polarization, and/or energy transfer, and correlating
the response with the extent of phosphorylation or nonphos-
phorylation of the polypeptide, and thus with the activity of
the candidate kinase. The binding partner may include a metal
ion such as a tricationic metal ion that interacts with the
phosphate group on the phosphorylated polypeptide to facili-
tate the binding reaction. The binding partner also may
include a macromolecule, a nanoparticle, a solid phase por-
tion, a quencher, and/or an energy transfer partner comple-
mentary to the luminophore on the polypeptide, depending in
part on the detection scheme.

Example 3

[0128] This example describes experiments to characterize
binding between MM-Ga and a fluorescein-labeled di-phos-
photyrosine 15-amino-acid peptide tracer denoted tyrosine
kinase 1 (TK-1) tracer. These experiments show the utility of
the MM-Ga system for detection of phosphorylated tyrosine
and the presence and/or activity of tyrosine kinases and phos-
phatases.

[0129] FIG. 8 shows the effects of incubating 10 nM TK-1
tracer with different concentrations of MM-GA (total vol-
ume=>50 pul; incubation time=60 min). These experiments
show that the maximum polarization change is more than 200
mP, at least when the MM-Ga and TK-1 tracer are incubated
in MES buffer (0.1 M MES, pH 5.5, 1.0 M NaCl). This
polarization change is at least sufficient for most polarization
assays.

[0130] FIG. 9 shows a dose-response curve for TK-1 cali-
brator, with 10 nM TK-1 tracer and 1.6 nM (estimated) MM-
Ga. The TK-1 calibrator is the same as the TK-1 tracer,
without a fluorescein label. The bound/total ratio is calculated
as in FIG. 8. These experiments show that the IC50 for the
TK-1 calibrator also is around 10 uM. The IC50 (inhibitory
concentration 50%) is the concentration of inhibitor required
for 50% inhibition. More generally, the IC50 (or EC50 (effec-
tive concentration 50%)) is the drug concentration at which
an associated response has decreased (increased) to 50% of
the initial response, assuming that the response is a decreas-
ing (increasing) function of drug concentration.

Example 4

[0131] This example describes experiments to characterize
binding between MM-Ga and the following mono-serine
fluorescein-labeled peptide tracer:

(SEQ ID NO: 1)
fluorescein-Leu-Arg-Arg-Ala-Ser-Leu-Gly

This peptide is termed a “Kemptide,” and the fluorescein-
labeled peptide is termed a “fluo-Kemptide.” These experi-
ments use cAMP-dependent protein kinase A (PKA,
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Promega) as the enzyme and fluo-Kemptide (SEQ ID NO:1)
as the substrate. These experiments show the utility of the
MM-Ga system for detection of phosphorylated serine and
the presence and/or activity of serine/threonine kinases and
phosphatases.

[0132] FIG. 10 shows an endpoint assay for PKA activity
with MM-Ga under the following conditions: (1) reaction
with enzyme, with MM-Ga; (2) reaction with enzyme, with-
out MM-Ga; (3) reaction without enzyme, with MM-Ga; and
(4) reaction without enzyme, without MM-Ga. The assay is
performed as follows. First, a mixture is prepared of 20 mM
MgCl,, 0.2 mM ATP, 2 mM NaVO,, and 100 uM fluo-Kemp-
tide (SEQ ID NO:1) in a total of 50 plL 40 mM Tris-HCI (pH
7.4). Second, the reaction is initiated by adding 1.0 uL of the
enzyme PKA to the mixture; for a control reaction, no PKA is
added. Third, the reaction is run overnight at room tempera-
ture. Fourth, the reaction and control are diluted 1:1000, and
1 puLL of the diluted solution is added to a volume of 49 ul. of
MM-Ga solution (approximately 30 nM MM-Ga) in a MES
buffer (pH 5.5) in a 384-well plate. Fifth, the plate is incu-
bated at room temperature for 60 min. Finally, the lumines-
cence polarization is measured using an ANALYST™ light-
detection platform (Molecular Devices Corporation,
Sunnyvale, Calif.). These experiments show that the phos-
phorylated peptide and the MM-Ga bind to one another spe-
cifically, i.e., that the phosphorylated Kemptide and the MM-
Ga bind together strongly and that the nonphosphorylated
Kemptide and the MM-Ga do not bind together appreciably.
[0133] FIG. 11 shows a time-course assay for PKA activity
with MM-Ga, performed under the reaction conditions of
FIG. 10. At each time point, 1 pL. of reaction mixture is taken
out from the reaction and immediately diluted into a volume
of 1000 ulL of MES buffer. Afterwards, 1 pL. of each diluted
sample is added to a volume 049 pl, of MM-Ga solution, and
an assay is conducted as described above.

Example 5

[0134] Examples 3 and 4 describe homogeneous assays in
which metal ions (e.g., Ga*>*) immobilized on macromol-
ecules system bind selectively to phosphorylated peptides
generated in a kinase reaction. These assays may be used to
monitor the time course and/or end point of a kinase (and/or
phosphatase) reaction using various luminescence methods,
including luminescence polarization.

[0135] This example describes a heterogeneous kinase
assay in accordance with aspects of the present teachings.
Here, the feasibility of using metal-coated plates in the devel-
opment of generic kinase assays is demonstrated with a com-
mercial Ni**-coated plate (Pierce, Rockford, Ill.), in which
the Ni** is replaced with Ga®*. Specifically, 200 uL ofa 0.5 M
EDTA-containing solution is added to each well of a 96-well
Ni**-coated plate, and the plate is incubated at room tempera-
ture for 1 hour. The process is repeated two more times to
remove at least substantially all of the Ni** from the plate. The
plate then is washed 3 times with 10 mM Tris buffer (pH 7.4).
Next, 200 ulL of'a 0.1 M GaClj, solution is added to each well
of the plate, and the plate is incubated overnight at room
temperature. The plate is washed three times before being
used in a kinase assay. This procedure effectively converts the
walls of the plate into assay surfaces capable of binding a
phosphorylated substrate but not a nonphosphorylated sub-
strate.

[0136] FIG. 12 shows results from a kinase assay and an
associated control assay. The kinase reaction is set up as
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described previously, using PKA as the enzyme and fluores-
cein-Kemptide (SEQ ID NO:1) as the substrate. At each time
point, 1 ul. is taken from the reaction and diluted into 1000 pL,
of MES buffer. Later, a volume of 100 pL. of each diluted
solution is added to the Ga>*-coated plate or (as a control) an
unmodified Ni**-coated plate and incubated for 1 hour at
room temperature. Then, the plate is washed three times, and
100 uL ofa 1 M KH, PO, solution is added to elute the bound
phosphorylated Kemptide from the plate. The luminescence
intensity is measured using an ANALYST™ light-detection
platform (Molecular Devices Corporation, Sunnyvale,
Calif.), which is set in fluorescence intensity mode and fitted
with a medium attenuator. The luminescence may be mea-
sured from above and/or below the sample, for example, from
below the sample by detecting through a lower surface of the
sample well that transmits light. In some embodiments, a
blocking reagent such as a quencher may be added to the
sample to reduce luminescence (and hence background) from
unbound components of the sample.

[0137] These experiments show the viability of a heteroge-
neous assay format and the specificity of binding to the trica-
tionic versus dicationic metal ion. The heterogeneous assay
format offers many of the advantages of the homogenous
assays, including its applicability in principle to any kinase
regardless of its substrate specificity. This may save assay
developers 3 to 6 months of time and effort in making anti-
bodies that recognize specifically a phosphorylated version of
an amino acid sequence. The lack of availability of such
special antibodies often is the major obstacle in the develop-
ment of nonradioactive kinase assays. The heterogeneous
assay format also allows for simple detection using lumines-
cence intensity, without requiring polarizers or selection of
complementary energy transfer pairs.

Example 6

[0138] This example describes assays for the presence,
activity, substrates, and/or products of phosphodiesterases in
accordance with aspects of the present teachings. Similar
assays may be used to analyze cyclases in which the substrate
of'the phosphodiesterase reaction becomes the product of the
cyclase reaction.

[0139] Phosphodiesterases (PDEs) catalyze the decycliza-
tion of cyclic nucleotides to the corresponding noncyclized
nucleotide monophosphate, as shown below:

O~

Thus, the presence and/or activity of a PDE may be detected
by a decrease in the concentration of a cyclic nucleotide
(cNMP) substrate and/or by an increase in the concentration
of a corresponding noncyclized nucleotide monophosphate
(NMP) product. (The presence and/or activity of a cyclase
may be detected similarly by a decrease in the concentration
of'a nucleotide triphosphate substrate and/or by an increase in
the concentration of a corresponding cyclic nucleotide.) The
present teachings provide among others PDE assays that
involve contacting a sample containing a candidate PDE (and
optionally a modulator thereof) with a luminescently labeled
cyclic nucleotide and a binding partner that binds specifically
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to the corresponding noncyclized nucleotide monophosphate
but not to the cyclic nucleotide. The binding partner may
include one or more of the attributes described above, such as
a tricationic metal M>* (e.g., AI>*, Ga**, and/or Fe**) capable
of' binding a noncyclized phosphate group but not a cyclized
phosphate group, and optionally an energy transfer partner
and/or quencher. PDE activity may be detected by an increase
in NMP binding using any technique capable of measuring
such an increase, including luminescence polarization, lumi-
nescence resonance energy transfer, luminescence intensity,
and/or nonluminescence and/or heterogeneous techniques,
among others. For example, PDE activity may be detected
following NMP binding by (1) an increase in luminescence
polarization (assuming that the lifetime and rotational corre-
lation time of the binding partner are selected so that binding
of the NMP to the binding partner measurably decreases the
rotational correlation time of the NMP), (2) an increase in
luminescence resonance energy transfer (assuming that the
binding partner is associated with a suitable energy transfer
partner), and/or (3) a decrease in luminescence intensity (as-
suming that the binding partner is associated with a suitable
luminescence quencher).

[0140] The assays may include (1) contacting a sample
containing a candidate PDE (and/or other cell-signaling com-
ponent) with a luminescently labeled cyclic nucleotide and a
binding partner capable of distinguishing between the cyclic
nucleotide and the corresponding nucleotide monophos-
phate, (2) illuminating the sample with light capable of induc-
ing luminescence in the sample, (3) measuring a property of
the luminescence transmitted from the sample, and (4) cor-
relating the property with the presence and/or activity of the
cyclic nucleotide and/or the corresponding nucleotide mono-
phosphate and hence the presence and/or activity of an asso-
ciated enzyme.

[0141] The present teachings also provide methods for
identifying modulators such as agonists and inhibitors of
receptors and/or enzymes involved in the production and/or
regulation of cell-signaling molecules, such as the hydrolysis
of cyclic nucleotides. The methods may include looking for
the effects of a modulator by conducting a method for deter-
mining the concentration of a cyclic nucleotide and/or the
corresponding nucleotide monophosphate in both the pres-
ence and absence of the putative modulator. For example, in
a polarization assay in which PDE activity leads to an
increase in polarization, a decrease in the measured extent of
polarization of the emitted light in the presence of the putative
modulator identifies the putative modulator as an inhibitor of
the receptor or enzyme, and an increase in the measured
extent of polarization in the presence of the putative modula-
tor identifies the putative modulator as an agonist of the
receptor or enzyme.

Example 7

[0142] This example describes end-point and time-course
assays for PDE 5 in accordance with aspects of the present
teachings, showing in part the utility of the MM-Ga system in
PDE assays. These assays use the following components,
among others: (1) cGMP-specific PDE (type V, Calbiochem,
La Jolla, Calif.), (2) N-methylanthraniloyl (MANT) cGMP
substrate (Molecular Probes, Eugene, Oreg.), and (3) MM-
Ga, as described in Example 1. MANT is a compact blue
fluorescing luminophore that attaches to the cGMP via the
ribose ring of the cGMP. These assays show the utility of the
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MM-Ga system for detection of noncyclized GMP and the
presence and/or activity of cGMP-specific PDEs.

[0143] FIG. 13 shows results of an end-point assay. Here, 1
pL (50 units) of cGMP specific PDE is added to 50 ul. of 5 uM
MANT-cGMP in a HEPES buffer (pH 7.5). The tube is incu-
bated at room temperature for 60 minutes. Then, 10 ulL of'the
reaction mixture is added to 40 ul. of MES/BSA bufter (pH
5.5) containing approximately 0.8 uM mM-Ga. The resulting
mixture is incubated at room temperature for 30 minutes.
Then, the luminescence polarization is measured (for MANT,
excitation 360 nm, emission 480 nm) using an ANALYST™
light-detection platform (Molecular Devices Corporation,
Sunnyvale, Calif.). Results correspond to the following con-
ditions: (1) reaction with enzyme, with MM-Ga, (2) reaction
with enzyme, without MM-Ga (3) reaction without enzyme,
with MM-Ga, and (4) reaction without enzyme, without MM-
Ga. These experiments show that the cyclic GMP and the
MM-Ga bind to one another specifically.

[0144] FIG. 14 shows results of a time-course assay. Here,
a 50 pL solution containing 100 uM MANT-cGMP and 100
units of PDE in HEPES bufter (pH 7.5) is incubated at room
temperature. At each time point, 2 ulL of reaction mixture is
removed from the tube and diluted into 200 pul, of MES/BSA
buffer (pH 5.5). After 2 hours, 45 pl. of each diluted reaction
solution is mixed with 5 pul, of MM-Ga (approx. 6.4 pM) and
incubated at room temperature for 30 minutes before the
fluorescence polarization is measured.

Example 8

[0145] This example describes alternative PDE assays in
accordance with aspects of the present teachings. These
assays are presented in a homogenous, nonradioactive format
using a carboxyfluorescein labeled cGMP substrate. The
assay also may be used in a heterogeneous format and/or with
an alternative luminescent cGMP and/or cAMP. These assays
further show the utility of the MM-Ga system for detection of
noncyclized GMP and the presence and/or activity of cGMP-
specific PDEs, including the use of a different luminophore
than the MANT of Example 7.

[0146] FIG. 15 shows results of a time-course assay con-
ducted using fluorescein-cGMP and the PDE and binding
partner of Example 7. Here, 2.0 uM fluorescein-cGMP is
incubated with 0.5 unit of PDE (V) in a buffer containing 40
mMMOPS (pH7.5),0.5 mMEDTA, 15 mM MgCl,, and 0.15
mg/mL BSA in a total volume of 50 ul.. At each time point, 1
uL of the reaction mixture is removed and diluted into 200 pl.
of MES bufter (pH 5.5), and the diluted solution is placed on
ice. After the reaction, 25 pl of the diluted solution is mixed
with an equal volume of a MM-Ga solution, and incubated at
room temperature for 30 minutes before the luminescence
polarization value is measured.

[0147] FIG. 16 shows results of an inhibition assay using
the components of FIG. 15. Here, the assay was used to
measure the IC50 of the known PDE (V) inhibitor, Zaprinast,
using 0.5 pM fluorescein-cGMP and a reaction time of 30
min. These experiments show that the IC50 is about 0.1 pM,
in reasonable agreement with the literature value of about 0.3
uM determined using a radioactive assay with *H-cGMP as
the substrate.
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Example 9

[0148] This example describes several aspects of the
present teachings, including (1) use of Ga®*-coated nanopar-
ticles as the binding component in the assay, (2) applications
to the detection of PDE 4 enzyme, with fluorescein-labeled
cAMP as substrate, and (3) applications to the detection of
PDE 1 enzyme, with both fluorescein-labeled cAMP and
fluorescein-labeled cGMP as substrates.

[0149] As discussed in Example 1, synthetic polymer mac-
romolecules (MM) can be substituted with other materials
that have a high molecular weight and that tricationic cations
(ie., F&**, Ga®*) can be immobilized on. Here, we use
selected nanoparticles, including polystyrene nanoparticles
having an average diameter of about 40 nm. The nanopar-
ticles are from Bangs Laboratory (Fisher, Ind.), and are modi-
fied after acquisition from the vendor to attach Ga®* on the
surfaces of the particles.

[0150] FIG. 17 shows the detection of PDE 4 activity using
a fluorescein-labeled cAMP (FL-cAMP) substrate. PDE 4
was obtained from Dr. Macro Conti at Stanford University. In
this assay, 10 uL. of a solution containing 40 nM of FL.-cAMP
is mixed with 10 uL. of a series of solutions containing various
concentrations of PDE 4 in a black 384-well plate. The mix-
ture is incubated at room temperature for 45 min, and then 60
ul of a solution containing 0.16 mg/ml. of the modified
nanoparticles is added. The new mixture is incubated for 30
min, and then the luminescence polarization is measured.

[0151] FIG. 18 shows similar results using PDE 5 (Calbio-
chem, La Jolla, Calif.) as the enzyme and a fluorescein-
labeled cGMP (FL-cGMP) as the substrate under the condi-
tions of FIG. 17.

[0152] FIG. 19 shows similar results using PDE 1 (Sigma,
St. Louis, Mo.) as the enzyme and both FL-cAMP and FL-
c¢GMP as substrates under the conditions of FIG. 17. PDE 1 is
another isozyme in the PDE family of enzymes, which acts on
both FL-cAMP and FL-cGMP. The PDE 1 used here is acti-
vated according to the vendor’s instructions.

Example 10
[0153] This example shows representative tracers for use in
cyclic nucleotide assays, particularly luminescence-polariza-

tion-based cyclic nucleotide assays. General structures for
such tracers are shown below for (A) cAMP and (B) cGMP:

NH,

N

D
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Here, X and R1 represent linkers, which optionally and inde-
pendently may be present or absent, and Fl represents a
reporter species. X may include among others any alkyl, allyl,
or aryl linker with ester or ether bonds to the cyclic nucle-
otide, including —OC(—0)—CH,CH,C(—0)—. R1 may
be any linker joining FL to the nucleotide, directly, or indi-
rectly through X, including a rigid linker having (two) reac-
tive groups for coupling, one to FL. and one to the nucleotide.
For example, R1 may be a diamino-alkyl, -cycloalkyl, -aryl,
or -allyl group, or a dihydroxy group that forms an amide or
ester, respectively, with the groups X and F1. F1 may include
any suitable reporter species, such as a luminophore for lumi-
nescence assays or an isotope for radioassays. For example,
F1 may include a fluorescein or rhodamine that forms a thio-
urea, ester, or amide bond with the group X. Preferred struc-
tures include 1,2 and 1,4-diaminocyclohexyl-linked tracers,
as described in U.S. patent application Ser. No. 09/768,661,
filed Jan. 23,2001, which is incorporated herein by reference.

Example 11

[0154] This example describes methods and kits for detect-
ing phosphate modifications and/or associated enzymes and
modulators in whole cells. The methods generally comprise
growing cells under desired conditions, lysing the cells, incu-
bating the cells before and/or after lysis with one or more
reagents, and detecting the presence, quantity, and/or activity
of species and/or reactions of interest. The kits generally
comprise collections of reagents and/or other materials of
interest, including substrates, binding partners, and/or lysis
buffers, among others. The methods and kits are described
greater detail in the context of cyclic nucleotide assays for
adherent and suspended cells in Examples 8 and 9 of U.S.
patent application Ser. No. 09/768,661, filed Jan. 23, 2001,
which is incorporated herein by reference.

Example 12

[0155] This example describes miscellaneous applications
and other uses for the various assays described herein.

[0156] The applications include detecting any of the modi-
fications, enzymes, and/or modulators identified herein and/
or in the following U.S. patent applications, which are incor-
porated herein by reference: Ser. No. 09/768,661, filed Jan.
23, 2001; and Ser. No. 09/596,444, filed Jun. 19, 2000. The
modifications include phosphorylation, dephosphorylation,
cyclization, and/or decyclization, among others, as described
above. The enzymes include kinases, phosphatases, cyclases,
and/or phosphodiesterases, among others, including variants
such as isoenzymes thereof. For example, the cyclases
include adenylyl cyclase and guanylyl cyclase, among others,
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and the phosphodiesterases include PDE 1 through PDE 10,
among others. The modulators include modulators of these
enzymes, among others. For example, the cyclase modulators
include forskolin and ODQ, among others, and the phos-
phodiesterase modulators include cilostamide, dipyridamole,
EHNA hydrochloride, etazolate hydrochloride, MBCQ,
MMPX, MY-5445, Ro 20-1724, rolipram, siguazodan, vin-
pocetine, and Zaprinast, among others.

[0157] The applications also include combining assays for
different modifications, enzymes, and/or modulators to form
integrated assays, for example, by combining a phosphoryla-
tion assay and a cyclization assay to study signaling mecha-
nisms involving multiple cell-signaling pathways.

Example 13

[0158] This example describes kits for use in performing
assays in accordance with aspects of the present teachings.
The kits may include substrates and/or binding partners for
performing the assays described herein. These substrates and/
or binding partners may include luminophores, quenchers,
and/or energy transfer partners, among others. The kits also
may include sample holders such as microplates or biochips
that have been treated to act as binding partners. The kits
optionally may include additional reagents, including but not
limited to buffering agents, luminescence calibration stan-
dards, enzymes, enzyme substrates, nucleic acid stains,
labeled antibodies, or other additional luminescence detec-
tion reagents. The substrates, binding partners, and/or addi-
tional reagents optionally are present in pure form, as con-
centrated stock solutions, or in prediluted solutions ready for
use in the appropriate energy transfer assay. Typically, the kit
is designed for use in an automated and/or high-throughput
assay, and so is designed to be fully compatible with micro-
plate readers, microfluidic methods, and/or other automated
high-throughput methods.

[0159] Thekitmay include various reagents for performing
binding assays. The reagents may include a binding reagent
and/or one or more binding buffers. The binding reagent may
include particles (such as beads). Alternatively, or in addition,
the binding reagent may include one or more metals (or metal
ions), particularly a strong Lewis acid and/or a metal salt.
Exemplary metals or metal ions that may be included are
described elsewhere in the present teachings. The binding
reagent may be provided in a liquid, particularly an aqueous
liquid of any suitable pH. In some examples, the binding
reagent may be supplied in an aqueous bufter and/or in an
acidic or basic aqueous liquid. The acidic liquid may include
any suitable acid, such as hydrochloric acid. The binding
reagent may be provided as a concentrated stock configured
to be diluted to a lower concentration, for example, in a
binding buffer, for use in binding assays. The binding buffer
(s) may be provided to be used directly or supplied as a
concentrated stock to be diluted any suitable amount. In some
embodiments, the binding buffer may be a set of two or more
distinct binding buffers configured to be used individually or
combined at one or more different ratios according to an
aspect of the binding assay to be performed. In some
examples, a ratio of the binding buffers (or diluted versions
thereof), or one of a set of binding buffers, may be selected
(and the binding buffers mixed), according to an aspect of the
binding target used in the binding assay. The aspect of the
binding target may be its size, structure, charge (predicted,
known, or measured, among others), sequence, molecular
weight, and/or the like.
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[0160] Each binding buffer may include any suitable com-
position. For example, a binding buffer may include a buff-
ering agent (such as acetate, propionate, morpholinoethane-
sulfonic acid (MES), etc.), a salt (such as sodium chloride,
potassium chloride, etc.), a detergent(s) (ionic or nonionic),
and/or the like. In some examples, the kit may include two or
more binding buffers of different composition. The two or
more binding buffers may be different in pH, buftering agent,
buffer concentration, salt identity or concentration, etc. Such
binding buffers may be used separately in different binding
assays (e.g., selected according to an aspect of the binding
reaction and/or binding target) or may be used in combina-
tion.

Example 14

[0161] This example describes exemplary luminescence
assays. Further aspects of these assays as well as additional
luminescence assays and apparatus for performing lumines-
cence assays are described in the following materials, which
are incorporated herein by reference: U.S. Pat. No. 6,097,025,
issued Sep. 24, 1998; U.S. patent application Ser. No. 09/349,
733, filed Jul. 8, 1999; U.S. Provisional Patent Application
Ser. No. 60/267,639, filed Feb. 10, 2001; and Joseph R.
Lakowicz, Principles of Fluovescence Spectroscopy (2" ed.
1999).

[0162] Luminescence, as defined above, is the emission of
light from excited electronic states of atoms or molecules,
including photoluminescence, chemiluminescence, and elec-
trochemiluminescence, among others. Luminescence may be
used in a variety of assays, including (A) intensity assays, (B)
polarization assays, and (C) energy transfer assays, among
others.

A. Intensity Assays

[0163] Luminescence intensity assays involve monitoring
the intensity (or amount) of light emitted from a composition.
The intensity of emitted light will depend on the extinction
coefficient, quantum yield, and number of luminescent ana-
lytes in the composition, among others. These quantities, in
turn, will depend on the environment of the analyte, among
others, including the proximity and efficacy of quenchers and
energy transfer partners. Thus, luminescence intensity assays
may be used to study binding reactions, among other appli-
cations.

B. Polarization Assays

[0164] Luminescence polarization assays involve the
absorption and emission of polarized light. Here, polarization
refers to the direction of the light’s electric field, which gen-
erally is perpendicular to the direction of the light’s propaga-
tion. In a luminescence polarization assay, specific molecules
within a composition are labeled with one or more lumino-
phores. The composition then is illuminated with polarized
excitation light, which preferentially excites luminophores
having absorption dipoles aligned parallel to the polarization
of the excitation light. These molecules subsequently decay
by preferentially emitting light polarized parallel to their
emission dipoles. The extent of polarization of the total emit-
ted light depends on the extent of molecular reorientation
during the time interval between luminescence excitation and
emission, which is termed the luminescence lifetime, t. In
turn, the extent of molecular reorientation depends on the
luminescence lifetime and the size, shape, and environment
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of'the reorienting molecule. Thus, luminescence polarization
assays may be used to quantify binding reactions and enzy-
matic activity, among other applications. In particular, mol-
ecules commonly rotate (or “tumble”) via diffusion, with a
rotational correlation time T,,, that is proportional to their
volume, or the cube of their radius of gyration. (This cubic
dependence on radius makes polarization assays very sensi-
tive to binding.) Thus, during their luminescence lifetime,
relatively large molecules will not reorient significantly, so
that their total luminescence will be relatively polarized. In
contrast, during the same time interval, relatively small mol-
ecules will reorient significantly, so that their total lumines-
cence will be relatively unpolarized.

[0165] The relationship between polarization and intensity
is expressed by the following equation:

_h-L M
I +1,

Here, P is the polarization, 1, is the intensity of luminescence
polarized parallel to the polarization of the excitation light,
and 1, is the intensity of luminescence polarized perpendicu-
lar to the polarization of the excitation light. P generally
varies from zero to one-half for randomly oriented molecules
(and zero and one for aligned molecules). If there is little
rotation between excitation and emission, 1, will be relatively
large, 1, will be relatively small, and P will be close to one-
half. (P may be less than one-half even if there is no rotation;
for example, P will be less than one-half if the absorption and
emission dipoles are not parallel.) In contrast, if there is
significant rotation between absorption and emission, I; will
be comparable to 1, and P will be close to zero. Polarization
often is reported in milli-P units (1000xP), which for ran-
domly oriented molecules will range between 0 and 500,
because P will range between zero and one-half.

[0166] Polarization also may be described using other
equivalent quantities, such as anisotropy. The relationship
between anisotropy and intensity is expressed by the

_h-L @

Here, r is the anisotropy. Polarization and anisotropy include
the same information, although anisotropy may be more sim-
ply expressed for systems containing more than one lumino-
phore. In the description and claims that follow, these terms
may be used interchangeably, and a generic reference to one
should be understood to imply a generic reference to the
other.

[0167] The relationship between polarization and rotation
is expressed by the Perrin equation:

(5-3)

Here, P, is the polarization in the absence of molecular
motion (intrinsic polarization), T is the luminescence lifetime

(7-3)0e5) X
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(inverse decay rate) as described above, and 7,,, is the rota-
tional correlation time (inverse rotational rate) as described
above.

[0168] The Perrin equation shows that luminescence polar-
ization assays are most sensitive when the luminescence life-
time and the rotational correlation time are similar. Rotational
correlation time is proportional to molecular weight, increas-
ing by about 1 nanosecond for each 2,400 dalton increase in
molecular weight (for a spherical molecule). For shorter life-
time luminophores, such as fluorescein, which has a lumines-
cence lifetime of roughly 4 nanoseconds, luminescence
polarization assays are most sensitive for molecular weights
less than about 40,000 daltons. For longer lifetime probes,
such as Ru(bpy),dcbpy (ruthenium 2,2'-dibipyridyl 4,4'-di-
carboxyl-2,2'-bipyridine), which has a lifetime of roughly
400 nanoseconds, luminescence polarization assays are most
sensitive for molecular weights between about 70,000 daltons
and 4,000,000 daltons.

[0169] Luminescence polarization assays may be used in a
variety of formats. In one format, the concentration of an
analyte in solution can be measured by supplying a labeled
tracer that competes with the analyte for a binding moiety,
particularly a binding moiety larger than the labeled tracer. In
this “competitive” format, the concentration of the analyte is
inversely correlated with the enhancement of luminescence
polarization in the light emitted by the tracer when it com-
petitively binds the common moiety. In another format, the
concentration of a target can be measured by supplying a
labeled tracer that is capable of binding the target. In this case,
the enhancement of polarization is a direct measure of the
concentration of target. The target further may be, for
example, an activated receptor, where activation can be indi-
rectly measured by the directly measured concentration of a
generated molecule or by its binding to labeled tracer per se.

C. Energy Transfer Assays

[0170] Energy transfer is the transfer of luminescence
energy from a donor luminophore to an acceptor without
emission by the donor. In energy transfer assays, a donor
luminophore is excited from a ground state into an excited
state by absorption of a photon. If the donor luminophore is
sufficiently close to an acceptor, excited-state energy may be
transferred from the donor to the acceptor, causing donor
luminescence to decrease and acceptor luminescence to
increase (if the acceptor is luminescent). The transfer may
occur if the absorption spectrum of the acceptor overlaps the
emission spectrum of the donor (matching electron vibra-
tional levels). The efficiency of this transfer is very sensitive
to the separation R between donor and acceptor, decaying as
1/R~S. Thus, the separation between donor and acceptor in
energy transfer assays may be very small, typically about
1-10 um. The efficiency of this transfer also is sensitive to the
relative orientations of the donor and acceptor; for example,
the donor and acceptor transition dipole orientations should
be approximately parallel for optimal energy transfer. Energy
transfer assays use energy transfer to monitor the proximity of
donor and acceptor, which in turn may be used to monitor the
presence or activity of an analyte, among others.

[0171] Energy transfer assays may focus on an increase in
energy transfer as donor and acceptor are brought into prox-
imity. These assays may be used to monitor binding, as
between two molecules X and Y to form a complex X:Y. Here,
colon (:) represents a noncovalent interaction. Inthese assays,
one molecule is labeled with a donor D, and the other mol-
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ecule is labeled with an acceptor A, such that the interaction
between X and Y is not altered appreciably. Independently, D
and A may be covalently attached to X and Y, or covalently
attached to binding partners of X and Y.

[0172] Energy transfer assays also may focus on a decrease
in energy transfer as donor and acceptor are separated. These
assays may be used to monitor cleavage, as by hydrolytic
digestion of doubly labeled substrates (peptides, nucleic
acids). In one application, two portions of a polypeptide are
labeled with D and A, so that cleavage of the polypeptide by
aprotease such as an endopeptidase will separate D and A and
thereby reduce energy transfer. In another application, two
portions of a nucleic acid are labeled with D and A, so that
cleave by a nuclease such as a restriction enzyme will sepa-
rate D and A and thereby reduce energy transfer.

[0173] Energy transfer between D and A may be monitored
in various ways. For example, energy transfer may be moni-
tored by observing an energy-transfer induced decrease in the
emission intensity of D and increase in the emission intensity
of A (if A is a luminophore). Energy transfer also may be
monitored by observing an energy-transfer induced decrease
in the lifetime of D and increase in the apparent lifetime of A.
[0174] Ina preferred mode, a long-lifetime luminophore is
used as a donor, and a short-lifetime luminophore is used as
an acceptor. Suitable long-lifetime luminophores include
metal-ligand complexes containing ruthenium, osmium, etc.,
and lanthanide chelates containing europium, terbium, etc. In
time-gated assays, the donor is excited using a flash of light
having a wavelength near the excitation maximum of D. Next,
there is a brief wait, so that electronic transients and/or short-
lifetime background luminescence can decay. Finally, donor
and/or acceptor luminescence intensity is detected and inte-
grated. In frequency-domain assays, the donor is excited
using time-modulated light, and the phase and/or modulation
of'the donor and/or acceptor emission is monitored relative to
the phase and/or modulation of the excitation light. In both
assays, donor luminescence is reduced if there is energy
transfer, and acceptor luminescence is observed only if there
is energy transfer.

Example 15

[0175] This example shows assays with improved signals,
signal-to-noise ratios, and/or signal-to-background ratios.
[0176] Signal may be enhanced in several ways, including
(1) using a high color temperature light source, such as a
xenon arc lamp, in a continuous illumination mode, (2) using
a dichroic or multi-dichroic beamsplitter, and/or (3) using a
sample holder whose shape is “matched” to the shape of the
optical beam of the instrument, especially if the sample
holder is elevated to bring the sample closer to a detector. The
high color temperature light source increases the number of
usable photons, which is important because the lower limit of
the signal-to-noise ratio is set by the square root of the total
number of photons collected in the measurement. These
enhancements are described in more detail in the following
U.S. patent applications, which are incorporated herein by
reference: Ser. No. 09/349,733, filed Jul. 8, 1999; Ser. No.
09/478,819, filed Jan. 5, 2000; and Ser. No. 09/494,407, filed
Jan. 28, 2000.

[0177] Signal-to-noise ratios can be enhanced at least in
part by increasing signals, for example, by using the tech-
niques described in the previous paragraph.

[0178] Signal-to-background ratios can be enhanced in
several ways, including (1) using confocal optical systems
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having a sensed volume to avoid luminescence from the
microplate walls, (2) selecting a microplate or other substrate
that increases the signal and reduces the luminescent back-
ground from materials in the microplate, (3) selecting the
light sources, luminescence filters, optics, signal collection
electronics, and mechanical system used in the luminescence
detection optical system for maximum signal-to-background
ratio, and (4) utilizing signal processing, background subtrac-
tion, and luminescence lifetime techniques, particularly
FLAMe™ methodology for background reduction, as
described below. These enhancements are described in more
detail in the following U.S. patent and U.S. patent applica-
tions, which are incorporated herein by reference: U.S. Pat.
No. 6,071,748, issued Apr. 17, 1998; Ser. No. 09/349,733,
filed Jul. 8, 1999; Ser. No. 09/478,819, filed Jan. 5, 2000, and
Ser. No. 09/494,407, filed Jan. 28, 2000.

Example 16

[0179] This example shows mechanisms for increasing the
change in polarization that accompanies a change in binding,
so that the change in binding can be measured more easily.
These mechanisms may be used inany of the assays described
here involving luminescently labeled species, such as labeled
cyclic nucleotides and labeled nonhydrolyzable GTP ana-
logs, among others.

[0180] The change in polarization upon binding can be
increased by making any linker between the luminophore and
the labeled species (e.g., the cyclic nucleotide or GTP analog)
as short and/or rigid as possible, while maintaining relevant
substrate properties for the enzymes involved in the assay.
Short and/or rigid linkers will restrict luminophore motion
relative to the labeled species, reducing the “propeller effect”
so that the luminophore more accurately reports the motion of
both the free and bound labeled species. The rigidity of the
linker may be increased by avoiding using hexanoic acid
linkers, which typically are long and flexible, and by using
cyclic linkers and amide groups in place of methylene groups,
among other mechanisms.

[0181] The change in polarization upon binding also can be
increased by including an appropriately positioned energy
transfer acceptor on the binding partner, so that energy trans-
fer will occur from the luminophore to the acceptor upon
incorporation. Such energy transfer will shorten the lifetime
of the luminophore, thereby increasing its polarization (be-
cause polarization varies inversely with lifetime, all else
being equal).

[0182] The change in polarization upon binding also can be
increased by decreasing the mobility of the binding partner
for the labeled species. Mobility can be decreased by increas-
ing the size of the binding partner, either directly or by form-
ing a complex with a mass label. Suitable mass labels include
other molecules and beads, among others. The use of mass
labels is described in detail in U.S. patent application Ser. No.
09/768,742, filed Jan. 23, 2001, which is incorporated herein
by reference. Mobility also can be decreased by attaching the
binding partner to a surface, such as the surface of a sample
holder. Attachment to other molecules, beads, and/or surfaces
may be accomplished using any of a number of well-known
reactive groups.

[0183] The assays provided by the present teachings may
have advantages over prior assays for detecting molecular
modifications. The existence and/or identity of these advan-
tages will depend on such as (but not always requiring) one or
more of the following. First, they may be used without radio-
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activity. Second, they may be homogenous, so that they do not
require physical separation steps or wash steps. Third, they
may have stable endpoints, so that results are relatively insen-
sitive to the timing of any measurement or detection steps.
Fourth, they may be sensitive, so that picomolar amounts of
cyclic nucleotides may be detected. Fifth, they may be used
with solution and cell-based samples.

Example 17

[0184] This example lists exemplary peptides and phos-
phopeptides that may be used in molecular modification
assays according to the present teachings, and exemplary uses
for these peptides and phosphopeptides; see Tables S and 6. A
number of these peptides/phosphopeptides are used in sub-
sequent Examples for exemplary binding assays.

TABLE 5

Sequence

Identifier Peptide sequence

SEQ ID NO: 2 5FAM-Lys-Lys-Gly-Glu-Ala-Ile-Tyr-Ala-
Ala-Pro-Phe-Ala-CONH,

SEQ ID NO: 3 5FAM-Val-Ser-Arg-Ser-Gly-Leu-Tyr-Arg-
Ser-Pro-Ser-Met-Pro-Glu-Asn-Leu-Asn-
Arg-Pro-Arg

SEQ ID NO: 4 5FAM-Ala-Leu-Lys-Leu-Val-Arg-Tyr-Pro-
Ser-Phe-Val-Ile-Thr-Ala-Lys-CONH,

SEQ ID NO: 5 5FAM-Ala-Met-Arg-Leu-Glu-Arg-Gln-Asp-
Ser-Ile-Phe-Tyr-Pro-Lys-CONH,

SEQ ID NO: 6 5FAM-Gly-Arg-Pro-Arg-Thr-Ser-Ser-Phe-
Ala-Glu-Gly

SEQ ID NO: 7 5FAM-Gly-Arg-Pro-Arg-Thr-Ser-pSer-Phe-
Ala-Glu-Gly

SEQ ID NO: 8 5FAM-Lys-Lys-Lys-Lys-Glu-Glu-Ile-Tyr-
Phe-Phe-Phe-Gly-CONH,

SEQ ID NO: 9 Leu-Val-Glu-Pro-Leu-Thr-Pro-Ser-Gly-
Glu-Ala-Pro-Asn-Gln-Lys-5FAM-COOH

SEQ ID NO: 105FAM-pTyr-Thr-Gly-Leu-Ser-Thr-Arg-
Asn-Gln-Glu-Thr-pTyr-Glu-Thr-Leu-
CONH,

SEQ ID NO: 115FAM-Lys-Lys-Leu-Asn-Arg-Thr-Leu-Ser-
Val-Ala

SEQ ID NO: 12 5TAMRA-Lys-Lys-Leu-Asn-Arg-Thr-Leu-
Ser-Val-Ala

SEQ ID NO: 13 5FAM-Gly-Gly-Gly-Pro-Ala-Thr-Pro-Lys-
Lys-Ala-Lys-Lys-Leu

SEQ ID NO: 14 5FAM-Gly-Arg-His-Asp-Ser-Gly-Leu-Asp-
Ser-Met-Lys-CONH,

SEQ ID NO: 155FAM-Lys-Lys-Ser-Arg-Gly-Glu-Tyr-Met-
Thr-Met-Gln-Ile-Gly-CONH,

SEQ ID NO: 16 5FAM-Glu-Phe-Pro-Ile-Tyr-Asp-Phe-Leu-
Pro-Ala-Lys-Lys-Lys-CONH,

SEQ ID NO: 175FAM-Lys-Val-Glu-Lys-Ile-Gly-Glu-Gly-
Thr-Tyr-Gly-Val-Val-CONH,

SEQ ID NO: 185FAM-Lys-Val-Glu-Lys-Ile-Gly-Glu-Gly-

Thr-pTyr-Gly-Val-Val-CONH,
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TABLE 5-continued

Sequence

Identifier Peptide sequence

SEQ ID NO: 19 5FAM-Leu-Asp-Val-Pro-Ile-Pro-Gly-Arg-
Phe-Asp-Arg-Arg-Val-pSer-Val-Ala-Ala-

Glu-CONH,

SEQ ID NO: 20 5FAM-Gly-Arg-Thr-Gly-Arg-Arg-Asn-Ser-
Ile-CONH,

SEQ ID NO: 21 5FAM-Ala-Lys-Arg-Arg-Arg-Leu-Ser-Ser-
Leu-Arg-Ala

SEQ ID NO: 22 5FAM-Leu-Arg-Arg-Arg-Leu-Ser-Asp-Ala-
Asn-Phe-CONH,

SEQ ID NO: 23 5FAM-Ala-Leu-Gln-Lys-Asp-Tyr-Glu-Asn-
Val-Gly-Val-CONH,

SEQ ID NO: 24 5FAM-Ala-Leu-Glu-Lys-Asp-Tyr-Glu-Asp-
Val-Gly-Val-CONH,

SEQ ID NO: 255-FAM-Arg-Arg-Arg-Ala-Asp-Asp-Ser-Asp-

Asp-Asp-Asp-Asp

Notes for Table 5:

S5FAM 1is 5-carboxyfluorescein; STAMRA is 5-carboxytetrameth-
ylrhodamine; pSer is phosphorylated serine (phosphoserine);
pIyr is phosphorylated tyrosine (phosphotyrosine); and CONH, is
an amidated C-terminus on the peptide (otherwise the C-terminus
includes a free carboxy group).

Each sequence identifier (and peptide sequence) of Table 5 is
correlated below, in Table 6, with a peptide name (and/or source
protein), an exemplary enzyme(s) assayed with the peptide, and
the number of carboxy groups in the peptide.

TABLE 6
Sequence Exemplary
Identifier Peptide Name Enzyme Assays #COOHs
SEQID NO: 2 Abl/Arg Substrate  Abl 1
Peptide Arg
SEQID NO: 3 Cde25C-derived PRK2 2
peptide
SEQID NO: 4 CHK1tide CHK1 0
SEQIDNO: 5 CHK2tide CHK2 2
SEQID NO: 6 Crosstide Aktl 2
Akt2
Akt3
MSK1
MSK?2
SGK1
SEQIDNO: 7 Phospho- PP2A 2
Crosstide PP1
SEQID NO: & CSKtide CSK 2
SEQID NO: 9 EGFR-derived P38 (a,B.y.,0 3
Peptide isoforms)
SEQIDNO: 10 FceRI y-chain PTP1B 2
ITAM-derived
SEQIDNO: 11  Fluorescein- MAPKAP K2 1
Labeled Glycogen =~ PRAK
Synthase-Derived CaM KII
Peptide
SEQIDNO: 12 TAMRA-Labeled MAPKAP K2 1
Glycogen PRAK
Synthase-derived CaM KII
peptide
SEQIDNO: 13  CDKtide; Histone CDK1/Cyclin B 1
Hi-derived CDK2/Cyclin A
peptide CDK5/p35
SEQIDNO: 14  IkBa-derived IKKp 2
peptide IKKa
SEQIDNO: 15  IRS1-derived Insulin Receptor 1
peptide IGF1-R
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TABLE 6-continued

Sequence Exemplary
Identifier Peptide Name Enzyme Assays #COOHs
SEQIDNO: 16  LywBlk Phage Blk 2
Display-derived Lyn
Peptide
SEQIDNO: 17  P34°42_derived Src 2
Peptide Fyn
Lek
Yes
SEQID NO: 18  P34°%2_derived Src 2
phosphopeptide Fyn
Lek
SEQIDNO: 19  PKA regulatory Calcineurin 3
subunit-derived
phosphopeptide
SEQIDNO: 20  PKAtide PKA 0
SEQID NO: 21 S6 Ribosomal ROCK-II 1
Protein-derived Rsk2
Peptide
SEQIDNO: 22  Synapsin I-derived CaMKIV 1
peptide
SEQIDNO: 23  alpha-Tubulin- Syk 2
derived Peptide Zap 70
Example 18
[0185] This example describes an experiment to test if a

metal salt, gallium chloride, in the absence of associated
beads, can serve as a phosphate-binding partner to distinguish
between phosphorylated and nonphosphorylated forms of a
peptide in a binding assay; see FIG. 20.

[0186] Thebinding assay was carried out by preparing a set
of binding reactions having different ratios of fluorescein-
labeled (FL) Crosstide and Phosphocrosstide peptides (SEQ
1D NOS:6 and 7, respectively). The total peptide concentra-
tion before dilution with binding partner was 100 nM in
binding buffer (20 uL/well). Each binding reaction included
gallium chloride as the binding partner. Gallium chloride was
prepared as a concentrated solution at 300 mM in 0.1M HCl.
The concentrated solution was diluted to 300 uM in binding
buffer, and 60 ul. was added to each binding reaction. Fluo-
rescence polarization (mP) was measured. (Binding buffers
are described in more detail below in Example 22.)

[0187] FIG. 20 shows the results of the binding reactions in
graphical form. The graph plots fluorescence polarization (a
measure of binding) as a function of percentage FL.-Phospho-
crosstide. The standard curve produced, which has a maxi-
mum change in fluorescence polarization of 291 mP, is simi-
lar to one generated using gallium ions associated with beads.

Example 19

[0188] This example describes experiments comparing
peptide binding in binding assays that include a gallium salt
without beads or associated with beads; see FIG. 21.

[0189] Each binding reaction initially included fluorescein
labeled (“FL”) Crosstide or Phosphocrosstide (SEQ ID
NOS:6 and 7, respectively) at 100 nM in 20 uL. of binding
buffer. Solutions of gallium chloride were prepared as
described in Example 18, with or without associated beads.
The gallium chloride solutions were diluted 1:400 in binding
buffer, and 60 pl. were added to the binding reactions. A
subset of the binding reactions also included 100 uM ATP.
Fluorescence polarization was measured.
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[0190] FIG. 21 shows a bar graph of the results. The bar
graph plots the measured fluorescence polarization (binding)
as a function of the composition of each binding assay. Com-
position variables include presence or absence of ATP, pres-
ence of Phosphocrosstide or Crosstide as binding target, and
use of gallium chloride alone (right side) or gallium chloride
associated with beads (left side). The results indicate that ATP
affects binding substantially the same when the binding part-
ner is gallium chloride alone or gallium chloride associated
with beads.

Example 20

[0191] This example describes experiments to test the abil-
ity of an untethered metal salt (“no beads™) to act as a phos-
phate-specific binding partner in a kinase assay; see FIG. 22.
[0192] Kinase reactions with MAPKAP Kinase 2 enzyme
were performed in 20 pulL using 100 nM substrate (SEQ 1D
NO:11)and 10 uM ATP, as described generally in Appendices
A and B of U.S. Provisional Patent Application Ser. No.
60/436,725, filed Dec. 26, 2002, which is incorporated herein
by reference. Duplicate sets of reactions were prepared with
a range of amounts of MAPKAP Kinase 2 enzyme and were
reacted for about 60 minutes and then stopped with acid (low
pH solution). After the reaction was stopped, the reaction
products of each set were incubated with a binding solution
(60 uL) for 30 minutes at room temperature. The binding
solutions for one set included gallium ions associated with
beads (“beads”) and for the other set included 300 uM gallium
chloride without beads (“no beads”). After incubation with
the binding solutions, fluorescence polarization was mea-
sured.

[0193] FIG. 22 shows the results of the binding assays. The
results are presented as a graph of measured fluorescence
polarization (y-axis) as a function of enzyme concentration
(x-axis) on a log scale. The curves generated with gallium
chloride in the presence or absence of beads in the binding
solution are essentially identical. Accordingly, metal ions not
associated with beads, as binding partners in enzyme assays,
may be as effective as corresponding bead-associated metal
ions.

Example 21

[0194] This example explores possible hypotheses for the
ability of a metal salt, in the absence of beads, to affect
fluorescence polarization substantially, and describes experi-
ments to distinguish between these hypotheses; see FI1G. 23.
[0195] A number of hypotheses may account for the ability
of'a “beadless” metal salt to produce the observed change in
fluorescence polarization as a binding partner in the experi-
ments of Examples 18-20. Two of these hypotheses are con-
sidered here in more detail. Hypothesis 1: interaction between
the metal salt, binding target (phosphopeptide), and possibly
other components in the binding reaction shortens the fluo-
rescence lifetime of the fluorophore, producing a correspond-
ing increase in fluorescence polarization. Hypothesis 2: a
macromolecular complex forms from the metal salt in solu-
tion in situ, and the binding target binds to that complex.
Furthermore, if a macromolecular complex forms in solution,
the complex may form, for example, (a) before addition to the
binding reaction, or (b) after addition to the binding reaction.
[0196] a. Experiments for Hypothesis 1

[0197] Hypothesis 1 postulates that interactions between
components of the assay shorten the fluorescence lifetime of
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the fluorophore, thereby increasing fluorescence polariza-
tion. This hypothesis was tested by measuring the effect of a
beadless metal salt on fluorescence lifetime of a peptide-
conjugated fluorescein fluorophore (FL-Crosstide/Phospho-
crosstide). The fluorescence lifetimes of FL-Crosstide and
FL-Phosphocrosstide were measured on a FLARe™ instru-
ment in a buffer that includes or lacks gallium chloride.
[0198] The following table shows the results of these mea-
surements. The fluorescence lifetime of FL-Crosstide (+/-
gallium) and FL-Phosphocrosstide (no gallium) was mea-
sured as 3.7 nsec. (As described earlier, each of these
conditions showed a low FP signal and thus little binding to
gallium(II).) By contrast, FL.-Phosphocrosstide in the pres-
ence of gallium chloride showed a slight increase in fluores-
cence lifetime, a value of 4.3 nsec. However, this increase in
fluorescence lifetime should produce a decrease in fluores-
cence polarization, an effect opposite to that observed in
Examples 18-20. Accordingly, Hypothesis 1 is not supported
by these results.

TABLE 7
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[0203] FIG. 23 (left side) shows fluorescence polarization
measured for dialyzed and nondialyzed binding solutions of
gallium chloride that were freshly mixed with the indicated
binding target. Similar increases in fluorescence polarization
were measured whether the gallium chloride solution had
been dialyzed or not. Thus, dialysis did not reduce the ability
of'the gallium chloride to provide an effective binding partner
for the phosphorylated form of the binding target in the assay,
suggesting that the gallium chloride in binding buffer is pro-
ducing a complex large enough to remain trapped by the
dialysis membrane, even in the absence of phosphopeptide or
peptide.

[0204] 1ii. Experiment 2

[0205] Additional dialysis experiments were performed
using a pre-mixed binding reaction that included either FL-
Crosstide or FL-Phosphocrosstide. The ratios and concentra-
tions used were as described for the binding reaction of
Example 18 above, but in a larger volume to allow dialysis.
Each pre-mixed binding reaction then was aliquoted to pro-

Compiled Results of Fluorescein Lifetime Measurements in Binding Reactions

Lifetime Taul  Lifetime Tau2

300 uM n=4) (n=4) % of Taul % of Tau2
Ga(Ill)  average Sd  average sd  average sd (100 - Taul)
Fluorescein minus 1.253  0.052 3.730 0.008 5.7 0.3 94.3
in Binding buffer plus 1.276 0.109 3.751 0.013 6.8 0.5 93.2
no Peptide minus  0.280 0.021 4950 0.182 335 1.0 46.5
in Binding buffer plus 0.369 0.004 4958 0.069 462 08 53.8
Fl-crosstide minus 1.488 0.010 3.779 0.015 13.1 04 86.9
in Binding buffer plus 1.363 0.067 3.878 0.027 130 1.1 87.0
Fl- minus  1.367 0.099 3744 0.029 122 1.6 87.8
Phosphocrosstide plus 1.188 0.046 4338 0.004 64 0.1 93.6

in Binding buffer

Buffer artifact Fluorescein

[0199] b. Experiments for Hypothesis 2

[0200] Hypothesis 2 postulates that a large (macromolecu-
lar) complex of the binding partner is produced by gallium
chloride in solution. Such a complex would be large enough
to produce a substantial change in fluorescence polarization
by slowing rotation of the binding target. In addition, such a
complex may be large enough to be retained by a size exclu-
sion matrix, such as a dialysis membrane. This hypothesis
was tested using a variety of dialysis experiments that test for
the presence of a large complex of Ga(Ill) and the time point
in the binding protocol at which such a complex may be
produced; see FIG. 23.

[0201] i. Experiment 1

[0202] Gallium chloride in binding buffer was tested as a
binding partner, with or without overnight dialysis before the
binding assay. A solution of 300 uM gallium chloride was
prepared in binding buffer (see Example 18). The solution
was divided into two portions and placed at room tempera-
ture. The first portion was incubated overnight without dialy-
sis. In contrast, the second portion was dialyzed against the
buffer overnight using a membrane with an exclusion limit of
12-14 kDa. This dialysis should remove Ga(IlI) that is not in
a complex large enough to exceed the exclusion limit. After
overnight incubation, each binding solution was added to a
binding reaction, prepared as described in Example 18, with
a binding target of either FL.-Crosstide or FL.-Phosphocross-
tide.

vide duplicate portions that were incubated overnight, either
with or without dialysis against a binding buffer lacking
Crosstide and gallium chloride.

[0206] FIG. 23 (center and right side) shows a bar graph of
the binding assay results. Fluorescence polarization of each
pre-mixed binding reaction was measured after the overnight
incubation (right side). These pre-mixed binding reactions
were compared with the fluorescence polarization signal pro-
duced by a freshly mixed, nondialyzed set of control binding
reactions (center). The comparison showed that the pre-
mixed binding reaction involving the gallium binding partner
and FL-Phosphocrosstide was stable overnight during dialy-
sis. In addition, the pre-mixed binding reaction involving
gallium binding partner and FL-Crosstide showed a drop in
fluorescence intensity (results not shown). This drop is con-
sistent with the peptide not being bound to the binding partner
and thus small enough to be removed by dialysis.

[0207] c. Summary

[0208] These results, taken together, suggest that the gal-
lium is forming and/or involved in forming a large complex
(larger than the exclusion limits of the dialysis membrane) in
the binding solution. This complex appears to form before
addition of binding target or other components of the binding
reaction. Moreover, the complex appears stable, because the
complex still was effective in binding assays following dialy-
sis overnight.
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Example 22

[0209] This example describes experiments that identify
components of the binding buffer that contribute to the for-
mation of macromolecular, phosphate-binding structures; see
FIGS. 24 and 25.

[0210] a. Buffer Set 1: Salt, BSA, and pH Effects

[0211] Experiments were performed using a first set of
binding buffers, based on MES 2-(4-morpholino)-ethane sul-
fonic acid (MES), which differed in salt concentration, BSA
(bovine serum albumen) concentration, and/or pH. These
binding buffers had one of the following four buffer, salt, and
protein compositions:

[0212] 1) 50 mM MES;

[0213] 2) 50 mM MES, 500 mM NaCl;

[0214] 3) 50 mM MES, 0.1% BSA; or

[0215] 4) 50 mM MES, 500 mM NaCl, 0.1% BSA.

In addition, for each composition, these binding buffers had
one of the following five different pH values: 5.5,5.0,4.5,4.0,
and 3.5.

[0216] The resulting twenty different binding buffers each
were used to dilute a concentrated stock solution of gallium
chloride to 300 uM (see Example 18), to produce correspond-
ing binding solutions. In turn, each binding solution was
tested in a binding reaction at a 3:1 ratio with binding buffer
alone, binding buffer with 100 nM FL-Crosstide, or binding
buffer with 100 nM FL-Phosphocrosstide (see Example 18).
[0217] FIG. 24 graphically presents the fluorescence polar-
ization signal produced by each binding assay. The complete
binding buffer (50 mM MES, 500 mM NaCl, 0.1 BSA) shows
little pH dependence (see rightmost set of bar graphs), work-
ing almost equally well at each of the five pH values. In
contrast, the other three buffer compositions (lacking BSA,
salt, or both, relative to the complete binding buffer) show a
stronger pH dependence (see remaining sets of bar graphs),
with the highest signal-to-noise ratios at the lowest pH tested.
Lowering the pH may avoid non-specific interactions.
[0218] b. Buffer Set 2: Detergent and pH Effects

[0219] Additional experiments were performed using a
second set of binding buffers, based on acetate, which dif-
fered in detergent concentration and pH. These binding buft-
ers were prepared with either 50 mM acetate alone or 50 mM
acetate with 0.1% Triton X-100, each at five pH values: 5.5,
5.0,4.5,4.0, and 3.5.

[0220] The resulting ten different binding buffers each
were used to dilute a concentration stock solution of gallium
chloride to 300 uM (see Example 18), to produce correspond-
ing binding solutions. In turn, each binding solution was
tested in a binding reaction at a 3:1 ratio with binding buffer
with 100 nM FL-CDK peptide (SEQ ID NO:13), 100 nM
FL-Crosstide (SEQ ID NO:6), or 100 nM FL-Phosphocross-
tide (SEQ ID NO:7).

[0221] FIG. 25 graphically presents the fluorescence polar-
ization signal measured from each binding assay, as a func-
tion of pH, detergent (0% or 0.1%), and peptide identity. The
binding results show a dependence on pH similar to that in
FIG. 24 and no dependence on Triton X-100.

[0222] c. Conclusions

[0223] These experiments show that the ability to form a
specific phosphate-binding complex from gallium chloride is
independent of buffer identity, ionic strength, the presence or
absence of BSA, and the presence or absence of detergent,
under the range of conditions tested. However, the extent of
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nonspecific interaction between gallium chloride and the
nonphosphorylated peptide is affected by these buffer com-
ponents.

Example 23

[0224] This example describes, without limitation, exem-
plary models for the structure of Ga(Ill) in buffer or water.
The precise nature or origin of the structure is not important to
the efficacy of the assay; however, an understanding of the
mechanism may help to improve or optimize assay conditions
and results.

[0225] Inaqueous solution, gallium ions may form ampho-
teric hydroxides and/or oxo ions that have a solubility mini-
mum around pH 3-5. Due to this solubility minimum, micro-
crystalline structures or an amorphous complex may be
produced at acidic pH. For example, Avivi et al. presents the
following equation (J. Am. Soc (1999) 121, 4196-4199):

Ga* +2H,0, € GaO(OH) +3H*

Accordingly, a solid may be formed as GaO(OH) in binding
reactions. Other equations that may explain the formation of
alarger complex from gallium ions in solution are as follows:

[Ga(H,0)4]* € ;0);0H]*"+H* D

2[Ga(H,0)sOHP*$ ,0)5Ga0Ga(H,0)5]*+H,0 2)

Accordingly, bridged networks of gallium hydroxides/oxides
may be formed by extending these equations to produce
larger structures.

Example 24
[0226] This example describes additional aspects of the
assays.
[0227] Suitable or preferred assay conditions for beadless

(or untethered binding partner) assays may vary, depending
on the enzyme (e.g., kinase versus phosphatase, specific type
of kinase, etc.) and/or other reaction component(s). For
example, because interactions in the different binding buffers
appear to be peptide specific, suitable assays conditions for
tyrosine kinases (especially receptor kinases), which prefer-
entially interact with peptide substrates having a high content
of carboxy amino acids, may differ from suitable assay con-
ditions for other kinases, which preferentially interact with
different peptide substrates. Further aspects of the effect, on
binding assays, of the number of carboxy groups in a binding
target, and exemplary buffer adjustments to improve binding
assays based on the number of carboxy groups, are presented
in the Examples below.

[0228] Assays may be performed in any suitable format.
Thus, in some embodiments, microtiter plates or other solid
phases (e.g., a chip or array) could be plated with Ga-oxide or
hydroxides to create a phosphate binding surface, which
could be used in phosphorylation assays (substrate-, auto-)
together with any suitable detection modality, such as
quenching. (Quenching can be performed using any suitable
energy transfer pairs, for example, using quantum dots and/or
suitable pairs disclosed in Richard P. Haugland, Handbook of
Fluorescent Probes and Research Chemicals (6™ ed. 1996),
which is incorporated herein by reference. Suitable no-wash
assays can employ a quenched product that unquenches when
boundto a (Ga-coated) surface, or a quenching (masking) dye
in the supernatant, so that only the product bound to the
surface is observable.) Alternatively, or in addition, different
metals, such as Ga(Ill) and Tb(III) or other lanthanides,
among others, could be co-precipitated to create a mixed
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structure that binds phosphate. The mixed structure may be
useful, for example, in time-resolved fluorescence resonance
energy transfer (TR-FRET).

Example 25
[0229] This example describes exemplary parameters that
may affect the sensitivity and/or reproducibility of molecular
modification assays.
[0230] The molecular modification assays described herein
are intended to work well under a variety of assay conditions.
However, despite their great flexibility, these assays may be
affected by a variety of specific factors, including (A) insta-
bility of the binding solution, (B) the structure/sequence of
the substrate, and (C) sensitivity to ATP concentration. Thus,
there is a need for assay components and conditions that
increase the stability of the binding solution, that increase the
number of different substrates that can be used (e.g., by
decreasing sequence specificity), and/or that increase ATP
tolerance, among others.
[0231] 1. Instabilities in the Binding Solution
[0232] The binding solution (binding buffer mixed with
binding reagent (binding partner such as Ga(lll))) may lose
binding capacity over time (although this loss may not be
apparent except with kinase substrates having no or one
acidic residues). This instability may be addressed in several
ways. First, the binding solution may be mixed fresh, close to
the time of use. Second, the binding solution may be added in
two steps: (1) add binding buffer to reduce pH, and (2) add
binding reagent in water (which may be generally stable).
However, this introduces an additional step. Third, binding
solution may be kept cool (e.g., on ice), since this slows the
loss of binding sites. Fourth, gallium may be added to make
up for lost binding capacity. However, above a certain con-
centration, added gallium may cause precipitation in the bind-
ing solution. Thus, these approaches all have shortcomings,
especially for high-throughput screening.
[0233] 2. Sequence Specificities of the Substrate
[0234] The choice of enzyme substrate may be limited by
various factors, including sequence specificities. For
example, substrates with too few acidic residues may be
sensitive to losses in buffer binding capacity, as mentioned
above, and substrates with too many acidic residues may give
high backgrounds. These sequence specificities may be
addressed in several ways. First, substrates with good (low)
Km’s may be selected, for example, by choosing substrates
with few acidic residues and/or by changing acidic residues to
nonacidic residues (e.g., by amidation). This approach may
be especially useful with known substrates (such as an alpha-
tubulin derived peptide as a substrate for Zap-70 and Syk).
Second, assay results simply may be accepted with higher
backgrounds (e.g., for a Blk/Lyn substrate peptide). However,
neither approach is ideal.
[0235] 3. Sensitivities to ATP Concentration
[0236] The choice of enzymes may be limited by the num-
ber of binding sites, due to sensitivities to ATP concentra-
tions. These limitations are greater for enzymes with high
Km’s for ATP (such as CDK). These limitations may be
addressed, for example, by increasing ATP concentration as
high as possible without losing signal, especially for enzymes
with high Km’s.

Example 26
[0237] This example describes experiments testing the
influence of various solution components on the stability of

binding solutions for molecular modification assays; see FIG.
26.
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[0238] The associated experiments were performed by
varying the identity and/or concentration of components in a
standard binding buffer (50 mM MES, 500 mM NaCl, 0.1%
BSA, pH 5.0) to assess their effects on the stability of the
binding solution. Stability was assessed by diluting binding
reagent (120 mM gallium chloride) 1:400 (to 300 uM) in each
of the indicated buffers, and then incubating 23 hours before
performing a binding assay to measure PKA activity. As a
control, the binding reagent was diluted 1:400 to create a
binding solution and then used immediately (“fresh”) to mea-
sure PKA activity. The components that were varied include
buffer (sodium acetate (NaAc) or 2-(4-morpholino)-ethane
sulfonic acid (MES)), salt (500 mM NaCl), and protein (bo-
vine serum albumin; BSA). The assay system included or
lacked a protein kinase A (PKA) enzyme (“plus E” and “no
E”, respectively). The assay system included a corresponding
phosphorylation substrate, PK Atide (SEQ ID NO:20). Fluo-
rescence polarization (mP) was measured 30 minutes after
addition of the binding solution to the enzyme reaction.
[0239] These experiments show that BSA lowers the sta-
bility of the binding solution and the “active” concentration of
gallium (possibly by complexing gallium). These experi-
ments also show that NaCl has a beneficial effect on the total
signal in this system.

Example 27

[0240] This example describes the influence of various
binding solutions on fluorescence polarization in molecular
modification assays involving peptide substrates with no car-
boxy groups; see FIGS. 27 and 28. Exemplary peptides in this
group include PKAtide (SEQ ID NO:20), CDKtide (SEQ ID
NO:13), and Rock II peptide (SEQ ID NO:21), which are
substrates for PKA, cyclin-dependent kinase (CDK), and rho-
associated kinase II (Rock II), respectively). CDK has a high
Km for ATP.

[0241] Peptide substrates that lack carboxy groups may
have lower affinities for a binding partner, such as gallium
ions (Ga(Ill)), than peptide substrates having one or more
carboxy groups. Thus, to engineer assays so that approxi-
mately equal percentages of both “low” and “high” affinity
substrates (including fewer and more carboxy groups, respec-
tively) bind to the binding partner, it may be helpful to use
higher concentrations of binding sites with lower-affinity
substrates. Specifically, it may be helpful to increase the
number of (or flood the system with) binding sites of a bind-
ing partner to compensate for lower affinity peptides and/or
(in the case of CDK) the need for higher concentrations of
ATP. Unfortunately, although BSA may be the main cause of
precipitation in the binding solution, high bead concentra-
tions (e.g., to 1:100) also may lead to slight precipitation,
especially with acetate-based buffer systems. Therefore, to
have a relatively high concentration of gallium but to main-
tain a relatively low concentration of beads, the composition
of'the system may be adjusted by maintaining the same bead
and detergent (e.g., Brij-35) concentrations, while increasing
(e.g., by about fourfold in some embodiments) the gallium
concentration.

[0242] FIG. 27 shows the effects of different binding solu-
tions on exemplary CDK-2 (panel A) and PKA (panel B)
assays. Here, system components were selected as shown
(with 1.2 mM gallium in 50 mM or 191 mM NaAc, pH 5.0,
with 500 mM NaCl; or “normal” or “kit” binding buffer with
50 mM MES, 500 mM NaCl,0.1% BSA, and 300 uM gallium
chloride, pH 5.5). The CDK2/cyclinA and PKA reactions
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were run using fixed enzyme concentrations (0.1 U/mL and
0.02 U/mL, respectively) and various concentrations of ATP,
as indicated on each graph. Assays were performed using (1)
binding solution that was prepared fresh (“fresh™), and (2)
binding solution that had been prepared and allowed to sit
overnight (“o/n”). Assay results were quantified by fluores-
cence polarization at 30 minutes after binding solution addi-
tion. The resulting data show (a) no significant difference
between NaAc binding buffers prepared fresh or allowed to
incubate overnight, (b) a wide ATP resilience, and (c) an
increase in the separation between pre- and post-reaction
polarizations, relative to normal binding buffer (which lacked
the enhanced gallium concentration). The binding of both
phosphorylated product peptides was sensitive to elevated
acetate concentrations, with a 70-100 mP reduction in signal
going from 50 mM NaAc to 191 mM NaAc. Additional
experiments showed that increasing salt concentration from 0
mM NaCl to 500 mM NaCl doubled the assay window.
[0243] FIG. 28 shows the effects of various binding reac-
tion conditions (including different ATP concentrations) on
exemplary CDK-2/cyclin A and CDK-5/p35 assays using 100
nm of CDKtide peptide (SEQ ID NO:13) as substrate. The
binding reactions to measure enzyme activity were per-
formed under reconfigured (FIG. 28A) and original (FIG.
28B) conditions. Reconfigured conditions included 50 mM
sodium acetate, 500 mM sodium chloride, 1.2 mM gallium
chloride, 50 uM ATP, at pH 5.0. Original conditions included
the “normal” binding buffer described in relation to FIG. 27,
10 uM ATP, a 1:200 dilution of beads, and a 60-minute incu-
bation in binding solution before measurement of fluores-
cence polarization. The reconfigured conditions led to a sig-
nificant increase in the assay window and a left shift in the
curves (due to the increased ATP concentration) relative to the
original conditions of FIG. 28B.

Example 28

[0244] This example describes the influence of various
binding solutions on fluorescence polarization in molecular
modification assays involving peptide substrates with one
carboxy group; see FIGS. 29-31. Exemplary peptides in this
group include the MAPKAP Kinase 2 substrate peptides
(SEQIDNOS: 11 and 12) and the amidated Crosstide peptide
(SEQ ID NO: 6). This group of peptides, similar to the pep-
tides of Example 27, do not show significantly increased
background in response to gallium.

[0245] FIG. 29 shows the effects of various buffer condi-
tions on binding to the glycogen synthase-derived peptide (or
phosphopeptide) with one carboxy group (SEQIDNO: 11)in
the presence and absence of 100 uM ATP. The binding solu-
tionincluded 50 mM acetate and 500 mM NaCl, 0.1% BSA or
0.01% Tween-20, at pH 5.0 or pH 5.5, as indicated. Gallium
chloride was diluted to a final concentration of 1.2 mM
(1:400) or 600 uM (1:800) in the binding solution. Fluores-
cence polarization (y-axis) was measured 30 minutes after
addition of the binding solution to the peptide system. There
was no appreciable effect due to (1) ATP, (2) 1.2 mM (1:400)
versus 600 um (1:800) gallium, (3) pH 5.0 versus pH 5.5, (4)
or BSA versus Tween-20. Based on these observations, it was
concluded that the main negative eftect of BSA in the binding
solution is on the stability of the binding buffer.

[0246] FIG. 30 shows the results of binding reactions using
the MAPKAP Kinase 2 substrate peptide or product phos-
phopeptide as binding target with various binding solutions.
The fluorescence polarization of the binding mixture was
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plotted as a function of the binding solution used. In particu-
lar, the binding solutions varied in ATP (0 or 500 uM), acetate
buffer pH 5.0 (50, 191, or 333 mM), time of binding solution
preparation (fresh or the day before), and absence (“minus) or
presence (“plus”) of 500 mM NaCl. The results show that the
fluorescence polarization signal (the binding signal) is only
minimally affected by NaCl. Specifically, the signal at 191
mM NaAc is about the same as with 50 mM NaAc, while the
signal at 333 mM is lowered by about 50 mP. With this higher
acetate concentration, NaCl may stabilize the signal some-
what for binding solutions prepared the day before relative to
prepared fresh.

[0247] FIG. 31 shows the results of binding reactions per-
formed with the MAPKAP Kinase 2 phosphopeptide under a
range of ATP concentrations. Fluorescence polarization mea-
sured after 40 minutes of binding was plotted as a function of
ATP concentration. Binding reactions included 500 mM
NaCl and 0.1% BSA or 0.01% Tween-20, as indicated, and
1.2 mM (1:400) or 600 uM (1:800) gallium chloride. The
experiments in FIG. 31A were run in acetate-buffered binding
solutions at pH 5.5, and the experiments in FIG. 31B were run
in acetate-buffered binding solutions at pH 5.0. The graph of
FIG. 31A also shows binding reactions performed with the
“normal” binding buffer of Example 27, here termed “kit,” at
a binding reagent dilution of 1:200 (600 uM gallium chlo-
ride). The two graphs further include a comparison of binding
solutions made fresh versus binding solutions that are about
24 hours old. The results show that using 1.2 mM gallium
chloride versus the “kit” solution shifts the IC50 for ATP from
250 uM (at 600 pM gallium chloride) to 750 uM (at 1.2 mM
gallium chloride), at pH 5.5, and to 850 uM (1.2 mM gallium
chloride) at pH 5.0. The stability of the 24-hour-old binding
solution looked better at pH 5.0. Thus, the pH of binding
buffers was selected to be pH 5.0 for subsequent assays. This
selection is supported by the pKa of acetate (4.75), which is
closer to 5.0 and has a better buffering capacity for acetate at
that pH. The fluorescence intensities were lower at 5.0; how-
ever, this is a minor consideration, especially for dye labels
that are red, which have less interference.

Example 29

[0248] This example describes the influence of various
binding solutions binding signals in molecular modification
assays involving peptide substrates with two carboxy groups;
see FIGS. 32-36. Exemplary peptides in this group include
the Src substrate peptide (SEQ ID NO:17) and Crosstide
(SEQ ID NO:6, but with an amidated C-terminus). Peptides
having two free carboxy groups in the sequence may be the
most variable among the substrates in terms of background as
a function of gallium concentration. In particular, some are
very sensitive to higher gallium concentrations, and some are
not.

[0249] To address the issue of peptides producing a high
background in binding assays, experiments were performed
to test the hypothesis that if the high background is due to
nonspecific interaction of the substrate carboxy groups
(acidic residues) with the binding partner, then it might be
possible to lower that non-specific interaction by flooding the
system with carboxy groups. This should be possible simply
by raising the acetate concentration or by using another car-
boxy-containing buffer.

[0250] FIG. 32 shows graphs of the net fluorescence polar-
ization signal of binding reactions with Phosphocrosstide
relative to Crosstide in 50, 191, and 333 mM NaAc as a
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function of gallium concentration. The data are plotted on a
log scale (FIG. 32A) and a linear scale (FIG. 32B) for the
gallium concentration in each binding reaction. The graph of
FIG. 32A indicates that for each acetate concentration there is
an optimal gallium concentration. FIG. 32B indicates that the
background is less sensitive to the absolute amount of gallium
in the presence of high acetate compared to low acetate.
[0251] FIGS. 33 and 34 show data from binding reactions
with Crosstide and Phosphocrosstide (SEQ ID NOS: 6 and 7)
in FIG. 33, and Src substrate peptide or product phosphopep-
tide (SEQ ID NOS:17 and 18) in FIG. 34. The binding reac-
tions were performed with a range of gallium, acetate, and
sodium chloride concentrations. Peptide (background) signal
(panel A in each), phosphopeptide signal (panel B in each),
and the delta fluorescence polarization between phosphopep-
tide and peptide (panel C in each) were plotted against gal-
lium concentration for set of binding reactions. No effect of
sodium chloride was detected under these conditions.
[0252] FIG. 35 shows a graph of the fluorescence polariza-
tion signal of Crosstide (“C”)/Phosphocrosstide (“PC”) bind-
ing reactions as a function of ATP concentration and with
different acetate/gallium ratios in the binding solutions.
Resistanceto adverse affects of higher ATP concentrations on
the binding signal may be a measure of the absolute number
of'binding sites (of the binding partner) in solution. One issue
is whether increasing the gallium and the acetate concentra-
tions elevates the number of binding sites or simply reduces
the number of binding sites per gallium concentration by
binding of gallium to acetate. These experiments show that
using higher acetate concentrations in combination with
higher gallium concentrations can increase the binding
capacity and thus the amount ATP that can be used. This
experiment also revealed a bell shaped elevation of the signal
of non-phosphorylated peptide (C) in combination with ATP
that turned out to be ATP dependent.

[0253] FIG. 36 shows graphs of results from binding reac-
tions performed to address the optimization of the amounts of
ATP, acetate, and gallium used. Each graph shows the ATP
concentration used in each binding reaction versus the fluo-
rescence polarization signal measured. The data of FIG. 36A
were obtained with Crosstide (“peptide”) or Phosphocross-
tide (“phosphopeptide™) in 200 mM acetate with the indicated
concentrations of gallium chloride. The data of FIG. 36B
were obtained with Src peptide (peptide or phosphopeptide;
SEQ ID NOS:17 and 18, respectively) in 200 mM acetate
with the indicated concentrations of gallium chloride. The
data of FIG. 36C were obtained with Crosstide/Phospho-
crosstide, Src peptide or phosphopeptide, and p38 peptide
(SEQ ID NO:9) or phosphopeptide in 300 mM acetate with
the indicated concentrations of gallium chloride.

[0254] These graphs suggest that there may be a maximum
recommended gallium concentration even if the background
does not increase substantially. In particular, these graphs
shows a bell-shaped “hump” that is dependent on the concen-
tration of gallium used, which is worse in peptides with a
higher background response to gallium (at n=2), and that it
can be diminished (as well as the ATP resistance raised) by
elevating the acetate concentration in the binding solution.
This “hump” phenomenon is not affected by sodium chloride
in the binding solution (data not shown).

Example 30

[0255] This example describes the influence of various
binding solutions on fluorescence polarization in molecular
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modification assays involving peptide substrates with three
carboxy groups; see FIGS. 37 and 38.

[0256] Exemplary peptides in this group include the p38
substrate peptide, which is EGF receptor-derived (SEQ ID
NO:9). This peptide may be a special case because it is
labeled with fluorescein on the epsilon-NH, group of the
C-terminal lysine. This labeling scheme puts the SFAM
(5-carboxyfluorescein) label at the end of a flexible chain,
which could increase the “wobble” factor of the fluorophore
and thus reduce the maximum achievable fluorescence polar-
ization. The C-terminus of the corresponding calibrator
(phosphopeptide) is amidated, while the substrate C-terminus
is not. Thus, there is a slight difference in the peptides being
compared.

[0257] FIG. 37 shows binding results from binding reaction
performed with the p38 peptide (panel A), phosphopeptide
(panel B), or the net difference in signal between these pep-
tides (panel C). Binding reactions were performed at pH 5.0
with various concentrations of gallium chloride, acetate, and
sodium chloride, at pH 5.0, as indicated. The graphs of FIG.
37 show, as expected, greater gallium sensitivity for this
3-carboxy substrate than for the 2-carboxy substrates
described above in Example 29. This greater gallium sensi-
tivity can be reduced by raising the acetate concentration. The
assay window (signal difference) between substrate (peptide)
and calibrator (phosphopeptide) concentration is smaller for
this pair, possibly because the binding reactions compare a
2-carboxy phosphopeptide (calibrator) with a 3-carboxy pep-
tide (substrate).

[0258] FIG. 38 shows the ATP sensitivity of the binding
signal produced by p38 peptide and phosphopeptide with
various gallium chloride concentrations. For the ATP resis-
tance at 300 mM acetate, see FIG. 34, panel C.

Example 31

[0259] This example describes the influence of various
binding solutions on the binding signals produced by peptide
substrates with four or more carboxy groups; see FIGS. 39
and 40. Exemplary peptides in this group include a Zap 70
substrate peptide (SEQ ID NO: 24) and a Gastrinic peptide,
both of which may exhibit very high backgrounds.

[0260] FIG. 39A,B shows graphed results from binding
reactions performed on a Syk kinase assay (1 U/mL.) with the
original Zap 70 substrate peptide (“old peptide”; SEQ ID
NO:24) in comparison with a modified Zap 70 substrate pep-
tide (SEQ ID NO:23) having only two acidic residues (“new
peptide” or “kit peptide”). Binding reactions included the
indicated concentrations of acetate, 100 uM gallium chloride
(a 1:800 dilution), and the presence or absence of 500 mM
NaCl. Alternatively, binding reactions included the “kit”
binding buffer (see Example 27). Binding reactions were
incubated overnight with substrate peptide or product phos-
phopeptide and then the fluorescence polarization was mea-
sured. By raising the acetate concentration to 500 mM and
lowering the gallium concentration to 100 uM, an assay win-
dow of 250 mP could be achieved.

[0261] FIG. 40 shows another example of binding reactions
performed with a very acidic casein kinase-2 (CK2) substrate
peptide (SEQ ID NO:25). This CK2 substrate peptide has
seven acidic residues, plus a C-terminal carboxy group and
S-carboxyfluorescein, to give a total of nine carboxy groups.
Casein kinase-2 assays were performed with either casein
kinase 2 (“CK2”) or casein kinase 2 alpha (“CK2-alpha™), at
the indicated concentrations of 0, 1, or 5 U/mL enzyme.
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Binding assays were performed subsequently by contacting
with binding solution for 30 minutes (panel A) or 16 hours
(panel B), using 750 or 1000 mM sodium acetate, pH 5.0, and
100 uM gallium chloride. Both assays used 10 uM ATP. With
750 mM sodium acetate, an assay window of 200 mP was
achieved. These results suggest that the molecular modifica-
tion assays described herein should work with a variety of
receptor tyrosine kinases, which often prefer very acidic pep-
tides.

Example 32

[0262] This example describes binding assays testing the
background fluorescence polarization signal for various
exemplary peptide substrates as a function of gallium con-
centration; see FIG. 41.

[0263] Binding reactions were performed with the indi-
cated set of gallium concentrations for the following peptides
(see Tables 5 and 6 for sequences and additional identifying
information): Abl/Arg substrate peptide (SEQ ID NO:2),
Alpha tubulin-derived peptide (SEQ ID NO:23), CHK1tide
(SEQID NO:4), CHK?2 tide (SEQ ID NO:5), Crosstide (SEQ
ID NO:6), EGF-R der. peptide (SEQ ID NO:9), GS der.
peptide (SEQ ID NO:11), CDKtide (SEQ ID NO:13), Lyn/
Blk (SEQ ID NO:16), Src (SEQ ID NO:17), PKA tide (SEQ
1D NO:20), and S6 ribosomal (SEQ ID NO:21). The back-
ground binding signal produced at higher gallium concentra-
tions varied substantially according to peptide sequence. In
particular, peptides with two or more carboxy groups tend to
give higher background that those with one or fewer carboxy
groups.

[0264] The following table summarizes correlations
between gallium sensitivity and the charge (titrated, theoreti-
cal, number of acidic, etc.) of various peptides described
herein.
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Example 33

[0265] This example describes data obtained with different
acetate concentrations to assay different peptides.

[0266] Additional experiments were performed using a
third set of buffers based on acetate which differed primarily
in acetate concentration. A binding bufter (Buffer 1) compris-
ing 50 mM acetic acid, 500 mM NacCl, and titrated to pH 5.0
with NaOH, was used to dilute a stock solution of GaCl,
(0.48M in 0.1 M HCI) 1:400. This binding solution provided
good discrimination in binding to 100 nM FL-Phosphocross-
tide (SEQ ID NO:7) but not 100 nM FL-Crosstide (SEQ ID
NO:6).

[0267] This binding solution did not give good results for
another peptide/phosphopeptide pair based on the fluores-
cein-labeled a-tubulin-derived substrate (SEQ ID NO:23). A
modification of the binding buffer provided better results. A
290 mM acetate binding buffer was made by mixing 75 parts
of Buffer 1 with 25 parts of a second buffer (Buffer 2, com-
prising 1 M acetic acid, titrated to pH 5.0 with NaOH). The
above-mentioned GaCl; solution was diluted into this 290
mM acetate buffer 2400 fold. The results demonstrate that the
tubulin-derived peptide substrate works much better in this
high-acetate system. Accordingly, a ratio of buffers 1 and 2, or
a buffer or salt concentration, may be selected according to
the sequence and/or charge of the binding target (e.g., pep-
tide).

Example 34

[0268] This example summarizes observations on assay
components and assay performance from data presented in
Examples 26-33.

[0269] The influence of a variety of assay components and
conditions on assay performance has been evaluated. To

TABLE 8
Acidic
Titrated  Predicted amino
Sequence charge charge at  Aliphatic Number Gallium acids+ Kinase
Identifier pl atpHS5S pHS5.0 index acidic  sensitivity carboxy enzyme
SEQID 9.84 1 0 66 1 16.5 1 Abl
NO: 2
SEQID 11.6 3 2 130 0 46 0 CHKI
NO: 4
SEQID 9.84 1 0 63 1 6 2  CHK2
NO: 5
SEQID 12.6 1 -1 43 2 4.3 2 Akt
NO: 6
SEQID 4.25 -1 -1 78 2 3.2 2 p38
NO: 9
SEQID 11.6 3 1 117 1 71 1 MAPKAP K2
NO: 11 CDK2/Cyclin
SEQID 10.89 4 3 45 0 234 0 A
NO: 13
SEQID 7.8 1 -1 36 2 IKX alpha
NO: 14
SEQID 9.84 1 0 68 2 4.6 2 Bl
NO: 16
SEQID 7.12 0 -1 96 2 6.8 2 Fyn
NO: 17
SEQID 10.89 1 2 9 0 156 0 PKA
NO: 20
SEQID 12.79 5 3 89 0 58 0 ROCKII
NO: 21
SEQID 4.05 -1 -2 97.3 2 4 2 Syk
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facilitate this evaluation, the assay systems sometimes have
been characterized based on some set of suitable parameters
(e.g., related to reaction equilibrium). For example, the pep-
tide/enzyme systems used in kinase/phosphatase assays have
been characterized using (1) the Km (Michaelis-Menten con-
stant) of the substrate with a particular kinase, (2) the affinity
of'the substrate in the nonphosphorylated state to the binding
entity (“background”), and (3) the affinity of the substrate in
the phosphorylated state to the binding partner (absolute, and
in relationship to the amount and affinity of ATP used). The
following observations are noted here, based in part on these
parameters:

[0270] 1.Bovine serum albumin (BSA) in the binding solu-
tion may (a) enhance precipitation dramatically, and (b) may
reduce the concentration of “active” gallium.

[0271] 2. Binding solution stability may be comparable or
the same in each system. Typically, the number of binding
sites will decrease over time. However, whether this decrease
becomes apparent is a function of the peptide sequence and
the ATP concentration used.

[0272] 3. Gallium concentration is the main contributing
factor for the binding capacity of the binding solution.
[0273] 4. The preferred or usable assay window lies
between specific and nonspecific binding of the phosphory-
lated peptide to the binding entity. This window may be
defined by the concentration of gallium, acetate, NaCl, and
the number of free carboxy groups in the substrate.

[0274] 5. Acetate (e.g., in the form of sodium acetate
buffer) can be used as a source of carboxy groups to “block”
nonspecific binding of acidic residues of peptides to binding
partners.

[0275] 6. The stability of the binding solution may be
increased by a decrease in pH from 5.5 to 5.0. This change
also puts the pH of the binding solution closer to the pKa of
acetate and thus improves the buffering capacity of the sys-
tem.

[0276] 7. The peptide substrates roughly can be categorized
by counting free carboxy groups (acidic residues+carboxy-
terminus). The carboxy-terminus may not be considered free
(and thus not counted) if it is modified to remove its negative
charge (such as by amidation).

Example 35

[0277] This example generalizes the observations of
Examples 26-34 to produce general rules for creating binding
buffers for molecular modification assays.

[0278] These observations have a number of implications
for assay construction. These implications may address the
stability of the binding solution, the influence of acidic resi-
dues of the peptide substrate (or product) on assay results, and
the amount of ATP that may be used in assays, among others.
These implications may be interpreted using any suitable
criteria, including the 24-hour stability of the binding solution
and/or the ATP resilience, among others. Selected implica-
tions may include:

[0279] 1.BSA inthe binding buffer may be the main reason
for the instability and precipitation in the binding solution.
Reformulated binding buffer (no BSA; pH 5.0; and varied
amounts of gallium (from the binding reagent), NaAc, and
NaCl) may result in a more stable binding solution (e.g., as
determined 24 hours after preparation at room temperature).
[0280] 2. The assay window of any given peptide/phospho-
peptide pair can be adjusted by changing the concentration of
NaAc, NaCl, and gallium in the binding solution. The opti-
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mum concentrations are influenced mainly by the total num-
ber of carboxy groups in the substrate (on luminophore, num-
ber of acidic amino acids, C-terminus (amidated or free),
etc.). Secondary considerations include the type of acidic
amino acid, positioning of carboxy groups (relative to each
other and to the phosphorylation site), and luminophore type.
Knowing these features allows the buffer system to be opti-
mized for each application, if desired. These observations and
insights virtually remove sequence restrictions on the sub-
strates and vastly improve ATP tolerance, especially for pep-
tides with no or few acidic residues.

[0281] 3. The reformulated “high” gallium binding reagent
makes it possible to have very high gallium concentrations in
binding solution and thus further improves ATP tolerance in
the system.

[0282] 4. The change of carrier substance in reaction buffer
can be beneficial for inhibitor 1050 determination, depending
on the inhibitor. Several proteins and detergents (at least) are
compatible.

[0283] These findings for different assays can be summa-
rized in tabular form, based on the number of carboxy groups
in the peptide substrate.

TABLE 9
Number of
Carboxy Groups
On Peptide
Substrate Selected Implications for Binding Buffer
0 NaAc - low (but leaving enough buffering

capacity to lower pH)
NaCl - presence (e.g., ~500 mM) boosts signal
Adding a free carboxy terminus boosts affinity

1 NaAc - ~50 mM is on the safe side)

NaCl - probably optional but should not hurt (except
perhaps stability of binding solution)

2 NaAc - ~200-300 mM (although hardest to predict)
Gallium - may be titrated, but the higher the acetate
concentration, the more likely that one gallium
concentration will fit more peptides

3 NaAc - ~300 mM
Gallium - ~600 uM (or titrate in)
4+ NaAc - ~300-500 mM

Gallium - ~100 uM (or titrate in)

Higher acetate concentrations and/or different gallium
concentrations may be helpful with more acidic
residues

[0284] The assays more generally can be performed using
any suitable components and conditions. Thus, components
generally may be replaced by other components capable of
performing the same or similar functions. For example, in this
context, acetate could be replaced by propionate or other
suitable compositions, among others.

Example 36

[0285] This example describes further generalizations
about adjusting binding solutions in molecular modification
assays according the structure and/or charge of the binding
target.

[0286] The following table summarizes exemplary starting
conditions for optimization of binding solutions according to
the structure and/or charge of the binding target (such as
target peptide). The binding solutions may include the indi-
cated ratios of Buffer 1 (50 mM acetic acid, 500 mM NaCl,
titrated to pH 5.0 with NaOH) and Bufter 2 (1M acetic acid,
titrated to pH 5.0 with NaOH). The binding solutions also
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may include the indicated dilutions of a gallium-based bind-
ing reagent (such as gallium chloride at 0.48M). Binding
reactions may be incubated with binding targets for the indi-
cated times before measuring a binding signal (such as fluo-
rescence polarization). The time of incubation may be
selected according to the structure/charge of the target pep-
tide and/or according to the binding solution used in the
binding reaction.

TABLE 10
Number
of —COOHs Dilution of
in Binding Binding Incubation
peptide Buffer 1 Buffer 2 Partner Time
None or 1 100% 0% 1/400 30 minutes
2o0r3 75% 25%  1/600 1 hour
4 40% 60% 1/1200 2 hours
5 or more 25% 75% 1/2500 5 hours or more,
depending on number of
acidic residues in peptide
Example 37
[0287] This example describes aspects ofthe present teach-

ings relating to resonance energy transfer, including using
FRET (Fluorescence Resonance Energy Transfer) and TR-
FRET (Time-Resolved Fluorescence Resonance Energy
Transfer) as a detection mechanism; see FIGS. 42-49.

[0288] FIG. 42 is a schematic representation of an exem-
plary FRET (or TR-FRET) kinase assay. In this assay, a
peptide substrate is exposed to a kinase enzyme and a source
of phosphate groups. The substrate may include a FRET
label, specifically, a member of a FRET donor/acceptor pair,
for example, a luminescent or dark acceptor such as FAM.
The kinase enzyme may phosphorylate the substrate, to pro-
duce a phosphopeptide product. In some embodiments, this
reaction may be performed in the presence of one or more
potential modulators, such as candidate agonists or antago-
nists, or candidate promoters or inhibitors, and so on, to
determine the effect of the potential modulator on the (kinet-
ics and/or endpoint of the) reaction. (In some embodiments,
selected assay components may be used to detect the present,
concentration, and/or activity of a substrate, without
expressly requiring performance of the reaction.) The reac-
tion mixture including the substrate and/or product (option-
ally including enzyme and (expended and/or unexpended)
phosphate source) may be exposed to a suitable binding or
association partner, capable of recognizing the phosphory-
lated product, but not the unphosphorylated substrate. The
binding partner may include and/or associate the opposite or
conjugate member of the FRET donor/acceptor pair, for
example, a luminescent donor such as a terbium chelate.
Thus, in this assay, the binding partner will associate with
phosphorylated product, but not unphosphorylated substrate.
This, in turn, implies that energy transfer will be relatively
high in the presence of phosphorylated product, since donor
and acceptor will come into proximity via binding, and rela-
tively low in the absence of phosphorylated product, since
donor and acceptor will remain relatively separated in the
absence of binding. In some embodiments, the positions of
the donor and acceptor may be reversed, such that the donor
is associated with the substrate/product, and the acceptor is
associated with the binding partner. Energy transfer can be
monitored using any suitable indicator(s), including a
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decrease in donor luminescence, an increase in acceptor lumi-
nescence, and/or a decrease in donor lifetime, among others.
[0289] FRET (or TR-FRET) can be used as a readout or
reporter function in any of the assays described herein,
including but not limited to kinase assays (as described imme-
diately above), phosphatase assays, cyclase assays, and phos-
phodiesterase assays, among others. In each case, one mem-
ber ofa FRET donor/acceptor pair may be associated with the
substrate and/or product, and one member may be associated
with the binding partner. For example, a FRET phosphatase
assay may be performed essentially as described above,
beginning with a phosphorylated substrate, where phos-
phatase activity will result in a loss in energy transfer as
phosphorylated substrate is converted to nonphosphorylated
product (with a resulting loss of affinity for the binding part-
ner). More generally, the donor and acceptor may be posi-
tioned on any suitable reaction components, at any suitable
point(s) in the reaction, as long as the reaction leads to a
detectable change in energy transfer.

[0290] The donor and acceptor may be associated with
reaction components using any suitable mechanism(s). For
example, the association may be covalent or noncovalent,
direct or indirect, and so on. In FIG. 42, the donor is indirectly
associated with the binding partner, attached via interaction
of members of a specific binding pair, namely, a suitable
metal on the binding partner, and a phosphate on the donor.
Suitable binding pairs may include metal/phosphate, avidin/
biotin (or streptavidin/biotin), sugar/lectin, antibody/antigen,
and so on. In FIG. 42, the acceptor is directly associated with
the substrate/product, attached via a covalent bond.

[0291] FIG. 43 are schematics showing exemplary terbium
chelates, which may be used as suitable members of a donor/
acceptor pair. The synthesis of such chelates is described
below, in Example 39. The embodiments are based on DTPA,
although any other suitable chelates and/or cryptates may be
used. The embodiment depicted at left includes Th-CS-124
attached to “PKA,” where “PKA” represents the peptide
PKAtide. This embodiment may be phosphorylated with the
kinase PKA. The embodiment depicted at right includes Th-
CS-124 attached to phosphothreonine. These embodiments
include one or more phosphate groups covalently attached to
a terbium chelate that is sensitized to fluoresce, preferably
strongly, in aqueous solution.

[0292] FIGS. 44 and 45 are spectra from (44) terbium and
fluorescein, and (45) terbium and rhodamine. More specifi-
cally, these figures show emission spectra for terbium, and
excitation (left) and emission (right) spectra for fluorescein
and rhodamine. These spectra show that these combinations
of luminophores are suitable for use as FRET pairs, since the
emission spectrum of the terbium overlaps with the excitation
spectrum of fluorescein and rhodamine. For example, energy
transfer may occur between the 479-nm emission band of
terbium and the 490-nm excitation band of fluorescein. Simi-
larly, energy transfer may occur between terbium and phos-
phopeptides labeled with fluorescein and rhodamine, among
others.

[0293] FIG. 46 is a bar graph showing that FRET is suitable
for detection of phosphorylated peptide. The system studied
in these experiments includes a terbium chelate, such as ter-
bium-CS124 (Tb-CS124), covalently attached to a phos-
phate-bearing species, such as the phosphopeptide
“PKAtide.” Here, in the presence of a gallium binding
reagent, there is no significant FRET signal in the absence of
phosphopeptide (labeled “0%”) or acceptor (labeled “no
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FAM”), and there is a significant FRET signal in the presence
of phosphopeptide (labeled “100”). Similar results may be
seen with other

[0294] FIG. 47 shows results from a FRET kinase assay for
CDK2-cyclin A cyclin-dependent kinase. Comparable results
are obtained using FAM acceptor (left) and TAMRA acceptor
(right).

[0295] FIGS. 48 and 49 show comparisons between FP
(left) and FRET (right) assays, for FAM acceptor (48) and
TAMRA acceptor (49). The results show that both assay
formats may provide robust readouts.

[0296] FRET-based assays may have various advantages
over (or in combination with) other assay formats, for
example, fluorescence-polarization (FP) based formats. First,
FP-based assays may work best with relatively high substrate
conversion, which in turn effectively may place an upper limit
on usable substrate concentration and/or necessitate use of
higher enzyme concentrations. FRET-based assays may over-
come these potential limitations. Second, FP-based assays
may be limited by the size of the luminescent entity (unless
labeled by long lifetime fluorophores). TR-FRET does not
have this size limitation. Third, although both IMAP-FP and
the TR-FRET assays work well under standard IMAP-FP
conditions, TR-FRET will gain in the sensitivity of its
response with increasing substrate concentrations (because
the assay only responds to product, not substrate; hence, more
substrate=more product at any fixed kinase concentration),
whereas, in FP, the opposite occurs (because greater product
formation is obscured by increasing substrate concentration).
Thus, FRET may provide greater flexibility in choice of sub-
strate concentrations, as well as the ability to use lower
enzyme concentrations. Moreover, substrates that are too
poor to use in IMAP might very well be used in the TR-FRET
assay. Fourth, FP and TR-FRET both may be read in the same
system. Thus, information from both assays can be combined
to enhance precision and reduce interferences, further than
either technique can do alone. Fifth, FRET assays may be
multiplexed, for example, using multiple acceptors such as
TAMRA and fluorescein on separate peptides for separate
kinases.

[0297] The FRET approach generally involves construct-
ing an assay so that changes in donor-acceptor separation,
detectable as changes in energy transfer, are correlated with
changes in the assay parameter(s) of interest. These param-
eters may include the presence or activity of a species of
interest, the kinetics and/or endpoint of a reaction of interest,
and so on. This change in separation may be effected using
any suitable mechanism(s), consistent with these goals. For
example, in the metal-based embodiments described herein, a
donor (e.g., lanthanide salt) may be brought directly into
proximity with gallium (e.g., in mixed clusters), and FRET
detected in the presence of an acceptor-labeled phosphory-
lated entity that interacts with the gallium. Alternatively, or in
addition, the donor and acceptor may be brought into (or out
of) contact via interaction with a common binding partner.
(For example, one member of a donor/acceptor pair may
always interact with the common binding partner, and the
second member of the donor/acceptor pair may be brought
into (or out of) contact based on the outcome of a reaction.)
This indirect approach is the same, in a sense, as the direct
approach, in that it allows for proximity between a phospho-
rylated acceptor-labeled entity, such as a peptide, a lanthanide
compound (cryptate), and the gallium binding entity, bring-
ing donor and acceptor together. However, this indirect
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approach is different, in a sense, in that it allows associating
the lanthanide entity in a better-defined way with the gallium
binding entities (e.g., onto their surface). In some embodi-
ments, this association may involve a cryptate, and not the
metal ion itself, which may increase brightness of the lan-
thanide and shield the lanthanide from interactions with the
gallium itself. Binding of donor and acceptor to a common
binding partner may amplify signal, but bringing more than
one donor and/or acceptor into proximity, enhancing the
avenues for and thus the likelihood of energy transfer. These
concepts are illustrated in FIG. 42, among others. Alterna-
tively, the metal of the binding entity itself may take part in an
energy transfer pair. Where the metal of the binding entity
engages in energy transfer, the metal may be europium, ter-
bium, ruthenium, or iron, among others. Some energy trans-
fer partners that may include the binding entity metal may be
quenchers, such as Fe.

[0298] In this approach, the number of phosphate binding
sites, the concentration of acceptor, and the concentration of
donor can be modified independently from each other, which
may provide big advantages in FRET (or TR-FRET) assays.
This may be especially true for kinase assays, where the
phosphate binding capacity must enable the interaction of
donor and acceptor, and at the same time be in excess over the
amount of ATP added. In addition, this approach may allow
modification of the size of the gallium binding entities, and
thus the number of gallium binding sites, by modifying pH
(and/or other solution properties), and with that possibly
enhancing the possibility of proximity between donor and
acceptor.

[0299] The FRET-based assay approach may include a
variety of embodiments and improvements. For example, a
phosphorylated peptide/protein/molecule may be labeled
with lanthanide (Eu(Ill) or Tb(IIl)) cryptate or chelate to
tether it on the surface of a gallium binding entity. Alterna-
tively, or in addition, Tamra (Tb) or Cy5 (Eu) or others may be
used as acceptors on an enzyme substrate. Alternatively, or in
addition, the lanthanide may be tethered onto the enzyme
substrate, and the acceptor onto the gallium binding entity
(essentially reversing some of the embodiments described
above). The acceptor in this case could be APC (tethered by
non-specific interaction) APC is a superior acceptor to Cy5,
although nonspecific interaction may not be a good tether
mechanism for a general assay principle. Alternatively, or in
addition, assays may involve non-lanthanide donors, such as
quantum dots (Q-dots), or standard fluorophore pairs, such as
fluorescein and TAMRA, although such donors and donor/
acceptor pairs may make it more difficult or impossible to
reduce background using time-resolved FRET (as possible
with lanthanide compounds and other long-lifetime donors).

Example 38

[0300] This example describes further selected aspects and
embodiments of the present teachings, including experimen-
tal setups, results, and related discussion, as set forth in the
Appendix of U.S. Provisional Patent Application Ser. No.
60/615,308, filed Sep. 30, 2004, which is incorporated herein
by reference.
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Example 39

[0301] This example describes exemplary lanthanide che-
lates, suitable for use as members of a resonance energy
transfer pair, in accordance with aspects of the present teach-
ings. The chelates optionally may include a reactive group, a
member of a specific binding pair, and so on, to facilitate
interaction with a substrate, product, binding partner, and/or
other reaction component. Here, the chelates include a phos-
phate group, to facilitate interaction with suitable metals
associated with a binding partner. The chelates may function
to stabilize the Tb(III) and shield it from deactivation by
water. The chelates may include antenna portions, which act
as light collecting devices to relay the energy to the Th(III)
core, improving luminescence. Tb and other lanthanides have
long fluorescence lifetimes (300 psec—1 msec) relative to
“standard” luminophores such as FAM and TAMRA (nsec).
By introducing delay (50 msec) between excitation and mea-
surement of emission, non-FRET acceptor fluorescence and
background sample autofluorescence may be reduced or
avoided.

[0302] The exemplary chelates may be characterized sche-
matically, for example, using three general formulae:
Formula I

0
AL
N\/\N/\/N\)J\
A

HO—P—OH

Formula IT
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-continued

Formula ITI

HO—P—OH

e}

The “sensitizer” generally comprises any structure capable of
and/or adapted to enhance light absorption, including but not
limited to heterocyclic aromatic compounds, such as 2- or
4-quinolones, 2- or 4-coumarins, phenones, quinolines, and
merocyanines, among others. These structures may be
selected from the following groups, among others:
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A phosphate group may be introduced onto another portion of

-continued

¢s24-DTPA, via an appropriate linkage.

H:;C  CH; O, CHj
/
N
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H N\ / \ / \
NH N N N NH
e} CH;
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. HO (6]

The “tether” generally comprises any structure capable of o on 1O o

and/or adapted to join portions of the chelate, including but OH o

not limited to —(CH,), 0—, —(CH,),PhO—, —(CH,),Ph S o

(CH,),,O0—, carboxyalkoxy, and alkenoxy, among others. )j\ o

Here, n and m are independently 1-12, R, is independently H NH NH Vi

or alkyl, and Ph is a phenyl group. O_T_OH

[0303] The exemplary chelates may be synthesized via any OH

suitable mechanism, for example, by introducing a phosphate
group onto the skeleton of a lanthanide chelate. Thus, in a
representative synthetic pathway, the carbostyril 124 residue
of ¢s124-DTPA (diethylene triamine pentaacetate) may be
modified, as shown:

(CHy)n P—o0H
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Alaser dye, such as merocyanine, may be used as a sensitizer.
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Finally, alinkage may be introduced onto a skeleton of DPTA.

o)
S oH
J 0
NH ~NH V4
o—1|>—0H
OH

O, O
/ "4 \ /7 i \
HO N N N NH
N 6]
J/i j\ ’
o OH HO 0 :\L
HO 6]

Example 40

[0304] This example describes additional exemplary lan-

thanide chelates, suitable for use as members of a resonance
energy transfer pair, in accordance with aspects of the present
teachings.

[0305] The luminescent lanthanide chelate may be charac-
terized by a number of parameters, including extinction coef-
ficient, quantum yield, and luminescence lifetime. Extinction
coefficient is a wavelength-dependent measure of the absorb-
ing power of a luminophore. Quantum yield is a ratio of the
number of photons emitted to the number of photons
absorbed by a luminophore. Luminescence lifetime is the
average time between absorption and re-emission of light by
a luminophore. Lanthanide luminescence is typically excep-
tional for its long luminescence lifetimes, which often are in
the microsecond to millisecond range.

[0306] Luminescent lanthanide complexes generally
include a luminescent trivalent lanthanide atom and an
organic chelator bound to the trivalent lanthanide. The
organic chelator may be used to fine-tune the spectral prop-
erties of the lanthanide and to permit the lanthanide to par-
ticipate in specific interactions with biological molecules.
The chelator may effectively increase the extinction coeffi-
cient of the lanthanide by acting as an “antenna” or “sensi-
tizer” that can absorb light and transfer the associated energy
to the lanthanide ion. The chelator also may increase the
quantum yield of the lanthanide by decreasing luminescence
quenching by the solvent.

[0307] The spectral properties of photoluminescence may
be characterized by excitation spectrum, emission spectrum,
and/or Stokes’ shift, among others. An excitation spectrum is
the dependence of emission intensity upon the excitation
wavelength, measured at a single constant emission wave-
length. An emission spectrum is the wavelength distribution
of the emission, measured after excitation with a single con-
stant excitation wavelength. A Stokes’ shift is the difference
in wavelengths between the maximum of the emission spec-
trum and the maximum of the absorption spectrum.

[0308] Luminescence-based methods or assays may be
influenced by the parameters discussed above—extinction
coefficient, quantum yield, luminescence lifetime, excitation
and emission spectra, and/or Stokes’ shift, among other—and
may involve characterizing luminescence intensity (e.g.,
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FLINT), luminescence polarization or anisotropy (e.g., FP),
luminescence resonance energy transfer (e.g., FRET), lumi-
nescence lifetime (e.g., FLT), total internal reflection lumi-
nescence (e.g., TIRF), luminescence correlation spectros-
copy (e.g., FCS), and/or luminescence recovery after
photobleaching (e.g., FRAP or FPR), among others.

[0309] Luminescence methods have several significant
potential strengths. For example, luminescence methods may
be very sensitive, because modern detectors, such as photo-
multiplier tubes (PMTS) and charge-coupled devices
(CODs), can detect very low levels of light. In addition,
luminescence methods may be very selective, because the
luminescence signal may come almost exclusively from the
luminophore.

[0310] The present teachings provide systems, including
compositions, kits, and methods, particularly for photolumi-
nescence applications. The compositions and kits may
include organic chelators, luminescent lanthanide complexes
that incorporate those chelators for use in certain photolumi-
nescence assays, and/or precursors and derivatives of these
chelators and complexes, among others. The methods may
involve detecting light emitted by the complex, and using
properties of that light to understand properties of the com-
plex and its environment. Thus, in this aspect, the composi-
tions may act as reporter molecules, for example, to report on
the activity of an enzyme and/or a modulator, such as an
agonist or antagonist, of the enzyme.

[0311] The organic chelator may be a derivative of a
polyazamacrocyclic chelating group. For example, the
organic chelator may be a derivative of a 1,4,7,10-tetraazacy-
clododecane ring system, for example, having the formula:

! Z
N \/

L)

N N

ANVAY
[0312] The tetraazacyclododecane chelator may be substi-
tuted. For example, the chelator may be substituted at the 1-,
4-, and 7-positions by substituents R, R*, and R>. The chela-
tor further may be substituted at the 10-position by a sensi-
tizer Z. The sensitizer, as discussed in the Introduction, may
act as an antenna that increases luminescence by capturing
and transferring light energy to an associated lanthanide. The
sensitizer typically comprises a polyheterocyclic ring system.
[0313] Substituents R, R? and R*, which may be the same
or different, may be hydrogen, or may be a substituent
selected to facilitate the binding of a lanthanide ion within the
tetraazacyclododecane ring. Substituents R*, R, and R? typi-
cally incorporate functional groups that help complex the
selected lanthanide. For example, the R, R?, and R substitu-
ents may incorporate substituents that themselves incorporate
a carbonyl group, such as a carboxylic acid, ester, or amide.
Alternatively or in addition, the R*, R and R> substituents
may incorporate a phosphonate moiety.
[0314] TheR', R? and R? substituents are typically acetic
acid derivatives, which may be substituted or unsubstituted,
as shown below:
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R>_\N/_\N/Z

Here, the R*, R®, and R® substituents may be independently
hydroxy, alkyl groups having 1-6 carbons, alkoxy groups
having 1-6 carbons, or amine groups, each of which option-
ally may be further substituted by additional aliphatic groups,
aromatic groups, amide groups, and/or heteroatom-substi-
tuted aliphatic groups.

[0315] The sensitizer Z may comprise a polycyclic het-
eroaromatic ring system that is bound to the tetraazacy-
clododecane ring via a covalent linkage. The heteroaromatic
ring system may include 2-6 fused aromatic rings, having 1-6
heteroatoms. In some aspects of the chelator, the sensitizer
has the formula

/
/

where K is a covalent linkage to the tetraazacyclododecane,
and X, Y, V, and J are carbon or a heteroatom that is nitrogen,
oxygen, sulfur, or selenium. The sensitizer optionally may be
further substituted at one or more positions by additional
substituents, such as alkyl, alkoxy, halogen, carboxylic acid,
sulfonic acid, and/or phosphonate, among others. Typically,
the linkage K is an alkyl linkage, and more typically K is a
methylene group. In one particular aspect of the chelator, X is
nitrogen, V is an aromatic carbon, and both J and Y are
oxygen. Particularly preferred sensitizers have the formula

\

where Y is oxygen, sulfur, or selenium

[0316] The chelator typically forms a complex with a lan-
thanide ion so that at least the nitrogen atoms of the tetraaza-
cyclododecane macrocycle bind to the lanthanide ion. Typi-
cally one or more of substituents R*, R?, and R? also may
coordinate with the lanthanide ion, as may a heteroatom
present in the sensitizer Z. Where the resulting lanthanide ion
is not fully complexed, the remaining coordination sites may
be occupied by a solvent molecule, such as water, or by one or
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more additional ligands that may be strongly coordinated to
the lanthanide ion, or may be subject to ligand exchange when
the complex is in solution.

[0317] Thecomplexed lanthanide ion may be selected from
cerium (Ce), praseodymium (Pr), neodymium (Nd), prome-
thium (Pm), samarium (Sm), europium (Eu), gadolinium
(Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium
(Er), thulium (Tm), ytterbium (Yb), and lutetium (Lu). Typi-
cally, the lanthanide ion is terbium, europium, dysprosium, or
samarium. More typically, the lanthanide is terbium.

[0318] In a particularly preferred embodiment, the lan-
thanide complex (including chelator, sensitizer, and lan-
thanide) has the formula

[0319] The chelator optionally may be further substituted
by one or more reactive functional groups (R ), or conjugated
substances (S.), each of which is bound to the chelator via a
covalent linking moiety L. The reactive functional group or
conjugated substance may be a substituent on the
polyazamacrocycle itself, a substituent on R*, R*, or R>, or a
substituent on the sensitizer Z. Where the lanthanide complex
is substituted by a reactive functional group, it is typically a
substituent on the sensitizer moiety.

[0320] The covalent linking moiety L. is optionally a single
covalent bond, such that either the reactive functional group
R or the conjugated substance S is bound directly to the
organic chelator. Alternatively, L. may incorporate a series of
nonhydrogen atoms that form a stable covalent linkage
between the reactive functional group or conjugated sub-
stance and the chelator. Typically, L. may incorporate 1-20
nonhydrogen atoms in a stable conformation. Stable atom
conformations include, without limitation, carbon-carbon
bonds, amide linkages, ester linkages, sulfonamide linkages,
ether linkages, thioether linkages, and/or other covalent
bonds. Preferred covalent linkages may include single bonds,
carboxamides, sulfonamides, ethers, and carbon-carbon
bonds, or a combination thereof.

[0321] The reactive functional group R, may include any
functional group that exhibits appropriate reactivity to be
conjugated with a desired substance. The choice the reactive
group typically depends on the functional groups present on
the substance to be conjugated. Typically, functional groups
present on such substances include, but are not limited to,
alcohols, aldehydes, amines, carboxylic acids, halogens,
ketones, phenols, phosphates, and thiols, or a combination
thereof. Suitable R, groups include activated esters of car-
boxylic acids, aldehydes, alkyl halides, amines, anhydrides,
aryl halides, carboxylic acids, haloacetamides, halotriazines,
hydrazines (including hydrazides), isocyanates, isothiocyan-
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ates, maleimides, phosphoramidites, sulfonyl halides, and
thiol groups, or a combination thereof. Typically, R, is an
activated ester of a carboxylic acid, an amine, a haloaceta-
mide, a hydrazine, an isothiocyanate, or a maleimide group.
In one aspect of the lanthanide complex, R - is a succinimidyl
ester of a carboxylic acid.

[0322] The organic chelators that are substituted with a
reactive functional group may be used to prepare a variety of
conjugates. The conjugated substance may be a member of a
specific binding pair. Alternatively, the conjugated substance
may be a molecular carrier. The conjugated substance may
include a biomolecule that is an amino acid, a peptide, a
protein, a nucleoside, a nucleotide, an oligonucleotide, a
nucleic acid polymer, or a carbohydrate. The conjugated sub-
stance may include a polar moiety, or a masked polar moiety,
or the conjugated substance may include a solid or semi-solid
matrix. The conjugated substance may include one or more
additional dyes or luminophores.

[0323] The conjugated substance S may be a naturally
occurring or a synthetically modified substance, particularly
where it is an amino acid, a peptide, a protein, a nucleoside, a
nucleotide, an oligonucleotide, a nucleic acid polymer, or a
carbohydrate. For example, the conjugated substance may be
apolypeptide or other substance that is naturally or artificially
substituted by one or more phosphate functional groups. In
this example, the conjugated substance may be substituted by
phosphate prior to conjugation with the organic chelator, or
the selected conjugated substance may first be conjugated to
the organic chelator, and subsequently phosphorylated, for
example, by enzymatic phosphorylation.

[0324] The conjugated substance S also may be a member
of a specific binding pair or a molecular carrier. Specific
binding pair members typically specifically bind to and are
complementary with the complementary member of the spe-
cific binding pair. Conjugated members of a specific binding
pair can be used to localize compounds of the present teach-
ings to the complementary member of that specific binding
pair. Representative specific binding pairs are listed in Table
11.

TABLE 11

Representative specific binding pair members

antibody antigen

avidin (streptavidin) biotin

DNA aDNA

enzyme enzyme substrate
lectin carbohydrate
receptor ligand

RNA aRNA

[0325] The conjugated substance S may be a biological or
artificial polymer, particularly where it is a carrier. Biological
polymers include proteins, carbohydrates, and nucleic acid
polymers. Artificial polymers include polyethylene glycols
and polymeric microparticles composed of polystyrene,
latex, or other polymeric material. Preferably, a conjugated
carrier is a carbohydrate that is a dextran, or amino-substi-
tuted dextran, or a polymer microparticle. The conjugated
carrier may be selected so that conjugation of the lanthanide
complex to the carrier detectably alters one or more lumines-
cence properties of the complex. In particular, the carrier may
be selected so that conjugation of the lanthanide complex to
the carrier alters the fluorescence intensity or polarization of
the lanthanide complex.
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[0326] The conjugated substance S may be a metal or
glass surface, and may be, for example, the sides or bottom of
a microwell, or a slide, or the surface of a chip, particularly
where the conjugated substance is a solid or semi-solid
matrix. The compound of the present teachings is optionally
covalently bound to a fiber optic probe, where the probe is
composed of glass or functionalized glass (e.g., aminopropyl
glass), or the compound is attached to the fiber optic probe via
an intermediate polymer, such as polyacrylamide. Incorpora-
tion of the compounds of the present teachings on such sur-
faces permit the remote sensing of sample pH values.

[0327] The conjugated substance S may include or com-
prise a dye or luminophore. In such cases, the dye or lumino-
phore may be selected so that energy-transfer occurs between
the lanthanide complex and the conjugated dye or lumino-
phore, where the lanthanide complex is optionally the lumi-
nescence donor, or the luminescence acceptor.

Example 41

[0328] This example describes, without limitation, exem-
plary prenyl transfer assays, in accordance with aspects of the
present teachings. Prenyl transfer activity may include addi-
tion (prenylation) or removal (deprenylation) of prenyl
groups, such as farnesyl or geranylgeranyl groups, among
others. The prenyl groups may be added to (or removed from)
any suitable molecules, such as polypeptides, among others,
in prenyl transfer assays. In some examples, the prenyl trans-
fer assays may include an acceptor substrate, a donor sub-
strate, a sample, and an association partner. The acceptor
substrate may be configured to receive a prenyl group from
the donor substrate, to produce a product by action of a prenyl
transfer activity, such as a transferase enzyme, in the sample.
The association partner may associate selectively with the
productrelative to at least one of the substrates, or with at least
one of the substrates relative to the product. Furthermore, the
product, one or more of the substrates, and/or the association
partner may include a luminescent label. Accordingly, the
extent of selective association with the association partner,
and thus the amount of prenyl transfer activity, may be mea-
sured in a luminescence assay, such an assay detecting lumi-
nescence polarization, luminescence energy transfer, and/or
luminescence intensity, among others. In some examples,
candidate modulators of prenyl transfer activity may be
screened for their ability to affect (e.g., inhibit) prenyl transfer
activity. The systems of the present teachings may provide
more rapid, sensitive, safe, and/or effective approaches to
detecting prenyl transfer activity. These systems thus may be
useful in a variety of applications, including, without limita-
tion, life science research, drug research, accelerated drug
discovery, assay development, and/or high-throughput
screening. Further aspects of prenyl transfer assays are
described in U.S. patent application Ser. No. 10/957,332,
filed Sep. 30, 2004, which is incorporated herein by refer-
ence.

Example 42

[0329] This example describes, without limitation, exem-
plary polypeptide modification assays, in accordance with
aspects of the present teachings. These assays may be used for
detecting molecular modifications of molecules such as
polypeptides, among others, and the presence and/or activity
of enzymes and/or other agents involved in facilitating or
otherwise regulating such modifications. The molecular
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modifications may include the cleavage or degradation of
molecules such as polypeptides, among others. However, the
molecular modifications also may include splicing of two
molecules, such as by protein ligases, including ubiquitin-
protein conjugations (or ubiquitination), among others. The
present teaching may include a method of detecting modifi-
cation of a polypeptide in a sample, where the method
includes contacting the sample with a binding partner that
binds specifically to one of the modified and nonmodified
forms of the polypeptide, but not both, the binding partner
including a metal required for specific binding to the one
form; and detecting a response indicative of the extent of
binding between the binding partner and the one form. The
assays may include luminescence assays, such as lumines-
cence polarization, luminescence resonance energy transfer,
and/or luminescence intensity, among others. The assays pro-
vided by the present teaching may be useful in a variety of
applications, including without limitation life science
research, drug research, accelerated drug discovery, assay
development, and high-throughput screening. Further aspects
of lipid assays are described in U.S. Patent Application Ser.
No. 60/554,766, filed Mar. 19, 2004, which is incorporated
herein by reference.

Example 43

[0330] This example describes, without limitation, exem-
plary lipid modification assays, in accordance with aspects of
the present teachings. These assays may be used for detecting
molecular modifications, such as phosphorylation, dephos-
phorylation, and/or cleavage, among others, of lipids, lipid
fragments, and/or lipid precursors. These assays also may be
used to detect the presence and/or activity of enzymes and/or
other agents, such as drugs, involved in facilitating, inhibit-
ing, or otherwise regulating such lipid modifications. The
molecular modifications may include structural changes in
lipids, lipid fragments, and/or lipid precursors, such as phos-
phate addition and/or removal, among others. Alternatively,
or in addition, the molecular modifications may include
cleavage of a lipid into lipid fragments, such as by a lipase
enzyme, and/or joining of two lipid precursors, such as by a
lipid ligase enzyme, among others. The present teachings
may include a method of detecting modification of a lipid
(and/or lipid fragment and/or lipid precursor) in a sample,
where the method includes contacting the sample with a
binding partner that binds specifically to one of the modified
and nonmodified forms of the lipid (and/or fragment and/or
precursor), but not both, the binding partner including a metal
required for specific binding to the one form; and detecting a
response indicative of the extent of binding between the bind-
ing partner and the one form. The assays may include lumi-
nescence assays, such as luminescence polarization, lumines-
cence resonance energy transfer, and/or luminescence
intensity, among others. The assays provided by the present
teachings may be useful in a variety of applications, includ-
ing, without limitation, life science research, drug research,
accelerated drug discovery, assay development, and high-
throughput screening. Further aspects of lipid assays are
described in U.S. patent application Ser. No. 11/146,553,
filed Jun. 6, 2005, which is incorporated herein by reference.

Example 44

[0331] This example describes selected aspects and
embodiments of the present teachings, as a first series of
ordered paragraphs.
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[0332] 1. A method of detecting the activity of an enzyme
that operates on an enzyme substrate to form an enzyme
product in a sample, comprising:

[0333] contacting the substrate or product with a binding
partner that specifically binds to the substrate or to the product
but not to both, where the binding partner includes a metal
that is involved in binding between the binding partner and
the substrate or product;

[0334] contacting the substrate with the enzyme;

[0335] exposing the sample to light capable of inducing
luminescence from the sample; and

[0336] measuring a detectable luminescence energy trans-
fer response, without separating the bound substrate or prod-
uct from the unbound substrate or product, where the detect-
able luminescence energy transfer response is indicative of
the extent of binding between the substrate or product and the
binding partner; and

[0337] correlating the luminescence energy transfer
response with the activity of the enzyme.

[0338] 2. A method of detecting phosphorylation or non-
phosphorylation of a polypeptide in a sample, comprising:
[0339] contacting the polypeptide with a binding partner
that specifically binds to the phosphorylated polypeptide or to
the nonphosphorylated polypeptide but not to both, where the
binding partner includes a metal that is required for binding
between the binding partner and the phosphorylated polypep-
tide or nonphosphorylated polypeptide;

[0340] exposing the sample to light capable of inducing
luminescence from the sample; and

[0341] measuring a detectable luminescence energy trans-
fer, where the luminescence energy transfer is indicative of
the extent of binding between the polypeptide and the binding
partner without separating the bound polypeptide from the
unbound polypeptide; and

[0342] correlating the luminescence energy transfer with
the extent of phosphorylation or nonphosphorylation of the
polypeptide, or with the activity of an enzyme that affects
phosphorylation or nonphosphorylation of the polypeptide.
[0343] 3. A method of detecting cyclization or noncycliza-
tion of a nucleotide in a sample, comprising:

[0344] contacting a nonradioactive nucleotide with a bind-
ing partner that specifically binds to a cyclized nucleotide or
to a noncyclized nucleotide but not to both, substantially
without regard to the nucleoside portion of the nucleotide,
where the binding partner includes a metal that is required for
binding between the binding partner and the cyclized nucle-
otide or noncyclized nucleotide;

[0345] exposing the sample to capable of inducing lumi-
nescence from the sample; and

[0346] measuring a detectable luminescence energy trans-
fer, where the luminescence energy transfer is indicative of
the extent of binding between the nucleotide and the binding
partner; and

[0347] correlating the response with the extent of cycliza-
tion or noncyclization of the nucleotide, or with the activity of
an enzyme that affects cyclization or noncyclization of the
nucleotide.

[0348] 4. The method of one of paragraphs 1, 2, or 3, where
the metal is a tricationic metal ion.

[0349] 5. The method of paragraphs 1, 2, or 3, where the
metal is selected from the group consisting of aluminum,
iron, gallium, europium, and terbium.

[0350] 6 The method of paragraph 5, where the metal is
Ga(11D).
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[0351] 7. The method of one of paragraphs 1, 2, or 3, where
the binding partner further includes a dicationic metal ion.
[0352] 8. The method of paragraph 2, where at least one of
the phosphorylated polypeptide, nonphosphorylated
polypeptide, and the polypeptide is luminescent.

[0353] 9. The method of paragraph 3, where at least one of
the cyclized nucleotide, noncyclized nucleotide, and the
nucleotide is luminescent.

[0354] 10.The method of one of paragraphs 1, 2, or3 where
measuring the detectable luminescence energy transfer
response includes measuring luminescence intensity.

[0355] 11. The method of one of paragraphs 1, 2, or 3,
where the detectable luminescence energy transfer is detect-
able luminescence resonance energy transfer.

[0356] 12.The method of paragraph 1, where at least one of
the substrate and/or product, and the binding partner includes
an energy transter donor, and at least the other of the substrate
and/or product, and the binding partner includes an energy
transfer acceptor, such that luminescence energy transfer can
occur between the donor and the acceptor.

[0357] 13. The method of paragraph 2, where the binding
partner includes a luminescent energy transfer donor, and at
least one of the phosphorylated polypeptide, nonphosphory-
lated polypeptide, and polypeptide, is an energy transfer
acceptor, such that luminescence energy transfer can occur
between the energy transfer donor and the energy transfer
acceptor.

[0358] 14. The method of paragraph 3 where the binding
partner includes a luminescent energy transfer donor, and at
least one other of the cyclized nucleotide, noncyclized nucle-
otide, and nucleotide includes an energy transfer acceptor,
such that luminescence energy transfer can occur between the
energy transfer donor and the energy transfer acceptor.
[0359] 15.The method of one of paragraphs 12, 13, and 14,
where the binding partner includes an energy transfer donor.
[0360] 16. The method of paragraph 12, where the binding
partner includes an energy transfer donor or acceptor, and that
energy transfer donor or acceptor includes the metal that is
involved in binding between the binding partner and the sub-
strate or product.

[0361] 17.The method of paragraph 15, the energy transfer
donor having a luminescence lifetime, where the lumines-
cence lifetime is at least about 400 nanoseconds.

[0362] 18. The method of paragraph 15, where the energy
transfer donor comprises a lanthanide.

[0363] 19. The method of one of paragraphs 12, 13, and 14
where the energy transfer donor is a luminescent lanthanide
chelate.

[0364] 20. The method of one of paragraphs 12, 13, and 14
where the energy transfer donor is a luminescent metal-ligand
complex donor.

[0365] 21. The method of paragraph 20 where the metal-
ligand complex is a ruthenium complex, an osmium complex,
a rhenium complex, a platinum complex, or an iridium com-
plex.

[0366] 22.The method of one of paragraphs 12, 13, and 14
where the energy transfer acceptor is a xanthene, a phenox-
azine, a phthalocyanine, a cyanine, a porphyrin, a polyazain-
dacene, or a phycobiliprotein.

[0367] 23. The method of paragraph 19, where the lan-
thanide chelate includes an organic chelator and a sensitizer
moiety.
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[0368] 24. The method of paragraph 19, where the lan-
thanide chelate is associated with the binding partner via a
metal-binding functional group that binds to the metal.
[0369] 25. The method of paragraph 24, where the metal-
binding functional group is a phosphate, sulfonic acid, or
carboxylic acid functional group.

[0370] 26. The method of paragraph 24, where the metal-
binding functional group is a phosphate functional group.
[0371] 27. The method of paragraph 24, where the metal-
binding functional group is bound to the lanthanide chelate
via a covalent linkage.

[0372] 28. The method of paragraph 27, where the metal-
binding functional group is bound to the sensitizer portion of
the lanthanide chelate.

[0373] 29. The method of paragraph 27, where the metal-
binding functional group is bound to the organic chelate
portion of the lanthanide chelate.

[0374] 30. The method of paragraph 19, where the organic
chelator has the structural formula of Formula I, Formula II,
or Formula IIT

Formula I
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-continued
Formula IIT

A A
HNL“QW

Sensitizer

HO—P—OH HO— P— O
© (6]
[0375] where the sensitizer moiety is a heterocyclic pol-

yaromatic ring structure; and

[0376] where the tether moiety is a covalent linkage.
[0377] 31. The method of paragraph 19, where the organic
chelator has the formula

>_\/_\/

(]
el

[0378] where the R*, R, and RS substituents are indepen-
dently hydroxy, alkyl groups having 1-6 carbons, alkoxy
groups having 1-6 carbons, or amine groups, each of which is
optionally further substituted by additional aliphatic groups,
aromatic groups, amide groups, and heteroatom-substituted
aliphatic groups;

[0379] Z is a sensitizer moiety that is a polycyclic het-
eroaromatic ring system that is bound via a covalent linkage;
[0380] the lanthanide chelate is substituted by a metal-
binding functional group; and

[0381] the lanthanide chelate is optionally substituted by
one or more reactive functional groups or conjugated sub-
stances.

[0382] 32. The method of paragraph 31, where Z is a sen-
sitizer moiety having the formula

7 7
A A
K X Y v
[0383] where K is the covalent linkage;
[0384] where X,Y,V, and J are carbon or a heteroatom that

is nitrogen, oxygen, sulfur, or selenium; and

37
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[0385] where the sensitizer is optionally further substituted
at one or more positions by alkyl, alkoxy, halogen, or a metal-
binding functional group.

[0386] 33. The method of paragraph 19, where the lan-
thanide chelate includes a complexed lanthanide ion that is
selected from cerium (Ce), praseodymium (Pr), neodymium
(Nd), promethium (Pm), samarium (Sm), europium (Eu),
gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium
(Ho), erbium (Er), thulium (Tm), ytterbium (Yb), and lute-
tium (Luw).

[0387] 34. The method of paragraph 19, where the lan-
thanide chelate includes a complexed lanthanide ion that is
selected from terbium, europium, dysprosium, or samarium.
[0388] 35. The method of paragraph 34, where the lan-
thanide ion is terbium.

[0389] 36. The method of paragraph 19, where the lan-
thanide chelate has the formula

[0390] where the lanthanide chelate is associated with the
binding partner via a metal-binding functional group, and is
optionally further substituted by one or more reactive func-
tional groups or conjugated substances.

[0391] 37.The method of paragraph 1, where the substrate
is a polypeptide, and where the substrate and product are
related by a posttranslational modification.

[0392] 38. The method of paragraph 37, where the post-
translational modification is phosphorylation or dephospho-
rylation of the polypeptide.

[0393] 39. The method of paragraph 37, where the post-
translational modification is proteolysis or ligation of the
polypeptide.

[0394] 40. The method of paragraph 37, where the post-
translational modification is prenylation of the polypeptide.
[0395] 41.The method of paragraph 1, where the substrate
is a nucleotide, and where the substrate and product are
related by a cyclization or decyclization of the nucleotide.
[0396] 42. The method of paragraph 1, where the substrate
is a lipid, lipid precursor or lipid fragment.

[0397] 43.The method of paragraph 1, where the enzyme is
selected from the group consisting of kinases and phos-
phatases.

[0398] 44.The method of paragraph 1, where the enzyme is
selected from the group consisting of cyclases and phos-
phodiesterases.

[0399] 45.The method of paragraph 1, where the enzyme is
selected from the group consisting of proteases and protein
ligases.
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[0400] 46. The method of paragraph 1, where the enzyme is
selected from the group consisting of prenyl transferases and
prenyl detransferases.

[0401] 47.The method of paragraph 1, where the enzyme is
selected from the group of lipases and lipid ligases.

[0402] 48. The method of paragraph 1, where the substrate
includes a phosphorylated polypeptide or a nonphosphory-
lated polypeptide.

[0403] 49. The method of paragraph 1, where the substrate
includes a cyclized nucleotide or a noncyclized nucleotide.
[0404] 50. The method of paragraph 1, further comprising:
[0405] contacting the substrate and enzyme with a candi-
date compound; and

[0406] determining the ability of the candidate compound
to enhance or inhibit enzyme activity by its effects on the
response.

[0407] 51. The method of paragraph 2, where the polypep-
tide includes fewer than about 50 amino acids.

[0408] 52. The method of paragraph 2, where the binding
partner binds to the phosphorylated polypeptide.

[0409] 53. The method of paragraph 2, where the binding
partner is not a polypeptide.

[0410] 54. The method of paragraph 2, where the enzyme
catalyzes addition or cleavage of a phosphate group to or from
a protein, further comprising contacting the polypeptide with
the enzyme prior to the steps of contacting, measuring, and
correlating.

[0411] 55.The method of paragraph 2, where the enzyme is
a kinase.

[0412] 56.The method of paragraph 2, where the enzyme is
a phosphatase.

[0413] 57. The method of paragraph 2, further comprising:
[0414] contacting the polypeptide and enzyme with a can-

didate compound; and

[0415] determining the ability of the candidate compound
to enhance or inhibit phosphorylation or dephosphorylation
of the polypeptide by its effects on the response.

[0416] 58. The method of paragraph 3, where the nucle-
otide includes an adenine or a guanine.

[0417] 59. The method of paragraph 3, where the binding
partner binds to the cyclized nucleotide.

[0418] 60. The method of paragraph 3, where the binding
partner is not a polypeptide.

[0419] 61. The method of paragraph 3, where the enzyme
catalyzes cyclization or decyclization of a nucleotide, further
comprising contacting the nucleotide with the enzyme.
[0420] 62.The method of paragraph 3, where the enzyme is
a phosphodiesterase.

[0421] 63.The method of paragraph 3, where the enzyme is
a cyclase.

[0422] 64. The method of paragraph 3, further comprising:
[0423] contacting the nucleotide and enzyme with a candi-

date compound; and

[0424] determining the ability of the candidate compound
to enhance or inhibit cyclization or decyclization of the nucle-
otide by its effects on the response.

[0425] 65. The method of paragraph 3, where the step of
detecting a response is performed without separating the
bound nucleotide from the unbound nucleotide.

[0426] 66. The method of paragraph 3, further comprising
washing the sample to remove any nucleotide not bound to the
binding partner prior to the step of measuring the detectable
luminescence response.
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[0427] 67. The method of one of paragraphs 1, 2, or 3
further comprising:

[0428] providing a sample holder having a plurality of
sample sites supporting a corresponding plurality of samples;
and

[0429] repeating the steps of contacting, detecting, and cor-
relating for the plurality of samples.

[0430] 68. A method of detecting a phosphorylated form or
anonphosphorylated form of a polypeptide in a sample, com-
prising: (A) contacting the sample with a binding partner that
binds specifically to one of the phosphorylated and nonphos-
phorylated forms of the polypeptide, but not both, the binding
partner including a metal involved in the specific binding to
the one form; and (B) exposing the sample to a condition
capable of inducing luminescence from the sample; and (C)
measuring a detectable luminescence response, where the
detectable luminescence response is luminescence energy
transfer, and the detectable luminescence response is indica-
tive of the extent of binding between the binding partner and
the one form.

[0431] 69. A method of detecting a cyclized or noncyclized
form of a nucleotide in a sample, comprising:

[0432] contacting the nucleotide with a binding partner that
specifically binds to one of a cyclized form and a noncyclized
form of the nucleotide, but not both, the binding partner
including a metal required for specific binding of the binding
partner to the one form of the nucleotide; and

[0433] exposing the nucleotide to a condition capable of
producing luminescence, and

[0434] detecting a luminescence energy transfer produced
by the step of exposing; where the luminescence energy trans-
fer is indicative of the extent of binding between the one form
of the nucleotide and the binding partner.

[0435] 70. A method of detecting a cyclized or noncyclized
form of a nucleotide in a sample, comprising:

[0436] contacting the nucleotide with a binding partner that
specifically binds to one of a cyclized form and a noncyclized
form of the nucleotide, but not both, substantially without
regard to the base portion the nucleotide; and

[0437] exposing the nucleotide to a condition capable of
producing luminescence, and

[0438] detecting a luminescence energy transfer produced
by the step of exposing;

[0439] wherethe luminescence energy transfer is indicative
of the extent of binding between the one form of the nucle-
otide and the binding partner.

[0440] 71. The method of one of paragraphs 69 and 70,
further comprising a step of contacting the nucleotide with at
least one enzyme selected from cyclases and phosphodi-
esterases.

[0441] 72.The method of paragraph 71, wherein the step of
contacting the nucleotide with at least one enzyme is per-
formed before the step of contacting the nucleotide with a
binding partner.

[0442] 73.The method of paragraph 71, further comprising
(1) a step of contacting the at least one enzyme with a candi-
date compound; and (2) a step of determining the ability of the
candidate compound to enhance or inhibit enzyme activity by
its effect on the response.
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[0443] 74.The method of paragraph 71, further comprising
a step of correlating the response with a cyclization or decy-
clization activity of the at least one enzyme on the nucleotide.
[0444] 75. The method of one of paragraphs 69 and 70,
where the step of contacting includes (1) a step of placing a
metal salt in a liquid, the metal salt including the metal, and
(2) a step of contacting the nucleotide with the metal salt after
the step of placing.

[0445] 76. The method of one of paragraphs 69 and 70,
where the step of contacting includes a step of contacting the
nucleotide with one or more metals selected from the group
consisting of aluminum, gallium, and iron ions, and wherein
the one or more metals are required for specific binding of the
binding partner to the one form of the nucleotide.

[0446] 77. The method of one of paragraphs 69 and 70,
wherein the step of contacting includes a step of contacting
the nucleotide with one or more metal ions selected from the
group consisting of europium, strontium, terbium, and zirco-
nium ions, and wherein the one or more metals are required
for specific binding of the binding partner to the one form of
the nucleotide.

[0447] 78. The method of one of paragraphs 69 and 70,
wherein the step of contacting includes a step of contacting
with gallium, the gallium being required for specific binding
of the binding partner to the one form of the nucleotide.
[0448] 79. The method of one of paragraphs 69 and 70,
wherein the steps of contacting and detecting are performed a
plurality of times for a plurality of samples disposed in dif-
ferent wells of a microplate.

[0449] 80. The method of one of paragraphs 69 and 70,
further comprising a step of associating the metal with a
distinct solid support that does not include the metal.

[0450] 81. The method of one of paragraphs 69 and 70,
wherein the step of detecting is performed after the step of
contacting without separation of bound and unbound species
of the nucleotide.

[0451] 82. The method of one of paragraphs 69 and 70,
wherein the steps of contacting and detecting are performed a
plurality of times for a plurality of samples disposed in dif-
ferent wells of a microplate.

[0452] 83. The method of one of paragraphs 69 and 70,
wherein the nucleotide is luminescent.

[0453] 84. A kit for performing the method of paragraph 62,
comprising:

[0454] a cyclized or noncyclized form of a nucleotide; and
[0455] abinding partner that specifically binds to one of the

cyclized form and the noncyclized form of the nucleotide, but
not both, wherein the binding partner includes a metal
required for specific binding of the binding partner to the one
form of the nucleotide.

[0456] 85. The kit of paragraph 84, further comprising an
enzyme capable of converting the cyclized form of the nucle-
otide into the noncyclized form, or vice versa.

[0457] 86. Thekit of paragraph 84, wherein the kit includes
a luminescently labeled, cyclized form of the nucleotide and
a binding partner that specifically binds to the noncyclized
form of the nucleotide.

[0458] 87. The kit of paragraph 86, further comprising a
phosphodiesterase enzyme.

[0459] 88.Thekit of paragraph 84, wherein the kit includes
a luminescently labeled, noncyclized form of the nucleotide
and a binding partner that specifically binds to the noncyc-
lized form of the nucleotide.
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[0460] 89. The kit of paragraph 88, further comprising a
cyclase enzyme.

[0461] 90. Akit for performing the method of paragraph 70,
comprising:

[0462] a cyclized or noncyclized form of a nucleotide; and
[0463] abinding partner that specifically binds to one ofthe

cyclized form and the noncyclized form of the nucleotide, but
not both, substantially without regard to the base portion the
nucleotide.

[0464] 91.A method of detecting the activity of a cyclase or
aphosphodiesterase that operates on a nucleotide substrate to
form a nucleotide product in a sample, comprising:

[0465] contacting the nucleotide substrate with a binding
partner that specifically binds to the nucleotide substrate or to
the nucleotide product but not to both, where the binding
partner includes a metal required for binding between the
binding partner and the nucleotide substrate or product;
[0466] contacting the nucleotide substrate with at least one
of'a cyclase and a phosphodiesterase;

[0467] detecting a response indicative of the extent of bind-
ing between the nucleotide substrate or product and the bind-
ing partner without separating bound and unbound fractions
of such nucleotide substrate or product; and

[0468] correlating the response with the activity of the
enzyme.
[0469] 92. A method of detecting, in a sample, a first ana-

Iyte or a second analyte related to the first analyte by a
molecular modification, comprising:

[0470] contacting the sample with a metal that forms a
covalent coordination complex with one of the first and sec-
ond analytes, but not both; and

[0471] detecting a response indicative of the extent of bind-
ing between metal and the one analyte without separating
bound and unbound species of the one analyte produced by
the step of contacting.

[0472] 93. A method of detecting, in a sample, a first ana-
Iyte or a second analyte related to the first analyte by a
molecular modification, comprising:

[0473] contacting the sample with gallium, the gallium spe-
cifically binding to one of the first and second analytes, but
not both; and

[0474] detecting a response indicative of the extent of bind-
ing between the gallium and the one analyte.

[0475] The following claims particularly point out certain
combinations and subcombinations regarded as novel and
nonobvious and directed to one of the inventions. These
claims may refer to “an” element or “a first” element or the
equivalent thereof; such claims should be understood to
include incorporation of one or more such elements, neither
requiring nor excluding two or more such elements. Inven-
tions embodied in other combinations and subcombinations
of features, functions, elements, and/or properties may be
claimed through amendment of the present claims or through
presentation of new claims in this or a related application.
Such claims, whether directed to a different invention or to the
same invention, and whether broader, narrower, equal, or
different in scope to the original claims, also are regarded as
included within the subject matter of the inventions of the
present disclosure.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 25

<210> SEQ ID NO 1

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation

<400> SEQUENCE: 1

Leu Arg Arg Ala Ser Leu Gly
1 5

<210> SEQ ID NO 2

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: AMIDATION

<400> SEQUENCE: 2

Lys Lys Gly Glu Ala Ile Tyr Ala Ala Pro Phe Ala
1 5 10

<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation

<400> SEQUENCE: 3

Val Ser Arg Ser Gly Leu Tyr Arg Ser Pro Ser Met Pro Glu Asn Leu
1 5 10 15

Asn Arg Pro Arg
20

<210> SEQ ID NO 4

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (15)..(15)
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<223> OTHER INFORMATION: AMIDATION
<400> SEQUENCE: 4

Ala Leu Lys Leu Val Arg Tyr Pro Ser Phe Val Ile Thr Ala Lys
1 5 10 15

<210> SEQ ID NO 5

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: AMIDATION

<400> SEQUENCE: 5

Ala Met Arg Leu Glu Arg Gln Asp Ser Ile Phe Tyr Pro Lys
1 5 10

<210> SEQ ID NO 6

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation

<400> SEQUENCE: 6

Gly Arg Pro Arg Thr Ser Ser Phe Ala Glu Gly
1 5 10

<210> SEQ ID NO 7

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: PHOSPHORYLATION

<400> SEQUENCE: 7

Gly Arg Pro Arg Thr Ser Ser Phe Ala Glu Gly
1 5 10

<210> SEQ ID NO 8

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)
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<223> OTHER INFORMATION: Fluorescein Conjugation
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: AMIDATION

<400> SEQUENCE: 8

Lys Lys Lys Lys Glu Glu Ile Tyr Phe Phe Phe Gly
1 5 10

<210> SEQ ID NO 9

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: Fluorescein Conjugation

<400> SEQUENCE: 9

Leu Val Glu Pro Leu Thr Pro Ser Gly Glu Ala Pro Asn Gln Lys
1 5 10 15

<210> SEQ ID NO 10

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: PHOSPHORYLATION
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: PHOSPHORYLATION
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: AMIDATION

<400> SEQUENCE: 10

Tyr Thr Gly Leu Ser Thr Arg Asn Gln Glu Thr Tyr Glu Thr Leu
1 5 10 15

<210> SEQ ID NO 11

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation

<400> SEQUENCE: 11
Lys Lys Leu Asn Arg Thr Leu Ser Val Ala

1 5 10

<210> SEQ ID NO 12
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<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Rhodamine Conjugation

<400> SEQUENCE: 12

Lys Lys Leu Asn Arg Thr Leu Ser Val Ala
1 5 10

<210> SEQ ID NO 13

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation

<400> SEQUENCE: 13

Gly Gly Gly Pro Ala Thr Pro Lys Lys Ala Lys Lys Leu
1 5 10

<210> SEQ ID NO 14

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: AMIDATION

<400> SEQUENCE: 14

Gly Arg His Asp Ser Gly Leu Asp Ser Met Lys
1 5 10

<210> SEQ ID NO 15

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: AMIDATION

<400> SEQUENCE: 15
Lys Lys Ser Arg Gly Glu Tyr Met Thr Met Gln Ile Gly

1 5 10

<210> SEQ ID NO 16
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<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

LENGTH: 13

TYPE: PRT

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Artificial sequence is synthesized
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (1)..(1)

OTHER INFORMATION: Fluorescein Conjugation
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (13)..(13)

OTHER INFORMATION: AMIDATION

SEQUENCE: 16

Glu Phe Pro Ile Tyr Asp Phe Leu Pro Ala Lys Lys Lys

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5 10

SEQ ID NO 17

LENGTH: 13

TYPE: PRT

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Artificial sequence is synthesized
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (1)..(1)

OTHER INFORMATION: Fluorescein Conjugation
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (13)..(13)

OTHER INFORMATION: AMIDATION

SEQUENCE: 17

Lys Val Glu Lys Ile Gly Glu Gly Thr Tyr Gly Val Val

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5 10

SEQ ID NO 18

LENGTH: 13

TYPE: PRT

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Artificial sequence is synthesized
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (1)..(1)

OTHER INFORMATION: Fluorescein Conjugation
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (10)..(10)

OTHER INFORMATION: PHOSPHORYLATION
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (13)..(13)

OTHER INFORMATION: AMIDATION

SEQUENCE: 18

Lys Val Glu Lys Ile Gly Glu Gly Thr Tyr Gly Val Val

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

5 10

SEQ ID NO 19

LENGTH: 18

TYPE: PRT

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Artificial sequence is synthesized
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (1)..(1)

OTHER INFORMATION: Fluorescein Conjugation
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<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: PHOSPHORYLATION
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: AMIDATION

<400> SEQUENCE: 19

Leu Asp Val Pro Ile Pro Gly Arg Phe Asp Arg Arg Val Ser Val Ala
1 5 10 15

Ala Glu

<210> SEQ ID NO 20

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: AMIDATION

<400> SEQUENCE: 20

Gly Arg Thr Gly Arg Arg Asn Ser Ile
1 5

<210> SEQ ID NO 21

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation

<400> SEQUENCE: 21

Ala Lys Arg Arg Arg Leu Ser Ser Leu Arg Ala
1 5 10

<210> SEQ ID NO 22

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: AMIDATION

<400> SEQUENCE: 22

Leu Arg Arg Arg Leu Ser Asp Ala Asn Phe
1 5 10
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<210> SEQ ID NO 23

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: AMIDATION

<400> SEQUENCE: 23

Ala Leu Gln Lys Asp Tyr Glu Asn Val Gly Val
1 5 10

<210> SEQ ID NO 24

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: AMIDATION

<400> SEQUENCE: 24

Ala Leu Glu Lys Asp Tyr Glu Asp Val Gly Val
1 5 10

<210> SEQ ID NO 25

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Artificial sequence is synthesized

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Fluorescein Conjugation

<400> SEQUENCE: 25

Arg Arg Arg Ala Asp Asp Ser Asp Asp Asp Asp Asp
1 5 10

1. A method of detecting the activity of an enzyme that
operates on an enzyme substrate to form an enzyme product
in a sample, comprising:

contacting the substrate or product with a binding partner

that specifically binds to the substrate or to the product
but not to both, where the binding partner includes a
metal that is involved in binding between the binding
partner and the substrate or product;

contacting the substrate with the enzyme;

exposing the sample to light capable of inducing lumines-

cence from the sample; and

measuring a detectable luminescence energy transfer

response, without separating the bound substrate or

product from the unbound substrate or product, where
the detectable luminescence energy transfer response is
indicative of the extent of binding between the substrate
or product and the binding partner; and

correlating the luminescence energy transfer response with

the activity of the enzyme.

2. The method of claim 1, where the metal is selected from
the group consisting of aluminum, iron, gallium, europium,
and terbium.

3. (canceled)

4. (canceled)

5. The method of claim 1, where measuring the detectable
luminescence energy transfer response includes measuring
luminescence intensity.
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6. The method of claim 1, where at least one of the substrate
and/or product, and the binding partner includes an energy
transfer donor, and at least the other of the substrate and/or
product, and the binding partner includes an energy transfer
acceptor, such that luminescence energy transfer can occur
between the donor and the acceptor.

7. (canceled)

8. (canceled)

9. The method of claim 6, where the binding partner
includes an energy transfer donor or acceptor, and that energy
transfer donor or acceptor includes the metal that is involved
in binding between the binding partner and the substrate or
product.

10. (canceled)

11. (canceled)

12. The method of claim 9, where the energy transfer donor
comprises a lanthanide.

13. (canceled)

14. (canceled)

15. (canceled)

16. The method of claim 12, where the energy transfer
donor further comprises an organic chelator and a sensitizer
moiety.

17. (canceled)

18. (canceled)

19. (canceled)

20. The method of claim 12, where the lanthanide chelate
has the formula

where the lanthanide chelate is associated with the binding
partner via a metal-binding functional group, and is
optionally further substituted by one or more reactive
functional groups or conjugated substances.

21. The method of claim 1, where the substrate is a
polypeptide, and where the substrate and product are related
by a posttranslational modification.

22. The method of claim 21, where the posttranslational
modification is phosphorylation or dephosphorylation of the
polypeptide and the enzyme is selected from the group con-
sisting of kinases and phosphatases.

23. (canceled)

24. (canceled)

25. The method of claim 1, where the substrate is a nucle-
otide, the substrate and product are related by a cyclization or
decyclization of the nucleotide, and the enzyme is selected
from the group consisting of cyclases and phosphodi-
esterases.

Dec. 2,2010

26. The method of claim 1, where the substrate is a lipid,
lipid precursor or lipid fragment, and the enzyme is selected
from the group of lipases and lipid ligases.

27. The method of claim 1, where the substrate includes a
phosphorylated polypeptide or a nonphosphorylated
polypeptide.

28. The method of claim 1, where the substrate includes a
cyckzed nucleotide or a noncyclized nucleotide.

29. The method of claim 1, further comprising:

contacting the substrate and enzyme with a candidate com-

pound; and

determining the ability of the candidate compound to

enhance or inhibit enzyme activity by its effects on the
response.

30. The method of claim 1, further comprising:

providing a sample holder having a plurality of sample

sites supporting a corresponding plurality of samples:
and

repeating the steps of contacting, detecting, and correlating

for the plurality of samples.

31. A kit for performing the method of claim 1, comprising:

a phosphorylated or nonphosphorylated polypeptide; and

a binding partner that specifically binds to one of the phos-

phorylated and nonphosphorylated polypeptide but not
both, wherein the binding partner includes a metal
required for specific binding of the binding partner to the
one form of the polypeptide.

32. Akit for performing the method of claim 1, comprising:

a cyclized or noncyclized form of a nucleotide; and

a binding partner that specifically binds to one of the

cyclized form and the noncyclized form of the nucle-
otide, but not both, wherein the binding partner includes
a metal required for specific binding of the binding part-
ner to the one form of the nucleotide.

33. A method of detecting phosphorylation or nonphos-
phorylation of a polypeptide in a sample, comprising:

contacting the polypeptide with a binding partner that spe-

cifically binds to the phosphorylated polypeptide or to
the nonphosphorylated polypeptide but not to both,
where the binding partner includes a metal that is
required for binding between the binding partner and the
phosphorylated polypeptide or nonphosphorylated
polypeptide:

exposing the sample to light capable of inducing lumines-

cence from the sample; and

measuring a detectable luminescence energy transfer,

where the luminescence energy transfer is indicative of
the extent of binding between the polypeptide and the
binding partner without separating the bound polypep-
tide from the unbound polypeptide; and

correlating the luminescence energy transfer with the

extent of phosphorylation or nonphosphorylation of the
polypeptide, or with the activity of an enzyme that
affects phosphorylation or nonphosphorylation of the
polypeptide.

34. A method of detecting cyclization or noncyclization of
a nucleotide in a sample, comprising:

contacting a nonradioactive nucleotide with a binding part-

ner that specifically binds to a cyclized nucleotide or to
a noncyclized nucleotide but not to both, substantially
without regard to the nucleoside portion of the nucle-
otide, where the binding partner includes a metal that is
required for binding between the binding partner and the
cyclized nucleotide or noncyclized nucleotide;
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exposing the sample to capable of inducing luminescence correlating the response with the extent of cyclization or
from the sample; and noncyclization of the nucleotide, or with the activity of
measuring a detectable luminescence energy transfer, an enzyme that affects cyclization or noncyclization of
where the luminescence energy transfer is indicative of the nucleotide.

the extent of binding between the nucleotide and the
binding partner; and I R I



