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TITLE OF THE INVENTION
HIGH THROUGHPUT ASSAY FOR MODULATORS OF NUCLEAR
RECEPTORS

BACKGROUND OF THE INVENTION

Members of the steroid, thyroid hormone, retinoid and peroxisome
proliferator-activated receptor superfamily are collectively known as nuclear
receptors and play diverse roles in mammalian physiology (Tsai, M. J. and O'Malley,
B. W. (1994). Ann Rev Biochem 63, 451-486). For this reason, and because nuclear
receptors are natural receptors for small lipophilic molecules, they are attractive
therapeutic targets for the pharmaceutical industry, yielding some of the most
important pharmaceuticals available, including oral contraceptives, anti-cancer drugs,
anti-asthmatic compounds, anti-diabetic compounds and skin treatments. Given the
intense interest in these therapeutic areas, these receptors will likely be active
pharmaceutical targets for the foreseeable future. Moreover, the size of the nuclear
receptor superfamily has greatly expanded, so that there are at least 50 known
mammalian members, the majority of which lack a known ligand. It is likely that, as
ligands for these so-called orphan receptors are identified, many will represent
equally fruitful drug targets. A robust, automated screening protocol will be required
for screening compounds against this family of receptors. Herein we describe a
method to screen ligands for one of these receptors, the estrogen receptor. The
method is rapid, robust, reliable, can be used in an ultra-high throughput robotic

screen, and is adaptable for use with any known nuclear receptor.
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In order to be technically feasible and to maintain reasonable experimental
variability, high throughput robotic screens require assays that are durable and simple.

Current experimental methods to detect ligand/nuclear receptor interactions, including

competitive binding assays relying on separation of bound ligand from free by adsorption
or filtration methods, are not technically feasible for high throughput screens due to the
degree of sample manipulation that is required. A homogeneous assay, where binding
and detection are performed in the same vessel, minimizes sample manipulation and thus

experimental variability.

Using scintillation proximity technology, homogeneous assays have been
developed for a variety of molecular targets (Cook, N. D. (1996). Drug Discovery Today
1: 287-294; Picardo, M. and Hughes, K.T. (1997). In High_Throughput Screening
[Devlin, J. P. (Ed)], Dekker, New York, NY, pp. 307-316). Briefly, the target of interest
is immobilized either by coating or incorporation on a solid support that contains a
fluorescent material. A radioactive molecule, brought in close proximity to the solid
phase by associating with the immobilized target, causes the fluorescent material to
become excited and emit visible light. Emission of visible light forms the basis of
detection of successful ligand/target interaction, and is measured by an appropriate
monitoring device. An example of a scintillation proximity assay is disclosed in United
States Patent No. 4,568,649, issued February 4, 1986. US patent 5,770,176 describes
assays for nuclear receptors wherein the functional receptor binds to immobilized nucleic
acid. Materials for these types of assays are commercially available from DuPont NEN®
(Boston, Massachusetts) under the trade name FlashPlate™. This methodology has been
applied to membrane proteins, transcription factors and antibodies. Recently, it has also
been applied to nuclear receptors (Haggblad, J., Carlsson, B., Kivela, P. and Siitari, H.
(1995). BioTechniques 18: 146-151). In this example, the authors adsorbed recombinant
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estrogen receptor non-specifically to the vessel walls. Another example of nuclear
receptor use in proximity assay is described using the peroxisome proliferator-activiated
receptor -y (Elbrecht, A., Chen, Y., Adams, A., Berger, J., Griffin, P, Klatt, T., Zhang,
B., Menke, J., Zhou, G., Smith, R.G., Moller, D. E. (1999) J. Biol Chem 274 (12) 7913-
7922., Nichols, J. S., Parks, D.J. Consler, T. G., Blanchard, S.G. (1998). Anal Biochem

257(2) 112 - 119) Herein we will describe a version of the assay where an anti-receptor
antibody is used to specifically bind the receptor to the FlashPlate. This has the
advantage of dramatically reducing the amount of receptor required for a screen. The
method can be applied to any nuclear receptor for which an antibody and ligand are

available,.

SUMMARY OF THE INVENTION

The present invention provides a high throughput method to detect ligands that
bind to full-length or fragmented nuclear receptor proteins. The method of the invention
1s a robust, sensitive, non-perturbing assay. The present invention provides an assay of
simple design such that it is easily automated and an assay design that can be easily
modified to allow different nuclear receptor targets to be tested without significant
modification of the design. The present invention relates to a scintillation proximity
method to screen compounds that bind to nuclear receptor proteins by using displacement
of an established radiolabeled ligand. In a most preferred embodiment a solution
containing two ligands, one sample ligand and a radiolabeled ligand, are incubated with
immobilized nuclear receptor protein for sufficient time to allow binding equilibrium to
be achieved. Afterwards, the bound radiolabel is measured indirectly by monitoring the
fluorescence of the immobilized support carrying the nuclear receptor protein.

Therefore, measuring reduced fluorescence of a vessel containing a sample, the
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radiolabeled ligand, and the nuclear receptor compared to a vessel containing only
radiolabeled ligand and nuclear receptor would indicate that the sample was specifically

bound to the nuclear receptor protein.

Herein we describe the design and use of a scintillation proximity-based assay
for screening compounds for estrogen receptor binding. The estrogen receptor exists
in two forms, o and f3, and is a target for preventing osteoporosis and other post-
menopausal conditions, and for treating breast cancer. The methods described herein
can easily be adapted for use with other nuclear receptors where at least one ligand is

known.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 - Establishment of a homogeneous competitive binding assay for estrogen
receptor o ligands using antibody capture of the receptor. Estrogen receptor a (0.75
or 10 pmol) was added in triplicate to the wells of 96 well FlashPlates previously coated
with goat anti-mouse immunoglobulin. SRA-1010 anti-estrogen receptor o antibody (0.5
pg) was added or omitted as shown. The plates were incubated at approximately 4°C for
three days. Then, excess protein was removed by washing the plates. Next, [*H]
estradiol and different concentrations of 17B-estradiol diluted in vehicle (0.75% [v/v]
dimethyl sulfoxide) were added and incubated for one hour at ambient temperature prior
to measurement using a TopCount scintillation counter. Data shown are averaged from

two plates.
Figure 2 - Effect of different antibodies. Estrogen receptor a. (0.75 pmol) and 0.5

ng of commercially available anti-estrogen receptor o antibodies were added in

duplicate to the wells of a 96 well FlashPlate previously coated with goat anti-mouse
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immunoglobulin, and incubated at approximately 4°C overnight. The next day, the
excess protein was removed by washing the plate. Then ['*I] estradiol, and either
500 nM 17B-estradiol (“+ competitor”) or the solvent vehicle (0.75% [v/v] dimethyl
sulfoxide; “w/o competitor”), were added and incubated for 30 minutes at ambient
temperature prior to measurement using a TopCount scintillation counter. The
negative control for this assay includes all components except for the estrogen

receptor (No receptor).

Figure 3 - Stability of the reaction. Estrogen receptor o and anti-estrogen receptor o
antibody SRA-1010 were added in duplicate to the wells of a 96 well FlashPlate
previously coated with goat anti-mouse immunoglobulin, and incubated at approximately
4°C overnight. The next day, the excess protein was removed by washing the plate.
Then ['*]] estradiol and either 500 nM 17p-estradiol (“+ competitor”) or the solvent
vehicle (0.75% [v/v] dimethyl sulfoxide; “w/o competitor”), were added and incubated
for various time points at ambient temperature prior to measurement using a TopCount

scintillation counter.

Figure 4 - The order of addition of receptor is critical for assay performance.
Estrogen receptor a and anti-estrogen receptor o antibody SRA-1010 (“Receptor with
antibody”) or anti-estrogen receptor o antibody SRA-1010 alone (“Receptor with tracer”)
were added in duplicate to the wells of a 96 well FlashPlate previously coated with goat
anti-mouse immunoglobulin, and incubated at approximately 4°C overnight. The next
day, the excess protein was removed by washing the plate. Then ['*’I] estradiol
(“Receptor with antibody”) or ['*’I] estradiol with estrogen receptor o. (“Receptor with

tracer””) were added and incubated for 30 minutes at ambient temperature prior to
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measurement using a TopCount scintillation counter. The negative control for this assay

includes all components except for the estrogen receptor (No receptor).

Figure 5 - Saturation binding analysis. Estrogen receptor o and anti-estrogen receptor
a antibody SRA-1010 were added in sextuplicate to 96 well FlashPlates previously
coated with goat anti-mouse immunoglobulin, and incubated at approximately 4°C for
three days. Excess protein was removed by washing the plates. Then different
concentrations of [’H] estradiol were added in the presence of 1.6 uM 17f-estradiol or
0.75% (v/v) dimethyl sulfoxide (“w/o competitor”). The plates were incubated for 1 hr at
ambient temperature prior to measurement using a TopCount scintillation counter. Data

are averaged from two plates.

Figure 6 - Dose-dependent competition of binding of estradiol to estrogen receptor a.
Estrogen receptor o and anti-estrogen receptor o antibody SRA-1010 were added in
triplicate to the wells of 96 well FlashPlates previously coated with goat anti-mouse
immunoglobulin, and incubated at approximately 4°C for three days. Then, the excess
protein was removed by washing the plates. Next, [*H] estradiol and different
concentrations of three different competitors were added and incubated for 1 hour at
ambient temperature prior to measurement using a TopCount scintillation counter. Data

are averaged from two plates.

Figure 7 - Use of a polyclonal antibody to generate a homogeneous competitive
binding assay for ligands binding to estrogen receptor . Estrogen receptor B (1.7
pmol) and different amounts of anti-estrogen receptor’} antibody PA1-313 were
added in duplicate to the wells of a 96 well FlashPlate previously coated with sheep

anti-rabbit immunoglobulin, and incubated at approximately 4°C overnight. The next
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day, excess protein was removed by washing the plate. Then [*H] estradiol, and
either 500 nM 17B-estradiol (“+ competitor”) or the solvent vehicle (0.75% [v/v]
dimethyl sulfoxide; “w/o competitor”), were added and incubated for one hour at

ambient temperature prior to measurement using a TopCount scintillation counter.

Figure 8)- Flow diagram of the binding assay. For illustrative purposes, the assay

of the present invention is shown using antibody capture as the affinity capture.

DETAILED DESCRIPTION

DEFINITIONS:

The term “protein domain” as used herein refers to a region of a protein that can
fold into a stable three-dimensional structure independently of the rest of the protein.
This structure may maintain a specific function associated with the domain’s function
within the intact protein, including enzymatic activity, creation of a recognition motif for
another molecule, or provision of the necessary structural components for a protein to
exist in a particular environment. Protein domains are usually evolutionarily conserved
regions of proteins, both within a protein family and within other protein superfamilies

that require similar functions.

The term “protein superfamily” as used herein refers to proteins whose
evolutionary relationship may not be entirely established or that may be distant by
accepted phylogenetic standards, but that show a similar three-dimensional structure or

display unique consensus critical amino acids.
The term “fusion protein” as used herein refers to a protein construct that is the

result of combining multiple protein domains or linker regions for the purpose of gaining

function of the combined functions of the domains or linker regions. This is most often
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accomplished by molecular cloning of the nucleotide sequences to result in the creation
of a new polynucleotide sequence that codes for the desired protein. Alternatively,
creation of a fusion protein may be accomplished by chemically joining two proteins

together.

The term “linker region” or “linker domain” or similar such descriptive terms as
used herein refers to stretches of polynucleotide or polypeptide sequence that are used in
the construction of a cloning vector or fusion protein. Functions of a linker region can
include introduction of cloning sites into the nucleotide sequence, introduction of a
flexible component or space-creating region between two protein domains, or creation of
an affinity tag for specific molecular interaction. A linker region may be introduced into
a fusion protein without a specific purpose, but as a compromise that results from choices

made during cloning.

The term “cloning site” or “polycloning site” as used herein refers to a region of
the nucleotide sequence contained within a cloning vector or engineered within a fusion
protein that has one or more available restriction endonuclease consensus sequences.
The use of a correctly chosen restriction endonuclease results in the ability to isolate a
desired nucleotide sequence that codes for an in-frame sequence relative to a start codon
that yields a desirable protein product after transcription and translation. These
nucleotide sequences can then be introduced into other cloning vectors, used to create
novel fusion proteins, or used to introduce specific site-directed mutations. It is well
known by those in the art that cloning sites can be engineered at a desired location by
silent mutations, conserved mutation, or introduction of a linker region that contains
desired restriction enzyme consensus sequences. It is also well known by those in the art
that the precise location of a cloning site can be flexible so long as the desired function of

the protein or fragment thereof being cloned is maintained.
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As used herein, “expression vectors” are defined as DNA sequences that are
required for the transcription of cloned copies of genes and the translation of their
mRNAs in an appropriate host. Such vectors can be used to express eukaryotic or
prokaryotic genes in a variety of hosts including Escherichia coli, blue-green algae,

plant cells, insect cells, fungal cells including yeast cells, and animal cells.

As used herein, a "functional derivative" of the estrogen receptor is a
construct that possesses a biological activity, either functional or structural, that is
substantially similar to the properties described herein. The term "functional
derivative" is intended to include the "fragments," "variants," "degenerate variants,"
"analogs" and "homologues" of the construct presented. The term "fragment" is
meant to refer to any nucleic acid or polypeptide subset of the modules described
herein. The term "variant" is meant to refer to a construct or coding sequence module
substantially similar in structure and function to either the entire estrogen receptor
molecule or to a fragment thereof. A construct is "substantially similar" to the
estrogen receptor construct if both molecules have similar structural characteristics or
if both molecules possess similar biological properties ie, can be manipulated such
that they express recombinant estrogen receptor. Therefore, if the two molecules
possess substantially similar activity, they are considered to be variants even if the
structure of one of the molecules is not found in the other or even if the two amino
acid sequences are not identical. The term "analog" refers to a molecule substantially
similar in function to either the entire estrogen receptor molecule or to a fragment

thereof.
The term “sample” as used herein in connection with a ligand for a nuclear

receptor protein refers to an organic or inorganic molecule that has the potential to

disrupt the specific binding of a known ligand for the receptor. For example, but not to
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limit the scope of the current invention, samples may include small organic or inorganic
molecules, synthetic or natural amino acid peptides, proteins, or synthetic or natural

nucleic acid sequences, or any chemical derivatives of the aforementioned.

The term "chemical derivative" describes a molecule that contains additional
chemical moieties that are not normally a part of the base molecule. Such moieties
may improve the solubility, half-life, absorption, etc. of the base molecule.
Alternatively the moieties may attenuate undesirable side effects of the base molecule
or decrease the toxicity of the base molecule. Examples of such moieties are

described in a variety of texts, such as Remington's Pharmaceutical Sciences.

The term “radiolabeled ligand” as used herein in connection with displacement
assays is a ligand known to bind to a known nuclear receptor, which is capable of being
made radioactive. The types of radioactive tracers used to label the ligand include any of
the known B-particle emitters or Auger electrons, including [*H], [*C], [**S], [**P], [**P],
['#1], and ["'T], with [’H] being generally preferred due to its relative safety. In a most
preferred embodiment of the present invention, the concentration of radiolabeled ligand
used is closely matched to the natural ligand’s affinity (Kd) for its receptor. Most natural
ligands for nuclear receptors have Kd’s below 10 nanomolar. Radiolabeled nuclear
receptor ligands are available from a number of commercial sources, including NEN Life
Sciences and Amersham. Labeled ligands are available for the estrogen, progesterone,

androgen, glucocorticoid, vitamin D, thyroid hormone and retinoic acid receptors.

The term “receptor” as used herein refers to members of the nuclear receptor
family or superfamily. Sources of receptor for use in the invention can include tissue or
cell extracts, or purified receptor derived from natural or recombinant sources expressed

in E. coli, yeast, insect or mammalian cells, or other cell source, with purified,
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recombinant receptor being generally preferred. Crude tissue or cell extracts, or partially
purified extracts, may also be appropriate, provided that the receptor is expressed at at
least approximately 5 micromolar concentration in the extract. It is well known by those
in the art that different receptors from different animal species may bind the same
ligands, and this invention extends to all sources of nuclear receptors where binding of
the mammalian ligand can be shown.
|

The term “high throughput” as used herein in connection with displacement
assays refers to an assay design that allows easy analysis of multiple samples
simultaneously, capacity for robotic manipulation, and small sample volume.
Examples of assay formats include 96-well or 384-well plates used for liquid
handling experiments. It is well known by those in the art that as miniaturization of
plastic molds and liquid handling devices is advanced, or as improved assay devices
are designed, greater numbers of samples may be analyzed using the design of the
present invention. Use of 96-well plate assays in the examples is given for

illustrative purposes only.

The present invention provides a high throughput method to detect ligands that
bind to full-length or fragmented nuclear receptor proteins that is of simple design such
that it is easily automated and can be easily modified to allow different nuclear receptor
targets to be tested without significant modification. The present invention relates to a
scintillation proximity method to screen compounds that bind to nuclear receptor proteins
by using displacement of an established radiolabeled ligand. In a most preferred
embodiment a solution containing two ligands, one sample ligand and a radiolabeled
ligand, are incubated with immobilized nuclear receptor protein for sufficient time to
allow binding equilibrium to be achieved. Afterwards, the bound radiolabel is measured

indirectly by monitoring the fluorescence of the immobilized support carrying the nuclear
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receptor protein. Therefore, measuring reduced fluorescence of a vessel containing a
sample, the radiolabeled ligand, and the nuclear receptor compared to a vessel containing
only radiolabeled ligand and nuclear receptor would indicate that the sample was

specifically bound to the nuclear receptor protein. A schematic illustration is shown in

Figure 8.

The present invention provides use of any scintillant-impregnated or coated
high throughput vessel, with multiple well plates (96 well, 384 well etc.) being
generally preferred. Uncoated scintillant-containing plates can be purchased from
Packard or NEN Life Sciences. The plates can also be purchased pre-coated with an
anti-species antibody (depending on the antibody to be used), or anti-species antibody
can be pre-coated to a basic plate by the user prior to incubation with receptor and
anti-receptor antibody. Where tagged proteins are to be used, plates can be purchased
pre-coated with streptavidin, or appropriate capture material (anti-Flag antibody, anti-
glutathione S-transferase antibody, etc.) can be pre-coated to plates prior to
incubation with the tagged protein. For purposes of Histidine tagged fusion proteins,
one could use a scintillation proximity vehicle coated with a nickel surface. Pre-
coating of antibodies can be performed by overnight incubation at 4 °C in appropriate
buffers, using plates containing anti-species antibody or treated with, for example,

poly-lysine.

In order to be sufficiently sensitive, a scintillation proximity assay requires
efficient immobilization of the protein of interest to the scintillant-containing surface.
Binding of whole estrogen receptor can be achieved by simple adsorption, but this does
not usually yield a stably bound protein. While larger amounts of receptor would
increase the sensitivity of the reaction, this would create a greater requirement for

purified receptor, and thus make the method less cost-effective. To overcome this
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limitation, the protein target can be immobilized to the surface using an intermediate
affinity capture motif. Methods of affinity capture include but are not limited to:
biotin/avidin technology, directed fusion protein interactions such as between glutathione
and glutathione S-transferase or dextran and maltose binding domain, and antibodies
directed against the protein itself or a fragment thereof, or against a fusion tag contained

in a fusion protein.

The type of antibody used to establish an assay of this type may be either
monoclonal (recognizing one epitope of its target protein) or polyclonal (recognizing
multiple epitopes). The optimal antibody for a given receptor can be determined
experimentally, because some antibodies may yield greater signal-to-noise ratios than
others, depending on the epitope or epitopes of the receptor that each recognizes.
Monoclonal and polyclonal antibodies against nuclear receptors are available from a
number of commercial sources (Affinity BioReagents, Stressgen, Transduction
Laboratories). Custom antibodies can be generated by the user according to standard
procedures (immunization of rabbits or mice with pure protein or peptide). The amount
of antibody to be used per well will depend primarily on its avidity for the receptor or
receptor fragment, and is well known by those in the art. Likewise, the positions of
engineered affinity tags should be chosen so as not to disrupt ligand binding. However,
for nuclear receptors in general, use of an epitope outside the ligand binding domain, or
positioning of a tag amino-terminal of the ligand binding domain, is unlikely to lead to

disruption.

The present invention allows use of any buffer that maintains an appropriate
pH and salt concentration to allow receptor binding to the plate and for incubation of
the receptor with the ligands. Depending on the stability of any specific nuclear

receptor, the present invention allows buffer additives that enhance stability of a
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particular protein, and these conditions are well known by those in the art. The
estrogen receptor o, which is a relatively unstable protein, uses high concentrations
of dithiothreitol in a complex buffer, commercially available from Panvera. The
estrogen receptor 3, which is more stable, uses a simpler buffered salt solution, also

commercially available from Panvera.

Compounds identified according to the methods disclosed herein may be used
alone at appropriate dosages defined by routine testing in order to obtain optimal
inhibition of the binding of test ligand to the receptor, or modulation of its activity,
while minimizing any potential toxicity. In addition, co-administration or sequential

administration of other agents may be desirable.

The following examples illustrate the present invention without, however,

limiting the same thereto.

EXAMPLE 1 - Materials

Sources of receptor: The examples taught herein use purified estrogen receptor o or B
from Panvera (Madison, WI, USA). The human estrogen receptor o is expressed in
baculovirus-infected insect cells and subsequently purified to greater than 95% purity by
the manufacturer. Estrogen receptor B is expressed and purified in a similar way. For all
methods described herein, approximately 50 ng (0.75 pmol) of purified estrogen receptor
a were added to each well. Approximately 100 ng (1.7 pmol) of estrogen receptor B

were added to each well.

Sources of affinity capture intermediate: The examples taught herein use commercially

available antibodies, either monoclonal or polyclonal, with specific binding to the
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matching receptor. For all methods described herein, approximately 500 ng to 2 pg of
antibody were added to each well. Anti-estrogen receptor a. mouse monoclonal
antibodies tested were obtained as follows: MA1-310 from Affinity BioReagents
(Golden, CO, USA), E51320 from Transduction Laboratories (Lexington, KY, USA),
SRA-1000 and SRA-1010 from Stressgen Biotechnologies (Victoria, BC, Canada). The
anti-estrogen 3 rabbit polyclonal antibody PA1-313 was obtained Affinity BioReagents
(Golden, CO, USA).

Sources of radiolabeled ligand and sample ligands: Radiolabeled 16a.-['*’I]-iodo-3, 17B-
estradiol and [2,4,6,7,16,17->’H(N)]-estradiol were both obtained from NEN Life Science
Products.

Sources of plates: The examples taught herein use scintillant-containing FlashPlate Plus®
96 well assay plates which have been pre-coated with either a goat anti-mouse
immunoglobulin antibody (for estrogen receptor o) or a sheep anti-rabbit
immunoglobulin antibody (for estrogen receptor ), both from NEN Life Science
Products (Boston, MA, USA). These plates could also be used to capture anti-Flag or
anti-glutathione S-transferase antibodies, which in turn would capture Flag-tagged or
glutathione S-transferase-fused receptor or receptor fragments, respectively.
Alternatively, streptavidin-coated plates (available from NEN) could be used to capture a
biotinylated receptor or receptor fragment. One may also coat basic scintillation plates
oneself with a capture agent. Basic plates are available from NEN and Packard. To
optimize binding, treatment of wells with poly-lysine prior to incubation with the capture

agent can be performed.
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Diluents and wash solutions: Estrogen Screening Buffer (Panvera) was used for estrogen
receptor o incubations. Dithiothreitol was added to 5 mM prior to use. BGG buffer
(Panvera) was used for estrogen receptor 3 incubations. All washes were performed in

phosphate-buffered saline, pH 7.2.

EXAMPLE 2
Establishment of a High Throughput Binding Assay for Estrogen Receptor o

As shown in Figure 1, immobilization of the estrogen receptor was observed in
the absence of added antibody, but the binding was too weak to support high throughput
screening. Increasing the amount of receptor a in the well by 13-fold (to 10 pmol)
significantly enhanced total counts. However, as a result, the cost of receptor needed for
a high throughput screen became prohibitive. To overcome this limitation, the protein
target was immobilized to the surface using antibody affinity capture. Use of an antibody
made the assay both more cost-effective and more sensitive. In the experiment shown,
total binding was approximately 2200 counts per minute with 0.75 pmol of receptor in
the presence of antibody, and was approximately 1800 counts per minute with 10 pmol of

receptor in the absence of antibody.

All of the antibodies except E51320 enhanced total counts per well significantly
over background (receptor + competitor) and over the negative control (no receptor)
(Figure 2). However, antibody SRA-1010, which recognizes an epitope at the carboxyl-

terminal end of the receptor, produced the largest signal-to-background ratio.
The receptor-ligand complex appears to be remarkably stable. After the tracer

was added, specific counts dropped slightly after four hours of incubation at room

temperature, but the signal-to-background ratio was still over four-fold after 18 hr of
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incubation (Figure 3). However, sufficient time is required to form the antibody-receptor
complex (Figure 4). Total counts are barely above control when the receptor was added

with the tracer mstead of with the antibody the previous evening.

Saturation binding analysis showed that the affinity (Kd) of the tracer ligand for
estrogen receptor a determined by this assay method corresponded to the known affinity
of estradiol for its receptor (Figure 5). In addition, dose-dependent competition of tracer
binding to the plate-bound receptor with standard estrogens was observed (Figure 6). The
IC50 for 17B-estradiol over multiple experiments (0.5 to 2 nM) was comparable to those
obtained in assays known by those in the art (Korach, K. S., Migliaccio, S. and Davis,
V.L. (1995). In Principles of Pharmacology: Basic Concepts and Clinical Applications
[Munson, P.L. (Ed)], Chapman and Hall, New York, NY, pp. 809-825; Kuiper, G. G. J.
M., Carlsson, B., Grandien, K., Enmark, E., Haggblad, J., Nilsson, S. and Gustafsson, J.-
A. (1997). Endocrinology 183, 863-870).

EXAMPLE 3
Establishment of a High Throughput Binding Assay for Estrogen Receptor B

To establish that the assay can be applied to other nuclear receptors, essentially
the same methodology used to assay the estrogen receptor o was applied to purified
estrogen receptor P using a commercially available polyclonal antibody against it, PA1-
313 (Affinity BioReagents). Sheep anti-rabbit immunoglobulin FlashPlates® were used
for affinity capture of the receptor-antibody complex. As can be seen in Figure 7, 2 pg of
the antibody increased the total counts over two-fold relative to non-specific adsorption
in the absence of antibody, and increased the signal-to background ratio from 2.5-fold in

its absence to six-fold in its presence.
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EXAMPLE 4

Protocol for High Throughput Binding Assay for Estrogen Receptors (o and B)

Set up Day:

Estrogen receptor o.: add 100 pL Estrogen Screening Buffer containing 5 mM
dithiothreitol, 0.5 ug mouse anti-estrogen receptor o antibody SRA-1010 and 50 ng (0.75
pmol) purified human estrogen receptor o to each well of a 96 well FlashPlate Plus plate

cross-linked with goat anti-mouse antibodies.

Estrogen receptor B: add 100 pL Estrogen Screening Buffer or BGG Buffer containing
2.0 pg rabbit anti-estrogen receptor B antibody PA1-313 and 100 ng (1.7 pmol) purified
human estrogen receptor B to each well of a 96 well FlashPlate Plus plate cross-linked

with sheep anti-rabbit antibodies.

For either nuclear receptor assay, seal the plate(s) and incubate below 10°C for a

minimum of 12 hours.

Assay Day:

Wash the wells three times each with 200 pL room temperature phosphate-buffered
saline, pH 7.2 using a pipette or automatic washer. Then add 98 pL radiolabeled
estrogen (0.5 nM, which equals 0.1 uCi of 2000 Ci/mmol iodinated estradiol or 6 nCi of
120 Ci/mmol tritiated estradiol), diluted in Estrogen Screening Buffer + 5 mM
dithiothreitol to each well. Then, to the appropriate wells, add 2.5 pL of test compound
diluted in 30% (v/v) dimethyl sulfoxide/50 mM HEPES pH 7.5. Mix three times by
aspiration. Then seal the plate and incubate at room temperature for a minimum of 0.5
hours. Then read each plate for 1 minute in a TopCount scintillation counter, with a 1

minute pre-read delay per plate.
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EXAMPLE 5
Reproducibility of the Assay

The coefficients of variation (CV’s) across duplicate plates were determined on
two separate days, for each assay (Table 1). CV’s were 10% or less for both the estrogen
receptor o and the estrogen receptor B assays when they were performed in the presence
of the appropriate antibody. With the amounts of receptor used, CV’s were higher (14%
to over 20%) in the absence of the antibodies. Within an experiment, variability was 1.5
to over three times higher in the absence of antibody compared to in its presence.
Presumably, this was due to the lower total counts obtained in the absence of the

antibodies.
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Tablel. Comparison of CV’s for the estrogen receptor o and B assays performed in

the absence and presence of antibodies.

° Plate Set-Up*® Average Plate %CV, Day Average Plate %CV, Day
One Two
hERaq, with antibody 10.5 7.12
hERa, without antibody 21.8 13.7
hERp, with antibody 10.2 4.20
hERp, without antibody 16.1 14.6

? Assays were performed as in Figures 2 (human estrogen receptor o, hERa) and 7
(hERP), in the presence or absence of the respective antibodies (0.5 pg SRA-1010 for
hERa and 2 pg PA1-313 for hER). Vehicle (0.75% [v/v] dimethyl sulfoxide, final
10  concentration) was added to all wells. [*H]-estradiol was used as the tracer ligand. CV’s
were calculated for each plate by averaging the column and row CV’s. Data from two
plates were then averaged.
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WHAT IS CLAIMED IS:

1.

A method, comprising:

a) coating wells of a multi-well, scintillant-coated plate with an anti-
species antibody;

b) adding to the wells a mixture of an anti-nuclear receptor antibody that
also binds to the anti-species antibody, and a nuclear receptor that the anti-
nuclear receptor antibody binds;

¢) adding to the well a mixture of a sample and a labeled ligand that is
known to bind to the nuclear receptor; and

d) measuring scintillation of the well to determine the amount of labeled

ligand bound to the nuclear receptor.

The method of claim 1 wherein the nuclear receptor comprises an estrogen

o receptor.

The method of claim 1 wherein the nuclear receptor comprises estrogen B

receptors.

The method of claim 1 wherein the antibody binds specifically to estrogen

o receptors.

The method of claim 1 wherein the antibody binds specifically to estrogen

B receptors.
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