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INTRODUCTION

Fluorescence polarization is ideal for the study of small molecule fluorescent ligands
binding to receptors. Due to the significant difference in size of the ligands and receptors,
the increase in polarization upon binding is relatively large. The first three applications in
this section describe the binding of a fluorescent ligand to recombinant steroid hormone
receptors. In each application, the fluorescent ligand is a high-affinity steroidal compound
containing a covalently-linked fluorophore. Illustrated in Figure 2-1, displacement of the
fluorescent steroid by competitor compounds serves as the basis for high-throughput
screening assays. The fourth application involves the interaction between a protein
domain and a fluorescein-labeled peptide. Peptide/protein interactions are particularly
suitable for FP because the design of the fluorescein-labeled peptide ligands is straight-
forward (Chapter 3 describes further applications with fluorescently-labeled peptides).

ESTROGEN RECEPTOR COMPETITOR ASSAY KITS

Estrogen Receptors are 66 kDa hormone-inducible transcription factors that regulate the
expression of genes involved in tissue growth and differentiation in diverse target tissues
including reproductive, skeletal, cardiovascular, and mammary tissue (Turner et al., 1994;
Ciocca and Roig, 1995; Farhat et al., 1996; Kuiper et al., 1996). Estrogen acts by binding to
ER, resulting in the transcriptional control of a variety of genes in target cells. PanVera®
produces recombinant human Estrogen Receptor α (hERα; (PanVera® Part No. P2187)
and Estrogen Receptors β (hERβ; PanVera® Part No. P2466) that are both soluble and
functionally active by virtue of baculovirus-mediated expression in insect cells.
PanVera® has developed a tight-binding, steroidal, fluorescent ER ligand (Fluormone™
ES2; PanVera® Part No. P2613; available in Part No. P2614, P2615, P2698 and P2700) for
high throughput screening in pharmaceutical and environmental toxicology applications,
which has been described in detail previously (Bolger et al.,1998). Fluormone™ ES2 binds
to hERα and hERβ with Kd values of 3 nM and 2 nM, respectively (data not shown). These
values are approximately 10-fold higher than the affinities for native estradiol in the
radioactive HAP (hydroxyapatite) assay when the same preparation of ER was used. The
high affinity of Fluormone™ ES2 for ER makes it an ideal tracer for ligand competition
experiments.
Competition binding experiments are used to analyze binding affinities of nonfluorescent
ligands. One can compare the relative binding affinities (IC50) of two or more unlabeled
ligands or, when the Kd of the labeled ligand is known, calculate the Ki of the unlabeled lig-
ands. The great benefit of competition experiments is the ability to determine binding
affinities without requiring labeling the ligand under study.

• Bolger et al. (1998) Environ.
Health Perspect. 106:551-7.

• Ciocca, D.R. and Roig, L.M. (1995)
Endocr. Rev. 16:35-62.

• Farhat, M.Y. et al. (1996) FASEB J.
10:615-24.

• Kuiper, G.G. et al. (1996) Proc.
Natl. Acad. Sci. USA. 93:5925-30.

• Turner, R.T. et al. (1990) Endocr.
Rev. 15:275-300.
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Analysis of the competition binding curve yields IC50 values, which is the concentration of
unlabeled ligand necessary to displace 50% of the tracer from the receptor. IC50 values are
dependent on the experimental system, the concentration of the tracer, and the receptor
concentration; therefore, they are not easily compared if these parameters vary between
experiments. Obtaining IC50 values under identical conditions is an excellent approach if
the aim of the study is to compare the relative affinities of a series of ligands. In the typi-
cal competition experiment, tracer is incubated with receptor and various concentrations
of the unlabeled competing ligand. As the concentration of unlabeled ligand increases, it
competes with the tracer for receptor binding. As the fraction of tracer that is bound to
the receptor drops, there is a corresponding drop in the polarization value.

Competition experiments performed using FP require relatively high receptor concentra-
tions in order to bind significant amounts of the fluoresceinated ligand. FP competition
experiments should be designed such that the [receptor]/Kd ratio is at least 1, so that the
starting polarization value will represent at least 50% of the maximal shift. Note that IC50

values determined will be greater than the actual Ki values. See Chapter 8 for a detailed
discussion of the relationship between IC50 and Ki.

In the following example, the affinities of estrogen receptor ligands are assessed by their
ability to displace Fluormone™ ES2 from a complex of Fluormone™ ES2 with hERα
(Figure 2-2) or hERβ (Figure 2–3). ER/Fluormone™ ES2 complex is added to the com-
pound being tested, which has been diluted in Estrogen Screening Buffer. After a 2 hour
incubation, the polarization values are measured. By adding the complex to a serial dilu-
tion of the test compound, a competition curve can be generated from which an IC50 can
be determined. These assays have also been optimized as kits (PanVera® Part No. P2614
and P2615) for multiwell plates in high throughput screening applications.
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Figure 2-2. Estrogen Compet-
itor α Screening Assay. Serial
dilutions of four known competitors
for ER were prepared in estrogen
screening buffer from 10 mM DMSO
stocks. A mixture of ERα and
Fluormone™ ES2 was added to the
diluted inhibitors to final concentra-
tions of 13 nM ERα and 1 nM
Fluormone™ ES2.After a 2 hour incu-
bation at 25˚C, fluorescence polariza-
tion was measured on a TECAN
Polarion using the recommended flu-
orescein filter set. Binding parame-
ters were calculated from non-linear
regression using Prism® from
Graphpad Software, Inc.



GLUCOCORTICOID RECEPTOR COMPETITOR ASSAY
KIT (GREEN AND RED)

Glucocorticoids act as signaling molecules in a wide range of biological functions, including
carbohydrate, fat, and protein metabolism, immune and inflammation suppression, neuro-
logical and cardiovascular control, and basal and stress-related homeostasis.
Glucocorticoids have proven to be important therapeutic agents in the treatment of asthma,
chronic arthritis, inflammatory bowel disease, lymphoma, leukemia, hyperglycemia, renal
and pulmonary conditions, multiple sclerosis, and headaches (Beato et al., 1995). The pri-
mary mediator of glucocorticoid function is the glucocorticoid receptor (GR), a 94 kDa lig-
and-activated, intracellular transcriptional regulator. In its inactive (ligand-free) state, GR is
associated with a complex of chaperone proteins that are required for ligand activation of
GR (Pratt and Toft, 1997). PanVera® now supplies human recombinant GR (PanVera® Part
No. 2812), which is capable of binding known ligands with nanomolar affinity.

GR assay kits designed for high-throughput screening utilizing two different fluorescent
ligands are now available from PanVera®.As described in the following examples, we have
demonstrated that an assay based on a fluorescein-derivatized steroid (Figure 2-4;
Fluormone™ GS1; PanVera® Part No. P2813, available in Part No. P2816) has essentially
the same performance as an assay based on a rhodamine-derivatized steroid
(Figure 2–5; Fluormone™ GS Red; PanVera® Part No. 2894, available in Part No. P2893).
There are advantages to the use of each assay. In the case of fluorescein-based, or “green”
fluor, greater sensitivity may be achieved due to the brightness of fluorescein. Also, many
fluorescence polarization instruments are optimized specifically for use with fluorescein
excitation and emission wavelengths. The rhodamine-based, or “red” fluor, gives the
advantage of avoiding interference from background fluorescence. Such fluorescence in
the “green” wavelengths is often observed from chemical libraries and cellular extracts.
For other applications using “red” fluors, see the FP-based immunoassays described in
Chapter 3.
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• Beato, M. et al. (1995) Cell 83:851-
857.

• Pratt, W.B. and Toft, D.O. (1997)
Endocr. Rev. 18:306-60.
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Figure 2-3. Estrogen Competitor
β Screening Assay. Estrogen com-
petitors were assayed as described in
Figure 2-2, using ERβ as the receptor
component. ERβ and Fluormone™
ES2 were added to the diluted
inhibitors to a final concentration of
10 nM ERβ and 1 nM Fluormone™
ES2. Fluorescence polarization was
measured as described above. Note
that the calculated IC50 values are not
precisely comparable to those in
Figure 2-2, due to slight differences
in receptor concentrations.



Figure 2-4. Glucocorticoid
Receptor Steroid Competition
with Fluormone™ GS1. Serial
dilution of steroids in GR Binding
Buffer (10 mM potassium phosphate,
pH 7.4, 20 mM Na2MoO4, 0.1 mM
EDTA, 5 mM DTT, 2% DMSO, 100 µM
GR stabilizing peptide) were prepared
in a 96-well plate. Fluormone™ GS1
and GR were added sequentially to
each well. Final incubation conditions
were 4 nM GR and 1 nM Fluormone™
GS1.After a 1-hour incubation at room
temperature, the fluorescence polar-
ization of each well was read on a
TECAN Polarion using a filter set
appropriate for fluorescein. Wells con-
taining 4 nM GR were used as blanks.
The IC50 for each steroid was deter-
mined from the average of a single
plate read 10 time. Note that the IC50

values approximate literature values
(Mulatero et al. 1997; Hogger and
Rohdewald, 1994).

As with the ER competitor assay kit, the GR competitor assay is a “mix-and-read” assay,
with only four components (buffer, competitor, Fluormone™ GS1 or GS Red, and GR)
added to a multiwell assay plate. In the GR kit, the kinetics of equilibration are important.
Due to the slow dissociation rate of ligand from GR, the order of addition of competitor and
Fluormone™ GS1 or GS Red is important. If either the competitor or Fluormone™ GS1 or
GS Red is incubated with GR prior to the final mixing step, the binding results will be
skewed towards the initially added component. To prevent this bias in the GR assay, com-
petitor and Fluormone™ GS1 or GS Red should be mixed prior to the addition of GR.

The GR competition assays have the capability of operation either at ambient temperature
or in refrigeration (4˚C).We have found that the GR complex is susceptible to temperature-
dependent inactivation, apparently due to loss of GR-associated proteins. This inactivation
has been corrected by the inclusion of a proprietary peptide (GR Stabilizing Peptide,
PanVera® Part No. P2815, available in Part No. P2816 and P2893) in the assay at room tem-
perature.Against a panel of common glucocorticoids and other steroids, the room temper-
ature and 4˚C assays exhibit the same selectivity towards competitors (Table 2-1).

Figure 2-5. Glucocorticoid
Receptor Steroid Competition
with Fluormone™ GS Red.
Competition curves were constructed
as described in Figure 2-4, except
that 1 nM Fluormone™ GS Red
replaced Fluormone™ GS1. Fluor-
mone™ GS Red was added to each
competitor prior to addition of GR.
After a 1-hour incubation at room
temperature, the fluorescence polar-
ization of each well was read on a
TECAN Ultra, using a filter and
dichroic mirror set recommended for
rhodamine-based labels. Samples
were blanked against wells containing
4 nM GR. The IC50 value for each
steroid was determined from the
average of a single plate read three
times. Note that the observed selec-
tivity of GR receptor is similar to that
of the assays using Fluormone™ GS1.
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• Mulatero, P. et al. (1997)
Hypertension 30:1274-8.
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PROGESTERONE RECEPTOR COMPETITOR ASSAY KIT
Progesterone receptor, a member of the nuclear receptor superfamily, is critical for nor-
mal reproductive functions in females and is an important drug target for the treatment
for infertility, diseases of the genital tract, and breast cancer (Evans, 1988). To aid in the
identification of novel PR ligands, we developed a rapid and sensitive FP-based screening
assay (PanVera® Part No. P2895). This homogeneous assay utilizes an N-terminal GST
fusion of the human progesterone receptor ligand binding domain [PR-LBD(GST)] and a
proprietary, fluorescein-tagged progesterone ligand (Fluormone™ PL Green).

PR-LBD(GST), which is expressed in E. coli cells, has similar binding properties as full-
length, native human progesterone receptor. Both forms of the receptor bind tritiated
progesterone with a high affinity (Kd = 1 nM; Tetel et al., 1997). Fluormone™ PL Green
binds to the purified PR-LBD(GST) with approximately 10-fold lower affinity than
[3H]progesterone. The difference in polarization between free and bound Fluormone™
PL Green was greater than 250 mP, which provides a good dynamic range for the assay.
Several compounds have been investigated for their ability to displace the Fluormone™
PL Green from PR-LBD(GST); observed IC50 values for progesterone, mifepristone
(RU486), testosterone, and dexamethasone were 50 nM, 70 nM, 400 nM, and 1 µM, respec-
tively (data not shown).

In Figure 2-6, the effect of temperature on fluorescence polarization measurements is
demonstrated. The competitor screening assay for PR may be conducted at room temper-
ature or at 4˚C with little effect on the performance of the assay. However, as with every
FP assay, elevating the temperature results in a reduction of FP values. As the average
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• Tetel, M.J. et al. (1997) Mol.
Endocrinol. 11:1114-28.

Table 2-1. FP assay for GR competitors at 25˚C or 4˚C. Serial dilutions of
steroids were prepared in GR Binding Buffer in the presence or absence of
100 µM GR stabilizing peptide. Fluormone™ GS1 (1 nM final) and GR (4 nM
final) were added sequentially to each well. For dilutions prepared in the
presence of stabilizing peptide, the fluorescence polarization of each well was
read on a TECAN Polarion after a one hour incubation at room temperature.
For dilutions prepared in the absence of stabilizing peptide, the plate was
incubated for 4 hours at 4˚C before the FP values were measured. An IC50 for
each steroid (in nM) was determined from the average of one plate read 3 times.

25˚C Assay (with Peptide) 4˚C Assay (without Peptide)

Compound IC50 Compound IC50

Beclomethasone Monopropionate 6.2 Beclomethasone Monopropionate 4.7

Halcinonide 6.3 Halcinonide 9.4

Dexamethasone 9.3 Dexamethasone 9.9

Cortisol 27 Cortisol 36

Prednisone 270 Prednisone 1600

Testosterone 420 Testosterone 2700

Estradiol 620 Estradiol 6800



kinetic energy (both rotational and translational) of the molecules in solution is increased
with temperature, the rotational relaxation time (Equation 1.1) decreases, resulting in a
lower polarization value. It is important to note that the working range of the assay (in mP
units) and the Kd for binding between PR-LBD(GST) and Fluormone™ PL Green vary little
with temperature.

GST-SRC HOMOLOGY DOMAIN BINDING TO A
FLUORESCEIN-PHOSPHOPEPTIDE
A phosphorylated peptide (TSTEPQpYEEIENL) was labeled with fluorescein. The glu-
tathione-S-transferase/Src homology domain fusion (GST-SH2/SH3) was serially diluted in
11 tubes, then the fluorescein-labeled phosphopeptide (F-phosphopeptide) was added to
each tube and incubated at room temperature (approximately 25˚C) for 18 hours.As a neg-
ative control, fluorescein-labeled nonphosphorylated peptide was added to a second serial
dilution series of GST-SH2/SH3. Anisotropy values were then measured in all reaction
tubes. The data are presented in Figure 2-7. The F-phosphopeptide bound the SH2/SH3
domain with high affinity (Kd = 42 nM), while the fluorescein-labeled non-phosphorylated
peptide did not bind to the SH2/SH3 domain, as expected. This binding interaction is
known to require the phosphotyrosine residue for high-affinity binding (Sudol, 1998).

Figure 2-7. Fluorescein-labeled
Peptides Binding to GST-
SH2/SH3. A glutathione-S-trans-
ferase/Src homology domain fusion
was serially diluted from 700 to 0.5 nM
in 0.5 mL volumes. Fluorescein-
labeled phosphorylated peptide
(squares) or fluorescein-labeled
unphosphorylated peptide (triangles)
was added to each reaction tube and
anisotropy was measured on a
Beacon® 2000 after a 2 hour incuba-
tion at 25˚C. Binding parameters were
calculated from non-linear regression
using Prism® from Graphpad
Software.
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Figure 2-6. Binding Iso-therms
for Fluormone™ PL Green/PR-
LBD(GST) interaction. PR-
LBD(GST) was diluted serially in PR
Binding Buffer (PanVera® Part No.
P2901) in 0.5 mL borosilicate tubes.
Fluormone™ PL Green (PanVera® Part
No. P2897) was added to each well at a
final concentration of 2 nM and 100
µL final volume. After a 1-hour incu-
bation at 4˚C, the fluorescence polar-
ization of each tube was read on a
Beacon® 2000, with a 485 nm excita-
tion filter and a 535 nm emission filter.
The tubes were incubated an addition-
al 2 hours at room temperature (read-
ings are stable for >3 hours), then read
again on the Beacon® 2000
Instrument. The binding isotherms
were analyzed by non-linear least-
squares regression using the Prism®
software package (Graphpad, Inc.).
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