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INTRODUCTION

Interactions between polyclonal or monoclonal antibodies and their antigens can be stud-
ied by exploiting the advantages of FP, leading to assays that rival or exceed ELISAs in sen-
sitivity and ease-of-use. Homogeneous, competitive fluorescence polarization immunoas-
says (FPIAs) differ from radioimmunoassays and ELISAs in one important aspect: FPIAs
require no separation of the free and bound tracer. FPIAs are similar to other competitive
FP assays in that antibody and fluorescent antigen are combined so that the majority of
antigen is bound with a high polarization value. As increasing concentrations of unla-
beled antigen are added, a greater fraction of the labeled antigen is displaced, and the
observed polarization value decreases. The sensitivity of the FPIA primarily depends on
the affinity of the antigen/antibody pair, the instrument sensitivity, and the difference in
polarization value between the free and bound forms of the labeled antigen.As with other
FP applications, FPIAs are best suited for the quantitation of antigens smaller than
10 kDa. This is fortuitous because ELISAs usually require multiple antigenic sites and are
often ill-suited for the detection of small molecules such as drugs and peptides.

Most immunoassays require at least two steps: formation of an immunocomplex followed
by physical separation of bound from free antigen. Both radioimmunoassays and ELISAs
involve one or more steps in which the liquid phase is removed and the retained immuno-
complex is extensively washed to remove unbound and non-specifically bound molecules.
During each wash, bound antigen can be released from the solid phase. Uncontrolled
leaching of bound material causes both systematic and sample-to-sample variability. The
amount of loss depends on several variables, such as the type of solid matrix used, the
equilibrium constants of the immunocomplexes, and the duration, temperature, and sol-
vent conditions of the wash. Not all of these factors can be tightly controlled. FPIAs, on the
other hand, require no separation step, totally avoiding this problem.
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DETECTION OF KINASE ACTIVITY USING FLUORESCENCE
POLARIZATION (PATENT PENDING)

The phosphorylation of proteins by kinase cascades (and subsequent dephosphorylation
by phosphatases) is critical to the normal regulation of biological mechanisms. Kinases
catalyze the transfer of a high-energy phosphoryl group from ATP to the hydroxyl group
of a serine, threonine, or tyrosine residue. Phosphorylation appears to be the “master”bio-
chemical reaction in signal transduction, and it has been estimated that at least one-third
of the proteins in the average mammalian cell are phosphorylated (Hunter, 1995).
Traditional in vitro kinase assays are often tedious and involve either large amounts of
[32P] or labor intensive (and sometimes ambiguous) Western blotting. Neither of these
techniques allows for the real-time observation of the phosphorylation event. PanVera® is
a leader in the development of simple, sensitive, non-radioactive, non-immobilized, pro-
tein kinase assays designed for basic research and inexpensive high-throughput screens
of kinase activity modulators.

Tyrosine Kinase Assays

The regulated and reversible phosphorylation of tyrosines is critical to the normal regulation
of many biological mechanisms, including cell growth, proliferation, differentiation, motility,
transcription, synaptic function, and metabolism (Hunter, 1995; Hunter, 1998; Pawson, 1995).
There have been more than 95 PTKs and 55 tyrosine phosphatase genes found in humans
(Hunter, 1998). Defects in these signal transduction pathways can result in a number of
human diseases, including cancer (Hunter, 1995; Pawson, 1995). For example, in the case
of the epidermal growth factor (EGF) receptor, over-expression and mutation have been
associated with some of the most incurable cancers, including glial and pancreatic tumors
(von Deimling et al., 1995, Friess et al., 1996; Wong et al., 1992). Unfortunately, the devel-
opment of anticancer agents based on the inhibition of EGF binding to the receptor have
had limited success (Eppstein et al., 1989). Efforts to screen for new tyrosine kinase
inhibitors had been hindered by the lack of robust, high-throughput tyrosine kinase
assays. With PanVera®’s kinase kits, these screens are simpler, cheaper, and accelerate the
development of new drug candidates.

Traditional tyrosine kinase assay formats include ELISA- and RIA- based methods. These
methods require immobilization of reaction components on plates, and multiple separa-
tion and washing steps, making them difficult to implement in HTS.Although radioactive
methods are very sensitive, they create significant radioactive waste. Newer homogeneous
methods now in use include SPA (Scintillation Proximity Assay; Baum et al., 1996) and
HTRF® (Homogeneous Time-Resolved Fluorescence; Kolb et al., 1998). SPA is a radioac-
tive technique requiring immobilization and HTRF® requires labeling and characterizing
multiple assay components.

FP-based tyrosine kinase Assays are homogeneous, fluorescent assays requiring no
immobilization, making them ideal for HTS. In the FP-base kinase assay, a fluorescently-
labeled phosphopeptide (tracer) and phosphopeptides generated during a kinase reaction
compete for binding to anti-phosphotyrosine antibodies (anti-pY Ab). When there are no
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kinase reaction products present, the tracer will be bound by the anti-pY Ab, resulting in
a high FP value. However, after a tyrosine kinase reaction has occurred, reaction products
displace the tracer from the anti-pY Ab, resulting in a decreased FP value. Thus, the reduc-
tion in FP value is directly related to the amount of the tyrosine kinase activity.
Measurements can be made in real-time, allowing the observed enzymatic activity to be
monitored both kinetically or in an endpoint assay format. This description is illustrated
in Figure 3-1:

PanVera®’s Tyrosine Kinase Assays Kits are available with two different fluorescently-
labeled phosphopeptides. One emits at 535 nm (Green; PanVera® Part No. P2836 and
P2937) while the other emits at 590 nm (Red; PanVera® Part No. P2882 and P2883). As
shown in Figure 3-2, we have demonstrated that the assay containing the fluorescein-
derivatized tracer (Green) performs essentially the same as the assay using the rho-
damine-derivatized tracer (Red). Advantages exist for each assay type. The fluorescein-
derivatized tracer is useful when greater sensitivity may be needed due to the high inten-
sity of the fluorescein signal or because of the available of instrumentation. Many fluo-
rescence polarization instruments are optimized specifically for use with fluorescein exci-
tation and emission wavelengths. The rhodamine-derivatized tracer gives the advantage
of avoiding interference by background fluoresce, often observed in chemical libraries
and cellular extracts.

Figure 3-2. Titration of Four
Src Enzymes in the PTK
Green and PTK Red Kits. The
complete reaction/detection system
was run in a final volume of 50 µL
under the following final reaction
conditions: 20 mM HEPES (pH 7.4),
2 mM MgCl2, 5 mM MnCl2, 50 µM
Na3VO4, 2 ng/mL poly [Glu, Tyr] 4:1,
and enzyme titrated down from
100 ng/mL in two-fold dilutions.
10 µM final ATP was added to start
the reaction, and after 90 minutes the
reaction was stopped by the addition
of 5 mM EDTA. Detection compo-
nents were added and the signal was
measured on a TECAN Ultra.
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Figure 3-1. In an FP-based kinase
assay, the tracer and phosphopeptides
generated during a kinase reaction
compete for binding to anti-pY Ab.
When there are no kinase reaction
products present, the tracer will be
bound by the anti-pY Ab, resulting in
a high FP value. However, after a tyro-
sine kinase reaction has occurred,
reaction products displace the tracer
from the anti-pY Ab, resulting in a
decreased FP value. The reduction in
FP value is directly related to the
amount of the tyrosine kinase activity.



In Figure 3-2, the change in FP values due to tyrosine kinase activity was assayed using
members of the src family, including Src, Src N1, Lyn A, and Lyn B. The complete reac-
tion/detection system was run in a final volume of 50 µL under the following final reaction
conditions: 20 mM HEPES (pH 7.4), 2 mM MgCl2, 5 mM MnCl2, 50 µM Na3VO4, 2 ng/mL
poly [Glu, Tyr] 4:1. Enzyme was titrated down from 100 ng/mL using two-fold dilutions.
ATP was added to a final concentration of 10 µM to start the reaction and after 90 minutes,
the reaction was stopped by the addition of 5 mM EDTA. Detection components were
added and the signal was measured on a TECAN Ultra. Percent phosphorylation was deter-
mined by calculating the difference in polarization values between unbound tracer (all of
the antibody is bound to the unlabeled phosphotyrosine generated by the kinase reaction
and the tracer is free in solution; low polarization) and bound tracer (all of the F-phos-
phopeptide tracer is bound by the anti-phosphotyrosine antibody; high polarization).

A kinase assay based on FP can be used to detect autophosphorylation of the kinase, as well
as the phosphorylation of any additional substrates that are present. In the case of the EGF
receptor, autophosphorylation provides a significant amount of the competitor phosphoty-
rosines. In this situation, measuring the Km for the peptide substrate is still possible by run-
ning an assay with no substrate and measuring the shift in mP that occurs due to autophos-
phorylation of the enzyme.

Serine/Threonine Kinase Assays

The phosphorylation of serine and threonine residues in proteins by Serine/Threonine
Kinases is central to the normal regulation of many biological mechanisms including the
modulation of membrane structure, receptor desensitization, transcriptional control, cell
growth and differentiation, and the mediation of immune responses like inflammation.
Serine/threonine kinases, such as protein kinase C (PKC) family members also play a role
in memory, learning, as well as in various pathological processes (Nishizuka, 1986;
Nishizuka, 1992; Dekker and Parker, 1994).A number of studies have suggested that inap-
propriate activation of PKCs can contribute to cancer, inflammation, viral infection,
immune and CNS disorders, cardiovascular malfunction, vascular complications of dia-
betes, and insulin resistance (Hu, 1996). Therefore, identifying inhibitors to serine/threo-
nine kinases, such as the PKC family members, is essential to developing new therapies
for these diseases.

Like the FP-based tyrosine kinase assay, the principle behind the Serine/Threonine
Kinase Assays is competition. Fluorescein-labeled phosphopeptide tracers and any unla-
beled phosphopeptide products generated during a serine/threonine kinase reaction will
compete with each other for binding to anti-phosphoserine or anti-phosphothreonine
peptide-specific antibodies. In a reaction mixture containing no phosphopeptide prod-
ucts, a significant portion of the fluorescent tracer will be bound by the antibody, result-
ing in a high polarization value. However, in a reaction mixture containing phosphopep-
tide products, some of the tracer will be displaced from the antibody and the emission
signal will become depolarized. Therefore, the change in polarization is directly related to
the amount of serine/threonine kinase activity in a reaction.
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Figure 3-3 is a representative example of a competition curve from one of PanVera®’s ser-
ine/threonine kinase assays, the IκB-α pSer 32 Assay Kit (PanVera® Part No. P2827 and
P2828). At high concentrations of phosphopeptide, the polarization shifts from 250 mP to
45 mP. This change in polarization occurs because the F-phosphopeptide tracer that is ini-
tially bound by anti-phosphoserine peptide specific antibody (high polarization) is dis-
placed by the phosphopeptide competitor. However, the concentration of competitor phos-
phopeptides is lowered by dilution in subsequent wells and less antibody is bound to the
unlabeled phosphopeptide competitor. Therefore, the F–phosphopeptide tracer remains
bound to the anti-phosphoserine peptide-specific antibody. If this antibody is left out of
the reaction, then the F-phosphopeptide:anti-phosphoserine peptide-specific antibody
complex cannot form (low polarization = 45 mP). If the antibody and F-phosphopeptide
tracer are mixed in the absence of competitor phosphopeptide, then the complex can form
(high polarization = 250 mP). These data demonstrate the specificity of the antibody by
showing that neither the non-phosphopeptide competitor or the non-specific phospho-
peptide competitor (p36) can displace the F–phosphopeptide from the anti-phosphoser-
ine peptide-specific antibody at concentrations relevant to a kinase reaction.

As shown in Figure 3-4, PanVera®’s Protein Kinase C Assay Kit (PanVera® Part No. P2747
and P2748) can be used to determine IC50 values for inhibitors of specific serine/threonine
kinases such as staurosporine, a potent inhibitor of PKC isoforms (Tamaoki et al., 1986).
Briefly, in a round-bottom, black 96-well plate, PKC isoforms (15 ng PKCα, 300 ng PKCβI,
300 ng PKCβII, 17 ng PKCγ, 117 ng PKCδ, or 65 ng PKCε) were individually incubated with
serial dilutions of Staurosporine (Calbiochem; San Diego, CA) for 5 minutes at room tem-
perature. ATP was then added to start the reactions. Final reaction conditions (for 50 µL
total reaction volume) were: 20 mM HEPES (pH 7.4), 10 mM MgCl2, 100 µM CaCl2, 0.1
mg/mL phosphatidylserine, 0.02 mg/mL diacylglycerol, 2 µM peptide substrate, 2X PKC
fluorescent phosphopeptide tracer, 50 µM sodium vanadate, 0.02% NP40, and 10 µM ATP.
After a 90-minute incubation at room temperature, 50 µL of a Quench/Detection Mixture
(containing 130 mM EDTA and the anti-phosphoserine antibody) was added to stop each
reaction and initiate the competition for antibody binding. Results were measured on a
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Figure 3-3. IκB-α Assay Kit
Competition Curves. Different
IκB-α-derived peptides (14 amino
acids each) compete with the fluores-
cein-labeled phosphoserine 32 IκB-α
tracer for binding sites on the anti-
phosphoserine 32 IκB-α antibody.
Competitors were serially diluted, and
the antibody and tracer were added to
each well. Differential displacement of
the tracer by the three different IκB-α
peptides peptides is shown.
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TECAN Polarion Instrument and nonlinear regression analysis was performed on a semi-
log plot of the data. The IC50 values of Staurosporine were shown to be less than 10 nM for
all PKC isoforms tested.

DETECTION OF TYROSINE PHOSPHATASE ACTIVITY USING
FLUORESCENCE POLARIZATION (PATENT PENDING)

Dephosphorylation of proteins is an important regulatory mechanism of many biological
processes. The enzymes that catalyze these reactions, protein phosphatases, also wreak
havoc with basic research and development on protein kinase-regulated events.
Contamination of cell extracts, immunoprecipitates, and column fractions with active
phosphatases can seriously impair the progress of a research project. The use of protein
phosphatase inhibitors can be critical to the success of molecular and cellular biology
research. Therefore, determining if a sample is free of phosphatase activity and the devel-
opment of new and more powerful phosphatase inhibitors are important areas in research
and development, quality control, and the search for new therapeutics.

The general principles described for kinase detection can also be applied to a phosphatase
assay which, like the kinase assay, can be monitored as either a kinetic or end-point assay.
Phosphatase assays are slightly different from the competition-based PTK assays
described earlier in that reaction progress is monitored using direct binding rather than
competition. Tyrosine phosphatases cleave the phosphate from phosphotyrosine, so as the
tracer is dephosphorylated by a phosphatase, it is no longer recognized by the anti-pY Ab,
increasing the free fraction and decreasing the polarization of the sample.

An FP-based protein phosphatase assay offers a simple, rapid, very sensitive, and non-
radioactive means for detecting phosphatase contamination in QC applications or study-
ing the role of phosphatases in basic research. This assay can also be used to screen for
novel phosphatase inhibitors. The principle of this assay is dependent on the equilibrium
binding of fluorescein-labeled phosphopeptides (F-phosphopeptides) by anti-phosphoty-
rosine antibodies (anti-pY Ab). When there are no active phosphatases present in a sam-
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Figure 3-4. In a round-bottom,black
96-well plate, PKC isoforms (15 ng
PKCα,300 ng PKCβI,300 ng PKCβII,17
ng PKCγ, 117 ng PKCδ, or 65 ng PKCε)
were individually incubated with serial
dilutions of the inhibitor Staurosporine
(Calbiochem; San Diego,CA) for 5 min-
utes at room temperature. ATP was
then added to start the reactions. Final
reaction conditions (for 50 µL total
reaction volume) were: 20 mM HEPES
(pH 7.4), 10 mM MgCl2, 100 µM CaCl2,
0.1 mg/mL phosphatidylserine, 0.02
mg/mL diacylglycerol, 2 µM peptide
substrate, 2X PKC fluorescent phospho-
peptide tracer,50 µM sodium vanadate,
0.02% NP40,and 10 µM ATP.After a 90-
minute incubation at room tempera-
ture, 50 µL of a Quench/Detection
Mixture (containing 130 mM EDTA
and the anti-phosphoserine antibody)
was added to stop each reaction and
initiate the competition for antibody
binding. Results were measured on a
TECAN Polarion Instrument and non-
linear regression analysis was per-
formed on a semi-log plot of the data.
The IC50 values of Staurosporine were
shown to be less than 10 nM for all PKC
isoforms tested.
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ple, a significant portion of the F-phosphopeptide tracer will be bound by anti-phospho-
tyrosine antibodies and the equilibrium is undisturbed, resulting in a high polarization.
However, when a phosphatase reaction has occurred, the F–phosphopeptide will be
dephosphorylated by the enzyme, which alters the equilibrium binding, and the anti-
phosphotyrosine antibodies will be unable to bind to the resultant F–peptide. This
increases the amount of free tracer and decreases the polarization of the sample. Thus, the
reduction in polarization is directly related to presence and amount of phosphatase activ-
ity. Measurements can be made in real-time, allowing the researcher to follow the activi-
ty of the enzyme kinetically. This reaction is illustrated in Figure 3-5:

Protein Tyrosine Phosphatase Assay

In Figure 3-6, the enzymatic activity of T-Cell Protein Tyrosine Phosphatase (TC PTP) was
measured in a dose-dependent manner by incubating different concentrations of TC PTP
(New England Biolabs; Beverly, MA), from 0.05 U/µL to 0.0005 U/µL, with 50 µL of a mix-
ture of anti-phosphotyrosine antibodies and fluorescein-labeled phosphopeptides. The
final reaction volume was 100 µL. Two control assays were performed: one did not receive
TC PTP, while the other was supplemented with 50 µM Na3VO4 (Sigma, St. Louis, MO), a
potent phosphatase inhibitor. Increasing concentrations of TC PTP result in an increased
rate of dephosphorylation, which is indicated by a decrease in polarization. This change in
polarization was dependent on the presence of TC PTP and could be completely inhibited
by 50 µM Na3VO4.
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of T-Cell Protein Tyrosine Phosphatase
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Figure 3-5. When there are no
active phosphatases present in a sam-
ple, a significant portion of the F-
phosphopeptide tracer will be bound
by anti-phosphotyrosine antibodies
and the equilibrium is undisturbed,
resulting in a high polarization.
However, when a phosphatase reac-
tion has occurred, the F–phosphopep-
tide will be dephosphorylated by the
enzyme, which alters the equilibrium
binding, and the anti-phosphotyro-
sine antibodies will be unable to bind
to the resultant F–peptide. This
increases the amount of free tracer
and decreases the polarization of the
sample.



Inhibition of TC PTP by Sodium Vanadate

To demonstrate the usefulness of an FP-based phosphatase assay in screening for phos-
phatase inhibitors, the IC50 value for Na3VO4 and TC PTP was determined in Figure 3-7. In
a black, 96-well plate (DYNEX; Chantilly, VA), Na3VO4 (Sigma; St. Louis, MO) was serially
diluted 2-fold into 24 wells from a starting concentration of 500 nM in a volume of 50 µL.
TC PTP was then added to each well so that the final concentration of the enzyme would
be 0.005 U/µL per assay. To start the reaction, 50 µL of a mixture of anti-phosphotyrosine
antibodies and fluorescein-labeled phosphopeptides was added, and each reaction was
incubated for 15 minutes.At the end of the incubation, 10 µL of 550 µM Na3VO4 was added
to quench all of the reactions, and the polarization for each sample was measured on a
TECAN Polarion. Nonlinear regression analysis of a semi-log plot was used to analyze
these data. The IC50 of the ubiquitous phosphatase inhibitor Na3VO4 was determined to be
4 nM for TC PTP.
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Figure 3-7. The IC50 value for Na3VO4

and TC PTP was determined in the fol-
lowing manner: In a 96-well plate,
Na3VO4 was serially diluted 2-fold into
24 wells from a starting concentration
of 1000 nM in a volume of 50 µL. TC
PTP (New England Biolabs; Beverly,
MA) was then added to each well so
that the final concentration of the
enzyme would be 0.005 U/µL per
assay. To start the reaction, 50 µL of a
mixture of anti-phosphotyrosine anti-
bodies and fluorescein-labeled phos-
phopeptides was added, diluting the
Na3VO4 concentration two-fold. Each
reaction was incubated for 15 minutes.
At the end of the incubation, 10 µL of
550 µM Na3VO4 was added to quench
all of the reactions, and the polariza-
tion for each sample was measured on
a TECAN Polarion. Nonlinear regres-
sion analysis of a semi-log plot of the
data was used to determine an IC50 of
approximately 4 nM.
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QUANTITATION OF ANTIGEN: FLUORESCENCE POLARIZATION
IMMUNOASSAY FOR EPIDERMAL GROWTH FACTOR

Introduction

In this application, we developed a simple FPIA for Epidermal Growth Factor (EGF), a
53 amino acid polypeptide hormone that regulates cell proliferation and may facilitate
wound healing.

Materials and Methods

In duplicate, a 1:10 dilution of mouse EGF polyclonal rabbit antiserum (Sigma Chemical;
St. Louis, MO) was serially diluted in PBS-BSA (50 mM potassium phosphate (pH 7.4),
150 mM NaCl and 0.1 mg/mL BSA) and added to 12 x 75 mm borosilicate tubes
(PanVera® Part No. 2182). One set of tubes also received 1 nM mouse EGF (Molecular
Probes; Eugene,OR). The final volume in all tubes was 1 mL. The background fluorescence
of each tube was measured using the Beacon® Analyzer. Fluorescein-labeled EGF (F-EGF;
Molecular Probes; Eugene, OR) diluted in PBS–BSA was then added to each tube at a final
concentration of 100 pM. The tubes were mixed gently and allowed to incubate at room
temperature for 60 minutes. The fluorescence polarization of each tube was again deter-
mined and the blank-corrected polarization values were plotted versus the amount of
antibody in the absence and presence of 1 nM unlabeled EGF.

Results and Discussion

As shown in Figure 3-8, 0.4 µL of a 1:10 dilution of anti-EGF antibody gave the greatest
difference in polarization value (i.e., resulted in the maximum shift upon the addition of
unlabeled EGF) between the two binding curves. This amount of antibody was chosen for
construction of the standard curve. Note that the antibody concentration giving the max-
imal response range did not correspond to the antibody concentration that resulted in the
maximum polarization value for the F-EGF in the absence of the unlabeled molecule.
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Figure 3-8. Antibody Optim-
ization for EGF FPIA. Increasing
amounts of anti-EGF antibody were
added to tubes containing 100 pM
fluorescein-EGF in the absence (open
circles) and the presence (closed cir-
cles) of 1 nM unlabeled EGF.
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To develop the EGF standard curve, a range of EGF concentrations was added to duplicate
tubes containing 0.4 µL of a 1:10 dilution of EGF Ab in a total volume of 1 mL of PBS-BSA.
The tubes were gently mixed, and fluorescence background of each tube was determined
using the Beacon® Analyzer. F-EGF, diluted in PBS-BSA, was added to each tube to a final
concentration of 100 pM. The tubes were gently mixed and allowed to incubate at room
temperature for 60 minutes. Background corrected fluorescence polarization values were
determined for each tube using the Beacon® Analyzer. Averaged results are shown in
Figure 3-9.

Development of the FPIA involved two steps:

1. Determination of the amount of antibody that results in the maximal response
range (Figure 3-8).

2. Construction of a standard curve (Figure 3-9).

The sensitivity of FPIAs is affected by many factors including the sensitivity of the instru-
ment used, the affinity of the labeled antigen for the antibody, the fluorescence intensity
of the tracer, and the background fluorescence of the sample. Because sensitivity is also a
function of the dynamic range (i.e., the difference in polarization between the free anti-
gen and antibody:antigen complex), FPIAs are best-suited for the quantitation of smaller
antigens. Standard ELISAs are often difficult to develop for small molecules because of
the requirement for multiple antigenic sites.

As with any competition binding assay, the tracer need not be identical to the unlabeled
antigen, nor do the affinities of the tracer:antibody and unlabeled antigen:antibody inter-
actions need to be identical. The affinity of the tracer:antibody interaction is the most
important determinant of assay sensitivity. It is often the limiting factor in FPIA develop-
ment. Care should be taken when choosing the tracer molecule. The lower the affinity, the
more unlabeled antigen required to produce a response (i.e., displacement of the tracer
from the complex), which lowers the sensitivity of the assay.
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Figure 3-9. Standard Curve for
EGF FPIA. 100 pM fluorescein-EGF
and 0.4 µL of a 1:10 dilution of anti-
EGF antibody was added to tubes
containing a serial dilution of EGF.
The polarization values were read on
a Beacon® Analyzer.



The study of antibody-antigen interactions using FP is not limited to quantitative assays.
For example, FP can be used to characterize the binding of monoclonal antibodies and
their antigens, which is especially useful during the screening of monoclonal libraries.
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CHARACTERIZATION OF A SINGLE-CHAIN ANTIBODY: BINDING OF
FLUORESCEIN TO SINGLE-CHAIN ANTI-FLUORESCEIN

Introduction

This application describes the binding characterization of a single-chain antibody direct-
ed against fluorescein. The fluorescein binds directly to the antibody, it is thereby severe-
ly quenched: the intensity of free fluorescein is greater than the intensity of the bound flu-
orescein. This system is ideal for a discussion of the data transformation necessary when
fluorescence intensity of the free and bound states are significantly different.

Materials and Methods

• Single-chain anti-fluorescein antibody (Fsc Ab)
• 100 nM fluorescein in bovine gamma globulin (BGG)/Phosphate Buffer
• Beacon® BGG/Phosphate Buffer (PanVera® Part No. P2013)

Using 18 tubes, single-chain anti-fluorescein antibody (Fsc Ab) was serially diluted (from
3 µM to 23 pM) using BGG/Phosphate Buffer (PanVera® Part No. P2013) in a total volume
of 1.2 mL. Five microliters of 100 nM fluorescein in bovine gamma globulin
(BGG)/Phosphate Buffer were added to each tube, for a final concentration of 500 pM.
Tubes were incubated for 30 minutes at room temperature (equilibrium was previously
determined to be reached at 10 minutes).Anisotropy of each tube was measured using the
Beacon® Analyzer.

We have used two different methods for the correction of polarization and anisotropy.
when the intensities of the bound and free tracer are not equal (i.e., Qf ≠ Qb). Both meth-
ods are described.

Method A (from Dandliker et al., 1981)

The bound to free ratio of the fluorescent tracer can be defined as:

Where:

Fb = molar concentration of bound fluorescent tracer
Ff = molar concentration of free fluorescent tracer
Qb = molar fluorescence of bound tracer
Qf = molar fluorescence of free tracer
A = measured anisotropy
Ab = anisotropy of bound tracer
Af = anisotropy of free tracer
M = the corrected anisotropy

Immunoassays • Technical Resource Guide • 3-13

www.panvera.com  •  Phone: 800-791-1400  •  Fax: 608-204-5300

Equation 3.1:      
F
F

A A
A A

Q
Q

M A
A M

b

f

f

b

f

b

f

b

=
−
−









 × =

−
−

• Dandliker, W.B. et al. (1981) Meth.
Enzym. 74:3-28.



Solving for M:

A, Af and Qf are easily obtained as direct measurements. Ab and Qb are the anisotropy and
intensity of the completely bound tracer, respectively. Because we cannot achieve com-
plete binding, these values must be estimated as the asymptote of the respective binding
isotherm (i.e., A versus receptor concentration or Q versus receptor concentration). Any
standard binding data analysis software can easily make these calculations.

Previously, we have suggested using two linear transformation equations to determine the
limit polarization and intensity rather then estimating these values as the asymptotes of
the binding isotherms.We have included those equations for those who wish to use them.
In the example below, we have used anisotropy instead of polarization.

In Equation 3.3, Qb is determined by plotting the values of Q (the observed intensity) vs.
(Qf -Q)/(receptor concentration). The y-intercept is Qb (see Figure 3-10).

Equation 3.4 was used to solve for Ab by plotting A (the observed polarization values)
versus [(Qf)(A-Af)]/[(Qb)(receptor concentration)]. The y-intercept of this plot is Ab (see
Figure 3-11).

3-14 • Fluorescence Polarization • Immunoassays

PanVera® Corporation  •  501 Charmany Drive  •  Madison, WI 53719  •  USA

Figure 3-10. Determination
of Qb. Qb is the y-intercept.
Only values corresponding to the
eight highest antibody concentrations
were plotted. Qb was determined to be
3102.
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Method B (from Lundblad et al., 1996)

When Qf ≠ Qb, the corrected fraction of bound tracer (Fb) is defined as:

Where:

A = the observed anisotropy

Af = the anisotropy of the ligand in the free state

Ab = the anisotropy of the ligand in the bound state

Qb = the intensity of the ligand in the bound state

Qf = the intensity of the ligand in the free state

To solve Equation 3.5, Qf , Af, Qb , and Ab need to be determined. As described in Method
A, Qf and Af are measurements of the free tracer in the absence of its binding partner, and
Qb and Ab can be estimated from the semilog binding curves or through the linear trans-
formations obtained from Equations 3.3 and 3.4.

Results and Discussion

Intensity, antibody concentrations, observed millianisotropy values, and corrected mil-
lianisotropy values are shown in Table 3-1. Note that as the fraction of bound fluorescein
increases, the intensity drops.

Both the observed and corrected sets of values were plotted, and the isotherms were fit
using a non-linear least squares curving fitting program (Figure 3-12). The Kd for the flu-
orescein:anti-fluorescein antibody interaction calculated from the raw data was 165 nM.
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Figure 3-11. Determination of
Ab. Ab (the y-intercept) was deter-
mined to be = 428.
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After the data were corrected for changes in intensity, the calculated Kd was 11 nM, a dif-
ference of 15-fold. The raw data (triangles) were adjusted for intensity changes by
Method B to yield the corrected curve (squares).

Figure 3-12. Equilibrium Binding
Isotherms of Fluorescein to Anti-fluo-
rescein Antibody.
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Table 3-1. Intensity, antibody concentrations, observed millianisotropy
values and corrected millianisotropy values.

Q [mAb] (nM) mA Corrected mA

80614 0.029 17.5 29.3

76955 0.057 17.5 30.1

78318 0.114 18.0 40.6

77680 0.229 18.4 51.4

75802 0.458 19.0 64.4

70144 0.916 19.5 72.6

76880 1.831 20.0 83.0

60098 3.662 22.5 124.5

45861 7.324 26.8 176.3

26545 14.6 40.8 270.0

15362 29.3 70.5 344.1

10386 58.6 112.8 381.9

6710 117.2 177.7 404.8

3885 234.4 255.7 416.9

3485 468.8 315.4 422.1

3154 937.5 362.5 425.0

3191 1875 387.0 426.3

2481 3750 405.0 427.1

2222 7500 418.9 427.6

1984 15000 420.0 427.7

1974 30000 394.3 426.6
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