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Abstract

Introduction
The proteins that interact with DNA to maintain �delity of DNA synthesis, replication, and balanced gene
expression within healthy cells can, under certain circumstances, become mediators of disease. Although
these interactions are quite complex, recent advances in proteomics and genomics have identi�ed many
DNA-binding proteins and their DNA target sequences. Historically, binding a�nities between protein and
DNA have been measured using the gel mobility shift assay \(GMSA). This assay is time consuming,
involves use of radioactivity, and is not a true equilibrium measurement because of the gel matrix
involved. With the recent advancements in synthesis of �uorochrome-labeled oligonucleotides and the
advent of more sophisticated �uorescent plate-readers, �uorescence anisotropy offers an excellent
alternative to GMSA. By placing the �uorescent signal on the smaller DNA molecule, binding to the much
larger protein results in a substantial change in anisotropy and enables detection of binding constants
within the range of 10-10 to 10-3 molar. We provide a description of a solution-based methodology to
determine protein-DNA binding, dissociation and competition parameters under either equilibrium or
kinetic conditions with use of minimal volumes and short assay times.

Reagents
1) Puri�ed protein at concentrations within a range from one-tenth to ten times the estimated Kd for
binding to its target DNA sequence \(single or double stranded DNA may be used). 2) Puri�ed DNA, which
has one strand labeled with a �uorophore, and for which the DNA concentration and the stoichiometry of
labeling are quanti�ed. 3) Buffer that is physiologically relevant for the protein being studied.

Equipment
1) Fluorescence plate reader with polarization capabilities to enable anisotropy measurements. 2)
Appropriate software for calculating anisotropy from polarization data. 3) Microtiter plate appropriate for
the instrument and measurement. Note: this technique is not restricted to �uorescence plate readers, as
the assay can also be performed using a conventional �uorometer.

Procedure
1) General: Measure the �uorescein-labeled DNA both for its approximate DNA concentration \(1
A260=50 microgram/ml) and �uorescein stoichiometry \(e.g. 6-FAM 6-carboxy�uorescein, extinction
coe�cient at A495=83,000). Incubate protein-DNA complexes at ambient temperature \(for the
experiments described here, 21-23 Celsius) for 30 minutes prior to measurements. Measure anisotropy
using a Sa�re \(Tecan Group Ltd.) �uorescent plate reader. Determine G-factor by measuring 1:1
complexes of each protein bound to its respective �uorophore-labeled substrate at the highest protein
concentration and polarization calculations are adjusted accordingly using the instrument’s software \
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(XFluor). Perform all anisotropy measurements in triplicate and perform comparable measurements
using proteins from different puri�cation batches. 2) Measuring association binding constants: Add
puri�ed proteins at increasing concentrations with a constant concentration \(1.0 nanomolar) of
�uorescein-labeled DNA \(**Figure 1**). Fit binding curves of anisotropy \(actual or relative) versus
protein concentration to a single-ligand binding model and determine Kd by: \(Bmax)\(\[S])/Kd+\[S],
where \[S] is the concentration of the �uorescein-labeled DNA, and Bmax and Kd are derived from the
single-ligand binding plot. 3) Estimation of an equilibrium binding a�nity for a low-a�nity substrate: A
10 nanomolar complex is formed between MSH2MSH3 and \(CA)4-loop DNA \(high a�nity ligand)
labeled with �uorescein, and increasing concentrations of unlabeled homoduplex DNA added up to
concentrations of 1000 µM. Allow the reactions to come to equilibrium by incubation at ambient
temperature for 60 minutes. Plot data as change in anisotropy versus the concentration of added ligand,
homoduplex DNA \(low a�nity). \(**Figure 2**) Fit the dissociation curve to a 3-parameter hyperbolic
decay curve with Sigmaplot. Use the resulting EC50 to calculate the Ki using the following equation:
Ki=EC50/ \(1+\[s])/kd, where \[S] is the concentration of the �uorescein-labeled DNA, Kd is for
MSH2MSH3 binding to \(CA)4-loop DNA \(high a�nity). The resulting Ki, then, yields an indirect estimate
of Kd for a low a�nity substrate, since saturation with protein \(**Figure 1**) would not have been
feasible by direct association. 4) Measuring unimolecular dissociation rate constant \(koff): The setup is
similar to \(3), except that the competitor, in this case an excess of a second ligand \(i.e. ADP or ATP), is
added at time 0, and the instrument is programed to read over a speci�ed time period at de�ned intervals
\(kinetic mode). \(**Figure 3**). Fit plots of anisotropy versus time to the �rst order decay equation: At=e-

kt. Alternatively, calculate the rate constant, \(koff), from the half life using the equation: t1/2=0.693/Koff.

Timing
45 to 90 minutes.

Critical Steps
1) Mixing of all reaction components. In many experiments, one or more of the reactants is added in very
small amounts at high molar concentration and/or may contain viscous components such as glycerol.
Thorough mixing is required to ensure homogenous reactions. 2) Labeling ratio of DNA and �uorescein. It
is imperative to verify that the labeled DNA component is as close to stoichiometric \(1:1) as possible. A
low ratio of label:DNA requires addition of higher concentrations of DNA in order to maximize sensitivity
of the �uorescent signal. In order to optimize equilibrium binding conditions, the ligand \(DNA)
concentration should be kept at concentrations no more than one-tenth that of the theoretical Kd. 3)
Homogeneous reagents. Careful characterization of the protein and DNA components, maintenance of
sterile buffers and a protease-free laboratory environment will produce good results. 4) Equilibration of
protein in assay buffer prior to experiment. Exchanging the protein component of the binding reaction
into fresh buffer just prior to the measurements optimizes assay performance. Rapid buffer exchange is
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easily accomplished with small volumes using desalting spin-columns \(e.g. Bio-Spin columns, Bio-Rad)
containing appropriate medium for the size of the protein being studied.

Troubleshooting
1) Little or no change in anisotropy with increasing protein concentrations. The usual cause is that either
the �uorescent labeled DNA or the protein concentrations have been over-estimated. Optimization of the
signal for 100% bound \(1:1 stoichiometry) of the protein-DNA complex is needed for each complex.
Likewise, optimizing the signal for free probe for each reaction condition is required to determine the
signal for free DNA. The �uorometer settings will be dependent upon each binding component. Thus, the
�uor-label, the instrument and the buffer conditions and must be optimized for each new binding
reaction. 2) Non-reproducibility between replicates. Irreproducibility usually originates with the quality of
the protein or the DNA components. Aggregated or degraded protein will produce a combined signal of
more than one binding reaction. The purity of the DNA is also critical, as the presence of more than one
species \(such as both single and double stranded DNA), unbound �uorescent label, or remnants of
puri�cation \(such as acrylamide) will all result in non-reproducibility. Scrupulous preparation of the DNA
is crucial to the quality of the experiment. 3) Change in anisotropy signal over time. Instability in
�uorescent signal is usually due to buffer components that are unstable or contaminated. Example; MSH
proteins require fresh thiols to maintain mildly reducing conditions or the proteins become aggregated.
Commonly used reductants, such as B-ME or DTT, generate oxidized thiols over time and buffers
containing these components should be prepared fresh each day. MSH proteins are also susceptible to
proteolysis, and even aerosol amounts of proteinase-K within the lab will result in cleavage. Using sterile
�ltered buffers and working in protease-free areas minimizes the risk of protease contamination.

Anticipated Results
1) Simple, rapid measurement of binding constants within the range of 10-10 to 10-3 molar. 2) Highly
reproducible replicates using small total reaction volumes \(under 50 microliters). 3) Elimination of
radioactive-labeled DNA, labor and time intensive GMSA procedures. 4) Equilibrium or kinetic binding can
be analyzed. 5) Plate-reader based technology expands the number of binding reactions that can be
studied simultaneously.
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Figures

Figure 1

Equilibrium binding of F*-DNA to MSH2MSH3 Fluorescein-labeled (F*-labeled) DNA, (CA)4-loop, diluted to
one nanomolar, is added to increasing concentrations (0 to 500 nM) of MSH2MSH3 protein, and binding
is measured as change in anisotropy. Change in anisotropy versus [MSH2MSH3] is plotted (solid circles)
and �t to a single-ligand binding model (kd of 10.8 &#xB1;1.4 nM).
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Figure 2

Competition used to estimate low a�nity DNA binding A 10 nMolar complex between F*-labeled (CA)4-
loop DNA and MSH2MSH3 is incubated with increasing concentrations of unlabeled, low-a�nity
competitor DNA (homoduplex). The concentration of unlabeled DNA versus change in anisotropy is
plotted (solid circles). The resulting data are �t to a hyperbolic dissociation model and an EC50 is
determined. The EC50 is then used to determine an approximate Ki for homoduplex DNA competition of
(CA)4-loop DNA dissociation from MSH2MSH3.

Figure 3
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Kinetics of F*-DNA dissociation from MSH2MSH3 A 2.5 nanomolar F*-DNA-MSH2MSH3-ADP complex
between F*-labeled (CA)4-loop DNA and MSH2MSH3 is incubated with increasing concentrations of
unlabeled ATP (-Mg++, to prevent hydrolysis) at the concentrations shown at far right of �gure. Time
versus change in anisotropy at each ATP concentration is plotted. The resulting data are �t to the
appropriate dissociation model to determine the number of exponentials and decay constants.


