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A capillary electrophoresis mobility shift assay for
protein—DNA binding affinities free in solution
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ABSTRACT for measuring DNA-binding affinity by the new CEMSA imedl.

The method is general for different classes of DNA-binding proteins,
Quantitative determination of dissociation constants for including  zinc-finger and basic-helix-loop—helix-leucine-zipper
DNA—protein complexes will help clarify the molecular (b-HLH-ZIP; G.J.Foulds and F.A.Etzkorn, unpublishediltss.
mechanisms of transcription, replication and DNA Excellent separation of the free AP1, complex and GCNK58
repair. A practical capillary electrophoresis mobility was obtained using CE in uncoated, gel-free capillaries with LIF
shift assay (CEMSA) for protein—DNA affinities free in detection of fluorescein-labeled DNA. In a benchmark assay, we
solution is presented. The method is fast and simple, measured the dissociation constant of the DNA-binding protein
precise and general. The speed (<2 min separations) GCNKB58 and a 20 bp oligonucleotide including the recognition
and simplicity derive from the use of an uncoated site AP1 (1).
capillary with no gel matrix. The dissociation constant For CEMSA, the zwitterionic buffer 3morpholino)—propane
for GCNK58, a DNA-binding-region construct of the sulfonic acid (MOPS) with the soft counterion triethylamine
yeast transcription factor GCN4, binding to the AP1 (EtsN) was found to yield better peak shape and resolution with
DNA site was measured ( Ky =35 +4 nM) to demonstrate low current at high voltage (25 kV) than the phosphate buffer
the utility of the method. used in the EMSA of GCNK585). High voltage gave fast

separation and low current gave less Joule heating, allowing the
The quantitative assessment of DNA—protein affinities is essential @@mplex to stay intact during electrophoresis. The difference in
understanding transcription, the beginning of biological processénic strength between the sample buffer (50 mM MORS;Et
including normal cellular function, development and many0 mM KCI) and the run buffer (10 mM MOPSHE} helped
diseasesl). Existing art for the determination of DNA-binding maintain the original concentration of complex during the
affinities is the electrophoresis mobility shift assay (EMS) ( separationd). The minimum-length capillary column that fits the
A capillary electrophoresis mobility shift assay (CEMSA)f¢rthe  Beckman CE cartridge (27 or 20 cm from inlet to detector) was
precise determination of protein—DNA dissociation constants free ifsed. The ratio of complex peak area to total DNA (R, see below)
solution is described in this paper. The key features of the methats found to be independent of the applied voltage at 25 kV and
are the rapid separation and quantitation of complex and free DNBglow, so 25 kV was used as the standard applied voltage in our
in uncoated capillaries with no gel matrixes, using high sensitivitZEMSA. Adsorbed ions were removed and the charged capillary
laser-induced-fluorescence (LIF) detection of fluorescein-labeledall was regenerated by washing with 0.1 M NaOH and run
DNA. The caging effect of the gel matrix on dissociation constarituffer between runs.
measurementsl) is absent in this method. Similég values are  Figure 1 shows the set of electropherograms obtained at
observed as in EMSA) and microcalorimetryd). varying concentrations of GCNK58 and 1 nM APl. The

Capillary electrophoresis (CE) separates analytes on the basiuration of AP1 (R), defined as:
of their mass-to-charge ratio. Our method takes particular - _ _
advantage of the electroosmotic flow generated by the negatively R = [GCNKS8 APLIAIGCNKSS,APL] + [APL]}
charged silanol groups on the capillary wallz@t 6 (7). This  was plotted against increasing concentrations of GCNK582fig.

CE assay uses the reverse polarity of EMSA, and the order of elutibar determination oKy, the data were fit to equatidn
is reversed: free protein, protein/DNA complex, then DNA. _

CEMSA has the advantages of automation, high resolution, fast R = 0.5[GCNKS58]q + 0.5[GCNKS8]} 1
assay times, on-line detection and the use of small amountsTfe equilibrium dissociation constant for homodimer—DNA
precious samples. CE has been applied to the study of DNA—proteiomplex formationKy, was found to be 3% 4 nM. This value
complexes using fluorescently-labeled DNA with LIF detectionijs the same as determined by isothermal calorimetry in the sample
but not free in solutior8-10). In our method, 2 min separations buffer: 50 mM Tris—HCI, pH 7.5, 10 mM NaCl, 10 mM MgCl
in short, uncoated capillaries, without sieving matrixes, aré35.1+ 8.9 nM) @), and reasonably close t&gvalue previously
coupled with precise quantitationkyj values. We used the yeast determined by EMSA in 50 mM @O, pH 7.5, 50 mM KCI
transcriptional activator GCNK58 construtt) as the prototype (2 x 108 M) (5), both without non-specific DNA included in the
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Figure 2. Saturation of AP1 (R) versus concentration of GCNK&8was
calculated to be 3% 4 nM by non-linear least squares fit of the data to
equationl using KaleidaGraph v. 3.0.5.

with a 4 min wash cycle. A series of six concentrations was
performed in duplicate inB5 min on a single column CE
instrument. The assay uses open, uncoated capillaries, no
radioactivity and an automatic sample tray, permitting hands-off
assays to be performed routinely. The measured affinity of the

Figure 1. Electropherograms of AP1 at 1 nM and GCNK58 at the indicated GCNK58/AP1 complex was 3b4 nM.

concentrations in 50 mM MOPSsEt pH 7.5, 50 mM KCI, 133ug/ml
poly(dA-dT)-poly(dA-dT), 100ug/ml bovine serum albumin, 5% glycerol.

DNA was synthesized (Biomolecular Research Facility, University of Virginia)
with 5'-carboxyfluorescein phosphoramidite (Glen Research) attached.

d(AAACTGGATGAGTCATAGGA) (3 nM) and Xd(TTCCTATGACTCATC-
CAGTT) (2 nM) where X is fluorescein (AP1), were freshly annealed & 90

for 5 min and cooled slowly to room temperature. Serial dilutions of GCNK58
were mixed with an equal volume (fi) of annealed AP1 and preincubated
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sample buffer. Inclusion of the non-specific DNA, poly(dA-dT),
gives aKy value representative of specific DNA binding only

(12).
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