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Fluorescence Gel Retardation Assay
to Detect Protein–Protein Interactions

Sang-Hyun Park and Ronald T. Raines

Abstract
A gel mobility retardation assay can be used to detect a protein–protein interaction. The

assay is based on the electrophoretic mobility of a protein–protein complex being less than that
of either protein alone. Electrophoretic mobility is detected by the fluorescence of a green
fluorescent protein variant that is fused to one of the protein partners. The assay is demon-
strated by using the interaction of the S-protein and S-peptide fragments of ribonuclease A as a
case study.
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1. Introduction
Gel mobility retardation is a useful tool for both qualitative and quantitative

analyses of protein–nucleic acid interactions (1). Here, a gel mobility retarda-
tion assay is described that can be used to detect and identify specific protein–
protein interactions (2,3). The assay is based on the electrophoretic mobility of
a protein–protein complex being less than that of either protein alone. Electro-
phoretic mobility is detected by the fluorescence of a green fluorescent protein
(GFP) variant that is fused to one of the protein partners.

GFP from the jellyfish Aequorea victoria has exceptional physical and chemi-
cal properties besides spontaneous fluorescence. These properties include high
thermal stability and resistance to detergents, organic solvents, and proteases
(4–6). These properties endow GFP with enormous potential for biotechnical
applications (7,8). Since the cDNA of GFP was cloned (9), a variety of GFP
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variants have been generated that broaden the spectrum of its application (10–
15). Among those variants, S65T GFP is unique in having increased fluores-
cence intensity, faster fluorophore formation, and altered excitation and
emission spectra than that of the wild-type protein (13,16).

The fluorescence gel retardation assay described below uses S65T GFP to
probe protein–protein interactions in vitro (2). This method requires fusing
S65T GFP to a target protein (X) to create a GFP chimera (GFP–X). The inter-
action of this fusion protein with another protein (Y) is then analyzed by native
gel electrophoresis (17) followed by the detection of the fluorescence of free
(GFP–X) and bound chimera (GFP – X·Y). The fluorescence gel retardation
assay is a rapid method to demonstrate the existence of a protein–protein inter-
action and to estimate the equilibrium dissociation constant (Kd) of the result-
ing complex.

2. Materials

1. 10 mM Tris-HCl (pH 7.5) containing glycerol (5% v/v).
2. Solution of aqueous glycerol (10% v/v).
3. Solution of aqueous acrylamide (30% w/v) and bisacrylamide (8% w/v), fil-

tered through a 0.45-µm filter and stored at 4 °C in the dark.
4. 0.5 M Tris-HCl (pH 8.8), filtered through a 0.45-µm filter and stored

at 4°C.
5. Electrophoresis buffer (5X stock solution): Tris base (125 mM) and glycine

(0.96 M), which is diluted to a 1X working solution as needed.
6. Solution of aqueous ammonium persulfate (10% w/v).
7. N',N',N',N'-tetramethylethylenediamine (TEMED).
8. Native acrylamide (6% w/v) gels (8 × 8 cm, 0.75 mm thick) prepared free of

detergents or reducing agents (see Note 1).
9. Mini-gel electrophoresis apparatus and power supply.

10. Purified protein GFP–X and purified protein Y.
11. Fluorimager system (Molecular Dynamics; Sunnyvale, CA).
12. UV/Vis spectrophotometer.

3. Methods

3.1. Preparation of Polyacrylamide Gel

1. In a 50 mL plastic tube, mix 1 mL of acrylamide/bisacrylamide stock solution,
1.25 mL of 0.5 M Tris-HCl (pH 8.8), and 2.75 mL of deionized water.

2. Add 20 µL of ammonium persulfate (10% w/v) and 5 µL of TEMED. Vortex the
solution briefly to mix.

3. Using a 5-mL pipet, slowly apply the solution to a mini-gel cast (8 cm × 8 cm,
0.75 mm thick). Insert a 0.75-mm comb and allow the gel to polymerize for 30
min at room temperature.

4. Carefully remove the comb without disrupting the edges of the polymerized wells.
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3.2. Gel Electrophoresis
1. Estimate the concentration of protein GFP–X by using the extinction coefficient

[  = 39.2 mM–1cm–1 at 490 nm (13)] of S65T GFP.
2. To begin the gel retardation assay, mix protein GFP-X (1.0 µM) with varying

amounts of protein Y in 10 µL of 10 mM Tris-HCl buffer (pH 7.5) containing
glycerol (5% v/v) (see Note 2).

3. Incubate the mixtures at 20°C for 20 min. Using gel-loading pipet tips, apply
the mixtures onto the polyacrylamide gel. Perform the electrophoresis at 4°C at
10 V/cm for 30 min using 1X electrophoresis buffer (see Note 3).

4. Immediately after electrophoresis, scan the gel with a Fluorimager SI System at
700 V using the built-in filter set (490 nm for excitation; 515 nm for emission)
(see Notes 4 and 5).

3.3. Data Analysis
1. Quantify the fluorescence intensities of bound and free GFP–X in the gel scan by

using the program ImageQuaNT (Molecular Dynamics; Sunnyvale, CA).
2. Determine the value of R (= fluorescence intensity of bound GFP–X/total fluo-

rescence intensity) for each gel lane from the measured fluorescence intensities.
3. Calculate values of Kd for each lane with the equation:

K d = 1 – R
R

× Y
total

– R × GFP – X
total

(1)

3.4. Case Study

The well-characterized interaction of the S-15 and S-protein fragments of
ribonuclease A has been used to demonstrate the potential of the fluorescence
gel retardation assay to detect protein–protein interactions (2). The assay has
also been used to detect the interaction of CREB and importins (18), and that
of cyclophilin and the capsid protein p24 of HIV-1 (19). In the first example, a
GFP chimera, S15-GFP(S65T)-His6, is produced by standard recombinant
DNA techniques and affinity-purified from bacteria. A fixed quantity of S15–
GFP(S65T)–His6 is incubated with a varying quantity of S-protein prior to elec-
trophoresis in a native polyacrylamide gel. After electrophoresis, the gel is
scanned with a fluorimager and the fluorescence intensities of bound and free
S15–GFP(S65T)–His6 are quantified (Fig. 1). The value of Kd for the complex
formed in the presence of different S-protein concentrations is calculated from
the values of R and the total concentrations of S-protein and S15–GFP(S65T)–
His6 by using eq. (1). The average (± SE) value of Kd is (6 ± 3) ×10–8 M.

4. Notes
1. Polymerized, unused gels can be store at 4°C for up to 1 mo. To prevent the

gels from getting dry, they can be wrapped in wet paper towels and sealed in a
plastic bag.
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2. Pilot experiments may need to be conducted to determine the proper concentra-
tion range of GFP–X and Y. A good starting point is to adjust the concentration
of GFP–X to the Kd value of complex, if known, and to prepare serial dilutions
of Y so that its concentrations spans from Kd × 10 to Kd/10. For example, if Kd =
1.0 µM, mix 1.0 µM GFP–X with 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, and 10 µM Y.

3. The gel, electrophoresis apparatus, and electrophoresis buffer should be pre-
equilibrated at 4°C before electrophoresis.

4. Although it is desirable to scan the gel immediately after electrophoresis, gels
can be stored at 4°C for a few hours before scanning without compromising the
resolution and fluorescence sensitivity.

5. It is not necessary to remove the gel from the glass plates before scanning. Most
glassware used for casting gels are not fluorescent. The surface of the glass to be
scanned should be rinsed with deionized water to remove any residual buffer and
acrylamide, and wiped dry.

References
1. Carey, J. (1991) Gel retardation. Methods Enzymol. 208, 103–117.
2. Park, S.-H. and Raines, R. T. (1997) Green fluorescent protein as a signal for

protein–protein interactions. Protein Sci. 6, 2344–2349.
3. Park, S. H. and Raines, R. T. (2000) Green fluorescent protein chimeras to probe

protein–protein interactions. Methods Enzymol. 328, 251–261.
4. Bokman, S. H. and Ward, W. W. (1981) Renaturation of Aequorea green fluores-

cent protein. Biochem. Biophys. Res. Commun. 101, 1372–1380.
5. Ward, W. W. (1981) in Bioluminescence and Chemiluminescence (DeLuca, M.,

and McElroy, W., eds), Academic Press, New York, NY, pp. 235–242.

Fig. 1. Gel retardation assay of a protein–protein interaction. Gel retardation assay
of the interaction of S15–GFP(S65T)–His6 with varying amounts of S-protein. Lanes
1–9, 1 µM S15–GFP(S65T)–His6 and 0, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9 µM
S-protein, respectively. The relative mobilities of free and bound S15–GFP(S65T)–
His6 in an acrylamide (6% w/v) gel are 0.72 and 0.47, respectively. The value of R is
obtained for each lane, and values of Kd are calculated by using eq. (1), with the
average being Kd = (6 ± 3) × 10–8 M.



Fluorescence Gel Retardation Assay 159

6. Ward, W. W. and Bokman, S. H. (1982) Reversible denaturation of Aequorea
green fluorescent protein: physical separation and characterization of the rena-
tured protein. Biochemistry 21, 4535–4540.

7. Hirschberg, K., Phair, R. D., and Lippincott-Schwartz, J. (2000) Kinetic analysis
of intracellular trafficking in single living cells with vesicular stomatitis virus
protein G-green fluorescent protein hybrids. Methods Enzymol. 327, 69–89.

8. Meyer, T. and Oancea, E. (2000) Studies of signal transduction events using chi-
meras to green fluorescent protein. Methods Enzymol. 327, 500–513.

9. Prasher, D. C., Eckenrode, V. K., Ward, W. W., Prendergast, F. G., and Cormier,
M. J. (1992) Primary structure of the Aeqourea victoria green-fluorescent protein.
Gene 111, 229–233.

10. Cubitt, A. B., Heim, R., Adams, S. R., Boyd, A. E., Gross, L. A., and Tsien, R. Y.
(1995) Understanding, improving and using green fluorescent proteins. Trends
Biochem. Sci. 20, 448–455.

11. Delagrave, S., Hawtin, R. E., Silva, C. M., Yang, M. M., and Youvan, D. C. (1995)
Red-shifted excitation mutants of the green fluorescent protein. BioTechnology
13, 151–154.

12. Ehrig, T., O’Kane, D. J., and Prendergast, F. G. (1995) Green-fluorescent protein
with altered fluorescence excitation spectra. FEBS Lett. 367, 163–166.

13. Heim, R., Cubitt, A. B., and Tsien, R. Y. (1995) Improved green fluorescence.
Nature 373, 663–664.

14. Crameri, A., Whitehorn, E. A., Tate, E., and Stemmer, W. P. C. (1996) Improved
green fluorescent protein by molecular evolution using DNA shuffling. Nature
Biotechnol. 14, 315–319.

15. Ward, W. W. (1997) Green Fluorescent Protein: Properties, Applications and
Protocols (Chalfie, M., and Kain, S., eds.), Wiley, New York, NY.

16. Ormö, M., Cubitt, A. B., Kallio, K., Gross, L. A., Tsien, R. Y., and Remington, S.
J. (1996) Crystal structure of the Aeqourea victoria green fluorescent protein.
Science 237, 1392–1395.

17. Laemmli, U. K. (1970) Cleavage of structural proteins during the assembly of the
head of bacteriophage T4. Nature 227, 680–685.

18. Forwood, J. K., Lam, M. H., and Jans, D. A. (2001) Nuclear import of Creb and
AP-1 transcription factors requires importin- 1 and Ran but is independent of
importin- . Biochemistry 40, 5208–5217.

19. Kiessig, S., Reissmann, J., Rascher, C., Kullertz, G., Fischer, A., and Thunecke,
F. (2001) Application of a green fluorescent fusion protein to study protein–pro-
tein interactions by electrophoretic methods. Electrophoresis 22, 1428–1435.






