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Short Abstract: should include a general description of the article (10 words minimum, 50 words maximum)

Measurement of DNA binding is done using an antibody to the p53 DNA binding protein and 3H-labeled DNA fragments easily with scintillation proximity assay (SPA) beads.  The assay is fast, sensitive and quantitative and easily amenable to other DNA binding factors. 

Long Abstract: (150 words minimum, 400 words maximum)

Measurement of DNA binding activity can be an important parameter for analysis of the function of transcription factors in normal and diseased tissues.  The tumor suppressor p53 is often mutated in cancer and those mutations almost exclusively reside in the DNA binding domain.  This protein alters the expression of more than 50 different genes through binding to well characterized regulatory sequences.  Methods for measurement of DNA binding are not generally amenable to high throughput screening due to the nature of the separation technology or the expense of the instrument involved.  Using scintillation proximity assay (SPA) beads for this can allow researchers to get around this obstacle.  SPA beads have been used in a variety of formats to measure different protein functions including levels of specific growth factors and receptors (Khawaja 2007, Carrick et al. 2008, Mannoury La Cour 2009, reviewed in Glickman et al. 2008).  The DNA binding protein is provided from a human cell extract or from a heterologously expressed protein from insect cells.  The buffer, antibody, 3H-labeled DNA and non-specific DNA are combined in wells of a 96-well plate and then the SPA beads are added.  The plate is sealed and inserted into a scintillation or luminescence counter where counting commences after 5 minutes.  The plate counts are recorded over the next several hours and the specific counts are calculated by comparing values from wells with protein to those without.  Previous work has indicated the assay is sensitive (measures DNA binding of approximately 50 pg of p53), fast (user time involved less than 15 minutes, time to result approximately 2 hours), and specific (specific counts are dependent on the sequence used for labeling).  As this approach is a real-time measurement of DNA binding, both on- and off-rates of DNA binding can be determined.  Modifications of this approach will be discussed to measure other aspects of protein function.

Protocol Text: 

1.  Prior to the DNA binding reaction, one must prepare the 3H-labeled DNA for binding.  We have primarily used a 49 bp fragment containing the cyclin G regulatory region bound by p53 (Okamoto and Beach 1994) with an extension of 19 A’s added to the 5’ end of one strand by having 2 independent strands synthesized (Integrated DNA technologies) and then hybridizing the two strands.  Filling in of the complementary strand using 3H-thymidine with Klenow using the manufacturer’s protocol (New England Biolabs) provides the necessary labeled DNA.  After the reaction, the labeled DNA is removed from the unincorporated nucleotide using a Qiagen Nucleotide Removal kit, and the amount of DNA and the radioactivity incorporated is determined.  Typically the DNA is labeled to a specific activity of 400-1000 Ci/mmole.

2. We have used a crude cell extract from insect cell derived p53 from Sf-9 cells expressing the human p53 gene from a baculovirus vector kindly provided by K. Okamoto.  The extract of these cells was performed as described (Gal et al. 2006).  We have also used a crude nuclear extract from various human cell lines including thyroid cancer cell lines ARO, WRO and NPA and the breast cancer cell line MCF-7 cultured as described (Chandrachud and Gal 2009) and prepared as described (Jagelska et al. 2002).  The amount of protein was determined using the BCA assay (Sigma St. Louis, MO) and the amount of p53 quantitated using ELISA (p53 ELISA Kit Pantropic, Calbiochem-EMD, La Jolla CA) or western blots as described (ref).  The crude cell extracts are stored at -70C between use in small aliquots to reduce the number of freeze-thaw cycles.

3. The binding buffer, polydAdT and competitor DNAs are prepared ahead of time.  The binding buffer contains 20mM Hepes, pH 7.5, 1mM EDTA, 1mM DTT, 10mM (NH4)2SO4, 10mM KCl, 0.2% Tween-20 and is prepared as a 5X stock.  The polydAdT (Roche ) was prepared as a 1ug/ul stock in water while the competitor DNAs were prepared from hybridizing 2 complementary 30 bp strands that had been synthesized commercially (Integrated DNA Technologies) in 10 mM Tris pH 8-1mM EDTA at a final concentration of 10 pmole/ul.  The buffer and DNA stocks are stored at -20C between use.
4. Prior to the experiment, a portion of the Protein A SPA beads are weighed and 1X binding buffer added to a concentration of 10 mg beads/ml. This solution is stored at 4C between use.

5.  Make a mix containing labeled DNA, buffer, polydAdT, and the anti-p53 monoclonal antibody (pAb421, Calbiochem).  We use the DNA at a concentration of 0.5 pmole/20ul reaction and include 1ug polydAdT and 100ng of the monoclonal antibody.  For a reaction using 3 ul extract and having some samples plus competitor, a typical mix will be made as follows: for each reaction well 4ul 5X binding buffer, 1 ul polydAdT, 1ul antibody, 0.5 ul labeled DNA, 9.5ul nanopure water to 16 ul; the volumes are then multiplied by the number of reaction wells plus 10%.  So, for 5 samples done in duplicate and including duplicate controls without extract protein, that would be 12 wells, so the values for the individual wells would be multiplied by 13.2.  Thus, the mix would contain 52.8 ul 5X binding buffer, 13.2 ul polydAdT, 13.2ul antibody, 6.6ul labeled DNA,  and 125.4ul water.  This solution is kept on the bench at room temperature until added to the wells.

7. Pipet cell extract or buffer into appropriate wells of a white microtiter plate.  For the human cell nuclear extracts, between 50 and 300 pg of p53 are added to duplicate wells and the extraction buffer B (from Jagelska et al. 2002) is added to wells to make an equivalent volume of the buffer for comparison.  The control wells without extract include the full volume of the buffer B.

8. Pipet unlabeled DNA for competition in appropriate wells or TE for control.  Generally 20X excess unlabeled DNA, 10 pmoles is added for determining comparative binding efficiencies.  This is done as 1ul of the DNA or TE pipetted into each appropriate well.  

9. Add the labeled DNA mix to all of the wells.  For the example, this would be 16ul of the mix described in step 5 to each appropriate well.  The plate is allowed to sit at room temperature for 5 minutes.

10. After 5 minutes, mix the SPA bead solution with the vortex and add 100ul beads (1mg) to each of the wells and seal the plate with a plastic film.

11.  Put the plate into the TopCount scintillation counter to begin counting.  The counter has been preprogrammed to read all the appropriate wells and for appropriate intervals and numbers of times.  Typically, the plate is kept in the counter for 5 minutes prior to the first reading of counts.  Then 1 minute counts are taken of each well for 30 repeat reads with a 5 minute interval between each reading of the plate.  Depending on the numbers of samples, this can take several hours, enough time for the binding reaction to come to equilibrium.

12. Analyze counts to determine specific binding.  Counts of duplicate wells are averaged and compared to wells without protein (control) to determine specific binding.  Comparisons of wells with competitor DNAs are done to provide an indication of the binding specificity of the p53 for a particular DNA sequence.  This gives an indication of the binding affinity of the p53 for specific DNA sequences.

Representative Results: – 
The arrangement of the assay to measure the DNA binding of human p53 with SPA beads is shown visually in Figure 1.  Counts of the light produced by the beads in the presence of the extract protein are expected to increase relative to the blank counts lacking the protein over the next 1-2 hours depending on the sample.  A representative plot of one binding reaction with a human cell extract is shown below (Figure 2).  The reaction reached equilibrium binding at 170 minutes.  Parallel reactions in the presence of a 20X excess of unlabeled wild-type or mutant cyclin G gene regulatory sequence were also done and the specific counts at 170 minutes were compared (Figure 3).  It is clear that the wild-type sequence competes more efficiently for the counts and therefore the labeling than the mutant sequence using this cell extract.
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Figure 1. Arrangement of the DNA binding SPA for p53 (from Gal et al. 2006).
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Figure 2. Representative data of total, non-specific and specific binding over time detected with a nuclear cell extract using SPA beads.  The nuclear extract from a thyroid cancer cell line (ARO) carrying 465 pg mutant p53 protein (68ug total protein) was incubated with a 3H-labeled p53 regulatory sequence from the gene for cyclin G in the SPA as described.  Counts from a blank lacking the protein extract were taken at the same time and then subtracted from the average of the counts from the ARO extract to obtain the specific counts.  This indicates a high amount of p53 binding with minimal non-specific counts detected.
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Figure 3. Competition of specific counts from ARO extracts.  Binding using the ARO nuclear extract was performed using the 3H-labeled cyclin G regulatory sequence as indicated in Figure 1.  Counts in the absence (no comp) and presence of 20X excess wild-type (+wt comp) or a 3-base mutatn (+mt comp) of the cyclin G gene regulatory sequence were determined at 170 minutes and plotted for comparison.  The wild-type sequence competes for about 82% of the counts while the mutant sequence competes for only about 4% of the total specific counts.  This indicates the specificity of the assay and the overwhelming preference of the p53 protein from ARO cells for the wild-type cyclin G regulatory sequence.
Discussion: 

The assay is able to quickly show DNA binding in different cell extracts containing the p53 protein.  We have noted differences in the level of binding of the p53 protein as well as its sequence specificity using this assay (Chandrachud and Gal 2009).  The stability of the p53 protein in cell extracts can vary so aliquots are made to minimize freeze-thaw cycles.  The configuration of the assay allows for other DNA binding proteins to be measured conceivably using a different antibody to bind to the protein A on the SPA beads and a different labeled DNA sequence.  Other configurations of SPA beads are available coupled with anti-mouse, anti-rabbit or anti-sheep antibodies or glutathione, streptavidin, copper, or polylysine compounds expanding the available formats for use.  A modification of the assay to measure the total level of the p53 protein using a biotinylated polyclonal p53 antibody linked with 35S-labeled streptavidin has been submitted (Oberlander, Xie, Chandrachud and Gal, manuscript submitted).  This assay would allow the simultaneous measure of a function of p53 (i.e. DNA binding) and the total level of the protein in the same wells.  This could be used to monitor changes in the p53 function in tumor samples.
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Table of specific reagents and equipment:

	Name of the reagent
	Company
	Catalogue number
	Comments (optional)

	Protein A SPA beads
	Perkin Elmer
	RPNQ0019 
	

	polydAdT
	Roche
	10108677001
	In our hands, polydIdC did not provide a similar level of non-specific binding

	3H- labeled DNA
	Can be custom-labeled or prepared by incorporation of 3H-thymidine using Klenow
	
	

	White microtiter plates
	Fisher Thermoscientific 
	14-245-178
	Variety of sources

	Scintillation counter such as the TopCount
	Perkin Elmer
	
	Other types of scintillation counters are available 
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