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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N_____ 

If yes, please list make and model of your microscope: ______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Steps P1 – P5 below. 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  For step P3 (below) it is critical that the primary antibody is prepared fresh on the day of filming because it is unstable. 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE): 

Procedural Narrative:
The overall goal of this procedure is to demonstrate a quantitative DNA-binding assay, which is useful in examining protein-DNA interactions, discovering transcriptional regulators of gene expression, and in identifing novel anti-tumor agents. (Intro)
This is accomplished by first preparing a streptavidin coated assay plate with an appropriate biotinylated DNA target. (P1: Zoom in on the 96-well plate to show a single well as described in part “C” of the overview. Ideally the single well would be larger so that the avidin and biotinylated-DNA would only cover the bottom portion of the well and solutions could be added to the top. (I made a quick drawing to the right of their figure.) Initially the well should only have the green shape and the “A”label. Then add the Biotin-DNA (found in part “B”) to the well as shown with the words “biotinylated”.)
The second step is to add nuclear extract proteins with or without potential inhibitors and allow them to bind with the DNA target. (P2: Add the protein, like the one found in “A” to the well in a solution and let the molecules move around randomly with some attaching to the Biotin-DNA (purple) as shown in “D”.)
Next, the bound transcription factors are detected with a primary antibodies and horseradish-peroxidase coupled secondary antibodies. (P3: Remove the liquid from the well and add in a solution with antibodies “blue”.  Have the first one attach during the mention of the “primary antibody”, then remove the solution and add another solution with another colored antibody with the HRP-tag. (both antibodies are shown as blue in their image, but it would be more clear to make them different colors for the viewer.)
The final step is to add a horseradish-peroxidase substrate to the wells in order to elicit color development. (P4: Add a clear/light blue solution to the well, then zoom back out to show the whole plate as shown in “G”.)
Ultimately, color development is measured with a spectrophotometer over time.  The amount of color change will indicate the degree of DNA binding and the effect of potential inhibitors of DNA binding. (P5: Turn the plate shown in P4 and place it into the spec found in image “H”.  Then output then show LABMEDIA: Figure 2 on the right side of the spec.)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)   
1.1. Karen Underwood: The main advantage of this technique over existing methods, like electrophoretic mobility-shift assays, is that it is a transcription factor binding assay that can quantitatively screen inhibitors of DNA binding.   

Protocol (read by voice talent at JoVE):  

2. Cell culture and nuclear protein isolation (prepare the day before).

2.1. To begin, prepare an adequate number of cell cultures consisting of at least 3 x 107 cells for each condition tested.  Here human bone marrow endothelial cells are being used, which express the RUNX2 (*pronounced “run-ex-two”) protein.  

2.1.1. MED: Talent changes the medium on the cells.

2.2. Once the cells are 80% confluent, treat the cells with 0.2 µg/ml nocodazole to arrest cell growth at the G2/M cell cycle boundary. This will stabilize the RUNX2 protein and produce maximal DNA binding.

2.2.1. MED: Talent examines the cells under a simple microscope to measure confluency.

2.2.2. MED: Talent adds nocodazole to the culture plate and covers the plate / screws closed the cap.

2.3. After 16 hours, lyse the cells and isolate the protein as directed in the accompanying text protocol.

2.3.1. MED: Talent adds lysis buffer to the cells.

2.3.2. CU: Talent scrapes the cells from the plate’s surface.
2.4. Once the protein has been isolated, measure the protein concentration using a standard BCA assay.

2.4.1. MED: Talent works at bench setting out the components of a BCA assay kit as if preparing to run the assay.

2.5. Then, store the samples at -80 °C in 10 microliter aliquots with concentrations between 2 and 5 mg/mL.

2.5.1. MED: Talent places aliquots into the -80 °C freezer.
3. Preparation of 96-well plates by incubation with nuclear extracts (prepare the day before).
3.1. Fix a 96-well plate with a 0.1M solution of sodium carbonate by adding 300 µl of the mixture per well. Prepare enough wells so that each sample is run in triplicate.

3.1.1. MED: Talent adds the sodium carbonate solution to the wells of a 96-well plate then covers it. (Videographer: Show a well labeled solution container in the background. *Do this for each similar step.)
3.2. Incubate the plate for 2 hours on a rocking platform at room temperature. 

3.2.1. CU: Talent places the plate onto a rocking platform and turns it on.
3.3. Then, wash the plate three times with 300 µl of streptavidin wash buffer and incubate with 100 µl of biotin-labeled double-stranded oligonucleotides at 1.25 nmoles/well for 2 hours while rocking.

3.3.1. MED: Talent dumps out one of the rinses and pats the plate onto paper towels to remove residual liquid. (TEXT: 3X, 300 µl/well)
3.3.2. CU: Talent adds the biotin labeled dsDNA to the wells. 
3.4. Next, wash the plates three additional times with the streptavidin wash buffer 
3.4.1. MED: Talent dumps out the dsDNA

3.4.2. MED: Talent adds wash buffer to the wells. (TEXT: 3X, 300 µl/well) 
3.5. Then, add 100 µl/well of the master mix containing 1x DNA-binding buffer, DNA-binding proteins at 3-9 µg/well, poly dI/dC at 1 µg/well.  

3.5.1. 
MED: talent adds the master mix to the wells
3.6. Then add the master mix containing any potential inhibitor, such as vitamin D3 or the appropriate dilution of the solvent control, such as ethanol, to their respective wells.

3.6.1. 
MED: Talent adds the controls and inhibitors to the wells. 

3.7. Then, cover the plate and place it on a rocking platform at 4ºC overnight.

3.7.1. 
CU: Talent places the covered plate onto a rocking platform, displaying the labeled lid, and turns it on. 
4. Measurement of RUNX2 DNA Binding
4.1. Following incubation with the nuclear extracts, wash the plate three times with the streptavidin wash buffer. 
4.1.1. MED: Talent dumps out the wells

4.1.2. MED: Talent adds wash buffer to the wells. 
4.2. Then add a 90 µl/well of a RUNX2-specific monoclonal antibody diluted to 0.2 ng/ul in streptavidin wash buffer.  

4.2.1. MED: Talent adds the primary antibody to the wells. 
4.3. Cover the plate and incubate it at room temperature on a rocking platform for 1 hour.

4.3.1. MED: Talent places the covered plate onto a rocking platform and turns it on.
4.4. Then rinse the wells again with streptavidin wash buffer and add 90 µl/well of the secondary antibody mixture containing 5 ng/ul Fab-specific affinity purified-HRP conjugated antibody diluted in the streptavidin wash buffer.

4.4.1. MED: Talent adds wash buffer to the last set of wells, then dumps out the wash buffer and pats the plate onto paper towels to remove residual liquid.

4.4.2. CU: Talent adds the secondary antibody to the wells. 
4.5. Incubate the secondary antibody for 30 minutes at room temperature on a rocking platform.

4.5.1. MED: Talent places the covered plate onto a rocking platform and turns it on.
4.6. Then, wash it 6 times with 300 µl/well of streptavidin wash buffer.

4.6.1.  MED: Talent adds wash buffer to the wells. (TEXT: 6X, 300 µl/well) 
4.7. Next, develop the results by adding 50 µl of a tetramethyl benzidine substrate to each well directly from the stock bottle.

4.7.1. CU: Talent adds the TMB substrate to each well.

4.8. For continuous monitoring of the samples, place the samples into the spectrophotometer and measure the absorbance at 635 nm continuously.

4.8.1. MED: Talent places the plate into the spectrophotometer.

4.8.2. MED Over the Shoulder: Talent watches as the samples data is being collected.

4.9. For a 1 time measurement, incubate the samples for 10 to 20 minutes at room temperature in the dark. During this time the wells should change from clear to varying degrees of blue.

4.9.1. MED: Talent places the covered samples in a dark location.

4.9.2. CU: Time-lapse of plate as it develops.

4.10. Stop the reaction by adding 50 µl of sulfuric acid to each well.
4.10.1. MED: Talent adds acid to each well (1st half of plate).
4.10.2. CU: Talent adds acid to the wells (2nd half of plate).
4.11. Then, measure the absorbance of each well at 450 nm using a 96-well plate reader.

4.11.1. Talent places developed plate with stopped reaction into spectrophotometer and reads the plate at 450 nm.
5. Results: Inhibition of RUNX2 DNA Binding 

5.1. The graph shown here is an example of continuous monitoring of the effect of biologically active vitamin D3 on RUNX2 DNA binding.  The concentrations tested had little effect on RUNX2 DNA binding although other vitamin D3 compounds have been shown to have dramatic effects.

5.1.1. LABMEDIA: Figure 2
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5.2. The compound 5221975, tested here, was identified using computer-assisted drug design. Upon testing, the compound exhibited a dose-dependent inhibition of  RUNX2 binding from 1 nM to 100 µM. 50% of the RUNX2 DNA binding was able to be inhibited with just 0.01 µM of the compound.

5.2.1. LABMEDIA: Figure 3 (Highlight the .01 µM label and graph when it is mentioned.)
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INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
6. Conclusion (said by authors on camera) 
6.1. Karen Underwood: After watching this video, you should have a good understanding of how to perform a quantitative DNA-binding assay and test potential inhibitors of DNA binding. 
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  
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General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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