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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? Please list 4-6 steps__Sonication, Preclear Chomatin, Immunoprecipitation, Elution, and Reverse Crosslink________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ___The sonication is the most difficult. To ensure success one must optimize this procedure by trying out different conditions and the samples must remain cold on ice. ___________________________

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 identify protein-binding regions via chromatin. (Intro)

This is accomplished by first cross-linking the protein to the DNA. (P1) (Video editor: The straight lines are the DNA; the yellow, green and blue objects are proteins.  Maybe you can add the X’s between the protein and DNA to illustrate the cross-linking)

The second step is to shear the DNA. (P2)

Next, the DNA-bound target protein is immunoprecipitated (Video editor: show the orange agarose beads attaching to the yellow targets and separating them from the green and blue proteins) and then eluted (Video editor: show yellow targets being ‘released’ from orange beads).  (P3)

The final step is to reverse the cross-link (P4) (Video editor: show the X’s connecting the target to the DNA disappearing) and to isolate the DNA. (P5)

Ultimately, chromatin immunoprecipitation is used to show localization of protein binding across the genome. (Video editor: show ‘50286_localized binding.ppt’) 

Video editor: graphics for P1 – P5 are in ‘50286_Graphic overview of ChIP.ppt’



B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Sandra Deliard: This method can help answer key questions in the Functional Genomics field, such as identifying and mapping protein-DNA interactions in a given tissue or cell line.  



Protocol (read by voice talent at JoVE):

2. Cross-linking Chromatin

2.1. The cells for this procedure are grown in 100 x 20-mm cell culture dishes. The amount of cells can range from 1 to 10 million cells per dish depending on cell type; approximately 2 million cells are sufficient for one immunoprecipitation.

Shots:
2.1.1. MED: Talent approaching work area with the 2 dishes of cells and sets them down.
2.1.2. CU: A shot of the 2 dishes of cells.

2.2. To cross-link protein and chromatin in the cells, add formaldehyde to 1% and incubate for 10 minutes at room temperature with occasional rocking (text: 1% formaldehyde; 10 min at room temperature).

Shots:
2.2.1. CU: Formaldehyde being added to the cells in one of the dishes.
2.2.2. MED: Talent rocking a dish and then setting it down at room temperature.

2.3. Quench cross-linking by adding Glycine to a final concentration of 125 mM (text: 125 mM Glycine) and incubating for 5 minutes at room temperature.

Shots:
2.3.1. CU: Glycine being added to cells.
2.3.2. CU: Dishes being left at room temperature.

2.4. Wash cells twice with 1X Phosphate Buffered Saline (text: Wash 2x with PBS).

Shots:
2.4.1. MED: Talent adding 10 ml PBS to the dishes of cells.
2.4.2. CU: Multiple takes from different angles of PBS being removed from a dish.  Shot will be repeated later.
2.4.3. CU: New PBS being added to a dish.

2.5. After the second wash, decant PBS and add 0.2 ml of fresh PBS. Harvest cells with a plastic cell scraper into a microcentrifuge tube.

Shots:
2.5.1. Use shot from 2.4.2.
2.5.2. CU: 0.2 ml PBS being added to a dish.
2.5.3. CU: Cells being scraped off with a plastic scraper.
2.5.4. MED: Talent transferring the cells to a microcentrifuge tube.

2.6. Spin down the cells at 2000 rpm for 5 minutes at 4°C (text: 2000 rpm; 5 min; 4°C).

Shots:
2.6.1. MED: Talent placing the two tubes into the microcentrifuge.

2.7. Aspirate the supernatant. For nuclear extraction, keep the cells as a pellet. For preparing a whole cell lysate, which will be demonstrated in the next segment, resuspend cells in SDS lysis buffer.

Shots:
2.7.1. CU: Supernatant being aspirated from one of the tubes.
2.7.2. ECU: A shot of the cell pellet.
2.7.3. MED: Talent resuspending cell pellet in SDS lysis buffer.



3. Sonication

3.1. Whole cell lysates are prepared from the cross-linked cells by sonication on wet ice using a Misonix sonicator.

Shots:
3.1.1. MED: Establishing shot of talent approaching the Misonix sonicator with the samples and placing the samples on ice.
3.1.2. Talent – interview style to camera: “To obtain the ideal DNA fragment size, this procedure must be optimized by trying out different sonication conditions. The samples must remain on ice throughout the procedure.”

3.2. Sonicate each sample at these settings: 30 seconds on and 45 seconds off at an amplitude setting of 2. In this example, 12 cycles are needed to obtain the ideal fragment size (text: 30 seconds on; 45 seconds off; amplitude 2; 12 cycles).

Shots:
3.2.1. CU: Probe being placed in the sample (on ice) and turned on.
3.2.2. CU: Probe being turned off.

3.3. Collect 20 l of each sample to check sonication results and for quantification. The rest of the sample can be stored at -80°C.

Shots:
3.3.1. MED: Talent transferring 20 l of each sample to a new tube.
3.3.2. MED: Talent putting the remaining samples into the -80°C freezer.

3.4. Dilute the 20 l of sample by adding 30 l of 0.1X TE Buffer. Then treat the sample with 1l of RNAse A at 37°C for 1 hour (text: RNAse A; 37°C; 1 h).

Shots:
3.4.1. CU: 30 l of 0.1X TE Buffer being added to one of the tubes with 20 l of sample.
3.4.2. CU: Multiple takes from different angles of 1l of RNase A being added to the tube.  Shot will be repeated later.
3.4.3. MED: Multiple takes from different angles of talent putting tubes into the 37°C incubator. Shot will be repeated later.

3.5. Next add 1l of Proteinase K and incubate at 62°C for 2 hours (text: Proteinase K; 62°C; 2 h).

Shots:
3.5.1. CU: Multiple takes from different angles of 1l of Proteinase K being added to sample. Shot will be repeated later.
3.5.2. MED: Talent putting samples at 62°C.

3.6. After the Proteinase K treatment, run 20 l of the sample on a 2% agarose gel. The samples should present a smear with the bulk of the DNA at the desired size. If several different cycles are tested, a gradual decrease in size should be seen as the number of cycles increase (show Figure 2).

Shots:
3.6.1. LAB MEDIA: 50286fig2.jpg

3.7. The remaining amount of sample will be purified with a QIAquick PCR Purification kit and quantified using a NanoDrop spectrophotometer (text: Purify DNA with QIAquick PCR Purification kit; quantify with NanoDrop spectrophotometer).

Shots:
3.7.1. CU: Tubes with remaining samples being set down on work surface.


4. Pre-clearing Chromatin

4.1. To begin this procedure, thaw the sonicated chromatin samples on ice.

Shots:
4.1.1. MED: Talent putting the tube of sample on ice.

4.2. [bookmark: _GoBack]Centrifuge at 12,000 rpm for 10 minutes at 4° (text: 12,000 rpm; 10 min; 4°).  Put on ice right away to remove the SDS, which appears as a white pellet. Collect the supernatant and discard the pellet from each sample. Combine samples if necessary.

Shots:
4.2.1. CU: Tube being placed inside centrifuge, lid closed, and centrifuge turned on.
4.2.2. MED: Talent taking tube out from centrifuge and putting it on ice.
4.2.3. CU/ECU: Supernatant being pipetted out of the tube, leaving the white pellet behind.

4.3. Set aside the amounts needed for the experiment based on previous calculations; 1-10 g of chromatin is required per immunoprecipitation.

Shots:
4.3.1. MED: Talent transferring required amount to a new tube.

4.4. Dilute the chromatin 1:10 in ChIP Dilution Buffer supplemented with proteinase inhibitor.

Shots:
4.4.1. CU: ChIP Dilution Buffer being added to chromatin to dilute it 1: 10

4.5. Add 100 l of blocked agarose beads per immunoprecipitation and rotate at 4°C for 1 hour (text: Rotate at 4°; 1 h).

Shots:
4.5.1. CU: Multiple takes from different angles of 100 l of blocked agarose beads being added to tube.  Shot will be repeated later. [This shot was not repeated]
4.5.2. CU: Tube being place on the rotator at 4°C.

5. Chromatin Immunoprecipitation

5.1. Begin the procedure for chromatin immunoprecipitation by spinning down samples at 800 rpm for 1 minute at 4°C (text: 800 rpm; 1 min; 4°C), and transferring each supernatant to a fresh tube. Centrifuge the supernatant at 800 rpm for 1 min and transfer to another clean tube.

Shots:
5.1.1. MED: Multiple takes from different angles of talent putting tubes into centrifuge and starting the centrifugation.  Shot will be repeated later.
5.1.2. CU: Multiple takes from different angles of supernatant being transferred to a new tube. Shot will be repeated later.
5.1.3. Use shot from 5.1.1.
5.1.4. Use shot from 5.1.2.

5.2. Save 20 l of the supernatant at -20°C to serve as the input control later.

Shots:
5.2.1. MED: Talent saving 20 l of the supernatant and putting it into -20°C freezer.

5.3. Aliquot the rest of the chromatin to the number of immunoprecipitations required in the experiment.

Shots:
5.3.1. CU: Rest of chromatin being aliquoted.

5.4. To each sample add 2 g of antibody per 1-10 g of chromatin. Incubate overnight at 4°C with rotation. 

Shots:
5.4.1. CU: 2 g of antibody being added to a sample.
5.4.2. MED: Multiple takes from different angles of talent putting samples on rotator at 4°C. Shot will be repeated later.

5.5. On the following morning, add 100 l of blocked agarose beads to each immunoprecipitation sample. Incubate for 1 hour at 4°C with rotation.

Shots:
5.5.1. Use shot from 4.5.1. [Filmed a new shot using different tubes] 
5.5.2. Use shot from 5.4.2.

5.6. After 1 hour, pellet the beads by spinning down at 800 rpm for 1 minute. Discard as much of the supernatant as possible.

Shots:
5.6.1. Use shot from 5.1.1.
5.6.2. CU: Supernatant being discarded.

5.7. Wash beads once with a Low Salt Immune Complex wash buffer:  add 1 ml of the buffer to each tube, rotate at room temperature for 5-8 minutes, and then centrifuge at 800 rpm for 1 minute.

Shots:
5.7.1. CU: 1 ml Low Salt Immune Complex wash buffer being added to a tube.
5.7.2. CU: Tubes rotating at room temperature.
5.7.3. Use shot from 5.1.1.

5.8. After discarding the supernatant, wash beads once with High Salt Immune Complex wash buffer, once with LiCl Immune Complex wash buffer, and twice with TE Buffer for a total of 5 washes (Video editor: show Table 2, highlight each buffer as it is mentioned in the narration). 

Shots:
5.8.1. LAB MEDIA: Table 2.ppt

5.9. Subsequently, DNA is eluted from each immunoprecipitation sample as well as input samples (text: Refer to accompanying protocol text for Elution procedure).

Shots:
5.9.1. CU: A shot of the tubes of eluted samples.


6. Reversing cross-link and purifying DNA

6.1. To reverse the cross-link, add 8 l of 5M NaCl to 200l of each eluant and input control. Seal the tubes with parafilm and incubate in a 65°C water bath overnight (text: 65°C; overnight).

Shots:
6.1.1. MED: Talent adding 8 l of 5M NaCl to 200l of each eluant and input control.
6.1.2. CU: A tube being sealed with parafilm.
6.1.3. CU: Tubes being placed in a 65°C water bath.

6.2. On the following day, treat each sample with 1l of RNase A for 1 hour at 37°C.

Shots:
6.2.1. Use shot from 3.4.2.
6.2.2. Use shot from 3.4.3.

6.3. After an hour, add 4l of 0.5M EDTA and 8l 1M Tris-HCl to each sample and mix. Then add 1l of Proteinase K and incubate at 45°C for 2 hours (text: 45°C; 2 h).

Shots:
6.3.1. MED: Talent adding 4l of 0.5M EDTA and 8l 1M Tris-HCl to a sample and mixing it.
6.3.2. Use shot from 3.5.1.
6.3.3. MED: Talent putting samples into 45°C incubator/bath.

6.4. Purify the samples using the QIAquick PCR Purification kit. The samples can be saved at      -20°C until they are examined by PCR.  

Shots:
6.4.1. MED: Talent setting out the QIAquick PCR Purification kit on the work surface.
6.4.2. MED: Talent putting purified samples into -20°C freezer.


1. 
7. Results: generation of a high quality ChIP template

7.1. The enrichment by chromatin immunoprecipitation can be checked by either PCR or real-time PCR. For PCR samples electrophoresed on an agarose gel, there should be bands in the Input and ChIP sample lanes using an antibody for the protein of interest, which is the transcription factor TCF7L2 in this case (Figure 3) (Video editor: highlight the two bright bands in the upper panel). In contrast, there should be nothing or at most, a very faint band in the IgG negative control lane for the positive binding region. (Video editor: highlight the near absence of a band in the IgG control lane in the upper panel).

Shots:
7.1.1. LAB MEDIA: 50286fig3.jpg

7.2. For the negative binding region there should be a very faint band or no band at all for the IgG control and ChIP lanes (Video editor: please draw attention to the near absence of bands in the first two lanes of the lower panel). There should be a band in the Input lane (Video editor: please highlight the band in the Input lane in the lower panel).

Shots:
7.2.1. LAB MEDIA: 50286fig3.jpg

7.3. This figure (Figure 4) shows results from the same samples examined by real-time PCR. As with the previous result, there should be a significant fold enrichment of the positive binding region for the ChIP sample over the IgG control (Video editor: highlight the tall magenta bar in the positive binding region). In addition, there should be very little enrichment, if any, in the negative binding region (Video editor: highlight the two very short bars in the negative binding region). 

Shots:
7.3.1. LAB MEDIA: 50286fig4.jpg


8. Conclusion (said by authors on camera)
8.1. Sandra Deliard: After watching this video, you should have a good understanding of how to cross-link binding protein to chromatin in a tissue or cell line, immunoprecipitate your targeted protein, and then isolate the DNA for further analysis.

       

Provided Media

1A. 50286_Graphic overview of ChIP.ppt; 50286_localized binding.ppt
3.6. 50286fig2.jpg
5.8. Table 2.ppt
7.1.- 7.2. 50286fig3.jpg
7.3. 50286fig4.jpg


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.
 2011, Journal of Visualized Experiments

