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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  

Can you record movies/images using your own microscope camera? (Y/N)_________  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.2, 2.4, 2.6, 2.7, 3.2
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.4, 2.5; make sure to remove lipid layer 
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Maria Dafne Cardamone: This method is useful to perform efficient ChIP-seq of both histones and non-histone proteins in BAT isolated from mouse. Text: BAT: Brown Adipose Tissue
1.2. Maria Dafne Cardamone: The main advantage of this technique is that the protocol has been optimized for efficient immunoprecipitation of chromatin-associated complexes from the adipose tissue.
D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Boston University.
Protocol: (read by voice talent at JoVE)
2. Dissection and Preparation of BAT for Chromatin Immunoprecipitation
2.1. Before incision, spray the euthanized mouse with 70% ethanol [1-MED-over the shoulder]. Place the mouse with its back facing up, then make an incision along the neck [2-CU].
2.1.1. Talent sprays the euthanized mouse with 70% ethanol
2.1.2. CU the mouse as it is placed with its back facing up and a cut is made on its skin along the neck
2.2. Next, locate BAT directly under the skin between the shoulders and carefully remove the thin layer of white fat [1-CU]. Crosslink each BAT pad in 10 mL of PBS containing 1% formaldehyde [2-MED-over the shoulder] for 15 minutes at 150 rpm at room temperature [3-MED-TXT].
2.2.1. Show the BAT’s location and the thin layer of white fat is removed 
2.2.2. Talent places a BAT pad in 10 mL of PBS containing 1% formaldehyde
2.2.3. Talent places the BAT on a shaker. Text: RT, 150 rpm, 15 min 
2.3. After 15 minutes, quench crosslinking by adding 2.5 Molar glycine to the BAT resulting in a final concentration of 125 mM [1-CU]. Place it on a shaker for 5 minutes, rotating at 150 rpm at room temperature [2-CU-TXT].

2.3.1. CU BAT as glycine is added 

2.3.2. CU BAT as it is placed on a shaker. Text: RT, 150 rpm, 5 min
2.4. Subsequently, transfer the BAT pad to 500 µL of hypotonic lysis buffer and add 2 stainless steel beads for each BAT pad [1-MED-over the shoulder-TXT]. Then, use a bead-based tissue homogenizer to shred the tissue [2-MED-over the shoulder].
2.4.1. Talent transfers the BAT pad to 500 µL of hypotonic lysis buffer and adds 2 stainless steel beads to it. Text: See the accompanying manuscript for lysis buffer’s composition

2.4.2. Talent places the tissue in a tissue homogenizer
2.5. Start with 5 minutes at max power. If needed, extend the time until the tissue is homogenized and single cells are separated [1- MED-over the shoulder]. Transfer the sample into a new tube [2-CU] and centrifuge at 4 °C at 16,000 x g for 10 minutes [3-MED-TXT]. 
2.5.1. Talent sets the homogenizer to 5 minutes at max power
2.5.2. CU the sample as it is transferred into a new tube
2.5.3. Talent places the sample in the centrifuge. Text: 4 °C, 16,000 x g, 10 min
2.6. After 10 minutes, transfer the supernatant into a new tube and keep the cell pellet on ice [1-MED-over the shoulder].  Centrifuge the supernatant at 4 °C at 16,000 x g for 10 minutes to prevent loss of floating cells [2-CU-TXT]. Then, discard the final supernatant and resuspend both cell pellets together in 300 µL of SDS lysis buffer with 1x protease inhibitor [3-MED-over the shoulder-TXT]. 
2.6.1. Talent places a tube of sample on ice

2.6.2. CU the sample as it is placed in centrifuge. Text: 4 °C, 16,000 x g, 10 min

2.6.3. Talent discards the final supernatant and resuspends both cell pellets together in 300 µL of SDS lysis buffer with 1x protease inhibitor. Text: See Table of Materials in the accompanying manuscript for buffer’s composition
2.7. Incubate on ice for 10 minutes [1-CU]. Next, sonicate the lysates to generate DNA fragments 200-500 base pairs long [2-CU]. After sonication, remove debris by centrifugation for 10 minutes at 16,000 x g at 4 °C [3-MED]. Subsequently, check the success of sonication via DNA electrophoresis on a 1% agarose gel [4-CU] [3-MED].
2.7.1. CU the sample as it is placed on ice

2.7.2. CU the sample as it is being sonicated

2.7.3. Talent places the sample in the centrifuge. Text: 4 °C, 16,000 x g, 10 min

2.7.4. CU a run gel to show the size of the fragments (Author Comment: Not necessary to show it can just be said by the Talent) (Editor: I feel that the centrifugation text overlay in 2.7.3 can be removed, and that this step should be communicated in that overlay instead. I don’t think 2.7.3 is long enough to cover all this VO – however, I’ve marked it as such above since that’s what the authors seem to want)
2.8. To perform immunoprecipitation, keep 1% of the chromatin solution aside as the ChIP input [1-CU], and keep the inputs overnight at 4 °C [2-CU]. [3-MED-over the shoulder] [4-CU]. 
2.8.1. CU the chromatin solution (labeled “1%”) as it is placed aside

2.8.2. CU the inputs as they are placed in the refrigerator
2.8.3. *Film as written (move to 2.9)
2.8.4. CU the ChIP antibody/ chromatin as it is placed in the refrigerator with rotation (move to 2.9)
(Author Comment: 2.9 (2.9.1) was filmed together with 2.8.3 because the flow worked better.) (Editor: The authors originally copied and pasted 2.9 in between 2.8.3 and 2.8.4. I’ve cleaned it up and kept it short to help the VO talent, but the order of some of these functions doesn’t make sense when read aloud. I’m also unsure of exactly is shown in 2.8.3)
2.9. Next, add the ChIP antibody to 1 mL of chromatin solution and perform parallel immunoprecipitation with corresponding pre-immune IgG or normal IgG of the same species. Alternatively, save 1 mL of chromatin solution for a no-antibody control [1-CU]. Incubate overnight at 4 °C with rotation.
2.8.3. *Film as written

2.9.1. Show both control and sample tubes

2.8.4. CU the ChIP antibody/ chromatin as it is placed in the refrigerator with rotation

3. Immune Complexes Collection and DNA Recovery 
3.1. To collect the immune complexes, add 50 µL of Protein A Agarose 50% slurry to the immune complexes [1-MED-over the shoulder] and incubate for 1 hour at 4 °C with rotation at 150 rpm [2-CU-TXT]. After an hour, pellet the beads by centrifugation for 1 minute at 100 x g at 4 °C [3-MED-TXT].
3.1.1. Talent adds 50 µL of Protein A Agarose 50% slurry to the immune complexes
3.1.2. CU the immune complexes as they are incubated. Text: 4 °C, 150 rpm, 1 h
3.1.3. Talent places the beads in the centrifuge. Text: 4 °C, 100 x g, 1 min
3.2. Perform sequential washes of the beads on 0.45 µm PVDF centrifugal filter columns with buffers of increasing stringency by first transferring the beads in the columns with 500 µL of low-salt wash buffer [1-MED-over the shoulder-TXT]. Then, pellet the beads in the columns for 3 minutes at 2,500 x g [2-MED]. Discard the flow-through [3-CU].

3.2.1. *Film as written

3.2.2. Talent places the beads in the centrifuge. 

3.2.3. CU the pellet as it is further centrifuged Talent aspirate flow through  
3.3. Repeat the wash with high-salt wash buffer according to the low-salt wash procedures [1-MED]. Then, repeat the procedures with lithium chloride, and finally with 1x TE [2-CU]. 
3.3.1. Talent taking out the complexes form the centrifuge

3.3.2. CU the final complexes

3.4. After the washes are completed, elute the immune complexes by adding 300 µL of elution buffer to the pelleted beads in the columns [1-MED-over the shoulder]. Incubate them at room temperature for 30 minutes on a shaker at 400 rpm [2-CU-TXT]. 
3.4.1. Talent adds 300 µL of elution buffer to the pelleted beads in the columns
3.4.2. CU the immune complexes as they are placed on a shaker and set to 400 rpm. Text: RT, 400 rpm, 30 min
3.5. Subsequently, collect the eluate by spinning down the columns for 3 minutes at 2,500 x g in a fresh tube [1-MED]. Reverse the crosslinks by incubating the eluate and inputs collected at 65 °C overnight [2-CU].
3.5.1. Talent places the complexes in the centrifuge
3.5.2. CU the elute as it is mixed with the inputs. 

3.6. To recover DNA, add 300 µL of phenol:chloroform:IAA to the elute and inputs at 1:1 [1-MED-over the shoulder], and vortex for 10 seconds [2-CU]. Next, spin down at 21,000 x g at 4 °C for 20 minutes, keep the pellet, and discard the supernatant [3-MED].
3.6.1.  Talent adds 300 µL of phenol:chloroform:IAA to the elute and inputs
3.6.2. CU the samples as they are being vortexed

3.6.3. Talent places the samples in the centrifuge and set the settings. Text: 4 °C, 21,000 x g, 20 min
3.7. Wash pellet with 1 mL of cold 70% ethanol [1-MED-over the shoulder], then spin down at 21,000 x g at 4 °C for 5 minutes [2-CU-TXT]. Discard the supernatant and air-dry the pellet [3-MED]. Resuspend the pellet in 70 µL of DNAse-free water for further procedures [4-MED-over the shoulder].
3.7.1. *Film as written

3.7.2. CU the sample as it is placed in the centrifuge. Text: 4 °C, 21,000 x g, 5 min
3.7.3. Talent discards the supernatant

3.7.4. Talent resuspends the pellet in 70 µL of DNAse-free water
4. Results: ChIP validation by qPCR 
4.1. Here is an example of ChIP-qPCR using BAT isolated from wild-type or GPS2-A knockout mice [1-LM]. 

4.1.1. 58682_Perissi_58682fig1large.jpg: Video editor, please show fig 1 (both upper and lower panels)

4.2. Since GPS2 has been found to be required for the expression of nuclear-encoded mitochondrial genes in different cell lines, the recruitment of GPS2 was tested on two specific nuclear-encoded mitochondrial genes, NDUFV1 and TOMM20, in BAT from mice as the examples of a tissue highly enriched in mitochondria [1-LM].
4.2.1. 58682_Perissi_58682fig1large.jpg: Video editor, please highlight/ emphasize the titles of two graphs “NDUFV1 promoter” and “TOMM20 promoter”

4.3. GPS2 promoter occupancy was compared in GPS2-A knockout mice and wild-type littermates, an expected decrease was observed in GPS2 binding on selective target genes in the BAT from GPS2-A knockout mice [1-LM]. 
4.3.1. 58682_Perissi_58682fig1large.jpg: Video editor, please highlight/ emphasize the text “GPS2” in the two graphs

4.4. Using the protocol described here, an increased binding of RNA polymerase 2 and the repressive histone mark H3K9me3 was recorded in the BAT from GPS2-A knockout mice as compared to wild-type littermates [1-LM]. 
4.4.1. 58682_Perissi_58682fig1large.jpg: Video editor, please highlight/ emphasize the text “Pol2”, and then “K9me3” in the two graphs
4.5. These results confirm the recruitment of GPS2 on selected nuclear-encoded mitochondrial genes and show that GPS2 is required for preventing the accumulation of H3K9me3, and thus required for the stalling of Pol2 transcriptional activity on target promoters [1-LM].
4.5.1. 58682_Perissi_58682fig1large.jpg: Video editor, please add “*” to represent significance to the columns in both panels
5. Conclusion (said by authors on camera)

5.1. Maria Dafne Cardamone: The protocol described here, even if specifically optimized for the brown adipose tissue, represents a valuable tool for performing ChIP from others murine and human tissue. 

5.2. Maria Dafne Cardamone: Don't forget that working with phenol:chloroform can be extremely hazardous therefore is extremely important to always operate under a Fume Hood while using this reagent.   

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, .eps, 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.  

Insert your media filenames here.

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 are included in the email accompanying the finalized script.
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