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Authors, please check the answers to 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 you can record images/videos using your own camera/software, then mark No)   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_____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
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.) _2.4, 4.2, 4.5, 5.2, 5.4__________________________________________
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.) __4.5, 5.4_________________________
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. Experimental Goal (read by voice talent at JoVE):

The overall goal of this protocol is to provide a simple procedure to assess the relative abundance of histone post-translational modifications, which play essential roles in chromatin biology such as gene expression regulation and chromosome condensation. (Intro)  


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Benjamin A. Garcia: This method can help answer key questions in the chromatin biology field, such as which histone modifications change their relative abundance upon stimulus or treatment of given cells or tissue. 
1.2. Benjamin A. Garcia: The main advantage of this technique is that by using mass spectrometry-based proteomics, we can simultaneously quantify most of the known PTMs on histone proteins in single analyses.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Simone Sidoli: Histone PTM analysis has numerous applications, such as estimating epigenetic changes in a model system upon drug treatment, and characterizing aberrations in chromatin of individuals subjected, for instance, to stress.  

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. **Benjamin A. Garcia: In addition to Simone, two other members of my laboratory will demonstrate the procedures for this protocol: Natarajan Bhanu, a research specialist, and Kelly Karch, a graduate student.
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. Simone's intro shot. I filmed it but just to note that in the filming he was not featured in any section. I did however film a B-Roll shot labeled "6-B-Roll" where I filmed Simone at his computer that could be used during the data analysis section.



[bookmark: _GoBack]

Protocol (read by voice talent at JoVE):

2. Isolation of nuclei from intact cells

2.1. As shown in this workflow, this is a 10-step protocol that includes histone purification from cell cultures or tissues, [1 – LM] histone derivatization, digestion and desalting, [2 – LM] and mass spectrometry analysis using nano-flow liquid chromatography.  [3 – LM] Only selected procedures will be demonstrated in this video. [4 – LM]

2.1.1. Figure 1 (1).pptx.  Highlight  “(3) Histone Purification”
2.1.2. Figure 1 (1).pptx.  Highlight “(6-9) Histone derivatization, digestion and desalting”
2.1.3. Figure 1 (1).pptx.  Highlight “(10) LC-MS and data analysis”
2.1.4. Figure 1 (1).pptx.  Continue showing the entire figure without any highlighting.

2.2. To begin the procedure for isolating nuclei from intact cells, thaw on ice cells that were previously harvested and stored at -80°C, [1 – WIDE/MED] and prepare the nuclear isolation buffer or NIB as described in the protocol text. [2 – MED] 

2.2.1. Talent taking a tube of cells out of the -80°C freezer and putting it into an ice bucket.
2.2.2. Talent adding protease inhibitors and stabilizing agents to NIB buffer.

2.3. Remove one fifth volume of NIB and add NP-40 Alternative to a final concentration of 0.2%. [1 – MED] The remaining four-fifth volume will be used for washes. [2 – CU]

2.3.1. Talent transferring 1/5th volume of NIB to another tube/vial and then 
2.3.1b [split shot] adding an appropriate volume of NP-40 Alternative.
2.3.2. A shot of the flask/vial of the remaining 4/5th volume of NIB

2.4. Wash the cell pellet with NIB without NP-40 Alternative, using a 1 to 10 ratio of cell pellet volume to buffer volume. [1 – CU] Centrifuge at 700 rcf for 5 minutes [2 – MED] and remove the supernatant. [3 – CU]

2.4.1. Talent pipetting NIB without NP-40 Alternative into the tube with thawed cell pellet.
2.4.2. Talent putting the tube into the centrifuge and starting the spin. Please get multiple useable takes, shot will be repeated later.
2.4.3. Supernatant being removed from the tube.

2.5. Lyse the cell pellet by placing it on ice and adding NIB with 0.2% NP-40 Alternative at a 1 to 10 ratio of cell pellet volume to buffer volume.  [1 – MED] Homogenize the cells by gentle pipetting. [2 – CU]

2.5.1. Talent putting tube back on ice and then adds appropriate volume of NIB with 0.2% NP-40 Alternative.
2.5.2. Cells being gently pipetted.

2.6. Incubate the homogenized cells on ice for 5–10 minutes for the cells to lyse and release the nuclei. [1 – CU]

2.6.1. Tube of cells being put or left on ice.

2.7. Centrifuge at 1000 rcf for 5–10 minutes at 4°C. [1] The pellet will contain mostly cell nuclei, while the supernatant will contain mostly cytoplasmic components.  [2 – ECU] Save the cytoplasmic fraction if desired. [3 – CU]

2.7.1. Use shot 2.4.2.
2.7.2. Shot of the tube after centrifugation to show pellet and supernatant. 
2.7.3. Cytoplasmic fraction being transferred to another tube.

2.8. Wash the nuclei pellet by gently resuspending it in NIB without NP-40 Alternative, using a 1 to 10 ratio of pellet volume to buffer volume. [1 – CU]

2.8.1. Appropriate volume of NIB without NP-40 Alternative being added to the pellet in the tube.

2.9. Centrifuge at 1000 rcf for 5 minutes at 4°C [1] and remove the supernatant. [2 – CU – TXT] 

2.9.1. Use shot 2.4.2.
2.9.2. Supernatant being removed and discarded. TEXT: Wash at least 2X to completely remove NP-40 Alternative.

3. Extraction and purification of histones from nuclei

3.1. After NP-40 Alternative has been completely removed from the nuclei pellet, add ice-cold 0.2 M sulfuric acid at a 1 to 5 ratio of nuclei volume to sulfuric acid volume. [1 – MED] Resuspend the nuclei in the sulfuric acid by gentle pipetting. [2 – CU]

3.1.1. Talent adding sulfuric acid to the tube with the nuclei pellet. (from 2.9)
3.1.2. *film as written.

3.2. Incubate the sample with constant rotation or gentle shaking for 2–4 hours at 4°C. [1 – MED-TXT]

3.2.1. Talent putting the tube into a 4°C rotator or shaker. TEXT: 2–4 h; 4°C

3.3. Next centrifuge the sample at 3400 rcf at 4°C for 5 minutes [1 – MED] and transfer the supernatant to a new tube. [2 – CU]

3.3.1. Talent putting the tube into the centrifuge and starting the spin. Please get multiple useable takes, shot will be repeated later.
3.3.2. *film as written.

3.4. Centrifuge again [1] and transfer the supernatant to a new tube to remove any insoluble material. [2 – CU]

3.4.1. Use shot 3.3.1.
3.4.2. Supernatant being transferred to a new tube.

3.5. To precipitate the histones, add chilled 100% trichloroacetic acid or TCA to the collected supernatant in a 1 to 3 volume ratio of supernatant to TCA. [1 – CU-TXT]

3.5.1. Appropriate volume of TCA being added to the supernatant. TEXT: Final TCA concentration = 33%.

3.6. Mix by inverting the tube a few times. [1 – CU] The presence of histones is indicated by the sample turning cloudy. [2 – ECU]

3.6.1. *film as written.
3.6.2. Shot of tube to show the cloudy sample.  

3.7. Incubate the mixture on ice for at least 1 hour. [1 – MED/CU-TXT]

3.7.1. Talent putting the tube on ice. TEXT: Ice smaller pellets overnight.

3.8. Centrifuge at 3400 rcf for 5 minutes. [1]

3.8.1. Use shot 3.3.1.

3.9. After centrifugation, the histones will coat the sides of the tube and also deposit at the bottom. A white insoluble pellet will also form at the very bottom of the tube, which mostly contains non-histone proteins and other biomolecules. [1 – ECU]

3.9.1. ECU shot of the tube.  Videographer: Please make sure you capture the histone precipitate on the sides of the tube and the white pellet at the very bottom of the tube.  Video editor:  you could freeze this shot and add arrows indicating the side coat and the bottom pellet.

3.10. Carefully remove the supernatant by aspiration without scraping the sides of the tube or the pellet at the bottom of the tube. [1 – CU/ECU]

3.10.1. Pipette tip being carefully inserted into the tube without touching the sides or the pellet and the supernatant is sucked up and discarded.

3.11. By using a glass Pasteur pipette, rinse the tube with 100% ice-cold acetone plus 0.1% hydrochloric acid so as to cover the precipitated proteins coating the sides and bottom. [1 – CU]

3.11.1. Enough acetone being dispensed into the tube with a Pasteur pipette to cover the sides and bottom of the tube. Please get multiple useable takes, shot will be repeated later.

3.12. Centrifuge at 3400 rcf for 2 minutes. [1] Aspirate the supernatant carefully without scraping the sides or the pellet. [2 – CU]

3.12.1. Use shot 3.3.1.
3.12.2. Pipette tip being carefully inserted into the tube without touching the sides or the pellet and the supernatant is sucked up and discarded.

3.13. Rinse the tube with 100% ice-cold acetone, [1] centrifuge again, [2] and remove the supernatant without scraping the sides or the pellet. [3 – CU]

3.13.1. Use shot 3.11.1.
3.13.2. Use shot 3.3.1.
3.13.3. Pipette tip being carefully inserted into the tube without touching the sides or the pellet and the supernatant is sucked up and discarded.  

3.14. Subsequently, histone quantification and purity analysis is performed as described in the protocol text.  [1 – LM] An optional fractionation of histone variants by reversed-phase HPLC can also be performed before histone derivatization.  [2 – LM]

3.14.1. Figure 1 (1).pptx.  Highlight  “(4) Histone quantification and/or purity analysis”
3.14.2. Figure 1 (1).pptx.  Highlight  “(5) Histone variant fractionation”

4. Chemical derivatization of histones using propionic anhydride for bottom-up analysis

4.1. Begin this procedure by dissolving the histone samples in 40 μL of 50 mM ammonium bicarbonate, pH 8.0. [1 – MED]

4.1.1. Talent adding ammonium bicarbonate to a histone sample and making sure the histone is dissolved.

4.2. Check the pH by inserting a P10 pipette tip into the sample without aspiration and touching the pipette tip to a pH indicator strip. [1 – CU] Use ammonium hydroxide and formic acid [2 – CU] to adjust the pH to 8.0. [3 – CU]

4.2.1. *film as written.  Please include footage of the pH results on the indicator strip, which should be a pH other than 8.0.
4.2.2. Depending on the pH captured in 4.2.1, film either ammonium hydroxide or formic acid being added to the sample.
4.2.3. A P10 pipette tip being put into the sample and then the tip touching a pH indicator strip. Please make sure one of the takes is of a result of pH 8.0 and indicate this clearly so the video editor can use it for 4.7.1. Please get multiple useable takes, shot will be repeated later.

4.3. From here on, all steps involving the use of propionic anhydride must be performed in a fume hood. Process a maximum of three to four samples at a time, in order to keep propionic anhydride reactive. [1 – WIDE/MED] 

4.3.1. Talent taking samples to fume hood that is already set up with needed reagents.  Please get at least 45 seconds of footage.

4.4. Prepare fresh propionylation reagent by mixing propionic anhydride with acetonitrile in a volume ratio of 1 to 3. [1 – MED] Add the propionylation reagent to each sample in a volume ratio of 1 to 4. [2 – CU-TXT]

4.4.1. *film as written.
4.4.2. Propionylation reagent being added to a sample. TEXT: Example: Add 10 μL propionylation reagent to 40 μL histones.

4.5. Quickly add ammonium hydroxide to re-establish pH 8.0 to the solution. Usually, adding ammonium hydroxide to the sample with a volume ratio of 1 to 5 is appropriate to re-establish pH 8.0. [1 – CU-TXT] 

4.5.1. Ammonium hydroxide being added to the sample. Please get at least 30 seconds of footage. TEXT: Example: Add 8 μL NH4OH to 40 μL sample.

4.6. Mix immediately by vortexing. [1 – MED]

4.6.1. *film as written.

4.7. Check the pH. [1]

4.7.1. Use shot 4.2.3. of  pH results of 8.0.

4.8. Incubate the samples at room temperature for 15 minutes. [1 – MED-TXT]

4.8.1. Talent leaving samples at room temperature. TEXT: room temperature; 15 min

4.9. After all samples have undergone propionylation, dry the samples down to 10–20 μL in a vacuum concentrator. [1 – MED]

4.9.1. Talent putting multiple samples into the vacuum concentrator and starting the vacuum.

4.10. Resuspend or dilute samples with ddH2O until 40 μL of final volume is achieved. [1 – MED-TXT]

4.10.1. Talent diluting a sample with ddH2O. TEXT: A double round of histone propionylation ensures >95% of reaction completion.

5. Sample desalting with stage-tips

5.1. Since salts impede liquid chromatography and mass spectrometry, the samples must be desalted prior to the analysis. [1 – LM] For the purposes of this video, only the construction of the stage tips will be demonstrated. [2 – MED] 

5.1.1. Figure 1 (1).pptx.  Highlight “desalting” in the (6-9) title.
5.1.2. Talent setting out pipette tips, solid phase extraction disk and fused silica capillary. 

5.2. Use a P1000 pipette tip to punch a disk of C18 material from a solid phase extraction disk. [1 – CU] Use a fused silica capillary to push the minidisk out of the P1000 tip and into the bottom of a P100 or P200 pipette tip. [2 – CU] Ensure that the disk is securely wedged at the bottom of the tip. [3 – ECU]

5.2.1. *film as written.
5.2.2. *film as written.
5.2.3. ECU shot to capture the disk at the bottom of the tip.

5.3. If desalting over 25 μg of sample, use two C18 minidisks in the same P100 or P200 tip. [1 – CU]

5.3.1. A second disk being pushed out of a P1000 pipette tip into a P100/P200 tip that already has one disk at the bottom.

5.4. Use a centrifuge adaptor to hold the stage-tips in place in 1.5- or 2-mL microcentrifuge tubes. [1 – CU]

5.4.1. Adaptor/holder being placed in an Eppendorf tube and then a stage-tip being placed in the hole of the adaptor.

5.5. Flush the resin by spinning with 50 μL of 100% acetonitrile [1 – CU] to activate the C18 material and remove potential contaminants. [2 – MED]

5.5.1. 50 μL of 100% acetonitrile being added to the disk in the tip.
5.5.2. Talent putting microcentrifuge tubes with tips into the centrifuge and starting the spin.

5.6. Sample desalting is subsequently performed as described in the protocol text. [1 – MED-TXT] 

5.6.1. Talent loading sample onto a disk. TEXT:  Refer to protocol text for sample desalting procedure.

6. Results: characterization of histone post-translational modifications

6.1. Histone peptides are present in a variety of isobaric forms. Two examples commonly abundant in histone analysis are shown. The extracted ion chromatogram of their precursor mass and relative isotopes, shown above, is identical. [1 – LM] However, the extracted ion chromatogram of the product ions, shown below, allows for discrimination of the two isobaric forms. [2 – LM]

6.1.1. Show page 1 (A) from 54112_Figures 5 and 6.pdf.  Circle the black arrowheads and the 37.4 in both upper graphs.
6.1.2. Show page 1 (A) from 54112_Figures 5 and 6.pdf.   Circle the black arrowhead and 37.3 in the bottom left graph and the black arrowhead and 37.4 in the bottom right graph.

6.2. Only unique fragment ions, highlighted in red, should be used to estimate the relative abundance of the two species. [1 – LM]

6.2.1. Show page 2 (B) from 54112_Figures 5 and 6.pdf

6.3. Histones extracted from human embryonic stem cells with and without retinoic acid stimulation were analyzed.  Relative quantification of two histone H3 peptides revealed a clear reduction of acetylation in human embryonic stem cells stimulated for differentiation.  This is consistent with previous reports of higher acetylation in embryonic stem cells compared to differentiating cells. [1 – LM]

6.3.1. Show page 3 (A and B) from 54112_Figures 5 and 6.pdf


7. Conclusion (said by authors on camera)
7.1. Simone Sidoli: Once mastered, this technique can be done in three days if performed properly: histone extraction on the first day, histone derivatization and digestion on the second day, and peptide N-termini derivatization, stage tipping and LC-MS analysis on the third day.  
7.2. Simone Sidoli: Histone purification can be exploited for other purposes other than analysis of peptides, including middle-down and top-down proteomics, where intact histone tails or even intact proteins can be analyzed.
7.3. Simone Sidoli: After watching this video, you should have a good understanding of how to identify and quantify histone post-translational modifications using mass spectrometry based proteomics.
   

Provided Media

2.1, 3.14, 5.1. Figure 1 (1).pptx
6.1 – 6.3.  54112_Figures 5 and 6.pdf


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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