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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes

3. Filming location: Will the filming need to take place in multiple locations?   No




Current Protocol Length

Number of Steps: 21
Number of Shots: 44

Introduction

1. Introductory Interview Statements


REQUIRED: 
1.1. Yohei Niikura: This method makes it possible to identify ubiquitylation of EYFP-tagged CENP-A protein. It can also be applied to human CENP-A protein with different tags and other centromere-kinetochore proteins.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Lei Fang: The main advantage of this AP-MS strategy is that it can be used to identify EYFP-CENP-A K124R ubiquitination sites with crucial biological significance. It could be extended to investigate the posttranslational modifications of a wide range of functional proteins. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



1.3. 

Protocol

2. In Vivo Ubiquitylation Assays Using pQCXIP-EYFP-CENP-A
2.1. Begin by preparing protein A beads bound with anti-GFP antibody [1]. Wash 25 microliters of protein A beads per immunoprecipitation reaction with buffer A1 at least 3 times to remove the ethanol [2], then make a 50% bead solution with buffer A1 [3].
2.1.1. WIDE: Establishing shot of talent at the lab bench.
2.1.2. Talent washing the beads with buffer A1, with the buffer container in the shot. 
2.1.3. Talent adding buffer A1 to the beads.
2.2. Add 2 microliters of anti-GFP antibody to the beads [1], then add buffer A1 at 20 times the net bead volume [2]. Perform end-to-end rotation at 4 degrees Celsius for 4 to 18 hours. The optimal duration for the rotation must be determined empirically based on the efficiency of the immunoprecipitation [3]. Videographer: This step is important!
2.2.1. Talent adding antibody to the beads. 
2.2.2. Talent adding buffer A1 to the beads. 
2.2.3. Talent putting the tube on the rotator and starting it. 
2.3. After the rotation, centrifuge the beads at 100 x g for 1 minute [1] and remove the unbound supernatant [2]. Add buffer A1 to make a 50% solution of beads and use 25 microliters of this solution for each immunoprecipitation reaction [3].
2.3.1. Talent putting the tube with the beads in the centrifuge and closing the lid. 
2.3.2. Talent removing the supernatant. 
2.3.3. Talent adding buffer A1 to the beads. 
2.4. To perform the immunoprecipitation, lyse cells in buffer A1 via sonication and freeze-thaw [1]. Measure protein concentrations and normalize the protein amounts among the different IP samples [2], then remove 5% of the sample from each tube to run in SDS page [3].
2.4.1. Talent sonicating the cells to lyse them. 
2.4.2. Talent measuring the protein concentration. 
2.4.3. Talent removing 5% from one tube.
2.5. Mix the rest of the lysate with 25 microliters of protein A beads bound to anti-GFP antibody [1] and perform end-to-end rotation at 4 degrees Celsius for 4 to 18 hours [2].
2.5.1. Talent mixing the lysate with the beads. 
2.5.2. Sample rotating in the fridge.
3. Mass Spectrometry to Identify the Ubiquitylation Site of the EYFP-CENP-A K124R Mutant
3.1. After lysing cells in buffer A1 and performing immunoprecipitation as previously described, keep 10% of total immunoprecipitants to confirm EYFP-CENP-A ubiquitylation and to precisely determine the position of ubiquitinated EYFP-CENP-A. Use the other 90% for mass spectrometry analysis [1].
3.1.1. Talent separating the sample into 10% and 90%.
3.2. Run the mass spectrometry sample in a commercially available 4 to 12% Bis-Tris protein gel [1], then perform Coomassie blue staining [2] and excise the 50 to 70 kilodalton gel region for mass spectrometry analysis [3]. Videographer: This step is important!
3.2.1. Gel running.
3.2.2. Talent staining the gel.
3.2.3. Talent excising pieces of the gel.
3.3. Dice each gel slice into small pieces [1] and place them in a 0.5-milliliter low protein binding tube [2]. Wash the gel pieces with 100 microliters of 50% acetonitrile in 25 millimolar ammonium bicarbonate [3], vortex them for 10 to 15 minutes [4], then spin them down and discard the supernatant [5-TXT]. Videographer: This step is important!
3.3.1. Talent dicing the gel. 
3.3.2. Talent putting the gel pieces in a tube. 
3.3.3. Talent adding acetonitrile to the gel pieces. 
3.3.4. Talent vortexing the tube. 
3.3.5. Talent taking the tube out of the centrifuge. TEXT: Repeat wash 3 X
3.4. After the last wash, dry the gel pieces with a benchtop vacuum concentrator for 30 minutes [1]. Add 10 microliters of 10 nanogram per microliter sequencing grade trypsin and let the gel pieces rehydrate for 5 minutes [2]. Videographer: This step is difficult and important!
3.4.1. Talent putting the pieces in the concentrator and starting it.
3.4.2. Talent adding trypsin to the gel pieces, with the trypsin container in the shot.
3.5. Then, add 25 millimolar ammonium bicarbonate, just enough to cover the gel pieces, and digest them at 37 degrees Celsius overnight [1].
3.5.1. Talent covering the gel pieces in ammonium bicarbonate.
3.6. On the next day, transfer the digested supernatant into a clean 0.65-milliliter siliconized tube [1] and add 50% acetonitrile and 5% formic acid solution [2]. Vortex the sample for 10 minutes [3], then spin it down and transfer the supernatant into an extraction tube [4-TXT]. Videographer: This step is important!
3.6.1. Talent transferring the supernatant into a clean tube. 
3.6.2. Talent adding the acetonitrile and formic acid to the supernatant. 
3.6.3. Talent vortexing the sample. 
3.6.4. Talent transferring the sample to an extraction tube. TEXT: Repeat 3 X
3.7. Concentrate the sample again to 2 microliters [1], then add 8 microliters of 3% acetonitrile and 2% formic acid solution [2], vortex it for 15 minutes [3], and spin it down at 16,000 x g for 30 minutes [4]. 
3.7.1. Talent taking the sample out of the concentrator. 
3.7.2. Talent adding the acetonitrile/formic acid solution to the sample. 
3.7.3. Talent vortexing the sample. 
3.7.4. Talent putting the sample in the centrifuge and closing the lid.
3.8. Perform MS data acquisition with LC-MS-MS using a liquid chromatography system coupled with a mass spectrometry instrument [1]. Inject 8 microliters of the sample onto a reverse phase liquid chromatography column [2] and separate the peptides with a 2 to 80% gradient of solvent B in 60 minutes, following manuscript directions [3].
3.8.1. LC-MS/MS system setup.
3.8.2. Talent injecting the sample into the chromatography column. 
3.8.3. Talent adding buffer to the column.
3.9. Collect mass spectrometry data using the data-dependent acquisition mode [1-TXT].
3.9.1. Talent operating the MS. TEXT: See text manuscript for MS settings
4. Data Analysis 
4.1. Open the commercial software to analyze mass spectrometry data on the desktop. To start a new search, click the LC button on the top menu, then click the Add button to upload the original MS raw data files [1].
4.1.1. SCREEN: 61138_screenshot_1.mp4. 0:00 – 0:15.
4.2. Select Human Protein ID in the Paragon Method as the database searching method and search the original MS raw data files against the UniProt Homo Sapiens database [1]. Select trypsin as the digestion enzyme and set the rest of the parameters according to manuscript directions [1].
4.2.1. SCREEN: 61138_screenshot_1.mp4. 0:16 – 0:30.
4.3. Enter the results file name and click the Save as button on the right of the menu. Then, select a folder for storing the searching results and click the Save button [1].
4.3.1. SCREEN: 61138_screenshot_1.mp4. 0:31 – 0:47.
4.4. Click the Process button to start the search. After the search ends, data with the entered search name will be automatically stored in the selected folder [1]. 
4.4.1. SCREEN: 61138_screenshot_1.mp4. 0:48 – 0:55.
4.5. To obtain MS-MS spectra of any specific peptide, open the search results in Software F. Then, click on the protein in the protein list in the top menu and click on the peptide in the middle menu. The MS-MS of this peptide will appear on the bottom of the menu [1].
4.5.1. SCREEN: 61138_screenshot_2-2.mp4. 0:10 – 0:48. Video Editor: The file takes a while to load, speed that part up. 
4.6. To export and save the MS-MS spectra, copy the spectra and paste it to a suitable file format [1].
4.6.1. SCREEN: 61138_screenshot_2-2.mp4. 0:49 – 1:04.






Results
5. Results: EYFP-CENP-A K124 Mutant is Ubiquitylated and Interacts with HJURP
5.1. Gene constructs of EYFP-CENP-A (pronounce ‘E-Y-F-P-cenp-A’) wild type or K124R mutant, which rescues the loss of endogenous CENP-A (‘cenp-A’), were stably expressed when retroviral integration was performed [1]. The expression of endogenous CENP-A was not detected 7 days after the induction of Cre recombinase [2]. 
5.1.1. LAB MEDIA: Figure 1 A.
5.1.2. LAB MEDIA: Figure 1 B. Video Editor: Emphasize the endo CENP-A area of the top gel. 
5.2. Both EYFP-CENP-A wild type and K124R protein expression was found to be at a similar level to the initial endogenous CENP-A protein [1]. Both EYFP-CENP-A wild type and K124R mutants showed centromere localization at 7 days after the disruption of the remaining expression of endogenous CENP-A [2].
5.2.1. LAB MEDIA: Figure 1 B. Video Editor: Emphasize the EYFP-CENP-A area of the gel. 
5.2.2. LAB MEDIA: Figure 1 C – E. 
5.3. The EYFP-CENP-A wild type and the K124R mutant showed ubiquitylation and interaction with HJURP (pronounce ‘H-jurp’), unlike the case of Flag-tagged or untagged CENP-A wild type and the K124R mutant [1]. 
5.3.1. LAB MEDIA: Figure 2 A.
5.4. Cell viability was assessed by performing the colony outgrowth assay 14 days after the disruption of the remaining endogenous CENP-A allele [1]. Both EYFP-CENP-A wild type and K124R mutants showed a similar number of rescued colonies 14 days after the disruption of the remaining endogenous CENP-A allele [2].
5.4.1. LAB MEDIA: Figure 2 B. 
5.4.2. LAB MEDIA: Figure 2 B and C. Video Editor: Only show the plate images for B and emphasize the EYFP-WT and EYFP-K124R images in B and bars in C. 
5.5. IP-mass spectrometry revealed ubiquitylation at lysine 306 in EYFP-CENP-A K124R in CENP-A-/F (pronounce ‘cenp-A-minus-F’) cells. All together, these results suggest that the fusion of large-sized protein induces ubiquitylation at a lysine other than K124 in CENP-A, which inhibits the original K124R single mutant phenotype [1]. 
5.5.1. LAB MEDIA: Figure 3.

Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Yohei Niikura: When attempting this protocol, use the commercially available 4%-12% Bis-Tris protein gels to run the mass spectrometry samples. Add adequate trypsin to the gel pieces and rehydrate them until all enzyme has been absorbed.

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.2.1. and 3.4.2.

6.2. Yohei Niikura: Lower molecular weight tagging or probing technique is urgently required to visualize ubiquitylation and investigate spatiotemporal protein ubiquitylation signaling at the living cellular and the entire organism levels.

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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