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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N

2. Does your protocol include software usage? Y

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
Steps 3.1 - 3.2 and steps 3.3 – 3.7.  

4. 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. 
Steps 4.1 and 4.2

5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.


1.1. Jeroen Demmers: The posttranslational modification of proteins by the small protein ubiquitin is involved in many cellular events. This study presents an original addition to the toolbox for protein ubiquitination analysis by enrichment techniques and mass spectrometry to uncover the deep cellular ubiquitinome. 

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

1.2. Jeroen Demmers: We have made several improvements to the immunopurification of diGly peptides that originate from ubiquitinated proteins, including peptides prior to enrichment, and applying more advanced peptide fragmentation settings in the Orbitrap mass spectrometer. This results in a deeper analysis of the ubiquitinome. 

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



OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.3. Jeroen Demmers: Several aspects of the protocol are difficult to describe in words. Visualization of some key steps is essential to be able to repeat these analyses in a different lab by another operator. 

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




Introduction of Demonstrator: (Said by you on camera)


1.4. Jeroen Demmers: Demonstrating the procedure will be Karel Bezstarosti, a senior technician from my laboratory. 

1.4.1. INTERVIEW: 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.




Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) of Erasmus MC. 



Section - Protocol
2. Sample Preparation
2.1. Begin by preparing cultured cells or mouse brain tissue for the experiment [1]. If working with cells, lyse the cell pellet from one 150-centimeter-squared culture plate in 2 milliliters of ice-cold 50-millimolar Tris HCl (pronounce ‘tris-H-C-L’) with 0.5% sodium deoxycholate [2-TXT]. 
2.1.1. WIDE: Establishing shot of talent walking to the workstation with cells in hand. 
2.1.2. Talent adding Tris HCl with DOC to the cell pellet. TEXT: DOC = Deoxycholate   
2.2. Boil the lysate at 95 degrees Celsius for 5 minutes [1], then sonicate it at 4 degrees Celsius for 10 minutes [2]. 
2.2.1. Talent putting the sample on a heating block or in the water bath. 
2.2.2. Talent sonicating the sample. 
2.3. If using in vivo mouse brain tissue, lyse it in an ice-cold buffer containing 100 millimolar Tris-HCl (‘tris-H-C-L’), 12 millimolar sodium deoxycholate, and 12 millimolar sodium N-lauroylsarcosinate [1]. Sonicate the lysate for 10 minutes at 4 degrees Celsius [2], then boil it for 5 minutes at 95 degrees Celsius [3]. 
2.3.1. Talent adding buffer to tissue. 
2.3.2. Talent sonicating sample. 
2.3.3. Sample boiling. 

2.4. Next, quantitate the total protein amount using a colorimetric absorbance BCA protein assay kit, which should be at least several milligrams for successful diGly (pronounce ‘dai-glai’) peptide immunoprecipitation [1]. For SILAC (pronounce ‘Sai-lec’) experiments, mix the light and heavy labeled proteins in a 1 to 1 ratio based on the total protein amount [3]. 

2.4.1. Talent measuring OD of sample to quantitate the total protein.
2.4.2. Talent mixing the light and heavy labeled proteins. 

2.5. Reduce all proteins with 5 millimolar DTT [0]. Incubate for 30 minutes at 50 degrees Celsius [1] and subsequently alkylate them with 10 millimolar iodoacetamide [2] for 15 minutes in the dark [3]. 

2.5.0: ADDED SHOT: Talent adding DTT to the samples. 
2.5.1. Talent putting sample in the 50-degree incubator. 
2.5.2. Talent adding iodoacetamide to the sample. 
2.5.3. Talent putting the sample in a dark place. 

2.6. Then, perform protein digestion with Lys-C for 4 hours [1] and trypsin digestion overnight at 30 degrees Celsius or at room temperature [2]. 

2.6.1. Talent adding Lys-C to sample. 
2.6.1.1: ADDED SHOT: Talent adding tryspin to the sample. (Editor: I’m not sure this shot needs to be shown as 2.6.2 should cover the action. If there is another time, this shot could be shown during “…and trypsin digestion overnight…”)
2.6.2. Talent putting the sample in the incubator. 

2.7. On the next day, divide sample into two 2-mL Eppendorf tubes and add TFA to the digested sample to a final concentration of 0.5% [1-TXT] and centrifuge it at 10,000 x g for 10 minutes to precipitate and remove all detergent [2]. Collect the peptide-containing supernatant for subsequent fractionation [3]. 

2.7.1. Talent splitting the samples in two fractions and adding TFA to sample. TEXT: TFA = trifluoroacetic acid
2.7.2. Talent putting the sample in the centrifuge and closing the lid. 
2.7.3. Talent removing the supernatant.   

3. Offline Peptide Fractionation Videographer: This whole section is important!
3.1. Use high pH reverse-phase C18 chromatography to fractionate the tryptic peptides [1]. Prepare an empty 6-milliliter column cartridge filled with 0.5 grams of stationary phase material for about 10 milligrams of protein digest [2-TXT]. 
3.1.1. Chromatography setup.
3.1.2. Talent preparing the column. TEXT: 1:50 (w/w) protein digest to stationary phase
3.2. Load the peptides onto the prepared column and wash it with approximately 10 volumes of 0.1% TFA [1], followed by 10 volumes of water [2]. Elute the peptides into 3 fractions using 10 column volumes of 10 millimolar ammonium formate with 7, 13.5, and 50% acetonitrile, respectively [3], then lyophilize all fractions  [4]. 
3.2.1. Talent loading the peptides and then washing the column with TFA. 
3.2.2. Talent washing the column with water. 
3.2.3. Talent eluting the peptides. 
3.2.4. Talent lyophilizing all fractions, using tubes with perforated screw caps. 
3.3. [1] One batch of ubiquitin remnant motif antibodies conjugated to protein A agarose beads slurry is split into 6 equal fractions [2]. Dissolve the 3 peptide fractions according to manuscript directions and spin down the debris [3]. 
3.3.1. Talent washing the beads.
3.3.2. Talent splitting the bead slurry into 6 tubes. 
3.3.3. Talent putting the dissolved peptide fractions into the centrifuge and closing the lid. 

3.4. [bookmark: _GoBack]Add the supernatants of the three fractions to the bead slurry while keeping the other three fractions on ice [1] and incubate them for 2 hours at 4 degrees Celsius on a rotator unit [2]. Then, spin down the beads [3], transfer the supernatant to a fresh batch of beads [4], and repeat the incubation with the remaining three beads slurry fractions [5]. 

3.4.1. Talent adding the supernatants to the beads. 
3.4.2. Talent putting the beads on a rotator and starting it. 
3.4.3. Talent putting the tubes in the centrifuge and closing the lid.
3.4.4. Talent transferring the supernatant to fresh beads.
3.4.5. Reuse 3.4.2.

3.5. Store the supernatants for subsequent global proteome analysis [1] and transfer the beads to 200-microliter pipette tips equipped with a GF-F filter plug [2]. 

3.5.1. Talent removing the supernatant from the beads. 
3.5.2. Talent transferring the beads to a pipette tip.

3.6. Put the tips into 1.5 milliliter tubes equipped with a centrifuge tip adapter [1] and wash the beads 3 times with 200 microliters of ice-cold IAP buffer followed by 3 washes with ice-cold purified water [2].   

3.6.1. Talent putting the tips in the tubes.
3.6.2. Talent adding buffer or water to the beads. 
3.6.3. Talent adding buffer or water to beads.

3.7. Spin down the columns at 200 x g for 2 minutes between washes, making sure to not let the column run dry [1]. After the final wash, elute the peptides with 2 cycles of 50 microliters of 0.15% TFA [2]. Desalt the peptides with a C18 stage tip [3] and dry them with vacuum centrifugation [4].

3.7.1. Talent putting the tubes in the centrifuge and closing the lid. 
3.7.2. Talent adding 0.15% TFA to the beads. 
3.7.3. Talent desalting the peptides. 
3.7.4. Talent performing vacuum centrifugation. 

4. Nanoflow LC-MS/MS
4.1. Perform LC-MS-MS experiments on a sensitive mass spectrometer coupled to a nanoflow LC system [1]. The column is set up according to manuscript directions and kept at 50 degrees Celsius [2]. Videographer: This step is difficult!
4.1.1. Mass spectrometer setup. 
4.1.2. Talent preparing the column. 
4.2. Operate the mass spectrometer in data-dependent acquisition mode. Collect the MS1 mass spectra at high resolution, with an automated gain control target setting of 4E5 and a maximum injection time of 50 milliseconds [1]. Videographer: Film the screen for all SCREEN shots in this section. Authors indicated that they will explain what they are doing in a few spoken sentences as they perform these actions. 
4.2.1. SCREEN: Mass spectrometer being set up for data collection. 
4.3. Perform the mass spectrometry analysis in “Most Intense First” mode using the top speed method with a total cycle time of 3 seconds [1]. Then, perform a second round of DDA MS analysis in “Least Intense First” mode, which will ensure optimal detection of low abundance peptides [2]. Videographer: Film the screen.
4.3.1. SCREEN: “Highest Intensity Most Intense First” analysis. [Shots 4.3.1 – 4.3.2 combined]
4.3.2. SCREEN: “Lowest Intensity Least Intense First” analysis.

4.4. Filter the precursor ions according to their charge states and monoisotopic peak assignment [1] and exclude previously interrogated precursors dynamically for 60 seconds [2]. Isolate peptide precursors with a quadrupole mass filter set to a width of 1.6 Thomson [3]. Videographer: Film the screen.

4.4.1. SCREEN: Precursor ions being filtered. [Shots 4.4.1 – 4.4.3 combined]
4.4.2. SCREEN: Previously interrogated precursors being excluded. 
4.4.3. SCREEN: Peptide precursors being isolated.

4.5. Then, collect MS2 spectra in the ion trap at an automated gain control of 7E3 with a maximum injection time of 50 milliseconds and HCD collision energy of 30% [1]. Videographer: Film the screen.

4.5.1. SCREEN: Spectra being collected.

5. Data Analysis

5.1. Analyze the mass spectrometry raw files using an appropriate search engine such as the freely available MaxQuant software suite based on the Andromeda search engine [1]. Open MaxQuant and select the appropriate RAW data files [2]. 

5.1.1. Talent sitting at the computer and analyzing data.
5.1.2. SCREEN: 59079_screenshot_1.mp4. 0:00 – 0:13.

5.2. Set the number of processors [1] and click on the group-specific parameters tab [2]. Select digestion and allow for 3 missed cleavages [3]. Then, select modifications and add diGly to the Variable Modifications [4]. 

5.2.1. SCREEN: 59079_screenshot_1.mp4. 0:13 – 0:20. Video Editor: Speed this up to match VO. 
5.2.2. SCREEN: 59079_screenshot_1.mp4. 0:20 – 0:24.
5.2.3. SCREEN: 59079_screenshot_1.mp4. 0:24 – 0:32.
5.2.4. SCREEN: 59079_screenshot_1.mp4. 0:32 – 0:48.

5.3. Select the Global parameters tab and add the correct protein sequence database [1]. Leave the other settings at default and press Start to perform the database search [2]. 

5.3.1. SCREEN: 59079_screenshot_1.mp4. 0:55 – 1:16.
5.3.2. SCREEN: 59079_screenshot_1.mp4. 1:13 – 1:39. Video Editor: Speed this up to match VO.

5.4. For quantitative analysis of SILAC experiment files, set the multiplicity to "2" and select the heavy amino acid labels [1]. When the search is finished, import the text files into Perseus [2]. 

5.4.1. SCREEN: 59079_screenshot_2.mp4. 0:00 – 0:19. Video Editor: Speed this up to match VO.
5.4.2. SCREEN: 59079_screenshot_3.mp4. 0:00 – 0:17. Video Editor: Speed this up to match VO.





Section – Results
6. Results: Detection of diGly Peptides Using Nanoflow LC-MS/MS
6.1. This protocol was used to identify ubiquitination sites in proteins from cultured cells and in vivo material by detecting diGly (pronounce ‘dai-glai’) peptides with nanoflow LC-MS-MS [1]. Several improvements were made to the existing protocol, which resulted in higher numbers of detected diGly peptides [2]. 
6.1.1. LAB MEDIA: Figure 1 A. Video Editor: Scroll down the diagram as VO speaks. 
6.1.2. LAB MEDIA: Figure 2. 
6.2. A crude fractionation into 3 fractions was performed prior to immunoprecipitation [1]. One of the fractions contains ubiquitin's own K48 modified tryptic diGly peptide, which is characterized by a broad peak in the LC chromatogram [2].
6.2.1. LAB MEDIA: Figure 2 A. Video Editor: Zoom in on A. 
6.2.2. LAB MEDIA: Figure 1 B. Video Editor: Emphasize the broad peak in the top plot (between 50 and 60 mins) and the small peak at 730 m/z on the bottom plot.  
6.3. Furthermore, the peptide fragmentation regime was adjusted to combine the LC-MS runs with "highest first" and "lowest first" fragmentation regimes in the data analysis procedure, which produced more than 4000 additional unique diGly peptides [1].
6.3.1. LAB MEDIA: Figure 2 C. 

6.4. More than 23,000 diGly peptides can be routinely identified from a single sample of HeLa cells treated with a proteasome inhibitor. Of all diGly peptides identified over three biological replicate screens [1], more than 9,000 were present in all three [2], while more than 17,000 were present in at least two out of three replicates [3].

6.4.1. LAB MEDIA: Figure 3. 
6.4.2. LAB MEDIA: Figure 3. Video Editor: Emphasize the intersection of all 3 replicates (9092 segment in the middle). 
6.4.3. LAB MEDIA: Figure 3. Video Editor: Emphasize the intersection of all 3 replicates AND the intersections between 2 of the 3 replicates (segments labelled 9092, 2701, 3001, and 2644). 

6.5. The number of peptide identifications is highly contingent upon the amount of input material [1]. An approximate number of identified diGly peptides can be expected depending on the starting material [2], but these numbers are only estimations and will also depend on the type of mass spectrometer used [3].   

6.5.1. LAB MEDIA: Figure 4. 
6.5.2. LAB MEDIA: Table 1. Video Editor: Emphasize the 3rd, column (expected number of identified diGly peptides). 
6.5.3. LAB MEDIA: Table 1. 
Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

7.1. Jeroen Demmers: When attempting this protocol, prior experience with mass spectrometry-based proteomics methods and handling and analyzing minute sample amounts would be advantageous. 

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.2. Jeroen Demmers: The MaxQuant software could be replaced by any other database searching algorithm. Also, another type of mass spectrometer may be used. The results in terms of peptide identifications may slightly differ, but this is typical for any mass spectrometry-based proteomics analysis. In addition, this method could be used to enrich for and identify other protein posttranslational modifications. 

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.3. Jeroen Demmers: Besides proteasome dependent protein degradation, ubiquitination plays roles in many other cellular processes. Deeper knowledge about the occurrence of ubiquitin as a posttranslational modification and the exact sites of ubiquitination in a protein are crucial to understand its role in the cell. 

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