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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? N

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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.1, 2.2, 3.1, 4.5, 4.9, 5.2, 5.4

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. (Please do not list entire sections.)
4.5

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. Dr. Affar El Bachir: Ubiquitination is an important post-translational modification ensured by ubiquitin E3 ligases and regulate a wide range of biological processes including receptor signaling, membrane trafficking, gene expression, cell cycle progression and responses to stress. This reaction is revered by an equally important class of enzymes, termed deubiquitinases. Perturbation of ubiquitination or deubiquitination events can cause many human pathologies including cancer. Given the complexity of the ubiquitination and deubiquitination reactions inside the cells, it is important to establish these assays in vitro using purified components. This helps to understand the mechanisms of activation and inhibition of these enzymes and also determine how they become defective in disease conditions [1].
1.1.1. INTERVIEW 


1.2. Dr. Affar El Bachir: These assays can be used to establish the optimal conditions of the reactions and define the minimal requirement in terms of components. We can also determine enzymatic kinetics and define the roles of cofactors or inhibitors of these reactions. We can identify protein domains required for activity and test the impact of artificial or disease-associated mutations. Finally, these assays can help to establish reactions conditions that can be further used to develop high throughput chemical screening assays [1].
1.2.1. INTERVIEW  

Introduction of Demonstrator: (Said by you on camera)

1.3. El Bachir Affar: Demonstrating the protocol will be Louis Masclef, a PhD student from my laboratory [1] [2]. 
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.




Section - Protocol
2. [bookmark: _Hlk534876276]GSH-agarose Affinity Purification of the GST-RING1B(1-159)-BMI1(1-109) E3 Ubiquitin Ligase Complex
2.1. [bookmark: _Hlk534619348]To begin bacteria lysis, add PMSF (pronounce as P-M-S-F) and anti-protease cocktail into the ice-cold lysis buffer A [1-TXT].
2.1.1. WIDE: Talent adds solution into buffer in a tube. TEXT: buffer A; See manuscript for all buffer preparation.
2.2. [bookmark: _Hlk534619399]Add 25 milliliters of the lysis buffer A into the bottle containing bacteria pellet and resuspend the pellet [1]. Transfer the lysate containing bacteria in a tube for sonication [2-TXT].
2.2.1. MED: Talent adds buffer into bottle, and suspends the pellet. 
2.2.2. CU: Talent shows the suspended bacteria pellet, and transfers to a tube. TEXT: CAUTION: Always keep the sample on ice. 
2.3. Use a probe sonicator to sonicate the lysate at 70% output amplitude for 30 seconds 4 to 5 times [1], and then centrifuge at 21,000 times g for 20 minutes at 4 degrees Celsius [2]. 
2.3.1. MED: Talent uses a sonicator to sonicate.
2.3.2. MED: Talent places the tubes in centrifuge. With view of the centrifugation force.
2.4. [bookmark: _Hlk534619451]After treating the bacterial lysate with GSH beads according the manuscript, transfer the beads along with 10 milliliters of buffer into an empty chromatography column [1].
2.4.1. MED: Talent transfers the solution with beads into chromatography column.
2.5. Then, add 1.5 milliliters of buffer A containing 25 millimolar glutathione into the column [1], and collect the elution by gravity into 1.5 milliliter microtubes [2]. Repeat the elution procedure 4 times with fresh buffer A and continue treatment of the eluted fractions according to the manuscript [3].
2.5.1. MED: Talent adds solution to column. Videographer: Take multiple shots, as this will be used later.
2.5.2. CU: Close up of the dripping into microtube.
2.5.3. Use 2.5.1.
3. Purification of the BAP1/DEUBAD (ASXL2) Deubiquitinase Complex
3.1. [bookmark: _Hlk534619490]To begin, resuspend the His-BAP1 (pronounce as Hiss-Bap-1) and the MBP-DEUBAD (pronounce as M-B-P-Dubad) bacteria pellets in 25 milliliters of ice-cold lysis buffer B [1-TXT]. Mix 25 milliliters of each lysate and incubate on ice for 15 minutes [2]. Sonicate and then centrifuge the lysate at 21,000 times g for 20 minutes [3].
3.1.1. MED: Talent resuspends two bacteria pellets in two tubes. TEXT: buffer B
3.1.2. MED: Talent mixes two solutions and place it on ice.
3.1.3. MED: Talent sonicates the solution and puts it in centrifuge.
3.2. [bookmark: _Hlk534619509]After lysate centrifugation [1], filter the lysate through 0.45 micrometer pore syringe filter into a bottle [2] and mix it with the Ni-NTA beads (pronounce as Nickel-N-T-A) [3]. Incubate at 4 degrees Celsius with shaking for 5 hours [4].
3.2.1. MED: Talent takes tubes out of the centrifuge.
3.2.2. MED: Talent filters the lysate into a tube.
3.2.3. CU: Talent mixes the lysate with beads.
3.2.4. MED: Talent places the tubes in a shaker in the cold room at 4 degrees Celsius.
3.3. After that, spin down the beads at 2,500 times g for 3 minutes [1]. Use a pipette to save the supernatant in a 50-milliliter tube as the flow through [2]. Wash the beads with 5 milliliters of buffer B containing 20 millimolar Imidazole 6 times with 3 minutes’ centrifuge [3].
3.3.1. MED: Talent puts the tubes in centrifuge. With view of the centrifugation force.
3.3.2. CU: Talent pours the supernatant in a 50-ml tube.
3.3.3. MED: Talent adds buffer to wash beads, and places into centrifuge.
3.4. After the last wash, transfer the beads with 10 milliliters of buffer B into an empty chromatography column [1], and add 1 milliliter of buffer B containing 200 millimolar Imidazole [2]. Collect the elution by gravity into 1.5 milliliter microtubes containing DTT (pronounce as D-T-T) and EDTA (pronounce as E-D-T-A) [3-TXT]. 
3.4.1. MED: Talent transfers beads with buffer into column. Videographer: Take multiple shots, as this will be used later.
3.4.2. MED: Talent adds buffer into column.
3.4.3. CU: Shot of the solution dripping down to tubes. TEXT: 10 µL 500 mM DTT (Dithiothreitol) and 2 µL 500 mM EDTA (pH: 8)
3.5. Repeat the elution procedure 4 times [1], and pool the desired eluted fractions into a 15-milliliter tube [2]. Add buffer C to dilute the eluted complex 3 times [3-TXT]. Then, transfer the diluted elution to the prepared amylose beads in tubes and incubate overnight at 4 degrees Celsius with shaking [4].
3.5.1. Use 3.4.1.
3.5.2. MED: Talent pools the eluted fractions.
3.5.3. CU: Talent adds buffer C into eluted fractions. TEXT: buffer C
3.5.4. MED: Talent adds elution to the beads and puts the tubes for shaking in the cold room.
3.6. In the morning, centrifuge the tubes at 2,500 times g for 3 minutes [1] and keep the supernatant in a 15-milliliter tube as flow through [2]. Wash the proteins-bound beads with 5 milliliters of buffer C for 5 to 6 times [3].
3.6.1. MED: Talent puts the tubes in centrifuge.
3.6.2. CU: Talent pours the supernatant into 15 ml tubes.
3.6.3. MED: Talent adds buffer C into beads, inverts to wash, and then places the tube into centrifuges.
3.7. Then, add 500 microliters of buffer D to the purified His-BAP1/MBP-DEUBAD (pronounce as His-Bap-1/M-B-P-Dubad) complex on the amylose agarose beads to make a 50% beads solution [1-TXT], 
3.7.1. MED: Talent adds buffer D to the beads. TEXT: buffer D
3.8. Transfer 20 microliters of the 50% beads solution to a microcentrifuge tube and add 20 microliters of 2 times Laemmli (pronounce as lae mli) sample buffer for SDS-PAGE and Coomassie blue analysis [1]. Store the remaining beads solution at -80 degrees Celsius for future usage [2-TXT].
3.8.1. CU: Talent transfers beads solution to another tube, and adds buffer.
3.8.2. MED: Talent places the tube in freezer. TEXT: bacteria-purified His-BAP1-MBP-DEUBAD beads
4. Purification of the Nucleosomes from HEK293T Cells 
4.1. [bookmark: _Hlk534619554]After culturing the HEK293T (pronounce as HEK-2-9-3-T) cells, plate 12 million cells in 20 milliliters of complete media in 15-centimeter culture dish one day before the transfection [1]. 
4.1.1. MED: Talent plates the cells in media in dish.
4.2. After one day, under cell culture hood, aspirate media and supply with 12 milliliters of serum-free media [1]. Add 63 microliters of PEI (pronounce as P-E-I) containing 1 milligram per milliliter of pCDNA-Flag-H2A (pronounce as p-c-D-N-A-Flag-H-2-A) to transfect the cells [2-TXT]. After 12 hours, change to complete medium [3]. 
4.2.1. MED: Talent aspirates the media and adds new media.
4.2.2. CU: Talent adds solution to dish. TEXT: PEI: polyethylenimine
4.2.3. CU: Talent aspirates the media and adds new media.
4.3. [bookmark: _Hlk534619571]After harvesting the cells according to the manuscript, resuspend the cell pellet in about 10 volumes of buffer E containing NEM to inhibit deubiquitinases [1-TXT] and incubate on ice for 20 minutes [2].
4.3.1. CU: Talent suspends the cell pellet in buffer E. TEXT: buffer E; NEM: N-methylmaleimide
4.3.2. MED: Talent places the tube on ice.
4.4. [bookmark: OLE_LINK1]After centrifugation at 3,000 times g for 5 minutes [1], discard the supernatant [2]. Wash the chromatin pellet twice with 10 volumes of buffer E first [3-TXT], and then wash twice with buffer F [4].
4.4.1. MED: Talent takes out the tube from the centrifuge.
4.4.2. MED: Talent discards supernatant.
4.4.3. CU: Talent adds buffer. Videographer: Take multiple shots, as this will be used later. Video editor: Use 4.4.3. for two split screens. With one having TEXT: buffer E, and the other with TEXT: buffer F. TEXT: CAUTION: Pellet will float during washes and centrifugation. Video editor: keep the text until 4.4.4
4.4.4. MED: Talent inverts to mix the solution and places it in centrifuge. Videographer: Take multiple shots, as this will be used later. Video editor: Use 4.4.4. for two split screens. With one having TEXT: buffer E, and the other with TEXT: buffer F. 
4.5. [bookmark: OLE_LINK3]Resuspend the chromatin in 5 milliliters buffer F [1] and treat the pellet with Micrococcal nuclease at the concentration of 3 U per milliliter for 10 minutes at room temperature [2]. 
4.5.1. CU: Talent adds buffer F to resuspend.
4.5.2. MED: Talent adds nuclease.
4.6. After incubation, transfer a 40-microliter aliquot of the mixture to a 1.5-milliliter tube for analysis of nucleosomal DNA fragments [1]. Add 40 microliters of Phenol chloroform and 20 microliters of 6 times DNA loading buffer [2].
4.6.1. MED: Talent transfers solution to a 1.5 mL tube.
4.6.2. MED: Talent adds two more solutions.
4.7. Vortex, and spin at 18,000 times g for 2 minutes [1]. Then, transfer 15 microliters of the aqueous phase in a 2% agarose gel to load the DNA [2].
4.7.1. MED: Talent vortexes, and then puts the solution to centrifuge. With view of the centrifugation force. Author comment: I think we set the centrifuge force at 14000 RPM instead of g force in the video.
4.7.2. CU: Talent loads DNA on gel.
4.8. After stopping the reaction and centrifugation according to the manuscript, incubate the soluble chromatin fraction with anti-Flag resin beads in a 15-milliliter tube overnight at 4 degrees Celsius with shaking [1]. Wash the beads 6 times with Buffer G [2-TXT]. 
4.8.1. MED: Talent adds supernatant and resin beads into 15 mL tube, and places for shaking it in the cold room.
4.8.2. MED: Talent adds buffer G to wash. TEXT: buffer G
4.9. Transfer the beads with 5 milliliters of buffer G into an empty chromatography column [1]. Elute the beads-bound nucleosomes with 260 microliters of buffer G containing 200 micrograms per milliliter of Flag elution peptide and 1 to 5 1 molar Tris at pH 8 [2]. Elute the nucleosomes 3 times 1 hour in the cold room [3].
4.9.1. MED: Talent transfers beads into column.
4.9.2. MED: Talent adds solution into column.
4.9.3. CU: Shot of the solution dripping down.
5. Nucleosome Ubiquitination Assay using BMI1/RING1B E3 Ubiquitin Ligase Complex and In Vitro Nucleosomal H2A DUB Assay using BAP1/DEUBAD
5.1. To perform ubiquitination assay, first add 1 microgram of the purified nucleosomes in 40 microliters of buffer H [1-TXT].
5.1.1. MED: Talent adds 1 microgram of nucleosomes elution into buffer H, and places it on ice. TEXT: buffer H
5.2. After that, add an enzyme solution mix containing 250 nanograms of UBE1 (pronounce as U-B-E-one), 672 nanograms of Ub and E2 (pronounce as U-B and E-two) Ub-conjugating enzymes and 1 microgram of BMI1/RING1B (pronounce as B-M-I-one-ring-one-B) E3 ubiquitin ligase complex into the tube [1]. Incubate the reaction for 3 hours at 37 degrees Celsius [2] with occasional shaking [3].
5.2.1. CU: Talent adds the enzyme solution mix into the tube. 
5.2.2. MED: Talent places the tube into the shaker.
5.2.3. MED: Talent shakes the tube in the incubator.
5.3. Stop the reaction by adding 40 microliters of 2 times Laemmli sample buffer [1] and analyze histone H2A K119 (pronounce as H-two-A-K-one-one-nine) ubiquitination by western blotting [2].
5.3.1. CU: Talent takes out the tube from the incubator and adds buffer.
5.3.2. MED: Talent prepares the gel for western blotting. Videographer: Take multiple shots, as this will be used later.
5.4. To perform in vitro deubiquitination assay, resuspend the purified nucleosomes in 40 microliters buffer I [1-TXT], and add 1 microgram of bacteria-purified His-BAP1-MBP-DEUBAD beads [2].
5.4.1. CU: Talent adds nucleosomes into buffer. TEXT: buffer I
5.4.2. [bookmark: _GoBack]CU: Talent adds BAP1-DEUBAD beads into the mixture. 
5.5. Place the tube in an incubator at 37 degrees Celsius for 3 hours to carry out [1] the deubiquitination reaction with occasional shaking [2].
5.5.1. MED: Talent places the tube in an incubator.
5.5.2. MED: Talent shakes the tube in the incubator.
5.6. Then, stop the reaction by adding 40 microliters of 2 times Laemmli buffer [1] and analyze by immunoblotting [2].
5.6.1. CU: Talent takes out the tube from the incubator and adds buffer.
5.6.2. Use 5.3.2.


Section – Results
6. Results: Purification, Ubiquitination, and Deubiquitination
6.1. In this experiment, Coomassie blue staining for a typical purification of the GST-BMI1-RING1B (pronounce as B-M-I-1-RING-1-B) complex using GST affinity beads shows that bands migrate at the expected molecular weight around 45 kilodaltons and 13 kilodaltons respectively [1].
6.1.1. Figure 1A – Video editor: emphasize at kDa of 45 and 13.
6.2. Similarly, the purification of His-BAP1/MBP-DEUBAD (pronounce as His-BAP-1-M-B-P-Dubad) complex also resulted in relatively highly homogenous preparations with bands at round 90 kilodaltons and 55 kilodaltons, respectively [1].
6.2.1. Figure 1B – Video editor: emphasize at kDa of 90 and 55.
6.3. On the other hand, the purified nucleosomal fraction is essentially composed by 147bp (pronounce as base pair) band indicating the presence of highly enriched mononucleosomal fraction [1].
6.3.1. Figure 1C
6.4. Coomassie blue staining of purified nucleosomes shows a typical band pattern of the four histone subunits with stoichiometric amounts [1].
6.4.1. Figure 1D – Video editor: emphasize the top text of “BSA (μg) ; 0.5 1 2 5”
6.5. Ubiquitination of histone H2A (pronounce as H-2-A) with the BMI1-RING1B complex shows a time-dependent increase of the ubiquitinated form of the protein [1], while the levels of the non-modified form are concomitantly decreased [2]. 
6.5.1. Figure 1E– Video editor: emphasize the top part and the top text of “Time…”
6.5.2. Figure 1E– Video editor: emphasize the lower part and the H2A
6.6. The ubiquitination reaction is total, as virtually all H2A proteins are transformed to H2A K119ub (pronounce as H-2-A-K-1-1-9-U-B) [1]. On the other hand, deubiquitination assay was conducted on native nucleosomes. Following incubation of these nucleosomes with BAP1/DEUBAD (pronounce as His-BAP-1-M-B-P-Dubad) [2], a time-dependent-reduction of H2A K119ub signal was observed [3].
6.6.1. Figure 1E– Video editor: emphasize the lower part and the time period at 3 h.
6.6.2. Figure 1F
6.6.3. Figure 1F– Video editor: emphasize the top part and the H2A K119ub
2.1.1. 


Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Louis Masclef: The success of ubiquitination and deubiquitination reactions depends on the manner the proteins are purified. We need a good yield and the buffers used for protein resuspension and purification should be compatible with the biochemical reactions [1] [2].
7.1.1. Use 5.2.1 & 5.4.2
7.1.2. INTERVIEW
7.2. Louis Masclef: When these ubiquitination and deubiquitination assays are well established, we can test the effects of activators and inhibitors as well as the impact of disease associated mutations [1].
7.2.1. INTERVIEW
7.3. Louis Masclef: These methods have been established by the contribution of several laboratories and the method are very useful to understand the mechanisms of ubiquitination and deubiquitination [1].
7.3.1. INTERVIEW
7.4. Louis Masclef: Several chemicals are potentially hazardous and stock solutions have to be manipulated in the hood. These includes phenol-chloroform, acids, bases and reducing agents [1].
7.4.1. INTERVIEW
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