Response to Editorial Comments:


[bookmark: _GoBack]We are delighted that our manuscript was deemed interesting and that the editor requested a revised form. We have addressed the comments as follows:

Comments:
Changes to be made by the author(s) regarding the manuscript:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
2. Please provide an email address for each author.
3. Please define all abbreviations before use.
4. Please use SI abbreviations for all units: L, mL, µL, h, min, s, etc. Please abbreviate liters to L to avoid confusion
5. Please convert centrifuge speeds to centrifugal force (x g) instead of revolutions per minute (rpm).
6. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names. Examples of commercial sounding language in your manuscript are: Flag peptides, Amicon®, etc.
7. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets, dashes, or indentations.
8. Please revise the protocol to contain only action items that direct the reader to do something (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” Please include all safety procedures and use of hoods, etc. However, notes should be used sparingly and actions should be described in the imperative tense wherever possible. Please move the discussion about the protocol to the Discussion.
9. In the JoVE Protocol format, “Notes” should be concise and used sparingly. They should only be used to provide extraneous details, optional steps, or recommendations that are not critical to a step. Any text that provides details about how to perform a particular step should either be included in the step itself or added as a sub-step. Please consider moving some of the notes about the protocol to the discussion section.
10. Please revise the Protocol steps so that individual steps contain only 2-3 actions per step and a maximum of 4 sentences per step. Use sub-steps as necessary.
11. Line 164: What is the incubation temperature?
12. Lines 255, 277: Please specify incubation conditions.
13. Line 275: Please provide some guidance on the desired amount of nucleosomes.
14. Please include single-line spaces between all paragraphs, headings, steps, etc.
15. After you have made all the recommended changes to your protocol (listed above), please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
16. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense. Notes cannot usually be filmed and should be excluded from the highlighting.
17. Please include all relevant details that are required to perform the step in the highlighting. For example: If step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted.
18. Please upload each Figure individually to your Editorial Manager account as a .png, .tiff, .pdf, .svg, .eps, .psd, or .ai file.
19. Figure 2: Please remove commercial language (e.g., Flag in Flag beads) and replace it with a generic term.
20. Table of Equipment and Materials: Please remove trademark (™) and registered (®) symbols and sort the items in alphabetical order according to the name of material/equipment.
Response: All changes (comments 1 to 20) were made in the text according to the editorial comments.

Response to Reviewers' comments:


Reviewer #1:

Manuscript Summary:
The manuscript outlines a protocol to study mono-ubiqutination and deubiquitination of histone H2A on nucleosomes. The author describes a detailed protocol to carry out the purification of GST-tagged E3 ubiquitin ligase and polycomb complex 1.

Major Concerns:
None

Minor Concerns:
Comments: “Line 103-104- It will be helpful to readers if the construct is explained in detail.”
Response: More information on the construct has been added to the text.

Comments: Line 123: It is not clear how to test the expected molecular weight of the purified proteins.
In additional to the controls mentioned by the authors, including a mutant H2A K119 will be important to rule out of-target ubiquitination, as explained in Bhatnagar et. al., Nature 2014; PMID: 25470042.
Response: All expected molecular weights of purified proteins have been added in the text. In addition, all molecular weight markers are now present on western-blot figures. We appreciate the reviewer’s comments and we agree that the best control for in vitro ubiquitination of H2A K119 is the usage of H2A K119R mutant. However, the reaction using purified BMI1 and RING1B is well documented and conducted by others.  Buchwald et al (EMBO J. 2006; PMID: 16710298) reported that other ubiquitination products are formed, but not on nucleosomes. In addition, to confirm the specificity, we used the anti-H2Aub antibody (Cell Signaling Technology, D27C4) that selectively detect H2AK119 modification. 

Comments: Line 126; The sentence ' perform multiple up and .........with the buffer" should be edited.
Response: This has been edited in the text.

Reviewer #2:

This manuscript describes a set of useful biochemical assays to study the polycomb dependent ubiquitination and deubiquitinaton of histone 2A by minimal enzyme complexes of PRC1 and PR-DUB, ie. the RING domains of RING1B/BMI1 and the BAP1 complex with the DEUBAD domain of ASXL1.

Comments: Although the gels and blots shown indicate mostly pure protein and a clear (de)ubiquitination assays, several aspects require discussion and/or adjustment:
- The assays are performed in a buffer lacking salt. Under these conditions many proteins will bind to DNA non-specifically which would influence the results.
- The ubiquitination assay is not very efficient. Is this due to the low salt conditions?
Response: Indeed, the reactions of ubiquitination or deubiquitination are done in a buffer lacking salt. For the ubiquitination reaction, this has been done in other studies and was shown to be specific (Bhatnagar et. al., Nature 2014; PMID: 25470042). Deubiquitination is specific to H2AK119 and is not observed on H2AK13/K15 as we now presented these results as Figure 2B. 
In respect to ubiquitination efficiency, we note that H2A ubiquitination by BMI1/RING1B is total as shown by the decreased levels of H2A in Figure 1E with concomitant detection of H2Aub levels. 

Comments: - The BAP1/DEUBAD complex is maintained on agarose beads. This precludes quantitative assays and is unusual; it is important to discuss this choice of a suboptimal procedure in more detail.
- The manuscript lacks quantification of protein yields and gives assay conditions in (micro)grams rather than (micro)molar quantities.
Response: Keeping the BAP1/DEUBAD complex on beads allowed us to change the reaction buffer. Before setting the reaction, protein quantity is systematically estimated by loading a fraction of beads on SDS-PAGE with Coomassie staining. As proposed by the reviewer, it is possible to elute the BAP1/DEUBAD from beads and calculate the protein concentration using the molecular weight in kDa. We generally estimate protein quantity by Coomassie staining. Then, based on previous studies, we test several conditions for assay optimization. The assays presented here are semi-qualitative rather than quantitative, as we generally compare the same protein quantity in different reaction conditions or using mutants. 

Other points

Comments: - It can be helpful to make instruments used explicit
Response: Coomassie staining were scanned to generate the figure and western blot analysis were done using LAS-3000 LCD camera coupled to MultiGauge software. 

Comments: - Centrifuge speeds should be given in RCF (or indicate instrument and rotor type)
Response: This has been updated in the text.

Comments: - Please specify the protease cocktail used
Response: The protease cocktail used has been specified in the text.

Comments: - Adding a gel that shows the individual purification steps could be helpful
Response: Most protein purification procedures are realized in one step purification and are represented in the figures. For the His-BAP1/MBP-DEUBAD, we generally analyze the last step of purification. 

Comments: - Please indicate the visualization method for the different figures (coomassie, fluorescence, WB)
Response: This has been added to the text.

Comments: - Please comment on the salt concentrations used in the different preps, as these vary strangely
Response: High salt concentration (500 mM) are used for the histidine purification step as the resin can withstand this concentration and it can reduce non-specific protein binding. However, using antibodies to purify proteins, we usually use lower salt concentrations to allow proper binding. For (de)ubiquitination reactions, all buffers are adjusted based on previous studies and controls are always included to ensure specificity.

Comments: - It is important to add the storage concentration to decide on final ionic strength in the assay.
Response: This has been added to the text. A typical protein purification from bacteria generate around 0.5 µg to 2 µg of protein per µl. We usually store proteins in this range of concentrations.  

Comments: - We would have expected to see endogenous H2A-ub on the purified nucleosomes. Why is this not visible on the gels?
Response: We agreed with the reviewer’s comment and we updated the figure with optimal exposition of nucleosome following purification and Coomassie staining. Endogenous H2A K119ub can now be observed below 25 kDa markers. 

Comments: - Size exclusion could be useful for quality control after purification.
Response: We agree with the reviewer’s comment and added the suggestion in the text.

Reviewer #3:

Manuscript Summary:
The manuscript details the protocol for nucleosome histone ubiquitination and deubiquitination. It should benefit scientists working the related field.

Major Concerns:
No.

Minor Concerns:
No.
