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We thank the reviewers for their critical assessment of our work. We are pleased to read that the reviewers recognized the manuscript as “well written” and that it “deserves to be published in a journal such as Jove”. We have considered the editorial comments and reviewer’s suggestions and are happy to submit the final version of the manuscript.  

Please find the detailed answers to the editorial and peer review comments below. 

Thank you very much. 

With best regards, 
[bookmark: _GoBack]Thorsten Hoppe




[bookmark: _Hlk64725704]Editorial comments:

Point 1: Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. Please define all abbreviations at first use.
Reply: Spelling and grammar issues are revised. Abbreviations are defined at first use. 

Point 2: Please revise the following lines to avoid overlap with previously published work: 38-41; 41-43; 46-49; 91-99.
Reply: The indicated lines were revised.  

Point 3: Please provide an email address for each author.
Reply: We added the following e-mail addresses from all authors to the manuscript:
Müller, Leonie: lmuel111@uni-koeln.de
Kutzner, Carl Elias: ckutzner@uni-koeln.de
Balaji, Vishnu: vbalaji1@uni-koeln.de

Point 4: Please revise the text, especially in the protocol, to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
Reply: We removed all personal pronouns from the manuscript. 

Point 5: Please number all steps in the order of section 1, step 1.1. (sub-steps 1.1.1, 1.1.1.1 etc), 1.2 etc. Add one-line spacing between all steps and notes.
Reply: All steps were numbered in the order of section 1, 1.1, etc. and a one-line spacing was added between all steps and notes. 

Point 6: After including a one-line space between each protocol step, highlight not more than 3 pages of protocol text for inclusion in the protocol section of the video. This will clarify what needs to be filmed. Notes need not be highlighted, and shorter steps can be combined so that there are maximum of 4 sentences per step, and each step contains 2-3 actions.
Reply: We highlighted the respective pages. 

Point 7: As we are a methods journal, please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique


[bookmark: _Hlk64725874]Reply: We removed the first paragraph of the introduction which summarizes the main results of the assay protocols. Now, we explicitly cover the suggested discussion aspects.   
[bookmark: _Hlk64725898]
Point 8: Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source (italics). Volume (bold) (Issue), FirstPage–LastPage (YEAR).] For more than 6 authors, list only the first author then et al. Please include volume and issue numbers for all references, and do not abbreviate journal names.
Reply: We changed the formatting of the references.

Reviewer #1: 
Point 1: In the Protocol, I am completely missing how to prepare the ubiquitination buffer and how to prepare, and store, the ATP. Both crucial component for the in vitro Ub assay. Please add to the text.
Reply: We agree with the reviewer on this important point. However, ATP solution and ubiquitylation buffer, as well as all other reagents that are not listed in paragraph 1, were purchased and are thus listed in the JoVE material list. Purchased reagents were used and stored as defined by the manufacturers’ instructions.   

Point 2: I am missing the reference to the supporting figures in the Protocol description, for instance, in the paragraph 3 "in vitro substrate ubiquitylation assay" that is related to Figure 2. On a related note, it would be great to have cross-reference between the Protocol section and the Representative Results.
Reply: The figure references were added to the end of the respective method descriptions.  

Point 3: In Fig.1A I do not see auto-ubiquitination of CHIP using Ube2D3. I do agree with a slight generation of free Ub chains. Please correct.
Reply: The “E2 screening” (see 2.1, Protocol A) was repeated. Now, auto-ubiquitylation of CHIP in cooperation with UBE2D3 can be observed in lane 5, Figure 1 A.

Point 4: I do not see the result showed in Fig.3A strong enough. I am not convinced by the "shift" of Ube2D2-Ub upon E3-dependent discharging of Ube2D2. It would help to add a control, e.g., Coomassie staining on the experiment.
Reply: We agree that the effect of the discharge shown in Figure 3 A could be more dominant. Therefore, we adjusted the conditions of the lysine discharge assay (Protocol C) and changed the manuscript accordingly. To optimize the result, we lowered the discharge reaction temperature from 37 °C to room temperature. In parallel, we increased the E3 ligase concentration from 100 nM to 500 nM. Applying these conditions, we performed the discharge for 60 min and removed samples after 5, 30, and 60 min. We then performed SDS-PAGE splitting the sample volumes to obtain two equally loaded gels that can be used for a) western blotting (Figure 3 A) and Coomassie staining (Figure S2 C). We hope you can appreciate that ubiquitin is predominantly discharged from E2 by the representative E3 ligase CHIP within 60 min (Figure 3 A). To underline this, we probed the respective western blot membrane with an antibody mixture including mouse anti-Ub (as before) and rabbit anti-CHIP. It is visible that CHIP was auto-ubiquitylated with increasing incubation time and decreasing UBE2D2~Ub fraction, suggesting that CHIP promotes the transfer of ubiquitin onto its own lysine residues. 

Point 5: In the Introduction I suggest in row 50 to use a more recent reference to describe better the actual number of putative E3 ligases discovered so far (e.g., Michael J. Clague et al., Trends in Cell Biology, 2015) or to add a more recent one.
Reply: As suggested, we exchanged the reference (reference number 7) to Michael J. Clague et al.

Point 6: In the Introduction I suggest adding (around row 69) a part about the importance of the Ubiquitin Binding Domains (UBD) in recognizing and decoding the Ub signal.
Reply: We agree that the Ubiquitin Binding Domain is an important aspect of recognizing and decoding the ubiquitin signal. However, we think that this particular aspect is not necessarily required in this method paper. Therefore, we did not include a part about the Ubiquitin Binding Domain.   

Point 7: The authors may want to add either in the protocol description or in the representative results section why it is better, for the purpose of this experiment, to use an Ub K0 mutant.
Reply: We agree with the reviewer on this important point. We included the explanation for the use of Ub K0 in the manuscript. Using lysine-free ubiquitin (Ub K0), mono-ubiquitylation of the E2 enzyme is enforced resulting in a single band for ubiquitin modified proteins in the western blot (= E2~Ub). When wild-type ubiquitin is used, other ubiquitin modified species (e.g. polyubiquitylated E2 = E2~Ubn) might appear after the addition of the E3 ligase. For the purpose of following the decrease of the charged E2 fraction, we found it easier to follow a single band.



Reviewer #2:

Point 1: Please put the lane numbers below the gels and blots.
Reply: Lane numbers were added below all gels and blots. 

Point 2: It would have been informative to use a 15 % gel for figure 1 to better appreciate ubiquitin chains.
Reply: We agree and will consider this suggestion for future work. 

Point 3: Figure 3 can be improved by extending incubation time.
Reply: We agree with the reviewer on this point and adjusted the lysine discharge assay conditions (Protocol C) in order to obtain a more dominant discharge effect (also see reviewer 1, point 4). 

Point 4: In figure 1 and Figure S1 (UBE2-D1, -D2, -D3, -E1, -E3, -H, and -N), the authors mentioned UBE2E3 but in the text is E2. Also Fix N) versus N/V.
Reply: We thank the reviewer for noticing this. The figure legends of Figure 1 and Figure S1 were not correct. In the experiment, UBE2E3 was used, not UBE2E2. Figure legends were revised. The issue of UBE2N/V1 vs. UBE2N was clarified. 

Point 5: The authors need to explain from the first mention in the text why Ubiquitin K0, why Apyrase.
Reply: We agree with the reviewer on this important point. We included the explanation for the use of Ub K0 and apyrase (and EDTA) in the manuscript (also see Reviewer 1, point 7). Apyrase (and EDTA) was used to quench available ATP molecules in the in vitro system, so that the charging reaction is stopped and E1 cannot further charge E2. 

Point 6: The authors could complete the Comments/Description for all reagents.
Reply: All buffers and solutions that were prepared in the laboratory are listed in paragraph 1. All other reagents were purchased from diverse companies and are listed in the JoVE material file. To clarify this issue in the manuscript, we added a short statement in paragraph 1. 

Point 7: Figure S2 could be more informative if the kinetics show progressive charging.
Reply: In general, we agree that Fig S2 A could be more informative if kinetics show a progressive charging. However, the information that S2 A is intended to clarify is whether prolonged incubation of the charging reaction results in an increased yield of E2~Ub. The incubation for more than 15 min does not further increase the E2~Ub yield. Therefore, we did not change or improve Figure S2 A. 
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