Editorial comments:
Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.
The manuscript has been proofread.

2. Please revise the title to be more concise. Please remove the words “A guide for”… from the title.
The title has been changed accordingly.

3. Please ensure the Introduction contains all of the following with citation:
a) A clear statement of the overall goal of this method
From our introduction “Here, we describe a step-by-step protocol outlining how to detect and functionally characterize the enzymatic activity of RING-type E3 ubiquitin ligases, both in vitro and in planta, through a site-directed mutagenesis approach.”

b) The rationale behind the development and/or use of this technique
From our introduction “Not all RING-containing proteins function as E3 ligases. Thus, the bioinformatic prediction of RING-finger domain and the capacity for E2-dependent protein ubiquitination must be biochemically validated and linked to the biological role of the tested protein.”

c) The advantages over alternative techniques with applicable references to previous studies
N/A

d) A description of the context of the technique in the wider body of literature
[bookmark: _GoBack]From our manuscript “Ubiquitination, as a posttranslational modification of proteins, plays an important regulatory role in homeostasis of eukaryotic cells. The covalent attachment of 76 amino-acid ubiquitin modifier to a target protein, depending on the length and topology of the polyubiquitin chain, can result in different outcomes ranging from protein degradation to changes in the localization and/or activity of modified protein.” “Elucidating the biochemical and mechanistic basis of RING type E3 ubiquitin ligases can contribute greatly to our understanding of their biological significance in development, stress signaling and maintenance of homeostasis.”

e) Information to help readers to determine whether the method is appropriate for their application
From our manuscript “This four-step protocol describes 1) how to generate an E3 ligase deficient mutant through a site-directed mutagenesis targeted at the conserved RING domain; 2-3) how to examine the ubiquitination activity both in vitro and in planta; 4) how to link those biochemical analysis to the biological significance of the tested protein.”

4. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (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.”
The manuscript has been revised accordingly.

5. The Protocol should contain only action items that direct the reader to do something. Please move the discussion about the protocol to the Discussion.
The following Notes have been moved from the Protocol section to the Discussion:
“Note: Using smaller plasmid vectors and lower amplification cycles usually yields higher efficiency for mutagenesis. The Pfu enzyme can be substituted with any other high-fidelity and high processivity DNA polymerase.

Note: If your gene of interest contains rare codons, another E. coli stain, Rosetta, can be used to achieve higher yield of the recombinant protein.

Note: The expression level of recombinant protein might vary. If a low yield is observed, both incubation time and temperature for IPTG induction can be optimized. Lower temperatures reduce E. coli division rate, which might be favorable for expression of certain proteins. Although higher concentration of IPTG could improve protein expression, it also inhibits E. coli division processes and is not recommended.”

6. Please revise the protocol text to avoid the use of any personal pronouns in the protocol (e.g., "we", "you", "our" etc.).
	The manuscript has been revised accordingly.

7. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections. Please ensure that individual steps of the protocol should only contain 2-3 actions per step.
The protocol has been revised to contain only 2-3 actions per step.

8. Please convert centrifuge speeds to centrifugal force (x g) instead of revolutions per minute (rpm).
All centrifugation speeds have been converted from rpm to x g.
9. Please ensure you answer the “how” question, i.e., how is the step performed? Please include all specific details associated with the protocol.
10. 1.1: What are the primer sequences used in your experiment
The information about primers has been added to Fig.1 with appropriate reference in the Step 1.

11. 1.2: What was the desired mutation in your case? Please also provide a reaction setup and how to perform the thermocycler protocol for the amplification. This can be provided as a table in .xlsx file, uploaded separately to the editorial manager account and the table can be referred here. Please do not embed any table in the manuscript.
Details about the desired mutation have been included in the Fig 1B and Step 1.1. The PCR reaction setup and the thermocycler setup were created according to the manufacturer protocol and  the related information has been added in the Step 1.2.

12. 1.3: Please include the reaction set up, temperature at which this is done and for how long.
The DpnI reaction setup and digestion conditions have been added to the Step 1.3

13. 1.4: If this needs filming, please briefly describe how is this done. In what volume do you perform the recovery?
	The information has been added.

14. 2.1: How is the cloning performed?
	The information has been added. 
15. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. 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.
2.75 pages for the video have been highlighted. 
16. Please remove the embedded figure(s) from the manuscript. All figures should be uploaded separately to your Editorial Manager account. Each figure must be accompanied by a title and a description after the Representative Results of the manuscript text.
All figures are uploaded separately in the Editorial Manager and Figure Titles with their Legends are included in the manuscript text after the Representative Results section.

17. Please include all the Figure Legends together at the end of the Representative Results in the manuscript text.
Figure Legends are included after the Representative Results section.

18. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
The figures included in the manuscript have been modified from our PLOS Pathogens publication Kud et al., 2019. PLOS applies the Creative Commons Attribution license to published work. Here is a link for PLOS editorial policy
https://www.plos.org/license
https://creativecommons.org/licenses/by/4.0/

19. 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
From our manuscript “It is critical to properly identify the RING domain, particularly its conserved Cys and His residues. Online tools such as PROSITE can be used to do so 10. To destabilize RING domain responsible for recruiting E2 enzyme, Cys is normally substituted with Ser, which is its closest structural replacement lacking the ability to create a disulphide bond used for zinc coordination. Lorick et al. (1991) showed that mutation in any of those critical Cys would abolish ubiquitination activity of single subunit RING-type E3 ligases 5. Although some Cys residues are also important for multiunit E3 ligase complexes containing RING-type proteins, due to multifaceted and dynamic 3D structure of those ubiquitination complexes and different role of RING-type proteins, single substitution of conserved residues of RING domain in such multiunit E3 ligase has not been successful in generating ligase deficient phenotype 11.”
b) Any modifications and troubleshooting of the technique
This paragraph has been added to the Discussion by combining Notes previously present in the Protocol section “For the site-directed mutagenesis, we found that using smaller plasmid vectors and lower amplification cycles usually yields higher efficiency for mutagenesis. The Pfu enzyme can be substituted with any other high-fidelity and high processivity DNA polymerase. Furthermore, if your gene of interest contains rare codons, another E. coli stain, Rosetta, can be used to achieve higher yield of the recombinant protein. Additionally, both incubation time and temperature for IPTG induction can be further optimized. Lower temperatures reduce E. coli division rate, which might be favorable for expression of certain proteins. Although higher concentration of IPTG could improve protein expression, it also inhibits E. coli division processes and is not recommended.”
c) Any limitations of the technique
From our manuscript “Single subunit RING type E3 ligases not only function as a molecular scaffold that position the E2-Ub intermediate in close proximity to the substrate but also stimulate ubiquitin transfer activity of their cognate E2s. Furthermore, given that an E2/E3 combination is important for the length and linkages of polyubiquitin chain that determines the fate of modified substrate, any consideration of RING-type E3s must include their enzymatic partners, E2s 12. As shown in Fig 3B, not all tested E2s are compatible with the RHA1B ligase. Therefore, in vitro ubiquitination assays should be carried in parallel with multiple E2 enzymes representing different E2 classes to avoid false negative results.”

d) The significance with respect to existing methods
N/A

e) Any future applications of the technique
From our manuscript “Furthermore, identification of E3 ligase substrates in vivo is usually associated with multiple challenges due to transient enzyme-substrate interaction and rapid degradation of ubiquitinated target protein. Using E3 ligase deficient mutant, which still interacts with its target but no longer ubiquitinates it 13, is a very useful alternative to addition of proteasomal inhibitor MG132 which not always sufficiently interferes with 26S proteasome function.”
“A common characteristic of RING-type E3 ligases is a tendency to form and function as homo- and/or heterodimers. Interestingly, the substitution in the conserved residues of RING domain is usually associated with dominant negative phenotype where mutated RING-type E3 ligase blocks enzymatic activity of a native wild type protein 13. Thus, overexpression of RING mutant in planta may be an alternative approach to knockout the E3 ligase gene.“

20. Please do not abbreviate the journal titles in the references section.
All the abbreviations in the reference section have been spelled out.
21. Please revise the table of the essential supplies, reagents, and equipment. The table should include the name, company, and catalog number of all relevant materials in separate columns in an xls/xlsx file. Please remove trademark (™) and registered (®) symbols from the Table of Equipment and Materials and sort the table in alphabetical order.
No trademark (™) and registered (®) symbols are present the Table of Equipment and Materials. The Table content bas been sorted in alphabetical order.



Reviewers' comments:
Reviewer #1: 
Manuscript Summary:
This manuscript presents a clear protocol to assay the ubiquitination activity of RING-type ubiquitin ligase via in vitro and in vivo experiments. Using wild-type and inactive RING protein that lacks a metal ligand of the RING domain, authors provide a helpful approach to test a protein containing RING domain as E3 ubiquitin ligase. I feel this manuscript will be interest and appropriated to publish at JoVe.

Minor Concerns:
1) Line 67, I feel that this passage should be mention the RING-type ligases such as RING-v, RING-C2, RING-D and RING-G (Jiménez-López et al 2018 doi: 10.1371/journal.pone.0203442Jimenez; Stone et al 2005 Plant Physiol).
A statement describing other rare RING type ligases and related citation have been added.

2) Line 73, replace "multiunit" by multisubunit
The word has been replaced.

3) Line 96, Figure 1 should be modified to fit into step 1 since step 2 calls for protein purification. 
Figure 1 has been modified to match the step 1 of the Protocol section.

4) I feel that the Note presented in line 144 should be set after Line 123.
The Note has been moved after Line 123 as suggested.


Reviewer #2:
Manuscript Summary:
This is a nice protocol to describe the method of functional characterization of RING-type E3 ubiquitin ligases in vitro and in planta, including point mutation to generate E3 ligase deficient mutants; examine the E3 ligase activity in vivo and in vitro; and test their functional importance. The protocol was well written, and the experimental procedure was clearly laid out. It will be very useful for the community as a guide for ubiquitination assays.

