January 30, 2019

Dear Dr. Philip Steindel:

Please find enclosed our revised manuscript submission (JoVE59576) with the title:

Localization of SUMO-Modified Proteins using fluorescent SUMO-Trapping Proteins

We would like to thank you and the reviewers for very helpful comments that have greatly improved the manuscript.  The edited manuscript, figures, table and rebuttal document have been uploaded together with this letter.
We hope that you will now find this protocol suitable for publication in JoVE.

Please do not hesitate to contact me if you have any questions regarding this manuscript.
.
Sincerely,

Oliver Kerscher
Associate Professor, Biology
The College of William & Mary
Williamsburg, VA 23185
757-603-5607
opkers@wm.edu
[bookmark: _GoBack]---------------------------------------------------------------------------------------------------------
Revisions for JoVE submission JoVE59576

Editorial and Peer reviewed comments are addressed in blue:

Editorial comments:
General:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.  We inspected the manuscript for spelling mistakes and grammar to the best of our ability.
2. For in-text formatting, corresponding reference numbers should appear as numbered superscripts after the appropriate statement(s). Please number references in the order that they are cited in the manuscript.
References have been edited for JoVE style
3. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please limit the use of commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents. Commercial language was removed
For example: Dylight, Kimwipe, Chromotek, Zeiss

Protocol:
1. For each protocol step, please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, please split into separate steps or substeps.  Protocol was edited as suggested.

Specific Protocol steps:
1. 1.9.2: Which of the following steps are part of this one (co-staining)? They should be substeps of this one, as it’s unclear now.  1.9.2 was removed as it is an optional step (now labeled OPTIONAL)

Figures, Tables, and Figure Legends:
1. Please Remove ‘Fig.1’, ‘Fig.2’, and ‘Fig.3’ from the Figures themselves. Removed Fig.#
2. Figures 2: Please include a scale bar here. Bar added
3. Figure 3: What is ‘m’ and ‘D’? merge and Dapi, respectively. Now added in the new Figure legend.

References:
1. Please ensure references have a consistent format. References have been edited

Table of Materials:
1. Please ensure the Table of Materials has information on all materials and equipment used, especially those mentioned in the Protocol. Checked for completeness.
2. Please remove trademark (™) and registered (®) symbols from the Table and Materials. Removed as indicated above.


Reviewers' comments:



Reviewer #1:

Manuscript Summary:
Kerscher and colleagues describe the use of a novel fluorescent recombinant SUMO-trapping protein to localize SUMO in mammalian and C. elegans cells. The trapping protein is an mCherry-tagged catalytically inactive fragment of the SUMO protease Ulp1 from the stress-tolerant K. marxianus. This reagent is simpler to use than anti-SUMO antibodies because it does not require a secondary antibody. The representative results demonstrate that this reagent yields similar results to conventional anti-SUMO antibodies in two systems. Given their simplicity and broad species specificity, the tool and technique are likely to be of great interest to the broader SUMO research community. After the authors address relatively minor concerns, this work is worthy of publication in JoVE.  We would like to thank Reviewer #1 for insightful comments and suggestions. Please find our edits below!

Major Concerns:

* The following is an issue of clarity and data presentation and should be readily addressable. The main result in Figure 3 is clear: anti-SUMO antibody and kmUTAG-fl yield very similar data, and therefore kmUTAG-fl represents a viable alternative to antibodies for visualization in cells. However, the authors should clarify the Results paragraph (206-214) and Figure legend for Figure 3. These are difficult to follow. My questions and comments include:
o The sentence on lines 210-211 is difficult to interpret.
o Are there supposed to be visually obvious differences between the -1 and -2 oocytes? The authors write in the figure legend "In the -2 oocyte, SUMO begins to localize to the chromosomes (-2 oocyte) before the pattern becomes specifically restricted to the meiotic ring complex between the paired homologs".
o What specifically is changing from Fig 3a to Fig 3b? Is the rightmost diffuse mass in 3b a fertilized oocyte that had once been a highly compact occyte as pictured in 3a?
o How does Fig3c relate to Fig 3b?
o What are the right panels (m, D, 6F2/UTAG) illustrating? Is D DAPI? Is m merge? What is each different row of the righthand panels? I think these cells match up with cells from the images to their left, but clear labeling would help. 
To improve clarity and data presentation we have replaced the indicated part of the results section with the following paragraph and a new figure 3 and figure legend: 

Since kmUTAG-fl exhibits pan-SUMO specificity, we also tested it on C. elegans nematodes to determine if the localization pattern of kmUTAG-fl would match the previously reported patterns of anti-SUMO antibodies and mCherry::SUMO fusion proteins (Pelisch et al., 2014; Pelisch et al., 2017). Isolated gonads from oocyte-producing adult hermaphrodites were processed for labeling with either anti-SUMO antibody or kmUTAG-fl. Consistent with previous reports (Pelisch et al., 2017), anti-SUMO antibody initially localized to the nucleoplasm of late meiotic prophase oocytes (Fig. 3A,C). It then redistributed to the central ring complex (RC) of the paired homologs (bivalents) as the nuclear envelope breaks down and the chromosomes congress towards the metaphase plate (Pelisch et al. 2017; Fig. 3B,D). Components of the ring complex, which is situated between the DAPI-stained homologs, include both GEI-17(a E3 SUMO ligase) and SUMO-conjugated chromokinesin (Pelisch et al., 2017). In parallel preparations, gonads labeled with KmUTAG-fl revealed similar patterns (Fig. 3E-F). KmUTAG-fl shifted from labeling the nucleoplasm to concentrating on the ring complex, as oocytes began (-1 oocyte in Fig. 3E) and completed (-1 oocyte in Fig. 3F) the process of nuclear envelope breakdown. These results validate KmUTAG-fl as a useful tool for the analysis of meiosis and SUMO-related processes in C. elegans and possibly other nematodes.

Fig 3. Comparison of SUMO labelling by anti-SUMO antibodies and KmUTAG-fl during C. elegans oocyte maturation (A) Schematic of the proximal C. elegans gonad. Developing oocytes enter the spermatheca (sprmth) one-by-one where they are fertilized before entering the uterus. Oocytes in the -1 position, immediately adjacent to the spermatheca undergo nuclear envelope breakdown prior to fertilization. After fertilization, the sperm chromatin remains in a condensed state until the oocyte chromosomes complete their meiotic divisions. (B) Schematic showing the structure of a chromosomal bivalent that forms after homologous chromosomes have recombined, disassembled their synaptomenal complex, and have condensed in preparation for metaphase. A central ring complex (RC) between the homologs is enriched not only in aurora kinase and the checkpoint protein BUB-1 but also the E3 SUMO ligase GEI-17 and chromokinesin.  (C-D) A line of developing oocytes within the oviduct (C) and a newly fertilized oocyte in metaphase of meiosis I (D) labeled with anti-SUMO antibody. (C-D) Full-sized images at the right show the merged (m) and single channel DAPI (D) and anti-SUMO antibody (S Ab) images of the -2 and -1 nuclei and the metaphase I spindle region. Metaphase I chromosomes of oocyte (o). Sperm chromatin mass (s). (E-F) Developing oocytes within the oviduct labelled with KmUTAG-fl. Concentration of KmUTAG-fl at the ring complex begins shortly before nuclear envelope breakdown (-1 oocyte in E) and becomes largely restricted to the ring complex after nuclear envelope breakdown (-1 oocyte in F). Blue (DAPI). Scale bar = 5 microns.

Minor Concerns:

* Authors should be careful to spell out abbreviations on first appearance (e.g. UTAG on line 45, UD domain on line 73, dPBS on line 98, etc. spelled out abbreviations as indicated
* Some additional information about the function of Ulp1 should be provided in the introduction Additional information and a reference has been added in the 3rd paragraph of the introduction.
* The sentence beginning on Line 76 is confusing. It indicates that authors generated "generated a variant of the UTAG from the stress-tolerant yeast Kluyveromyces marxianus". What species does the UTAG described in the previous sentences come from? S. cerevisiae – this has now been clarified in the introduction.
* There is a reference in line 80. The fact in line 78 and the fact in lines 82-84 need references. If the reference for line 80 (Peek et al 2018) apply to the others, that reference should either be placed after the first fact in the sequence of three (line 78), or at the end of these facts (line 84).  The reference was moved
* Line 88: "simply" should be "simple" corrected
* Line 89: this is the first mention of the term "kmUTAG-fl". I assume fl is fluorescent, but the authors should spell this out.  Fluorescent was spelled out
* Line 102: "off" should be "of"
* Line 118: What volume of SPB? 100µl this was added
* Line 122 indicates authors will be staining with anti-SUMO1 antibody, but line 124 (and following) indicate anti-SUMO2/3 antibody is used. Authors should clarify or correct. anti-SUMO2/3 antibody this was corrected (Thanks for catching this)
* Line 124: Replace comma with "and" corrected
* Authors are using Alexa-Fluor 488 secondary antibody for SUMO2/3 antibody. This is green. They're also using DAPI (blue) for DNA and mCherry (red) for kmUTAG-fl. However, in lines 139-140, they only recommend imaging using red and blue channels. What about the green filter for SUMO2/3 secondary? This oversight was corrected
* Line 145: "coated" would be better than "subbed" (more formal) – edited!
* Line 158: L should be capitalized in DyLight corrected
* Line 186: Authors don't indicate what filters are recommended for use here, as they did in first protocol. Also, recommend replacing "view" with "visualize" edited and information was added 
* Line 226: title of figure caption should include organism title was updated
* Line 248: "precedence" should probably be "precedent" edited
* Line 259: Authors indicate that "a short fixation time" is critical "to keep SUMO intact". The authors should expand upon this. Are the authors talking about preventing SUMO chain disassembly, deconjugation from substrate, denaturation, or something else? We added the following sentence: … short fixation time to keep SUMO natively-folded so it can be recognized by kmUTAG
* Line 263: suggest replacing "useful" with "important" edited as suggested



Reviewer #2:

Manuscript Summary:
Yin et al describe a method for immunofluorescent localisation of SUMO proteins using a fragment derived from yeast Ulp1. The efficacy of this procedure has been demonstrated thoroughly in their previous work (Elmore et al, and Peek et al). The manuscript is generally well written, the protocol is clear to follow, and the data appear convincing. This protocol will be a useful addition to the field. In my opinion, the manuscript would be acceptable in its current form, but I have a couple of minor points that the authors may consider addressing before publication.  We would like to thank Reviewer #2 for insightful comments and suggestions. Please find our edits below!


Major Concerns:
I have no major concerns regarding this manuscript.

Minor Concerns:

1. Being a SUMO biologist who does not work on C.elegans oocytes, I found figure 3 a little hard to follow. I wasn't entirely clear on what was represented in each panel. The authors may consider adding some clearer labels to the figure, and slightly more detail in the legend as to what each panel represents, in order to help the reader. In addition, if images have been spliced together, the authors should probably indicate this clearly with a dotted line.  As detailed above, to improve clarity and data presentation we have replaced the indicated part of the results section with the following paragraph and a new figure 3 and figure legend.


2. The authors state in the discussion that to their knowledge 'this is the first method for the specific in vitro detection of SUMO conjugates in fixed cells, using a fluorescent SUMO-trapping recombinant protein.' While their technique appears to work very well, the approach is somewhat similar to that of a previous group who used a recombinant anti-SUMO monobody to either stain fixed cells for SUMO, or to isolate SUMOylated proteins from cell/tissue lysates (Berndt et al, Biochemical Journal 2013). If they feel inclined, they may wish to mention this.  We appreciate the reviewer sharing this information and we have added three references.  Additional we amended our statement in the discussion.

3. While the primary protocol described here relates to the immunofluorescent localisation of SUMO in fixed cells, the authors discuss the utility of this approach in isolating SUMOylated species from cell lysates. However, they note that their recombinant SUMO-binding protein is sensitive to the addition of NEM in the pulldown. Since NEM is commonly used to preserve SUMOylated species in cell lysates, have the authors experienced any problems resulting from the loss of SUMOylated species in their lysates as a result of the necessity to omit NEM? If so, does the benefit of the high affinity of their SUMO-binding protein outweigh this cost?  No protease inhibitors are needed for this protocol due to fixation with paraformaldehyde.  For applications using cell lysates (not described here) we recommend the Promega 50x protease inhibitor cocktail G6521.  In our hands this protease inhibitor cocktail does a great job to maintain SUMO conjugates and does not interfere with kmUTAG/SUMO binding.

4. The pSPOT-mCherry-KmUTAG construct outlined in figure 1 is very elegant, and would allow interested researchers to perform the protocol described here in full. It would be very useful to the field if the authors would consider making this plasmid available on Addgene or a similar repository.  We will soon make the kmUTAG-fl protein at cost available to the community on Kerafast.com.


5. While generally well written, the manuscript may benefit from close reading by a native English speaker in a few places.   Done!
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