Editorial comments:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

We have thoroughly read and edited the manuscript to remove any remaining spelling and grammar issues. 

2. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).

Use of personal pronouns has been removed. 

3. 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.
For example: Nuclei PURE Prep Nuclei Isolation Kit, Beckman SW 32 Ti roto, Prolong Gold Antifade Reagent, Zeiss ELYRA S1

Company names have been removed when mentioned before an instrument or reagent. Commercial language has been removed when referencing all reagents. Reagents have been properly identified in the table of materials.  

4. Please include an ethics statement before the numbered protocol steps, indicating that the protocol follows the guidelines of your institution’s human research ethics committee.

This statement has been added accordingly. 

5. Please remove the embedded Table from the manuscript. All tables should be uploaded separately to your Editorial Manager account in the form of an .xls or .xlsx file. Each table must be accompanied by a title and a description after the Representative Results of the manuscript text.

The table has now been removed and provided as a separate excel file. Further, all tables are now accompanied by a title and description after the representative results section. 

6. Line 254: Please specify the parameters used for imaging (objective, magnification, filters, etc.).

We have now included this information for our representative results. However, as noted in the protocol, these parameters will vary depending on the imaging system and antibodies used. 

7. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the next. 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 the imperative tense.

We have ensures that highlighted steps all contain at least one action and form a cohesive narrative.

8. 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
9. Please do not use the &-sign or the word “and” when listing authors in the references. 

The discussion covers critical steps within the protocol, modifications and troubleshooting of the technique, and limitations, significance, and applications of the technique. 

Authors should be listed as last name author 1, initials author 1, last name author 2, initials author 2, etc. Title case and italicize journal titles and book titles. Do not use any abbreviations. Article titles should start with a capital letter and end with a period and should appear exactly as they were published in the original work, without any abbreviations or truncations.

References have been exported using the Jove Endnote style.

10. Figure 2: Please include scale bars in all the images of the panel.

Scale bars have been added to all images. 

Reviewers' comments:
Reviewer #1:
Coyne and Rothstein report a protocol for isolating nuclei from neuron-differentiated induced pluripotent stem cells (iPSNs) and post-mortem human tissue for the purpose of immunostaining followed by imaging with super-resolution structured illumination microscopy (SIM).

The described protocol is of interest to the general nucleocytoplasmic transport community and wider because it enables for the resolution of individual nuclear pores on a purified nucleus by straightforward immunostaining of any nucleoporin.

Overall, the protocol is generally intelligible to a trained cell biologist or biochemist and suitable for publication.

However, there are a few instances where the authors make vague claims and a few instances where the authors use imprecise or incorrect language, which could be confusing to the reader. In line with the previous work from his lab, the senior author should ensure that the text is entirely precise and scientifically correct.

We thank the reviewer for their helpful comments to improve the clarity of our manuscript. 

The authors should address the following points:
-- In the "SUMMARY", it should say "stem cell derived" instead of "stem cell derive".

We thank the reviewer for pointing out this spelling error. 

-- Line 70: TEM, SEM, CryoEM are not mutually exclusive categories as CryoEM can be any EM technique that is performed under cryogenic conditions (most commonly transmission EM, TEM).

We appreciate the suggestion to provide clarification. Although TEM, SEM, and CryoEM are often discussed as separate methodologies, we agree with the reviewer that CryoEM is not necessarily a separate technique. We have therefore revised the text to just state TEM and SEM for simplicity. 

-- Line 70: The authors state that "While electron microscopy (EM) techniques (TEM, SEM, CryoEM) are often used to evaluate the overall structure of NPCs, these methodologies do not allow for an accurate and reliable assessment of individual Nups themselves within NPCs or the nucleoplasm." How so? What do the authors mean by "reliable" and "accurate"? This is a vague and unscientific statement. The authors should precisely explain the advantages that SMI imaging affords over e.g. state of the art in situ cryoelectron-tomography.

We thank the reviewer for this suggestion and have now expanded our discussion on the comparison of EM vs fluorescence imaging (specifically SIM) for evaluating overall NPC ultrastructure vs individual Nup proteins within NPCs. 

-- Line 75: "with a resolution that of approximately one human NPC" should be stated more precisely as "with a resolution that approaches the dimensions of a single human NPC".

We thank the reviewer for this suggestion. 

-- The use of "sucrose gradient" to indicate the "sucrose gradient solution" throughout the protocol could be confusing, as "sucrose gradient", strictly speaking, indicates an actual gradient of sucrose concentrations. More broadly, the authors are performing a "sucrose cushion centrifugation" to isolate nuclei, so the use of the term "gradient" should be altogether avoided to prevent confusion with "sucrose gradient centrifugation" technique.

We thank the reviewer for pointing out the confusion that may be caused by the terminology. Sucrose gradient was the original terminology supplied by the manufacturer. However, this appears to have been updated in recently acquired kits. We agree that this might be confusing to those familiar with conventional sucrose gradients. As such, we have amended this accordingly and now use the term “sucrose cushion solution”. 

-- The process of isolating nuclei can result in washing out of the less stably attached nucleoporins from the NPC. The authors should discuss how this phenomenon may affect conclusions about NPC composition, as well as how this might affect reproducibility. It would be useful if the authors described any quality control steps that should be taken to ensure sample integrity (e.g. western-blot monitoring of nucleoporin levels at various steps).

We thank the reviewer for this suggestion as we have previously employed multiple “validation” strategies in our work (See Coyne et al (2020), Neuron). We have now added an expanded discussion of advantages and disadvantages of these quality control/validation techniques to our revised manuscript.  


Reviewer #2:
Manuscript Summary:
The manuscript by Coyne and Rothstein describes a method for using SIM on isolated nuclei from in vitro derived neurons and human tissue to assess levels and distribution of nuclear pore complex (NPC) components (Nups). Overall, this is a well-written and clear description of a method that is very useful for the field. Nuclear pore alterations have been implicated in multiple neurodegenerative pathologies, as well as in other human diseases and physiological states, and this method represents a high-resolution assay to accurately determine NPC and Nup distribution, levels, and integrity. Applying it would provide an initial characterization of possible NPC defects, and would shed light on mechanisms of a number of pathological states. I have a few relatively minor suggestions on improving clarity and impact of this protocol manuscript.

We thank the reviewer for their evaluation of our manuscript.

Major comments:
1. In the introduction, it would be helpful to mention/describe findings that linked actual NPC components or NPC integrity to neurodegenerative disease, either genetically or biochemically. It would underscore the need to accurately assess NPC components in the contest of neuronal function.

We thank the reviewer for this suggestion and have amended our introduction accordingly. 

2. Representative results: The authors could consider adding an example of quantification or analysis of images shown in Figure 2, to strengthen their message that their presented method accurately detects NPCs or individual Nups. Perhaps a plot of nuclear pore density obtained from single spots in such images and also a reference to a known density of NPCs?
And/or alternatively, is it possible to show an example of this imaging in a neuron with a neurodegenerative phenotype, next to the shown WT nuclei? Since the title of the protocol is "Nuclei isolation and super resolution structured illumination microscopy for examining nucleoporin alterations in human neurodegeneration", it would be compelling to show such a "nucleoporin alterations in human neurodegeneration" and show that the method is able to distinguish it.

We thank the reviewer for this suggestion and have updated Figure 2 with an evaluation of POM121 spots in control and C9orf72 iPSNs and postmortem motor cortex. In agreement with our recent publication (Coyne et al (2020), Neuron) we show that this method can be used to reproducibly detect a reduction of POM121 from human neuronal NPCs in C9orf72 ALS/FTD. 

Minor Concerns:
3. Abstract/Line 36: "Isolation of nuclei prior to SIM enables the visualization of individual Nup spots of the NPC…" -"Nup spots of the NPC" seems confusing. Unclear on what is meant by spots - signal from individual pores or individual proteins?

We appreciate the reviewer for pointing out the confusion generated by this statement. This has now been amended to “individual Nup proteins within the NPC”.

4. Protocol: Line 91/Step1.2 "Add 50 L of 1 mg/mL collagen solution (diluted in 1X PBS) to the center of the circle" - please define circle, I am assuming it is the area that was outlined in the previous step?

We thank the reviewer for their suggestion and have added additional definition to these steps. 

5. Line 180/Step 4.3 "Slowly add ~28 mL of lysate/sucrose gradient mix to the top of the sucrose gradient in the ultracentrifuge tube (from step 4.1)." - shouldn't it be 29 mL of lysate/sucrose gradient? 11 mL of prepared lysis buffer plus 18 mL of sucrose gradient. Steps 4.1-4.3 are a bit confusing so the exact number helps in referring to previous steps.

We agree with the reviewer that this is confusing. Indeed, it is 28 mL of lysate/sucrose gradient solution and not the full 29 mL. This is largely due to the viscosity of the sucrose gradient solution. As a result, the protocol is to add 28 mL of the full 29 mL for consistency across samples. This has now been noted and explained within the revised manuscript. 

6. Line 249/Step 5.15 "Add 1 drop (~10 L) of Prolong Gold Antifade Reagent (without DAPI) to each slide and gently place high tolerance 18 mm x 18 mm square coverslips on each slide." - is there a sealing step after this? Are the coverslips in any way sealed to the slide?

We do not use a sealing step for our experiments. This has now been noted within the revised manuscript. It has also been noted that sealing can be done in certain situations (wet-mount media, prolonged storage). 

7. Discussion: The authors could add a comment that the presented max projections in Figure 2 would not distinguish between NPC location vs. nucleoplasm location, and that alternative analysis of these SIM images would need to be used to look at specifically nuclear envelope-embedded NPCs. Furthermore, it would be beneficial to add a brief discussion of the types of specific Nup disruptions that have been reported in the context of neurodegenerative disease and that can be detected by this method.

We thank the reviewer for their helpful suggestion and have now edited the discussion accordingly. While the reviewer is correct that the images presented do represent maximum intensity projections of 3D reconstructed nuclei, we note that analysis is run on z stacks whereby individual z sections (or small stacks of z sections) are segmented independently in order to distinguish between spots associated with the nuclear envelope vs nucleoplasm. 

