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[bookmark: _GoBack]Editorial comments
• Textual Overlap: Significant portions show significant overlap with previously published work. Please re-write lines 27-33, 289-294, 316-320 to avoid this overlap.
· Text has been edited. 
• Protocol Detail:
1) 2.2: mention needle gauge
· We are unavailable to provide a needle gauge as it is not provided by the manufacturer. However, we list the company and part number of the needle use in the table of materials. 
• Protocol Numbering: All steps should be lined up at the left margin with no indentations.
· We deleted indentations.
• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) future applications and 5) critical steps within the protocol.
· The discussion has been modified to include the editor’s comment.
• Figures:
1) Fig 3: Define error bars.
· Error bars have been defined (Lines 373-374) (Lines 412-413 with track changes on). 

• Commercial Language:JoVE is unable to publish manuscripts containing commercial sounding language, including trademark or registered trademark symbols (TM/R) and the mention of company brand names before an instrument or reagent. Examples of commercial sounding language in your manuscript are GAM Laser Inc, Waters Acquity, Thermo Scienctific Orbitrap, Lumos Fusion MS, Proteome Discover (Software Version 2.2), Thermo Scientific, Excel
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in your manuscript with generic names that are not company-specific. All commercial products should be sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names.
· We have removed the commercial language mentioned above.

• Please define all abbreviations at first use.
· All abbreviations have been defined. 
· Lines 48, 64, 80-81, 290, 293, and 295. (Lined 60, 78-79, 95-96, 310, 314, 316 with track changes on).
• If your figures and tables are original and not published previously or you have already obtained figure permissions, please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from [citation]."
· Re-print permission has been uploaded with resubmission. In addition, we have edited all figure captions as described by JoVE and the previous publisher.



Comments from Peer-Reviewers
Reviewer #1
Manuscript Summary:
Overall, this is an outstanding description of the protocol for performing IV-FPOP of C. elegans. The step-by-step instructions are largely clear and unambiguous. The figures are well-designed and add significantly to the clarity of the manuscript. Safety hazards are noted. Overall, I recommend this manuscript with minor revision to clarify particular areas.
Major Concerns:
None
Minor Concerns:
Figure 2A: Images of the syringe barrel should be taken against a flat, featureless background to prevent the light diffracting effects that are currently obscuring the contents of the syringe.
· We appreciate all of the reviewer’s comments and concerns. We have retaken the picture.
Authors need to define the laser fluence or range of fluences used to generate sufficient FPOP signal. Specifying the laser fluence used to generate results in Figures 4-6 is also desirable.
· We added a note indicating the laser irradiation window and energy used in this protocol (Lines 165-166 and 199-200) (Lines 182-184 and 218-219 with track changes on).
Authors may wish to define the acronym FEP.
· We have defined FEP at first use (Lines 80-81) (Lines 95-96 with track changes on).



Reviewer #2:
Manuscript Summary:
The manuscript describes the application of in vivo hydroxyl radical protein footprinting using a KrF excimer laser to study the effect oxidatively modified amino acids have on protein protein interaction in C.elegans. The method provides an adaptation of existing technology to the study of whole organism systems. This is useful in view of the fact that C.elegans serves as an excellent model organism for various disease states, in particular neurological disease. The authors describe the assembly of the microfluidic system in great detail, and highlight the pitfalls a user may encounter during installation.
Major Concerns:
Apart from the details provided for the step by step assembly of the microfluidic system, the submitted paper contains the information and a number figures that have already been published in sufficient detail in Anal Chem 2019,91,19, 6577-6584. Although in the current submission the emphasis is on the assembly of the apparatus, provides no information that is not available in the original Anal Chem paper.

· We appreciate all of the reviewer’s comments and concerns. We know most of the figures used in this protocol have been published, however our main focus for this manuscript is to provide potential readers with a visualized version of our IV-FPOP method. Since our Anal Chem publication of the IV-FPOP, and also in-cell FPOP, multiple groups have shown interests in both methods and the possibility to do these experiments in their laboratories. Due to this we have focused on the protocol and the major pitfall of the method, in addition to areas of improvement. 




Reviewer #3:
Manuscript Summary:
This manuscript describes the assembly and implementation of IV-FPOP on C. elegans; in particular, a microfluidic set-up with online irradiation that allows the living organism to be footprinted. Representative analyses for selected proteins are shown with tandem MS data interrogating their solvent accessibility.
This work is of great benefit to the wider community and will allow others to set up and develop similar microfluidic systems for IV-FPOP. Such set-ups will hopefully explore different living systems and expand to complementary photochemical probes.
The manuscript is well written and appropriately conveys the described method. I recommend this manuscript for publication in JoVE with the following minor revisions to be addressed, where possible.
Major Concerns:
None
Minor Concerns:
1. In the abstract the authors comment on the study of protein aggregates in neurodegenerative diseases such as Parkinson's and Alzheimer's (Lines 29-32). Given that there is no mention made of these proteins (alpha-synuclein and amyloid beta) in the manuscript among identified peptides, and that these statements are not elaborated in the introduction section -- this is purely speculative and should be removed, as it gives the initial impression that these proteins are discussed in some way. For retention in the manuscript, the authors should make mention of these proteins/diseases in the introduction and also note the published FPOP work on amyloid beta aggregates to support the utility of IV-FPOP for studying these diseases.
· We appreciate all of the reviewer’s comments and concerns. Because of their comment and what could lead to misinterpretation of our protocol we have edited the abstract in order to avoid any confusion for the reader, deleting the mention on the study of neurodegenerative diseases such as Parkinson's and Alzheimer's.
2. The authors should clarify their statement regarding hydroxyl radical insertion (Lines 47-48), making mention of the 3-order of magnitude range of reactivity.
· We have added a sentence in order to clarify the difference is amino acid reactivity to hydroxyl radicals (Lines 46-48) (Lines 58-60 with track changes on). 
3. (Line 84) The authors should clarify the "~50 mm" number, as currently written this implies that the crater should be that much in diameter rather than length.
· We have edited the sentence to reflect the 50 mm measurement indicates length rather than diameter (Line 84) (Line 101 with track changes on).
4. (Lines 118 and 161-163) Could the authors give some typical values for flow rates and outlet capillary lengths. This will greatly help readers setting up the instrumentation for the first time.
· We have added a note indicating the typical final flow rate use in IV-FPOP to the protocol (Lines 165-166) (Lines 182-184 with track changes on).
5. (Line 191) Should this say "'Before' turning on the laser..."?
· Sentence has been edited (Line 193) (Line 213 with track changes on). 
6. (Line 340 and Figure 5A) Are the authors able to comment on the total number of proteins identified in the Worms-only control for these BRs. If possible, could the authors also show the overlap between both controls and the sample for one of the BRs -- 3-way Venn diagram. This will help put into context the utility of the method for identifying surface-accessibility in vivo.
· We have edited figure 5 to include the reviewer’s suggestion in the number of oxidatively modified proteins in all conditions. 
7. (Lines 344-345) The authors state that IV-FPOP probes solvent accessibility similar to in vitro studies. Could the authors provide a reference for this statement -- if the authors are referring to their comparison of SASA from PDB 4I2Z and MS/MS data for UNC-45, this should be made clearer. The current form implies that in vitro FPOP data correlate with the IV-FPOP data herein.
· We have removed the statement “similar to in vitro FPOP” in the representative results section to avoid any confusion for the reader. Additionally, we added text to indicate the correlation between IV-FPOP experimental oxidation and SASA calculations using the PDB 4I2Z (Line 346-349) (Lines 385-388 with track changes on).
8. (Lines 349 and 396) Are these ln(PF) values calculated from PDB 4I2Z? If so, please state this in the Figure 6 caption. Is it possible to show the ln(PF) for both in crystal structure and IV-FPOP for comparison?
· The ln(PF) is calculated from the extent of oxidation. We can then correlated this to the calculated SASA values if a crystal structure is available. We have added the calculated SASA values of the Hsp90 fragment to Figure 6C to show that as ln(PF) increases SASA decreases (Line 346-349) (Lines 385-388 with track changes on).
9. (Figure 6B) If possible, could the corresponding unmodified MS/MS from the controls be shown for either of these peptides. This would show representative changes for multiply oxidized peptides.
· Unfortunately, for these peptides only the oxidized MS/MS was detected. Because this is a methods/protocol manuscript and want to show representative peptide changes of oxidized and unoxidized, we have included Figure 4A-C. Changes in peptide chemistry during reverse-phase LC and fragmentation are described. 
10. (Line 428) Could the authors clarify that 2D-chromatography increases the 'identification' of oxidatively modified proteins.
· This sentence has been edited to address the reviewer’s concern (Line 446) (Line 492 with track changes on).
