Editorial comments:
The manuscript has been modified and the updated manuscript, 60911_R0.docx, is attached and located in your Editorial Manager account. Please use the updated version to make your revisions.

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
· Manuscript has been proofread for spelling and grammar issues.

2. 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].”
· All copyright permissions have been obtained. 

3. Please highlight complete sentences (not parts of sentences) for filming.
· The highlighted sections are all complete sentences.

4. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the next.
· The highlighted steps form a cohesive narrative with a logical flow.

5. Please use greek characters for SI unit prefixed, e.g. use ‘μL’ instead of ‘uL’.
· All necessary SI units have been replaced with Greek characters. 

6. Please use h, min, s for time units.
· All time units have been replaced using h, min, or s.

7. JoVE cannot publish manuscripts containing commercial language. This includes company names of 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 and Reagents.
· All commercial language has been removed and replaced with generic terms.

8. Please revise the text in Protocol to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
· All personal pronouns have been removed.

9. Step 6.5: Please write this step in the imperative tense.
· Step 6.5 has been rewritten in imperative tense.

10. Step 6.6: Please write this step in the imperative tense.
· Step 6.6 has been rewritten in imperative tense.

11. Step 7.2: Please write this step in the imperative tense.
· Step 7.2 has been rewritten in imperative tense.

12. Step 7.3: Please write this step in the imperative tense.
· Step 7.3 has been rewritten in imperative tense.

13. Step 7.4: Please write this step in the imperative tense.
· Step 7.4 has been rewritten in imperative tense.

14. 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
· The discussion has been revised to go into more detail covering the above.

15. All tables should be uploaded separately to your Editorial Manager account in the form of an .xls or .xlsx file.
· All tables have been converted to a .xls file.

16. Figure 2A: Please use μL instead of uL.
· Figure 2A now includes μL instead of uL.

17. Figure 5B: Please add a scale bar.
· Unfortunately, this image was modified from Espino et al., so no scale bar is available. 
Reviewers' comments:
Reviewer #1:
Manuscript Summary:

Jones et al. outline the procedure for performing IC-FPOP using a sophisticated instrumentation and experimental process. Overall the procedure is well written, but not without its difficulty to understand. However, the complementary video will likely lessen the confusion.

Major Concerns:
This reviewer has no major concerns with the protocol description, however this reviewer has the following comments.

-How are the authors ensuring there is similar levels of oxidation for each of their irradiated samples being compared? The variability for any giving peptide on a single protein under well controlled in vitro FPOP experiments can be challenging as it is. There is no discussion of the use of a dosimeter for this work, which appears to be gaining traction as a common practice for FPOP analysis.
· This is an excellent point and in sharing the reviewer’s concern, this is a challenge we are still working on. But right now, this is beyond the scope of this work.

-In this reviewer’s experience, vacuum drying peptides to complete dryness leads to variability in recovery and potentially effecting the % modification calculation, which is not addressed in the current workflow. How are the authors ensuring reproducible recovery of peptides?
· We thank the reviewer for their comment. Analyzing the whole cell lysate using LC-MS/MS there is always some extent of variability between peptides and proteins detected. This variation between two experiments is not well-understood but may be attributed to the cell-to-cell variability in protein expression. Therefore, all experiments run triplicates of each condition along with a biological replicate of the experiment. The effect of vacuum drying the peptides could be adding to the variability, but tests in simpler systems, like purified proteins, the peptide coverage between the triplicate runs are often very similar and reproducible after vacuum drying. Further tests in the effect of vacuum drying needs to be done using the whole cell lysate.   

-Proteomic analysis based on peptide identification has high false positive rates. How do the authors ensure accurate interpretation of the search engine data?
· Thank you for your concern, it is very important to ensure we remove all false positives in our search. To remove any peptides with high false positive rates we search all our peptides and FPOP modifications against a decoy database. If the false discovery rate was less than 1% we classify it as a high confidence peptide and if the false discovery rate was less than 5% we classify it as a medium confidence peptide. Step 7.4 in the protocol tells to search against a decoy database. 

This reviewer suggests that the authors address these potential areas of assay variability and data interpretation, or specifically indicate these have been addressed in previous work.

Minor Concerns:
-The authors indicate in the abstract that 19 of 20 AA can be modified but only how 17 in their table (which is not numbered, labeled or refer to in the text)
· We appreciate the reviewer’s comment. Although 19 out of the 20 amino acids can react with hydroxyl radicals, serine and threonine have lower reactivity compared to the other 17 amino acids, so we do not search for these modifications. I added this information to the data processing section (7.3 note).

-It is unclear to this reviewer how the author are representing their data in Fig 7 based on their description of the equation on line 265. Graphing "Extent of Modification" does not appear to fit this equation. Some numbers are less than 1 others look like percentages. Please address.
· We appreciate the reviewer’s observation. Figure 7A follows the equation on line 265 providing the “extent of modification” while Figure 7B comes from a modified figure from Guan et al. which is the percent extent of modification which multiples equation on line 265 by 100. The figure legend as well as the figure have been corrected to state percent modification. 

-It is unclear how the capillary is cut and the window is burned. The use of MicroSolve Window Maker (Cat# 07200-S) and Cleavage Tiles (Cat# 10101-T) are effective for ensuring consistent capillary preparations. If the authors are using other techniques, please explain and consider referring to these items as alternatives.
· Thank you for your suggestion to clarify the protocol. I added that we use a cleavage stone to cut the silica tubing (1.1 NOTE) and as well as using a lighter to burn the window (1.6).

-It would also be helpful if the " Name of the Material/Equipment" section was combined in a single table with the "company, catalog #, comments/description" section so that the audience does not have to match these themselves.
· Thank you for this suggestion. The PDF formatting has been corrected so all sections line up.



Reviewer #2:
Manuscript Summary:
The manuscript by Jones et al. describes in great detail the setup for fast photochemical oxidation of proteins in cells. The work certainly deserves a broad audience and will be of interest to many scientists. After revision, it should be published in JOVE.

Major Concerns:
- p.8/Fig.4: How was the imaging of sheath buffer vs cell suspension performed, i.e. which dyes were used and was the viscosity of the fluids unaltered compared to regular buffer and cell suspension?
· We appreciate the reviewer’s comment. Fluorophores were added to each solution. The sheath buffer was PBS with FITC while the cell and hydrogen peroxide mixture contained TMRM. The viscosity effect of the fluorophores is not significant. The fluorophore information was added to the representative results for clarification. 

- p.8: is it possible to recultivate cells after the shorter illumination but higher H2O2 concentration? Please briefly state for the non-expert reader why CELLROX imaging is indicative of non- detrimental consequences. How is this condition defined?
· We appreciate the reviewer’s comment. We have never attempted to recultivate the cells following IC-FPOP. Although the cells are viable before irradiation, I assume the cells lifetime is very limited following irradiation due to the extent of oxidation that not only modifies the protein but also lipids and DNA. The CellRox following IC-FPOP does show the cell remains intact so we can confidently say we modify the proteins in their native cellular environment. The representative results were edited to better convey the significance of the CellROX images. 

- p.8, l.284 ff: do you also observe labelled proteins from closed compartments, such as mitochondria, ER/Golgi/lysosomes? In other words, what are the limits in terms of H2O2 diffusion into cellular compartments? It is nevertheless exciting that nuclear proteins can be observed.
· We thank the reviewer for their question. We do observe proteins from several cellular compartments including closed compartments. The mentioned compartments (cytoplasm, membrane, and nucleus) show the highest number of proteins detected. Slight re-wording in the representative results has been made to state many of the cellular compartments show FPOP modifications.  

- References to previous work presented are mostly provided in figure legends, from the text this remains unclear. Please reference correctly.
· We appreciate the reviewer’s observation. The previous work is now properly referenced in the representative results.


Minor Concerns:
- abstract, l.34: FOR IC_FPOP - for not in capitals?
· We thank the reviewer for their observation. The capitalization has been corrected.

- p.4, l.93/94 - the reference to the 5 ml syringe is unclear. The authors only mention 500 µl syringes before.
· We appreciate the reviewer’s comment. A reference to the 5 mL syringe has been added earlier in the text (1.3).

- p.4, l.123 - introduce abbreviations of chemicals upon first use.
· We thank the reviewer for their observation. All chemicals mentioned have been written out upon first use.

- p.5, l.171-172: Vol% for water methanol mix?
· We appreciate the reviewer’s comment. On page 4, the mixture was corrected to 50 % water: 50 % methanol to indicate the mixture used. 

- p.7, l.228 - 0.1% formic acid in acetonitrile (B)?
· We thank the reviewer for their observation. On page 6, the sentence was corrected to 0.1% formic acid in acetonitrile.

- p.10, l.357/358: should read: "...extent of oxidation detected in MS of the intact protein." or sth alike.
· We thank the reviewer for their observation. The discussion section has been edited to remove this specific sentence.  

- units of y and x axes missing in Fig.4
· We thank the reviewer for their observation. The X and Y units on Figure 4B and 4C are now included.

- materials list: sometimes catalogue number is missing, e.g. for LC and MS equipment from Waters or Thermo Scientific. If catalogue numbers are not available, please provide the product name, just a brand is insufficient.
· We thank the reviewer for their observation. All materials with a catalogue number are now included. The materials without a catalogue number now states the product name in this section. 
Reviewer #3:
Manuscript Summary:
In this manuscript Chea et al., describe the experimental setup for performing in cell fast photochemical oxidation of proteins. The workflow presented here has been pioneered by the Jones lab and as a result they are best placed to write such a detailed protocol. I have no major concerns with the manuscript, and it should be published after minor revisions.

Major Concerns:
None

Minor Concerns:
*What factors determine the suitability of the Excimer laser for FPOP (Laser power etc)? How is the laser set up and is the beam focused? What is the size of the laser irradiation window in the authors' setup?
· Excimer laser can generate a fast pulse at 248 nm can photolyze hydrogen peroxide, but protein and water absorption are limited. The reference to the original FPOP paper is added to the introduction to provide further information on the suitability of the excimer laser for FPOP. We added the information of focusing the laser with the concave lens. The lens we use has been added to the materials list. We also have included the minimal laser energy needed for IC-FPOP. Also, the laser irradiation window in our setup is added in the note following protocol 1.9.

*Line 117. How is the exclusion fraction calculated?
· We thank the reviewer for their question. The calculation to determine the exclusion fraction or frequency have been added as a note below step 1.9.

*Line 152. Why is DMSO added to the quench?
· We appreciate the reviewer’s question. The addition of DMSO will inhibit endogenous methionine sulfoxide reductase. This information was added into the protocol. 

*Line 155, 139 and 149. Which buffer do the authors recommend to flush the system with, and for resuspending cells?
· We appreciate the reviewer’s comment. A note was added stating, “Typical buffers to use are cell culture grade DPBS or HBSS.”

*Line 208 - How are the samples dried?
· We appreciate the reviewer’s question. The following was added to describe how the samples dried, “by leaving the caps of the microcentrifuge open with a lint free wipe covering the top.”

*It may be useful for the reader for the authors to show extracted ion chromatograms in a figure.
· We thank the reviewer for the suggestion and have added extracted ion chromatograms to figure 4.

*In the discussion the authors state it is important to ensure cells are viable after peroxide incubation/laser irradiation. Do the stains used by the authors detect cell viability or cell integrity? I imagine the treated cells are not healthy. Does this matter?
· We appreciate the reviewer’s comment. To test various cells integrity following hydrogen peroxide incubation, we have used trypan blue staining which is a very common method for measuring cell viability. Once cells have been compromised the dye can penetrate the membrane. So, with this assay we can be confident the integrity of the cell is sustained, but we do not know how stressed the cell is. With such a quick incubation time we hypothesize there isn’t major effects on the proteins present in the cell, but there could be protein interaction changes taking place within signaling cascade of hydrogen peroxide. This could be a potential limitation with this method. The following was added to the discussion to cover this topic: “It is noteworthy that although the use of trypan blue to test cell viability shows the integrity of the cells are sustained following hydrogen peroxide incubation, the cells could potential be under stress effecting signaling pathways that interact with hydrogen peroxide. Fortunately, the short incubation time is faster than protein synthesis providing confidence the proteins present are not induced by hydrogen peroxide.”  

*Line 356. Is the effect of buffer-induced quenching substantially more than quenching by cellular factors?
· We thank the reviewer for their insightful comment. There are many endogenous species within the cell which will quench the hydroxyl radical, posing a good question, how much more would the buffer further quench the radical? To this point, we have attempted at increasing the number of FPOP modifications on proteins by increasing the radicals present, so we have always avoided radical quenching buffers. So, this question is beyond the scope of this paper but how big of an effect radical quenching buffers have on IC-FPOP could be tested.   

*It may be useful for the authors to add a discussion of how their IC-FPOP approach is complementary to other in-cell footprinting methods. This will add additional context to their work.
· We appreciate the reviewer’s comment. There are very limited studies to date that utilize footprinting methods in live cells, but multiple mass spec-based techniques are being developed to study protein structure and protein-ligand interactions. A reference to a review has been added along with another reviewer about using HRPF to probe macromolecular interactions in cells.
The manuscript should be thoroughly proofread prior to publication. I found numerous typographical errors when reading. Below is a list of the errors I found in the manuscript, but there may be others.
· We appreciate the reviewer’s corrections. All errors mentioned below have been corrected in the manuscript. 

*Line 34, FOR should not be capitalised
*Line 34, change passed to past
*Line 43, change alter to altering
*Line 44, change carried out to interrogated
*Line 50, change for to "an approach called" or something similar
*Line 58 change compartments to localisation
*Line 137, change scrapper to scraper
*Line 171, change 50 water:50 methanol to 50 % water: 50 % methanol
*Line 177, Full stop after Thermo Fisher Scientific.
*Line 184, Change 16 XG to 16,000 xg
*Line 203 and 214, Change "Next morning" to "The next morning"
*Line 208, Change After dried… to "After the samples have dried resuspend the protein pellet"
*Line 211, 1trypsin:50 sample. What do the authors mean? Is this a mass:mass ratio?
*Line 228, change can to ACN.
*Line 236, change ramp to ramping
*Line 239, Add "The" to the start of the sentence.
*Line 251, change "and the digest enzyme" to "and the relevant digest enzyme"
*Line 280, change shows to show
*Line 287, remove "to be"
*Line 297, remove adapted


Reviewer #4:
In general I find this to be a nicely detailed and clear protocol that describes how the structures of proteins in cells can be studied by a powerful new tool. Below I have several suggested changes to improve the clarity of the manuscript and to provide better rationale for how and why certain steps are conducted.

1. Is FOR fully capitalized in the abstract for some reason? Is this an acronym for something?
· We thank the reviewer for their observation. The capitalization has been corrected.
2. On page 2, the authors indicate in their NOTE that the 'silica' coating needs to be scraped away. To be clear, are they referring to the polyimide coating on the fused silica that needs to be scraped away? Please clarify.
· We thank the reviewer for their comment. The note is corrected to state the polyimide coating is what needs to be scraped away.

3. Does the type of syringe pump matter for the experiments or will any syringe pump work as long as it has room for 4 syringes?
· We appreciate the reviewer’s question. Any syringe pump that can hold at least 4, 5 mL syringes, withdraw and expel liquid, and have a way to stale the motor will work. This clarification is included in the material sheet.
4. For 1.9, it would be useful to show an example calculation.
· We thank the reviewer for their comment. The necessary equations have been added as a note under step 1.9.

5. Please define PBN and DMTU in 2.1.
· We thank the reviewer for the comment. Both PBN and DMTU have been defined when first mentioned.

6. For 3.3, if the cells are detached with trypsin-EDTA, does anything special beyond step 3.5 need to be done to remove trypsin or EDTA before MS analysis? If not, then the authors should add a note that step 3.5 helps remove trypsin.
· We thank for reviewer for their comment. Spin the cells down and removing the solvent also removed the trypsin-EDTA. This sentence now reads, “Spin down, remove the buffer and trypsin-EDTA, and resuspend to make 2e6 cells/mL.”
7. In 4.7, define RIPA.
· We thank the reviewer for their comment. RIPA is now defined in the text.
8. In 5.16, what is the purpose of quantifying the peptide concentration? Please explain.
· We thank the reviewer for the question. The peptide assay is a quality control step to ensure all samples for MS are at the same concentration.  This is clarified in step 5.17. 
9. In 7.2, the authors mention that only 1 missed cleavage site can be considered. What is the rationale for this? Is it to facilitate the database searching, or is it for other reasons?
· We appreciate the reviewer’s question. Having the mentioned limitations, including limiting to only 1 missed cleavage, is to facilitate the database searching.
10. At the beginning of the representative results section, the authors mention that H2O2 exposure time is limited to 3 seconds to minimize detrimental consequences for the cells. The second paragraph of this section describes how the authors check the 'stability' of the cells using imaging. By 'stability' I assume that they mean that the cells have not changed shaped or have not burst, but do they also check cell 'viability' to ensure that this H2O2 exposure time is not damaging/killing the cells? They mention that this is important in the Discussion section, but they do not describe how cell viability is checked beyond observing if cell shapes have changed. Please comment further on how viability is assessed. There are standard approaches for cell viability test, such as resazurin, crystal violet, or other assays.
· We appreciate the reviewer’s comment. To test various cells integrity following hydrogen peroxide incubation, we have used trypan blue staining which is a very common method for measuring cell viability. Once cells have been compromised the dye can penetrate the membrane. So, with this assay we can be confident the integrity of the cell is sustained, but we do not know how stressed the cell is. With such a quick incubation time we hypothesize there isn’t major effects on the proteins present in the cell, but there could be protein interaction changes taking place within signaling cascade of hydrogen peroxide. This could be a potential limitation with this method. The following was added to the discussion to cover this topic: “It is noteworthy that although the use of trypan blue to test cell viability shows the integrity of the cells are sustained following hydrogen peroxide incubation, the cells could potential be under stress effecting signaling pathways that interact with hydrogen peroxide. Fortunately, the short incubation time is faster than protein synthesis providing confidence the proteins present are not induced by hydrogen peroxide.” 

11. In the description of Figure 7, the authors use actin as an example. While not stated, I think the authors assume that actin in cells and actin in vitro are similarly solvent exposed. If this is their assumption, then it should be stated more explicitly.
· We appreciate the reviewer’s comment. We do believe actin will have similar solvent accessibility for both in-cell and in vitro studies. This is stated within the representative result section.
Reviewer #5:
Manuscript Summary:
The manuscript by Lisa Jones and her coworkers describes the technique of using a microflow system to perform in-cell fast photochemical oxidation of proteins (IC-FPOP), FPOP has been widely adopted in the field of protein footprinting as a useful tool to study protein conformation and interactions, and professor Jones' group pioneered effort that expands the FPOP application to living cells. The improved IC-FPOP technique with sheath buffer flowing alongside cells was communicated in 2016 in an publication on Analytical Chemistry, and this JoVE publication explained in detail about how the in-house built fluidics constructed, how the IC-FPOP experiment is performed, how the sample is prepared for LC-MS, how data analysis is done and how the results demonstrates the viability of the method.

Major Concerns:
From the 2016 Analytical Chemistry paper, the reviewer understands that the flow dynamics had an focusing feature, utilizing a tapered inner capillary and outer capillary, as well as higher flowrate of the sheath flow. Figure 4 seems to be identical to what was in the 2016 publication but it is not clear to the reviewer, in the text, if this feature is still implemented in this JoVE publication, if not, the reviewer would like to know the reason, if yes, please provide more information on the fluidics setup.
· We appreciate the reviewers concern. In the 2016 publication Figure 1 does show tapered capillaries to explain and show a typical way to hydrodynamically focus cells. The IC-FPOP experimental parameters as well as the backpressure limitations of the syringe pump and fittings did not allow for the central capillary to be tapered. Figure 4 shows that the cells were hydrodynamically focused by inserting the silica tubing containing the cells into the larger ID for irradiation and incorporating the two sheath buffers on either side. With the sheath buffers in the 5 mL syringe and the cells and hydrogen peroxide in the 500 µL syringe, the sheath buffer is flowing 10X faster than the cells. IC-FPOP Flow system is set up the same as the original 2016 paper. A clarification is added in the text in a note following step 1.5.  
The reviewer is also curious about the mixing efficiency of cell and H2O2 in the experiment, it seems that the flow dynamics of cell/H2O2 mixing stream is in the laminar flow space, similar to the center/sheath flow. If that is the case, what was done to ensure mixing is complete within the short time before cell/H2O2 stream reach the laser? Imaging evidence is welcomed as illustrated for the center/sheath flow.
· In sharing the reviewer’s concern, multiple tests were performed in the original 2016 publication to ensure the cells and hydrogen peroxide mix sufficiently. By including the mixing tee connecting, we successfully observed the mixture of two dyes representing the cells and hydrogen peroxide. Following this mixture, they both will flow together in the “Cells + H2O2” silica tubing. By testing multiple tubing lengths, we observe with longer incubation times more FPOP modifications are detected. Further testing needs to be done to find the optimal incubation time to get the best FPOP coverage.  

The reviewer found the data analysis which is a complicated task for this experiment (caused by number of proteins, number of modifications) worth more description and information, it would be helpful to attach the PD workflow with the publication and explain if manual validation is needed or one can solely rely on software.
· We thank the reviewer for their comment and share their concern. Data analysis is very complicated for any FPOP experiment be that in-cell or in vitro. This challenge of data analysis is now mentioned in the discussion section with a reference to the paper describing the quantitation strategy we use in PD. Also, a figure has been added (Figure 4) to show the PD workflow along with the modifications that are included in each search node.  
Minor Concerns:
The reviewer is confused about the Wren diagram in Figure 4 A, it is clear that 1391 proteins are found to be oxidized with the flow system whereas 105 are found for no flow system, however, it looks as if there is a population in the proteins detected with oxidation by the no flow system outside of the population of proteins by flow system. If that is the case, could you please provide both overlapping and outside numbers and explain the differentiation, if that is not the case, could you please modify the wren diagram to clear confusion.
· We thank the reviewer for their comment. Out of the 105 proteins modified with no flow, 58 proteins were detected with the flow while 47 proteins were not detected with the flow system. The variation between the proteins modified in the two experiments is not well-understood but may be attributed to the cell-to-cell variability in protein expression. The overlap of the proteins is now included in the figure legend. 
[bookmark: _GoBack]It would be helpful for align the mass range for Figure 6 A and B even if no higher mass fragments were observed.
· We thank the reviewer for their observation. The miss aligned spectra have been removed from the figure. 
