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.
Response: We have proofread the manuscript. 
2. Please provide an email address for each author.
Response: Email addresses of co-authors were added after the corresponding author.
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 and Reagents.
For example: Corning, Falcon, Tissue Tearor tissue homogenizer (Biospec Products), (Eppendorf), (Thermo Fisher), (Millipore Sigma), Sepharose4 Fast Flow resin (Sigma Aldrich), Pierce spin columns (Thermo Fisher), Qiavac 24 Plus vacuum manifold (Qiagen), Promega, LoBind, etc.
Response: Commercial language has been removed.
4. Please include an ethics statement before the numbered protocol steps, indicating that the protocol follows the guidelines of your institution’s human/animal research ethics committee.
Response: We have included a statement as a note at the beginning of the protocol section to inform users that their samples must be collected ethically based on IACUC standards.
5. 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.”
Response: The protocol section has been revised such that it is written in the imperative tense.
6. The Protocol should contain only action items that direct the reader to do something.
Response: The protocol has been revised to contain only action items.
7. Please ensure that individual steps of the protocol should only contain 2-3 actions sentences per step.
Response: Protocol steps have been revised to reduce the number of actions per step.
8. Only one note can follow one step. In the JoVE Protocol format, “Notes” should be concise and used sparingly. They should only be used to provide extraneous details, optional steps, or recommendations that are not critical to a step. Any text that provides details about how to perform a particular step should either be included in the step itself or added as a sub-step. Please consider moving some of the notes about the protocol to the discussion section.
Response: The number of notes per step has been edited in accordance with this policy.
9. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed?
Response: Protocol steps have been edited to include more details to inform readers of how the procedure should be completed.
10. What kind of tissues/cells are used in the study? what is the origin of the tissues?
Response: An additional statement in the final paragraph of the introduction has been included to elaborate on the different sample types that have been investigated using this workflow. The associated citations can direct readers to a more in-depth explanation of their origins. This builds upon the findings described in the second to last paragraph of the introduction, which describes some findings from several applications of the workflow for different sample types and are also brought up again in the discussion. Additionally, the data presented in figure 2 demonstrates the application of the workflow for different sample types as well. The reader is directed to the origins of the data/sample via citations in the figure legend.
11. 6: For this step please include button clicks and knob turns to show how the step is performed.
Response: Depending on the make and model of an LC-MS/MS system, the “button clicks” and “knob turns” will vary. For this reason, we do not include a step by step procedure of this part of the protocol, but rather mention a few critical details of parameters that are necessary for a successful run. Users of this protocol that are unfamiliar with operation of an LC-MS/MS system should consult a trained LC-MS/MS operator on how to run their sample on the instrument. Additionally, we have included a citation with more details of the LC-MS/MS run that will guide an operator on how to run the instrument in a similar fashion as is done at our institution.
12. There is a 10-page limit for the Protocol, but there is a 3-page limit for filmable content. Please highlight 3 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.
Response: We have highlighted the part of the protocol that we think is necessary/essential content for readers to observe in the film.
13. 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].”
Response: The copyright permissions have been uploaded.  And the figure has been cited in the figure legend accordingly. 
14. As we are a methods journal, please ensure that the Discussion 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
Response: The content of discussion section addresses these points.
15. Please sort the materials table in alphabetical order.
Response: The table of materials has been re-sorted by alphabetical order.


____________________________________
Reviewers' comments:
Reviewer #1:
Manuscript Summary:
This is a protocol by Gaffrey et. al describing an RAC approach to assess thiol oxidation of proteins in both cell lines and tissue samples. The assay is coupled with quantitative redox proteomics and the outlined protocol allows not only identification of oxidized proteins but also to determine stoichiometry of oxidation. Given the physiological significance of protein oxidation, this protocol could be a valuable addition to JoVE library. However, some issues are needed to be addressed.

Major Concerns:
1. Currently, Thiopropyl Sepharose 6B resin has been discontinued by the manufacturer and the protocol for in-house synthesis has not been published. However, Activated Thiol-Sepharose® 4B is still commercially available (Sigma, T8512). It needs to be discussed if 4B resin can be used in the assay and if it is suitable, this needs to be validated experimentally.

Response: We indeed performed experiments where a side-by-side comparison of the binding capacity of Activated Thiol-Sepharose® 4B versus Thiopropyl Sepharose 6B resin was conducted.  The major caveat of 4B resin was the observed nearly five-fold decreased binding capacity based on the total amount of enriched peptides.  This information is noted in the revised text and provided in the supplemental information.

2. Other BST techniques employ more selective approach to thiol reduction to detect specific cysteine modifications. In this protocol, 20 mM DTT does not discriminate between many cysteine PTMs. In particular, DTT will likely cleave the thioester bond between cysteine and a fatty acid moiety. Do authors expect to detect S-palmitoylated proteins by this method as well? If yes, this needs to be discussed.

Response: Indeed, different types of modifications can be selectively reduced by different reductants (as reported in our previous manuscripts).  In this case, DTT is used as a general reductant for reducing and enriching all reversible oxidative modifications within a sample.  If other types of modifications, including S-palmitoylation, are of interest, different reductive strategies can be applied using a similar protocol. 
Minor Concerns:
1. 165-166 Please specify the centrifugal force (x g)
Response: The centrifugal force has been included in the text.
2. 170 Please explain why acetone is added (i.g. to precipitate the protein)
Response: An explanation of acetone usage has been included in the protocol.
3. 174 Please note that pellets are being washed not just "samples"
Response: The word usage has been corrected.
4. 177 Please specify "briefly".
Response: We have elaborated on the length of time for drying the pellet
5. 177 For frequently used buffers, names can be designated (for example Buffer A or resuspension buffer).
Response: We have included designations where possible.
6. 178 What are sonication conditions?
Response: We have included sonication conditions where they are necessary.
7. 182 Please explain the purpose of the step, i.e. is it concentration, purification etc.
Response: We have elaborated on the purpose of this step in our revision and find it important for standardizing all samples before moving on to the next step in the protocol.
8. 187 Please specify the concentrations of stock DTT. What is the recommended final volume? How much DTT would you add based on the provided example (500 ul)?
Response: We have included the stock DTT molarity info in the revised manuscript.
9. 232 What is recommended elution procedure/buffer?
Response:  Elution must be performed with 2 aliquots of 100 µl of 100 mM ammonium bicarbonate buffer; pH 8.0 containing 20 mM DTT followed by one aliquot of 80% acetonitrile with 0.1% TFA as described in step 4.


Reviewer #2:
Manuscript Summary:
The manuscript "Resin Assisted Capture Coupled with Isobaric Tandem Mass Tag Labeling for Multiplexed Quantification of Protein Thiol Oxidation" is a detailed description of the experimental procedures to perform the quantitative thiol redox proteomics analysis according to the already published method based on the resin assisted capture (RAC) published in 2014 by the same authors.
The manuscript is well written and sufficient details are furnished to reproduce the workflow. However, some improvement still can be performed.

Major Concerns:
1) It is not clear enough how the total thiol sample is produced. Are the protein extracts obtained from the same cell dish of the oxidized thiol sample? If not, the total thiol sample is not the same of the oxidized thiols thus what is calculated is not the real stoichiometry of the sample. Similarly, how does the protocol work for tissues? Two different tissues of the same experimental condition could be very different.
Response:  The total thiol sample is a representation of all the cysteine thiols of any given biological system or specific sample type (e.g. cell line, heart tissue, skeletal muscle) regardless of any treatment or physiological perturbance.  The total thiol sample is generated by omitting N-Ethylmaleimde (NEM) from the lysis buffer constituents and leaving all thiols in that sample un-blocked/alkylated.  In the case of a cell line or cell culture a separate sample can be used to represent the total thiol content of all the samples as all samples will have the same total thiol profile regardless of treatment or perturbance.  For whole tissues or studies where true biological replicates are used (e.g. human, animal, etc.) the total thiol sample is generated by combining aliquots from a homogenous mixture of minced tissue from each sample prior to homogenization/lysis to mitigate biological variability between samples.

2) I think that the data mining process is part of the workflow and it is missing. The manuscript will be dramatically improved if supplemented with this section. In particular the authors should pay attention to how the ratios of the peptides carrying more than one cysteine in different redox states (NEM and IAA alkylated) are treated. In this case the partially modified peptide (1 NEM /1 IAA) and its fully DTT reduced form (IAA/IAA) have not the same mass and thus the TMT quantification of the site occupancy is not possible. How redundant data coming from the ratios of the peptides carrying the same cysteine but with different modifications (methionine oxidation, deamidation…) or with different trypsin miss cleavages are treated.
Response: The purpose of this manuscript was to provide an update and visual demonstration of the RAC method. We agree that data analysis will be important, and we anticipate releasing a more detailed description of the data analysis procedure in a future publication. To address this reviewer’s concern here, in the note that follows the last step in the protocol, we provide citations of our previous works that contain more information about how analysis can be completed. To address the reviewer’s concern about a cysteine site in different redox states, we perform our analysis using parameters that treat IAA and NEM as dynamic modifications, which allows us to quantify and compare the different states of the site. 

3) The authors correctly highlight the underestimated challenge of the reduced thiol saturation. However, they didn't furnish sufficient evidences that 100 mM of NEM can saturate reduced thiols neither in this manuscript and in the previous paper. An example of reduced thiol saturation test in literature was showed by Shakir et al. in Anal Bioanal Chem. 2017 Jun;409(15):3821-3830. doi: 10.1007/s00216-017-0326-6. I think that a such kind of control is necessary in any thiol redox proteomics workflow.
Response:  We appreciated the reviewer’s comment on this important blocking step.  We have demonstrated nearly complete blocking of all free thiols by using 100 mM NEM concentration in our previous work. The excessive amount of NEM plus its rapid reactivity to alkylate thiols should be sufficiently alkylated/blocked.  Examples include nearly no signal in the untreated channel after blocking (Figure 3a, Guo et al, Nat. Protocols, 2014); and very little signals in pre-Ascorbate treatment channels (Figure 4A, Su. et al., FRBM, 2013), confirming the efficient blocking of free thiols by NEM. 
We also agree that this will be a good control to be included to make sure the efficient blocking.  

Paulech J, Solis N, Cordwell SJ. Characterization of reaction conditions providing rapid and specific cysteine alkylation for peptide-based mass spectrometry. Biochim Biophys Acta. 2013 Jan;1834(1):372-9. doi: 10.1016/j.bbapap.2012.08.002. Epub 2012 Aug 15. PMID: 22910378.
Guo J, Gaffrey MJ, Su D, Liu T, Camp DG 2nd, Smith RD, Qian WJ. Resin-assisted enrichment of thiols as a general strategy for proteomic profiling of cysteine-based reversible modifications. Nat Protoc. 2014 Jan;9(1):64-75. doi: 10.1038/nprot.2013.161
Su D, Shukla AK, Chen B, Kim JS, Nakayasu E, Qu Y, Aryal U, Weitz K, Clauss TR, Monroe ME, Camp DG 2nd, Bigelow DJ, Smith RD, Kulkarni RN, Qian WJ. Quantitative site-specific reactivity profiling of S-nitrosylation in mouse skeletal muscle using cysteinyl peptide enrichment coupled with mass spectrometry.  Free Radic Biol Med. 2013 Apr;57:68-78. doi: 10.1016/j.freeradbiomed.2012.12.010. Epub 2012 Dec 28.

Minor Concerns:
1) Reduced thiol alkylation with NEM is performed at pH 6 while oxidized thiol alkylation with IAA is performed at pH 8. Despite NEM can react with thiols also at pH lower than 7, thiol reactivity is strongly influenced by the pH and reduced thiols could not be alkylated by NEM at pH 6 while alkylated by IAA at pH 8 generating false positives. This different reactivity could be enhanced by the fact that reduced thiols are alkylated at protein level, and thus partially buried, while oxidized thiols are alkylated at peptide level, and thus more accessible. Authors should discuss about this point.
Response:  During the lysis and homogenization steps pH 6.0 is maintained to mitigate disulfide shuffling/exchange between intramolecular disulfides.  Sodium dodecyl sulfate is added to assist in denaturization of proteins in addition to an incubation at 55°C for further denaturization of protein and complete alkylation, as observed in our mass spectrometry data.  Alkylation of free thiols must be performed immediately to inhibit further oxidation during processing and enrichment of artificially oxidized thiols, therefore initial alkylation is required at the protein level.  The second alkylation performed with IAA is done after enrichment and elution and is solely for analytical purposes. There are several studies displaying the broad range of pH in which NEM can react with little effect when pH is less than 7.0 is used.  Alkylation reactions using iodoacetamide are commonly carried out at pH 8.0.
Bednar, R. A. (1990). Reactivity and pH dependence of thiol conjugation to N-ethylmaleimide: detection of a conformational change in chalcone isomerase. Biochemistry, 29(15), 3684-3690. doi:10.1021/bi00467a014
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Suttapitugsakul S, Xiao H, Smeekens J, Wu R. Evaluation and optimization of reduction and alkylation methods to maximize peptide identification with MS-based proteomics. Mol Biosyst. 2017;13(12):2574-2582. doi:10.1039/c7mb00393e

2) I agree with the authors that the calculation of the site occupancy is more informative than the fold changes for the quantification of PTMs. However, my opinion is that proteomics analysis of the PTMs is incomplete if the PTM quantification is not associated to the quantification of the protein level. For example, a decrease of the thiol oxidation occupancy could be the result of an increased biosynthesis of the protein reduced form instead of an oxidation/reduction event. This observation has an important impact on data interpretation. Performing the thiol enrichment at protein level, RAC approach avoids protein level quantification. Other methods such the OxiTMT strategy mentioned above (Shakir S. et al. ) overcome this issue with an approach very similar to the here presented RAC. It would be very useful for the readers to learn about this aspect in the introduction.
Response: We introduced the OxiTMT method in our revision and found it more appropriate in the discussion section. We mention it as another method that also emphasizes the importance of including a sample that represents the “baseline” of all thiol present in a sample to be able to make the necessary percent oxidation calculations.

3) I think that authors are too optimist considering SDS PAGE more resolutive than mass spectrometry to study thiol oxidations. The validation of thiol oxidations is, at my opinion, one of the most difficult challenges of this field. Many reversible oxidations could not affect the protein electrophoretic mobility (in monodimensional SDS PAGE) and thus be not detectable. The oxidation of one cysteine in protein with a high number of this residue could have negligible effects. The use of MalPEG alkylating agent was introduced to improve the SDS separations between oxidized and reduced protein forms and to estimate the number of oxidized cysteines. However also this approach is very difficult to reproduce with contrasting results. It will be more useful to inform the readers about the challenge in the validation of the thiol redox proteomics data
Response: To clarify, our viewpoint is that mass spectrometry is the ideal method for studying thiol oxidation. However, SDS-PAGE can be used as an orthogonal method to evaluate broad changes in thiol oxidation in response to a perturbation or exposure to an oxidant (such as diamide, a shown in Figure 2A). We have changed our wording in the representative results section to avoid confusion with the readers. We thank this reviewer for raising the concern about validation of data and have added several sentences towards the end of our discussion to make readers aware of this challenge.
