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Dear Dr. Vineeta Bajaj,

Thank you very much for reviewing our submission. We appreciate the comments from you as our editor and the four peer reviewers, as well as your suggestions during the revision. We have made revisions to strengthen the manuscript based on all the reviewers’ comments.

The point-by-point response is attached below.

Thank you very much for handling our submission.

Sincerely,

Andy High
Junmin Peng



Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.

Thank you for the reminder, we have carefully proofread and edited the manuscript to avoid spelling and grammar issues.

2. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section. Please use Calibri 12 points

We have formatted the manuscript according to the requirement.

3. Please provide an email address for each author.

The email addresses for all authors were added as suggested.

[bookmark: OLE_LINK82][bookmark: OLE_LINK83]4. Please rephrase the Short Abstract/Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Presented here is a protocol …”

We have changed the summary to meet the requirement.

5. Please ensure that the long Abstract is within 150-300-word limit and clearly states the goal of the protocol.

We have revised the abstract to meet the requirement.

6. JoVE cannot publish manuscripts containing commercial language. 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: Eppendorf, Bullet Blender, TMTpro, Ultra Micro Spin C18, C18 ZipTips, Q Exactive HF, JUMP software suite, Orbitrap, etc.

We have tried to avoid commercial words in the manuscript. For the mass spectrometer, it is important to mention the type of instrument we used because the parameter settings are different between instrument types. 

7. JoVE policy states that the video narrative is objective and not biased towards a particular product featured in the video. The goal of this policy is to focus on the science rather than to present a technique as an advertisement for a specific item. Please remove the words TMTpro from the title and the text and use generic term instead. Please also remain neutral in tone and do not use the words like robust, simple, efficient, etc.

TMTpro has been replaced with a generic term (i.e. 16-plex TMT or TMT16).

We have revised the text to make it more neutral in tone.

8. Unfortunately, there are a few sections of the manuscript that show significant overlap with previously published work. Though there may be a limited number of ways to describe a technique, please use original language throughout the manuscript. Please see lines: 95-96, 345-346, 403-407, 476-483, Section 7 of the protocol, 511-513, 522-524, 525-528.

We have modified these sections and the whole text to avoid the overlap with the previously reported paper.  We generated an iThenticate report that showed no significant overlap with any single source. 

9. 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.”

We have revised the protocol to make sure that all the text is written in the imperative tense as suggested.

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

We have removed “we”, “you”, and “our” from our protocol.

11. The Protocol should contain only action items that direct the reader to do something.

We have tried to use only action items in the protocol.

12. Please ensure you answer the “how” question, i.e., how is the step performed?

We have revised the protocol to make sure that it directs the reader how to perform each step.

13. Please ensure that individual steps of the protocol should only contain 2-3 actions sentences per step.

We have checked all the steps and divided the steps containing more than 3 actions into 2 steps.

14. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. Please highlight 2.75 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.

We have highlighted the filmable content as required.

15. 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].”

Thank you for the reminder. We did not use any previously published figures.

16. Please remove the embedded figure(s) from the manuscript. All figures should be uploaded separately to your Editorial Manager account. Each figure must be accompanied by a title and a description after the Representative Results of the manuscript text.

We have removed all the figures from the manuscript. The figure title and the description are retained after the Representative Results section in the manuscript.

17. 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

We have revised the discussion section accordingly.

18. Please upload each figure individually to your editorial manager account.

We have removed the figures from the manuscript and uploaded them separately.

19. Please remove trademark (™) and registered (®) symbols from the Table of Equipment and Materials and sort the table in alphabetical order.

The symbols have been removed from the text.

Reviewers' comments:
Reviewer #1:
Manuscript Summary:
The manuscript described an optimized method for 16-plex isobaric tandem mass tag (TMT) based large-scale proteomics. The manuscript is well prepared with each step well illustrated including tissue sample pretreatment, TMT labeling, LC-MS analysis and data processing. The protocol can potentially contribute to other researchers with a handful TMTpro method. However, there are a few minor problems needs to be addressed before the acceptance.

We appreciate the reviewer’s positive comments.

Minor Concerns:
1. The TMT 16-plex can be named as TMTpro or TMTpro16-plex, not TMT16.

Thank you for pointing this out. Editorial comments have instructed us to avoid any commercial words therefore we still use TMT16 in our test, but we state that the TMT16 refers to 16-plex TMT in the main text. 

2. Can the label efficiency step (section 3.2) and label ratio check step (section 3.3) be combined into one LC-MS run? How essential is a control run for the label efficiency check step? Will filtering out peptides with TMT labels and comparing with the total work?

Thank you for raising this important point. The labeling efficiency and sample pooling step cannot be combined into one LC-MS run. The control step is necessary to perform as it is important to ensure that all the samples are completely labeled before they are pooled together. In cases where samples are incompletely labeled they can be re-labeled with TMT reagents during the labeling efficiency step but not at the pooling stage.

[bookmark: OLE_LINK5][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12]3. Does lysC work well in 8M Urea? How was the digestion efficiency?

Yes, LysC works well in 8M Urea. We have performed several preliminary experiments to demonstrate that digestion efficiency was nearly 100%.

[bookmark: OLE_LINK23][bookmark: OLE_LINK24]4. DMSO is bad for LC, are the rotor seals or piston seals wear out with DMSO?

The reviewer is correct that DMSO is bad for LC and that the rotor seals and piston seals wear out with DMSO overtime. We overcome this problem by routine maintenance of the LC systems and this has worked well for us. We have shown that the low percentage of DMSO in our buffer system increases the number of peptides we can identify.

Reviewer #2:
Manuscript Summary:
Well written and clear. A useful methods article.

We thank reviewer for the complimentary remarks.

Major Concerns:
None

Minor Concerns:
[bookmark: OLE_LINK30][bookmark: OLE_LINK36]1. A few sections can be made more clear. In section 2.4.2 the desalting is done with an "ultra micro spin" column but in the table of materials this is listed as "C18ZipTips", which is confusing. Because there are multiple different desalting steps using different formats, it would be better to be explicit about which desalting device is being used (Millipore ZipTips, Waters SepPak, etc) at the different steps, and those should match the items in the table exactly.

[bookmark: OLE_LINK50][bookmark: OLE_LINK51]The binding capacity of the desalting material must match to the peptide amount to be desalted. We have tested the binding capacities of different desalting products and chose the best material according to the amount of peptides to be desalted. For example, in the digesting and labeling efficiency test in section 2.3 and 3.2, we only take ~1 μg of peptide sample for desalting and further LC-MS analysis. We chose the C18 ZipTips, that performs well for up to 3 μg of peptides according to our test. In desalting total digested peptides (~50μg) in step 2.4, we used the ultra-micro spin column, which can desalt up to 250μg of peptides. To make the protocol more clear, we have added the description for the desalting materials in the material table.

2. In Figure 4B the TMT11 Unique peptides number label is mis-formatted

Thank you for the detailed review. It has been modified.

3. It would be nice to see a demonstration or representative data for step 3.3, pooling the samples and adjusting the mixing ratios to achieve a uniform mixture across all of the samples. I thought this section was a little unclear.

For the sample pooling, we mix half of each sample in the first round and analyze by LC-MS/MS. According to the mean intensity of each channel in the mixture, we adjust the mixing by adding the remaining samples into the mixture. We then repeat the adjustment until all samples are equally mixed (variation <5%, usually need 2-3 rounds of adjustment). To make the procedure more clear, we have added a table to show representative data for this step.
[image: ]
Table 1: A representative data showing the process of sample pooling.

In step 5.2.1, is there a recommended volume or concentration to use for reconstituting the peptides immediately prior to analysis by LC/MS/MS?

Normally, we reconstitute peptides to a concentration of ~300 ng/uL and inject 2-3 uL sample for LC/MS/MS analysis.

Reviewer #3:
Manuscript Summary:
The manuscript by Zhen Wang and colleagues provides a fairly detailed protocol for 16-plex TMT proteomic analysis by MS/MS after 2-D reverse phase HPLC fractionation of samples. The method should be of interest to the proteomics community because the 2-D fractionation allows for very deep proteomic coverage (over 10,000 proteins), while reducing ratio compression which otherwise can be problematic for MS2 analysis, especially with 16-plex TMT. The method is compatible with widely available Q Exactive mass spectrometers, and does not require more expensive tribrid instrumentation as do other TMT workflows that attempt to address ratio compression. The novelty is minimal because the manuscript is a follow-up to a 2017 JoVE article by these authors, though this version introduces a few new tricks and specifically addresses a few issues specific to the TMT pro (16-plex) reagents. The beginning of the manuscript is clearly written, but the second half contains numerous grammatical mistakes that should be addressed. If several relatively minor issues are addressed, the article should be useful to many users of the relatively new 16-plex TMT reagents.

Major Concerns:
None

Minor Concerns:
[bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK58][bookmark: OLE_LINK52][bookmark: OLE_LINK53]1. Line 87- it should be mentioned that time of processing is especially important when analyzing labile posttranslational modifications, perhaps citing one of the early CPTAC papers that mention half-life of phosphorylation in tumor samples.

Thank you for the great suggestion. We have supplemented this point in the note.
“To reduce the impact of sample harvesting on the proteome, it is crucial to collect samples in minimal time at low temperature if possible1,2. This is especially important when analyzing posttranslational modifications as they typically are labile, for example some phosphorylation events only have few seconds of half-life3,4.”   

1. Eden, E.;  Geva-Zatorsky, N.;  Issaeva, I.;  Cohen, A.;  Dekel, E.;  Danon, T.;  Cohen, L.;  Mayo, A.; Alon, U., Proteome Half-Life Dynamics in Living Human Cells. Science 2011, 331 (6018), 764.
2. Hinkson, I. V.; Elias, J. E., The dynamic state of protein turnover: It's about time. Trends in Cell Biology 2011, 21 (5), 293-303.
3. Mertins, P. et al. Ischemia in Tumors Induces Early and Sustained Phosphorylation Changes in Stress Kinase Pathways but Does Not Affect Global Protein Levels. Molecular & Cellular Proteomics 2014 13 (7), 1690. 
4. Kleiman, L. B., Maiwald, T., Conzelmann, H., Lauffenburger, D. A. & Sorger, P. K. Rapid phospho-turnover by receptor tyrosine kinases impacts downstream signaling and drug binding. Molecular Cell 2011, 43 (5), 723-737,

2. Line 112: This is confusing. Authors should use w:w or v:v or something like "add 100 uL lysis buffer per 10 mg tissue". As is, 1:100 volume:weight is not correct, especially since 100uL of buffer would have a mass of about 100 mg assuming the same density as water for the lysis buffer.

We have changed this sentence to “add 100 uL lysis buffer per 10 mg tissue” as suggested.

3. line 172: I assume 50 uL is the final volume, this should be stated.

The reviewer is correct, we have added this statement.

4. line 250: Is the sample vortexed, or any other advice for resolubilization?

The peptides are easy to dissolve. We usually suspend the peptide in the solvent by vortexing several times. Ultrasonic dissolving is also suggested for resolubilization. We have added more details here about dissolving of peptides.
“Resuspend each desalted peptide sample in 50 μL of 50 mM HEPES (pH 8.5) by vortexing several times or ultrasonic dissolving.”

[bookmark: OLE_LINK61][bookmark: OLE_LINK62]5. line 285: What if the sample is not completely labeled? Should labeling be continued and if so, how? What is an acceptable level of labeling? Can incomplete labeling be corrected bioinformatically?

If labeling is not complete we add additional TMT reagents to label the remaining peptides and check the labelling efficiency again before quenching. In our analysis, we always make sure 100% labeling is achieved as unlabeled peptide will result in increased sample complexity which negatively affects the number of quantified peptides/proteins. In SILAC experiments, it is generally acceptable that the heavy amino acids be incorporated into >95% of the proteins for further quantitative experiment, as the quantification result can be represented from >95% of the specific peptides/proteins. This should be the case for chemical labeling strategies. Thus the near 100% labeling can be used for further bioinformatics analysis.

We have supplemented some steps for the situation that the sample is not completely labeled.
[bookmark: OLE_LINK63][bookmark: OLE_LINK64]“If the labeling is not completed, add additional TMT reagents to label the remaining peptides and check the label efficiency again before quenching.”

6. line 342: presumably this is a sample loop? If so please state this.

The reviewer is correct, it is the sample loop. We have added the statement.

[bookmark: OLE_LINK65][bookmark: OLE_LINK66]7. line 372: please elaborate on the concatenation approach or cite the original reference that describes this strategy in more detail (perhaps from the Gygi lab?).

We have added one note to explain the way to do the concatenation and its benefit.

“Note: The concatenation is performed by combining early, middle and late LC fractions eluted from the same time internals into a concatenated fraction. The concatenated fractions have little overlap in the first dimension of LC thus increase the efficient usage of elution window in the second dimension LC. In addition, through the several rounds of concatenation, the peptides can be evenly distributed across all the concatenated fractions. This approach has been demonstrated to increase the proteome coverage compared to that of an individual fraction,5,6.”

5. Wang, Y. et al. Reversed-phase chromatography with multiple fraction concatenation strategy for proteome profiling of human MCF10A cells. Proteomics 2011. 11 (10), 2019-2026.
6. Yang, F., Shen, Y., Camp, D. G., 2nd & Smith, R. D. High-pH reversed-phase chromatography with fraction concatenation for 2D proteomic analysis. Expert review of proteomics 2012. 9 (2), 129-134.

8. line 385: Why is 3% dimethyl sulfoxide added to the buffers?

According to the published reports and shown in our lab, the addition of DMSO to LC solvents enhances electrospray response and improves peptide/protein identification rates7,8. Thus the 3% DMSO is added in our LC solvents.

7. Hahne, H.;  Pachl, F.;  Ruprecht, B.;  Maier, S. K.;  Klaeger, S.;  Helm, D.;  Médard, G.;  Wilm, M.;  Lemeer, S.; Kuster, B., DMSO enhances electrospray response, boosting sensitivity of proteomic experiments. Nature Methods 2013, 10 (10), 989-991.
8. Meyer, J. G.; A. Komives, E., Charge State Coalescence During Electrospray Ionization Improves Peptide Identification by Tandem Mass Spectrometry. Journal of the American Society for Mass Spectrometry 2012, 23 (8), 1390-1399.

9. line 388: Why rat brain peptides?

The rat brain peptides are generated by digesting rat brain tissue sample in our lab for daily assessment of LC-MS/MS proteomic platforms. It is a complex sample, containing a broad range of peptide hydrophobicity with different retention times and MS responses that is ideal to assess LC-MS performance and suitability. After LC-MS/MS analysis of complex rat brain peptides, many crucial parameters, such as chromatographic peak shape, retention time shift, MS intensity and mass accuracy can be monitored over time.

10. line 413: Which reagent requires higher collision energy, or can this not be generalized?

According to our experimental results, TMT11-labeled peptides require slightly higher HCD collision energy than TMT16-labeled peptides (35% for TMT11, 32% for TMT16). As the optimal collision energy for a peptide depends on the mass-to-charge (m/z) and charge state of the precursor ion9, the peptides labeled with different chemical labeling tags are expected to have different optimal collision energies. For the same chemical labeling, the optimal NCE should be similar when the samples are analyzed in the same instrument.

9. Kelstrup, C. D. et al. Rapid and Deep Proteomes by Faster Sequencing on a Benchtop Quadrupole Ultra-High-Field Orbitrap Mass Spectrometer. Journal of Proteome Research 2014. 13 (12), 6187-6195.

[bookmark: OLE_LINK69][bookmark: OLE_LINK70]11. line 435: Why allow up to 2 missed cleavages when tryptic digestion is closely monitored during the sample prep stage?

We monitor the tryptic digestion step to make sure we achieve high digestion efficiency, but missed cleavage sites are frequently observed in some sequences which have successive lysine/arginine residues or acidic amino acids, aspartic and glutamic acids existing near the cleavage site. The setting of 2 maximal missed cleavages will help to identify these peptides.

12. line 547 and line 599: This is surprising, one would expect and I have read reports that there is more ratio suppression with TMT 16 reagents because the ratio of each individual channel to total sample is lower with 16-plex than 11-plex. Data should be shown or a paper cited if the authors want to claim that ratio compression is similar.

Ratio compression caused by co-eluted interfering ions have been a limitation of the isobaric labeling techniques for protein quantitation. Our previously published study using TMT11 methods show that ratio compression can be nearly eliminated by extensive LC pre-fractionation, optimized MS settings, and post-MS data correction strategy10. We used these strategies including pre-MS extensive fractionation (40 basic pH LC fractions), application of narrow isolation window (1 m/z) in the MS setting, and y1 ion correction in both TMT11 and TMT16 proteome analyses of the same samples. After examining the correlation curve of protein fold change between TMT11 and the TMT16 dataset, we found the slope was very close to 1, indicating that the ratio compression in TMT16 was not visibly higher than that in TMT11 under our experimental condition11. The consistent result was reported that the ratio compression has no difference when multiplexing level was increased from 11 to 1612. 
We have added more explanations to make it clearer.
 
10 Niu, M.;  Cho, J. H.;  Kodali, K.;  Pagala, V.;  High, A. A.;  Wang, H.;  Wu, Z.;  Li, Y.;  Bi, W.;  Zhang, H.;  Wang, X.;  Zou, W.; Peng, J., Extensive Peptide Fractionation and y1 Ion-Based Interference Detection Method for Enabling Accurate Quantification by Isobaric Labeling and Mass Spectrometry. Anal. Chem. 2017, 89 (5), 2956-2963.
11 Wang, Z.;  Yu, K.;  Tan, H.;  Wu, Z.;  Cho, J.-H.;  Han, X.;  Sun, H.;  Beach, T. G.; Peng, J., 27-Plex Tandem Mass Tag Mass Spectrometry for Profiling Brain Proteome in Alzheimer’s Disease. Anal Chem 2020, 92 (10), 7162-7170.
12 Li, J.;  Van Vranken, J. G.;  Pontano Vaites, L.;  Schweppe, D. K.;  Huttlin, E. L.;  Etienne, C.;  Nandhikonda, P.;  Viner, R.;  Robitaille, A. M.;  Thompson, A. H.;  Kuhn, K.;  Pike, I.;  Bomgarden, R. D.;  Rogers, J. C.;  Gygi, S. P.; Paulo, J. A., TMTpro reagents: a set of isobaric labeling mass tags enables simultaneous proteome-wide measurements across 16 samples. Nat. Methods 2020, 17 (4), 399-404.

13. Figure 4B: comma is misplaced in 136,806.

Thank you for the reminder, it have been corrected.

14. Line 573 should be "Proteins". There are other grammatical mistakes throughout, especially in the later parts of the manuscript.

Thank you for the detailed review. We have revised the whole text to avoid these mistakes. 

[bookmark: OLE_LINK71][bookmark: OLE_LINK72]15. line 575: state how many fractions are collected- I believe it is 160 here and 80 in the authors' previous JoVE article, if a range is allowed please state this.

The reviewer is correct that we collected 160 fractions and concatenated into 40 fractions. We have added more detailed statements to explain this. 

We did not use the concatenation method in the previous JoVE article.

16. What about an empty channel to correct for isotopic impurities in the TMT labels?

We have performed the impurity test individually before we start the TMT labeling experiment. The impurity correction is conducted in our JUMP pipeline according to the TMT reporter impurity information.

Reviewer #4:
Manuscript Summary:
The authors present a very detailed protocol for the new 16-plex tandem mass tag reagents, TMTpro. The protocol covers the full experimental workflow from sample lysis to data analysis. Sufficient detail is given in each step from cell/tissue lysis though enzymatic digestion and labelling, to data analysis based on MS2 quantitation. The authors bring special attention the steps that are unique or deviate from the manufacture's recommendation. These include quality control checks after certain steps in the experiment that tend to be problematic. Enough detail is included throughout the protocol to allow this to serve as a reference for both the novice and seasoned researcher. This manuscript has a good balance between showing the power of the technique while also pointing out its limitations.

Major Concerns:
none

Minor Concerns:
As stated, the TMT11 identified ~5% more proteins and 16% more peptides than the TMTPro, but there were more PSMs observed from the TMTPro sample. Perhaps the authors can comment on this, if it is a chromatographic issue and more peptides are being re-sampled outside the dynamic exclusion window or something else other than chance? 

During the LC-MS/MS analysis of TMTpro- and TMT11-labeled samples (40 fractions of each labeling), we analyzed one of the middle fractions first and adjusted the injection amount of other fractions according to the first run. During this process, we also monitored the MS signal and made some minor adjustments according to the previous run. When we finished all the runs, we found that we injected a higher number of peptides in some fractions for TMTpro analysis than TMT11. We speculate that this may be the reason that more PSMs were observed from the TMTPro sample.
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