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May. 10th, 2021
Dr. Vineeta Bajaj, Review Editor
Journal of Visualized Experiments
RE: revision of Manuscript JoVE62672

Dear Dr. Bajaj
or to whom it may concern,

[bookmark: _GoBack]Thank you very much for giving us the opportunity to revise our manuscript JoVE62672 (titled “Capillary Electrophoresis-based hydrogen/deuterium exchange for conformational characterization of proteins with top-down mass spectrometry”). We also thank the reviewers for their very constructive and helpful comments. We have carefully revised the manuscript in accordance with reviewers’ comments and suggestions. A tracked changes version of the manuscript was uploaded. Provided below is a detailed point-by-point response to the reviewers’ comments and concerns.
We hope that this revised version of our manuscript measures up to the high standards of JoVE. Thank you very much. 
Sincerely,
Guanbo Wang


DETAILED POINT BY POINT RESPONSE
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.
· We have thoroughly proofread the revised manuscript.

2. Please provide an email address for each author.
· [bookmark: _Hlk71386396]Email addresses of all authors have been listed on the cover page of the manuscript file.

3. 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
· The manuscript file has been hereby reformatted.

[bookmark: _Hlk71386524]4. Please include a Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Presented here is a protocol …”
· The summary has been included in the manuscript file.

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

6. 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 prepared the protocol section following the instruction.

7. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets, alphabets, or dashes.
· We followed the instruction when numbering the steps.

8. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? This can be done by including mechanical actions, button clicks in the software, knob turns in the instrument, command lines, etc.
· We added more details in several protocol steps.

9. 1.1.3: How do you infuse the organic solvent. Flow rate if any?
· 1.1.3 has been updated with these details (infused with the autosampler of the CE instrument, at the specified infusion pressure).

10. 1.2: Please include volume/concentrations/compositions of the solutions used in your experiment.
· 1.2 has been updated with these details (infused with the autosampler of the CE instrument, at the specified infusion pressure).

11. 1.3: Please include details on the protein samples.
· Details of protein samples have been included in the NOTE following 1.3.

12. 2.1.1: Please include how this is done.
· More details have been included in 2.1.1.

13. 2.3: Please include button clicks wherever applicable.
· Sufficient details have been included in 2.3. Since the instrumental design varies among different models of CE instruments, we provided detailed descriptions of operations rather than specific button clicks.

14. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections. Please simplify the Protocol so that individual steps contain only 2-3 actions per step.
· We simplified the protocol, and shortened the occasionally long paragraphs.

15. 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 identify 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 essential steps of the protocol that should be filmed (a bit shorter than 3 pages).

16. Calculation steps cannot be filmed.
· We are aware of that.

17. Please ensure the results are described in the context of the presented technique. e.g., how do these results show the technique, suggestions about how to analyze the outcome, etc. Data from both successful and sub-optimal experiments can be included.
· We double-checked the results included the manuscript and believe they can convey the expected information.

18. Please include a title and a description of each figure and/or table. All figures and/or tables showing data must include measurement definitions, scale bars, and error bars (if applicable). Please include all the Figure Legends together at the end of the Representative Results in the manuscript text.
· We moved the Figure Legends (which were previously prepared following the instruction) to the end of the Representative Results.

19. 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 reduced the number of paragraphs in Discussion to 5. The listed aspects care covered in the Discussion.

20. All figures should be uploaded separately to your Editorial Manager account with panels combined into a single image file.
· The figure files to be uploaded were prepared following the instruction.

[bookmark: _Hlk71393436]21. 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].”
· Figure 2 of this manuscript is adapted from a previously published version. We have obtained the permission and have uploaded it.

Reviewer 1
The manuscript is overall well-written and describes a protocol that is relevant to many future users as methods in MS are moving more and more towards top-down approaches. A few minor points are listed below that should be addressed prior to publication acceptance.
· We are very grateful for the reviewer’s comments. They are very helpful for improving this manuscript and the follow-up studies. 

Minor Concerns:
l.32 modification
l.46-54 - slight English editing required
l.75 - that may interfere with MS analysis.
l.82 an ultrasonicator
l.86 for ~10-15 min.
l.89 specify which portion
l.167 ~3-5 kV
l.303 required
l.310 of these variants
l.323 undergo
· We corrected these typos and rewrote the paragraph in Line 46-54. 

[bookmark: _Hlk71412921]Reviewer 2
Comments:
The manuscript by Guanbo Wang and coworkers described an innovative CE-based HDX-MS approach. In this method, labeling of proteins was carried out during migration through deuterated BGE solution, at the same time, different proteins or different conformers of one protein were being separated, when proteins reached the interface, quenching and ionization were performed in an on-line fashion and MS analysis was executed immediately with intact analysis giving global D uptake and to-down experiment giving local level information. This JoVE manuscript has explained in detail how the apparatus was constructed, how the experiment was performed, and how the results were analyzed.

Major Concerns:
The reviewer agrees that this method provides a means to probe the higher order structure of proteins by on-line CE-based HDX and mass spectrometry. Perhaps it would be helpful to dedicate more discussion toward the quenching and back exchange at the end of the CE separation. The reviewer is curious about the mixing efficiency and subsequently, the time protein samples spent with modifier solution before MS analysis. Such discussion could be critical in understanding how much of side-chain deuterium and fast-exchanging backbone deuterium were retained and detected by MS analysis.
· We are very grateful for the reviewer’s comments. They are very helpful for improving this manuscript and the follow-up studies. 
· The characteristics of modifier mixing at the outlet of the CE-MS interface has been investigated in a previous study1. We added a paragraph to discuss on this topic in the Discussion section.

Also, the reviewer is also wondering how the migration time difference should be taken into consideration when comparing D uptake or protection. For example, it took Ub more migration time than Mb, Ub had more D uptake which could be explained by a more unprotected conformation. However, the higher extent of deuterium exchange could also be resulted from longer exchange time with BGE. How should the data be analyzed to correct for the longer exchange time?
· We updated Figure 3 by making new Panel C and Panel D, which we believe can present the data in a more reader-friendly way.
· [bookmark: _Hlk71757844]As illustrated in Figure 3C, the difference in migration time between two species can be adjusted by changing the BGE infusion pressure. As illustrated in Figure 3D, significant differences in deuteration level (vertical scale) can be observed at slight migration time differences (horizontal scale). At the HDX time scale of minutes, the deuteration difference should primarily reflect the differing exchange extents at the structurally protected sites, instead of the fast-exchangeable sites. According to the trend of the deuteration-time functions shown by either protein species, the migration time difference is unlikely to be the major contributor to the deuteration difference. Correction for the deuteration difference introduced by the migration time difference can be made via a curve fitted for the data of deuteration level vs. HDX time (Figure 3D). 
· [bookmark: _Hlk71758286]In differential CE-HDX of holo- and apo-myoglobin reported in our previous article (Anal Chem 2019)2, the earlier eluted apo-Mb shows a higher deuteration level than holo-Mb, clearly suggesting that the conformational difference is the major factor determining the measured deuteration difference.
· We added the discussion on this topic in the Representative Results section.

Finally, Z29 ion demonstrated bi-modal distribution in its isotopic pattern, could it be an experimental artifact or real conformers that were still mixed together despite CE separation? It would help to discuss briefly.
· [bookmark: _Hlk71499742]Since the cleavage site responsible for z-29 ion is within the enclosing region of the disulfide bond Cys82-Cys176, the appearance of the isotopic pattern of the z-29 ions is compromised by the low signal intensity of z-29 ions. Here we intend to show that (1) disulfide formation can compromise the data quality in direct top-down analysis; (2) even without prior reduction, fragments that were formerly enclosed by disulfide bonds can still be produced in direct top-down MS analysis, as we previously reported3. Several disulfide reduction approaches4-7 can be used to solve this problem; but they may be beyond the scope of this protocol.
· Following the reviewer’s suggestion, we added the discussion on this topic in the Representative Results section.

Minor Concerns:
The reviewer would recommend authors to conduct a proof-reading and harmonize the terms used throughout the manuscript. For example, both "HDX MS" and "HDX-MS" were used in various context. For another example, there were multiple terms used for to describe the same parameter: "back pressure", "backpressure" and "pressure".
· We removed all hyphens between HDX and MS.
· We realized “back pressure” or “backpressure” are improper terms in the Protocol section; we changed them to “infusion pressure”. However, the “backpressure” mentioned in the third paragraph of the Discussion section is retained because it refers to the resistance opposing the desired flow of fluid through the capillary, rather than the infusion pressure of BGE.

Reviewer 3
Comments:
The manuscript presents protocol for a CE based HDX approach coupled with top-down mass spectrometry analysis. The topic is novel. The protocol is straightforward to follow. Therefore, my recommendation is to accept the manuscript. But I would suggest some further edits for potential improvement: 
1. The steps for performing a pilot MS measurement using a nanoESI source are not crystal clear. For example, it's not clear what MS parameters needs tune or optimization. Is it possible to share the detailed MS method parameters including desolvation, mass selection, fragmentation, etc. in the manuscript as reference? 
· We are very grateful for the reviewer’s comments. They are very helpful for improving this manuscript and the follow-up studies. 
· We included more details in Step 2.1.1. The optimal values of MS parameters are protein-specific; we cited several previously published reports as the reference for exemplary settings2-3.

2. For the data analysis step 3.2.3, the description is a little bit vague. Does manual data interpretation is needed or the data analysis/fragment ion identification fully automated by softwares such as Biopharma Finder, Prosight, or MASH Suite? Thanks!
· We used the commercial top-down MS software to identify the fragment ions; however, at present, none of them can be used to automatically deduce reliable HDX data. We used a semi-automated approach (with a lab-made program in combination with Origin Pro) to analyze the masses of deuterated fragment ions, and are making effort to develop an automated program. We plan to report our program in a separate research article following further development of it.

Minor Concerns:
It's not a concern. But I am wondering if other top down fragmentation methodologies such as UVPD, EtHCD are considered. Are those top-down methods out of the scope for discussion? ETD and ECD are only two out of many top-down methods.
· It has been reported that hydrogen scrambling (rearrangement of deuterium labels) is associated with collision-activation involving events; and ETD and ECD are the only two fragmentation methods that have been demonstrated to minimize hydrogen scrambling. It remains to be further investigated whether EThcD or UVPD can be used to generate reliable top-down HDX data. We decided to leave the discussion on this topic outside the scope of this manuscript because a lengthy paragraph may be needed to explain the hydrogen scrambling phenomenon and the effect of other fragmentation techniques on it. And we will make effort to assess the applicability of other fragmentation techniques in our follow-up studies.
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