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Dr. Vineeta Bajaj
JoVE, Review Editor

Dear Dr. Bajaj;

We appreciate your valuable comments on our manuscript. We have tried to address all your comments and those from two reviewers. We would like to answer them as below. In addition, Hiroshi Tanihata takes part in this manuscript as a co-author because he contributes to the revised manuscript in terms of instrumentation part.

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. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.
We have gone through native English check to ensure that there are no typos and grammatical errors.

2. Please reword the title to be crisp and avoid any usage of punctuations. Moreover the protocol describes sample preparation for PESI-MS and not the MS technique per se.
We have revised the title to reflect the real contents of paper.

3. Please define all abbreviations during the first-time use.
As far as we are concerned, we have done as suggested.

4. 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.
We have deleted them from the text and summarized in the Table of Materials and Reagents.

5. Please include an ethics statement before your numbered protocol steps, indicating that the protocol follows the animal care guidelines of your institution.
We have included them as suggested. Line 131-138.

6. Please ensure 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 or dashes.
We followed the advice.

7. Please leave a single line space between each step, substep, note and caution in the protocol section.
We have revised the text as suggested.

8. 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.” However, notes should be concise and used sparingly.
As far as we are concerned, we have done as suggested.

9. The Protocol should contain only action items that direct the reader to do something.
We have revised the text as suggested.

10. 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.
As far as we are concerned, we have done as suggested.

11. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed?
We have revised the text accordingly.

12. 1.1: Need an explanation of what DPiMS is? The entire introduction is about PESI-MES. Are both the same? Please use generic term throughout. At what temperature do you perform this step? Do you let the sample come to room temperature? Do you wash the sample before or after punching? With what? How do you take care of unwanted contamination? Please provide all the details.
Since it is a commercial name, we have substituted it with a generic term. Furthermore, we have added the details requested by Editor.

13. 1.2, 1.3, 1.5: How is this done? Do you perform any button clicks in the associated software? Do you perform any knob turns in the machine? Please provide all specific details.
We have revised these points to make the statements clearer to the readership. Line 165-181.

14. 1.7: Need more details on the analysis part. For all the software steps, please provide graphical user interface, button clicks etc. If using scripts, please provide the codes as supplemental file.
We have added newly prepared Fig. 3 to show the steps for the analysis. Line 206-224. As this procedure is common to other protocols, we have added those statements to others.

15. 2.1: Temperature and speed for centrifugation?
We have added the required information. Line 244.

16. 2.5: CPiMS-2020: need an explantion for the same.
Since it is a commercial name, we have deleted it and substituted with a generic term.

17. 2.5-2.8: Please explain all specific details. How is this done?
We have added several steps so as to articulate the procedure. Line 248-256.

18. 3.1: Sex, age and strain of the mice used? 100 microliters or do you inject with respect to the weight? Also how is this performed.
We have added these parameters. Line 286-288.

19. 3.2: Do you check the depth of anesthesia before proceeding further? If yes how?
We have added a phrase to explain the criteria for assessing depth of anesthesia. Line 290-292.

20. 3.4-3.6: need more details and how is this done.
We have added several phrases to show explicitly the information needed. Line 308-317.

21. 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.
Protocol 2 would be appropriate as a filmable material.

22. Please do not number the representative result section. Please use paragraph style for the same.
We have revised this point to meet the editor’s request.

23. Please ensure that the figures are referenced in the order of the numbering in the manuscript. Please discuss all figures in the Representative Results. However, for figures showing the experimental set-up, please reference them in the Protocol.
We have revised this point to meet the editor’s request.

24. 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 the figures have been newly prepared for this submission. Therefore, there is no need to obtain copyright permission.

25. As we are a methods journal, 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
We have re-written the discussion section to address these points. Line 430-497.

26. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage, (YEAR).] For more than 6 authors, list only the first author then et al. Please do not abbreviate the journal title.
We have revised the reference list according to your suggestion.

27. Please revise the table of the essential supplies, reagents, and equipment. The table should include the name, company, and catalog number of all relevant materials in separate columns in an xls/xlsx file.
Table of supply has been revised according to the suggestion.
 

Reviewers' comments:
We thank both reviewers to give us valuable comments that improved the clarity and readability of this manuscript. We answer those verbatim comments one by one as follows. 

Reviewer #1:

Major Concerns:

The title of the manuscript is a bit misleading as the majority of the protocol discusses analysis ex vivo and the title should be adapted to reflect that fact.
The title has been changed to reflect the contents of this manuscript.

Some of the statements are not clear and require additional explanation or rephrasing so that the meaning is easily understood. Specific to that point, the following sections were not clear: (1) the authors strongly emphasize the fact that PESI is resistant to ion suppression yet, the authors state that nearly everything is ionized. So why would it be that the biological molecules are ionized but not salts that cause interference (as the authors note about the RNA preservation solutions). In general, the protocol will be more useful by removing some of the discussion of the low ion suppression effects as it is distracting. (2) The meaning of "the needle tip acts as a chromatogram…" is not clear. (3) The advantage of "the discontinuity in the ionization process" is not clear.
We are afraid that the first version of this manuscript suffers from some inconsistent expression, especially, as this reviewer has suggested in (1), on the description relating to the lower ion suppression effect. We have deleted those parts and rephrased with more pertinent manner. Other two points have been also addressed to answer the reviewer’s comments. Line 92-109.

The ethical considerations for in vivo studies should be mentioned in greater detail.
We have added phrases explaining the ethical considerations in the time when the experiments have been performed. Line 131-138 and Line 275-279.

The homogenization process is not clear - is the probe used for homogenization the same as for ionization? The associated figure shows a pestal-like object being used in a microtube.
We have revised the text to make it consistent with the associated figure. While we initially took a strategy to homogenize the solid sample by the needle, we optimized the system to the procedure as depicted in Fig.1. Line 172-179.

Additional information on the various parameters and settings (depth, frequency of oscillation, voltages, etc) are not mentioned making the experiment difficult to impossible to reproduce. The authors mention that depth is hard to set for the in vivo experiments - do the authors have any expert advice?
We have revisited those points and revised the text accordingly. Line 304-306. 

The figures and in-text references to those figures do not match.
We have corrected mismatching between the in-text references and figures.

The authors should include more information than the few lines 310-315 about data processing and analysis. Are there recommended softwares? Is the data supposed to be manually processed or can it be automated? Do the authors have any suggests regarding sharing of mass spectrometry data as is common in the sequencing community?
We have added new Fig.3 to show the procedure to carry out the data processing. Line 206-229.

The spectra in the figures. Are they averages or single scans? The authors should mention such a detail as well as how consistent the spectra should be such that people reproducing the protocol can troubleshoot their own data.
They are averaged spectra. We have added the required information to the revised manuscript. Line 218-221.

There are aspects of the discussion that belong in the introduction - such as the discussion of REIMS. Additional methods of direct ionization have also been reported and should be mentioned - a quick literature search resulted in the MasSpec pen (10.1126/scitranslmed.aan3968) , flow probe, ionization from swabs (10.1016/j.aca.2015.01.008). The authors claim are reasonable; however, discussion about the improvements to ion suppression are a bit overdone.
We have rearranged both introduction and discussion section to make it more reasonable in terms of ionization property. Line 68-87.

Minor Concerns:

A statement about analysis being in vitro or in vivo in each subsection of the protocol would make it clearer.
We have revised each section to convey the messages more explicitly.

The mass range is reported as 0 to 2000, as well as 1 to 2000, and in both cases the lower m/z is really defined by the mass spectrometer not the ionization source - a comment to regarding that should be added.
As suggested by reviewer, it is due to the property of mass spectrometer. While m/z 1 to 2,000 is a real value, we have deleted this sentence because it is contextually inappropriate to mention it here.

The authors do not recommend flash freezing in liquid nitrogen.
We recommend immediate freezing by liquid N2. Therefore, we have added this instruction in the revised text. Line 162-163.

The authors protocol recommends 5 uL but the example used 10 uL.
The exact volume is 10uL, so we have unified this figure throughout the text. Line 181, 246. 

There are basic spelling and grammatical errors throughout.
We have checked again the text and had it corrected by native speaker.

There is no mention if this method is possible on other instrument vendor mass spectrometers.
It is possible to prepare a specific mount that fits for mass spectrometers other than Shimadzu. We have revised the text and added this information. Line 495-497.

Authors mention in line 306-308, that complete ionization of molecules is achieved - is there any evidence to support this statement?
Dr. Hiraoka, inventor of PESI, has asserted this point in his previous paper. We have cited it in the revised text. Line 90-92, reference 12.

Line 290, spiked is used which is atypical when describing mass spectral peaks.
We have revised this wording by using more appropriate word. Line 422.

The figure captions can be improved by providing a consistent format that mentions the experimental design, which sample is being analyzed (human, mouse, etc), what type of sample (blood, tissue, etc), in what ionization mode, etc. The figure annotations can use refinement as well - for example the "background liver tissue" could be more appropriately named to reflect the real origin which is tissue adjacent to the cancerous tissue which is in fact diseased (viral hepatitis or cirrhosis).
We have revised these figure captions to convey more detailed and appropriate information.


Reviewer #2:

Major Concerns:

English must be edited by a native English speaker.
The revised manuscript has been checked by native English speaker.

Keywords: "artificial intelligence" and "machine learning" the text does not develop these concepts sufficiently to be considered as a keyword. Please remove them or present the use of these techniques more deeply in the text (for example line 310)
We agree this reviewer’s comments, so deleted it from the list.

Line 103 PROTOCOL: MS parameters as well as PESI needle parameters are missing in all three examples.
We have added those parameters. Line 191-193.

Minor Concerns:

In the title the word "inexpensive" seems not pertinent. Suggest to change it, remove or discuss it in the text.
We agree this reviewer’s comments, so deleted it from the text.

Line 36 "lower suppression effects" … lower compared to?
We have deleted this phrase, as it does not express exactly the property of PESI

Line 41 The methodology does not appear to be "low invasiveness". In Line 167 "open the abdominal cavity using scissors". Please discuss better this point.
We have deleted this phrase.

Line 51 "Mass spectrometry is a technological realization of reductionism,…" please explain "reductionism" concept.
We have explained this word and concept in the revised version. Line 49-51.

Line 58 "MALDI needs a matrix that completely changes the architecture of tissues" please clarify the architecture of tissues changes in MALDI. In literature there are a lot of examples of MALDI protocol that preserve tissue architecture.
We have deleted this part in the revised text. 

Line 75 "the needle tip acts as a chromatogram to ionize almost all molecules consecutively depending on their hydrophobicity" This concept is not clear at all. Ionization generally does not depend on hydrophobicity. Please provide more detailed explanations.
As this reviewer has pointed out, we have revised the text in terms of ionization mechanism.  Line 95-100.

Line 82 "the mass range is 1 to 2,000 in this system, …" please confirm that the DPiMS 2020 mass spectrometer is capable of 1-2000 range. Detection of ions at very low mass, like detecting and separating m/z 1 from 2 is generally challenging for quadrupoles (and for all other mass spectrometers)
We have deleted this part from the revised manuscript.

Line 116 "2-mm cube" please use SI International System of Units or "2 mm on a side" for example
We have changed the expression in a way suggested. Line 155.

Line 183 "the data obtained is the mass spectra whose m/z ranges from 0 to 2,000 in this system." Please check the mass range, as in line 82. Also, in all figures masses are plotted in the 0-1200 range.
We have modified the description to10-1200 range in this manuscript. Line 322.

Line 199 "… have been masked by the addition of polypropylene glycerol triol (PPGT)." The addition of PPGT is the presence of PPGT ions in the tissue mass spectrum? Or did you add PPGT solution to samples before analysis? Please explain better.
It is an example to show how the exogenous polymer compounds mask the endogenous mass spectra of tissue. We have added an explanation to clear this point. Line 339-343, 461-463.

Line 205 Fig 5 should be fig. 6
As we have added a new panel as Fig.3, we have rechecked all the figures and renumbered.

Line 209 "it is necessary to use a high-end machine such as DPiMS-8060" Please explain differences between the two instruments and possible advantages.
We have explained this point accordingly. Line 364-368.

Line 215 Fig 6 should be Fig. 5
As we have added a new panel as Fig.3, we have rechecked all the figures and renumbered.

Line 277 "… applicable to the nascent state of living organisms." It is not clear "nascent state"
[bookmark: _GoBack]We have changed the expression to make it clearer. L275-276

Line 294 "Therefore, the advantage…" is it "Therefore…" or "On the other side…" ?
We have revised the text accordingly.

Line 300 "PESI can, however, reconstruct of an image of the hippocampal formation, …" The author should clarify that imaging with PESI is still not possible unless using complementary techniques that will desorb and ionize sample adsorbed on the needle.
We have modified this part accordingly. Line 473-477.

Line 332 "A similar method called laser desorption ionization-mass spectrometry (LDI-MS) is another technique that is noninvasive and useful …". Is it LDI-MS or MALDI-MS? Also, in line 58 I read "… a matrix that completely changes the architecture of tissues…". Please check and, in case, make corrections.
We have revised this part to make it more appropriate expression.
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