Dear Editor:

Thank you for the suggestions and comments. We have thoroughly addressed the editorial comments and the reviewers’ comments, as described by the point-by-point responses in blue color. Please let me know if any further information or revision is needed.

Sincerely,

[bookmark: _GoBack]Ming-Daw Tsai


The language in the manuscript is not publication grade. Please employ professional copy-editing services.  The senior author has edited the writing carefully.


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. Done
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. Done 
3. Video is the part of JoVE publications please do not make a separate mention in the text. Done
4. Please do not include references in the abstract. Please move the hyperlink to the reference and use in text citation. Done
5. For in-text formatting, corresponding reference numbers should appear as numbered superscripts after the appropriate statement(s). Done
6. Please ensure the Introduction include all of the following with citation:
a) A clear statement of the overall goal of this method - Yes
b) The rationale behind the development and/or use of this technique - Yes
c) The advantages over alternative techniques with applicable references to previous studies - Yes
d) A description of the context of the technique in the wider body of literature - Yes
e) Information to help readers to determine whether the method is appropriate for their application - Added a new sentence at the end of Introduction.
7. Please make subsections in the protocol and make a cohesive story. Each subsection should contain steps to show how to perform the procedure. - Done
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.” - Done
9. The Protocol should contain only action items that direct the reader to do something. - Done
10. Please use the following numbering scheme in 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. - Done
11. 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. Each action of the step should be clearly described. - Done
12. Please note that your protocol will be used to generate the script for the video and must contain everything that you would like shown in the video. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Please add more specific details (e.g., button clicks for software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol. – Done the best we can.
13. 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. – This is a short protocol and all steps should be in the video.
14. Please discuss all figures in the Representative Results. However, for figures showing the experimental set-up, please reference them in the Protocol. Figures 1-4 are in the Protocol. Figure 5 is discussed in the Representative Results.
15. Please describe the result with respect to your experiment, you performed an experiment, how did it help you to conclude what you wanted to and how is it in line with the title. e.g., how do these results show the technique, suggestions about how to analyze the outcome, etc. The paragraph text should refer to all of the figures. Data from both successful and sub-optimal experiments can be included. We have moved the description from the legend of Figure 5 to the Representative Results. However, please note that this is a short paper focusing on the grid preparation at high temperatures. The grid is still a sample, not the final structure. The final structure is already described in the published paper (JACS 2019). A new paragraph have been added to describe the final results and how good grids can lead to good structures.
16. 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].” No figure needs copyright permission. They are all original figures from our lab.
17. Each Figure Legend should include a title and a short description of the data presented in the Figure and relevant symbols. Done.
18. 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. Done.


____________________________________
Reviewers' comments:
Reviewer #1:
Manuscript Summary:
This manuscript describes the protocol for preparing sample grids for high temperature cryo-EM. The topic should be of interest to many who want to use cryo-EM to study enzymatic behavior at various temperatures.
The manuscript is delightful to read. While it does need a good copy-editing, the description is clear enough for those familiar to cryo-EM and contains several tricks and tips that traditional publication lacks.

Major Concerns:
None

Minor Concerns:
1. Line 109-112 of the first revision estimates the temperature of the sample on the grid to be half-way between that at incubation and vitrification apparatus. Is there any experimental evidence of this? Given the surface area to mass ratio of the grid plus sample, the chance for that to be so much higher than the value of the vitrification apparatus is small.
Thanks for raising this good point. Since Reviewers #2 and #4 also raised related points, we have prepared a combined response as follows:

Combined response related to the 70 °C temperature: Reviewers 1 and 2 are concerned that the estimation that the actual sample temperature is the average (70 C) between the external water bath (80 C) and the Vitrobot chamber temperature (60 C) is not accurate, and that it should be very close to the latter. Reviewer 4 suggested the possibility of measuring the temperature directly by a thermocouple (which is not possible with the current apparatus). We agree that the real temperature may not be as high as 70 C, but it should be higher than 60 C because we use very short wait time (1-2s) and blot time (1-1.5s) at high temperature, and that our result supports higher temperature. Even though this only concerns a special situation (above 60 C), it should not be deleted from the current manuscript since we are reporting the protocol for a paper already published (JACS 2019). Instead, we have included the concerns and suggestions in the DISCUSSION. In addition, we have changed the original step 9 of the protocol to become a NOTE instead a step. 


2. Line 105-106 and Line 175. The need to apply 7-9 uL of the sample to the grid is most interesting. What was the reason for such high volume?
Response: The main reason to use larger volume is that at higher temperature the sample evaporates quickly in the chamber, leading to empty squares on the grid. We have now added a sentence in DISCUSSION to explain this point, thanks to your suggestion: “the suggested sample volume of 7-9 L is larger than usual since otherwise the sample evaporates quickly at high temperature, leading to empty squares on the grid.” In addition, we have added another sentence at the first paragraph of PROTOCOL: “For the specific conditions at other temperatures, please refer to Supplementary Table 2 in reference 12.”


Reviewer #2:
Manuscript Summary:
The manuscript describes a method for plunge freezing macromolecules on EM grids at high temperatures, as detailed in a results paper from the same group (Chen et al 2019 JACS). The frozen grids are later used for imaging of the macromolecules using single particle (SPA) cryo-EM. The authors use a commercial plunging device, the Vitrobot, in which the sample-handling chamber can be heated up to 60°C. They add a punctured Falcon tube to redirect the water vapor and reduce condensation in the sample-handling chamber. Additionally, examples of grids suitable and unsuitable for data collection are shown.

In general, the protocol is clearly written, detailed and efficient, except for issues raised below.
Thanks for the overall support. The detailed comments below are very insightful. We can address most of them following each specific comment. However, the issue about the 70 °C temperature has been commented at three places under “Minor Concerns”, which are very good points but not straightforward to address. Since Reviewers 1 and 4 also raised similar concerns, here we provide a combined response for this issue.

Combined response related to the 70 °C temperature: Reviewers 1 and 2 are concerned that the estimation that the actual sample temperature is the average (70 C) between the external water bath (80 C) and the Vitrobot chamber temperature (60 C) is not accurate, and that it should be very close to the latter. Reviewer 4 suggested the possibility of measuring the temperature directly by a thermocouple (which is not possible with the current apparatus). We agree that the real temperature may not be as high as 70 C, but it should be higher than 60 C because we use very short wait time (1-2s) and blot time (1-1.5s) at high temperature, and that our result supports higher temperature. Even though this only concerns a special situation (above 60 C), it should not be deleted from the current manuscript since we are reporting the protocol for a paper already published (JACS 2019). Instead, we have included the concerns and suggestions in the DISCUSSION. In addition, we have changed the original step 9 of the protocol to become a NOTE instead a step. 

Major Concerns:
The protocol is limited to plunging and quality assessment of the grids, whereas the method for viewing temperature-induced changes in macromolecules using SPA comprises additional steps. Particularly, the primary result of the method is not nice grids, but multiple atomic models that can be aligned, compared and interpreted, as the authors show in their 2019 JACS paper. Several other JoVE publications describe very similar cryo-EM plunging techniques for both SPA and tomography. However, these publications normally present a broader view of the method, including sample preparation prior to plunging, low dose imaging, image processing, reconstruction and interpretation. A more complete view of the current technique would include, for example, a presentation of how the multiple temperature-dependent structures are resolved from the data and compared.
Response: This is an excellent point but it depends on the scope of this protocol. The earlier JoVE publications, for example, ref. 4 in our manuscript, were intended for beginners of cryo-EM. At the present time, cryo-EM is already very popular, and there are also free, openly accessible videos on the web. If we cover too much and too broadly, it could lose the main point. Our main point is temperature dependence, and only the researchers already familiar with cryo-EM will be interested in doing temperature dependence. Furthermore, the procedures for solving the structures from variable temperatures, and comparison of the structures from different temperatures, are already descried in detail in our 2019 JACS paper (ref 12). Therefore, the focus of our protocol is on the sample preparation at different temperatures. This point has been explained in the INTORDUCTION. Nonetheless, we appreciate this comment, and have added the following sentence in the last part of INTRODUCTION: “It assumes that the readers or viewers are already experienced in the overall sample preparation and data processing procedures of cryo-EM, and emphasizes the aspects relevant to high temperature.”

Minor Concerns:
Line 53 - "though a small of number of studies use samples around room temperature" - the number of studies that use samples plunged at RT is hard to assess, and is likely not small at all. These include not only SPA studies, but also cell biology and soft material studies. Additionally, cooling chambers on plungers were not widely available before the automated commercial plungers became popular, so plunging at 4°C was not an easy task. Thank you for the point. We did survey many recent SPA studies to draw our conclusion, but we agree that there are earlier studies as well as cell and materials studies. In response, we have now specified SPA studies, and deleted “small” in this sentence.
Line 56 - "from 4 °C to 70 °C" - see my comment on the 70°C temperature below. Please see the above combined response related to the 70°C temperature. 
Line 88 - glow discharge conditions depend on the device available. Some devices do not reach 25 mA. We have added “or alternative values depending on the device used”. The name and maker of our device are listed in the Excel Table “JoVE_Materials”.
Line 102 - Sample incubation time depends on the sample. Thanks for pointing out. We have checked the protocol again and confirmed that it is 2 min. The extra words “or longer” have been deleted now. 
Line 105 - (also mentioned in line 175) - I wonder why use such a large volume? Typically 2.5 ul are enough when using the Vitrobot. Additionally, when applying such a large volume the absorbed drops from consecutive grids overlap on the blotting paper. Meaning that you blot the second grid in an area of the filter paper that is wet from the previous grid. To avoid this, it is possible to run a blotting cycle (without a grid) between grids, so that the filter paper rotates away from the last blotting position. Related questions have been raised by other reviewers also. In fact, we did explain this point in the first section of DISCUSSION. The explanation has been extended, and now reads as follows: “At step 8 of the protocol, the suggested sample volume of 7-9 L is larger than usual since otherwise the sample evaporates quickly at high temperature, leading to empty squares on the grid. On the other hand, it is highly recommended that the sample applied does not exceed 9 L. Otherwise it is very likely that the sample will drip down during the process of moving the tweezer, before blotting.” 
Lines 108-112 (step 9) - Was a temperature of 70°C measured at the grid position from the time the sample was loaded until plunging? If not, please remove this step of the protocol, as there is no reason to assume that the temperature of the sample remains constantly at 70°C, while the grid and surrounding chamber are at 60°C. In fact, I assume that since the volume of the water is so small, its temperature will instantly equilibrate to the chamber and grid temperature. This will happen even faster after blotting, when only nano liters remain on the grid. (The observation of conformational changes in the Sso-KARI complex, as described in the JACS paper, is not a proof that the sample was at 70°C within the Vitrobot chamber. For example, the enzyme may react slowly to the change from 80°C to 60°C, which may not apply to other enzymes). Please see the above combined response related to the 70°C temperature.
Line 116 - The word "smoke" is not appropriate here. Changed to “vapor”.
Line 119 - Please mention that software other than EPU can also be used for screening and imaging. Revised.
Line 125-126 (step 12) - Please elaborate here what is "not good" and how to solve typical problems. For example, if the ice is too thick, increase blotting time… etc. These issues can also be detailed in the Modifications and troubleshooting section.
Thanks again. We have added additional points in the Modifications and troubleshooting section: (3) If the grids are still not good after proficient repeats, then try to adjust the conditions. The more often problem is no ice on the grid at high temperature. If so, try to further reduce the blotting time. On the other hand, if the ice is too thick, try to increase the blotting time.
Line 128-129 (step 13) - Are blotting conditions really identical for all temperatures? No. Shorter blot time was used for higher temperatures. We have now added the following sentence at the beginning paragraph of PROTOCOL: “For the specific conditions at other temperatures, please refer to Supplementary Table 2 in reference 12.”
Line 137 - "Atlas" is EPU jargon. Maybe change to "low magnification overview", or something similar. Thanks for the suggestion. “The atlas” has been changed to “the atlas of low magnification overview”. 
Line 157 - In figure 5B, please avoid the colorful squares from EPU screening. They are confusing and not helpful in this case. You can unclick them. Good suggestion and corrected. Thanks.
Line 158 - Change "holes" to "squares". Corrected and thanks.
Line 161 - 165K is not a meaningful number for magnification, but is rather a magnification step in a specific microscope. Adding a number here is not essential because there is a scale bar in the figure. Thanks for the comment. We agree and have changed the sentence to “Examples of the low-dose images from different grids.
Line 184 - Are there no other reasons for unsuccessful grids? For example, inappropriate blotting time or blotting power, inappropriate buffer conditions (high glycerol, detergent) etc. Please add typical reasons or refer to other places in the text where they appear. As explained in our response to the Major Concerns, we have cited previous literature including references 4-6 which all deal with detailed procedures for grid preparation. We also assume readers and viewers for the high-temperature study already have some experience with cryo-EM. So here it is better not to get too much into general problems. Nonetheless, your suggestion is highly appreciated.
Line 188-192 - See my comment on the 70°C temperature above. I think the maximum temperature of the sample while in the plunging chamber is dictated by the temperature that can be set in the chamber. One can think of further heating the chamber, although this has to be discussed with the manufacturer and tested. Please see the above combined response related to the 70°C temperature.
Line 199 - Leica's plunger is called EM-GP. Corrected, thanks. Please also mention that groups can build their own plunging devices using published designs that are available online. Thanks for the suggestion and we have added a sentence: “However, it is possible for research groups to build their own plunging devices with extended temperature ranges in the future.”
Line 203 - The phrase "higher than room temperature" includes also "higher than ice temperature". Corrected, thanks.
Line 210 - "paradigm shift" is probably an overstatement, please change. The "paradigm shift" has been replaced by “change”.
Line 210-211 - "most future studies will be performed at functionally relevant temperatures, usually at 37°C or higher" - The reason for not working at physiological temperatures is that purified proteins are normally unstable at these conditions. On top, stabilizing them requires specialized buffers, which are again, non-physiological. Finding ways to plunge at high temperature is a step forward, but does not solve these major instability issues. Alternatively, as a point for discussion, physiological conditions can be achieved by imaging proteins in cells using tomography and sub-tomo averaging. Such experiments would require higher plunging temperatures, particularly when dealing with thermophiles. Thanks for the useful suggestions, though the protein only needs to be incubated at 37 °C for 2 min. We have added the following sentences: “Stability of the purified protein at this temperature could be a concern. However, it is required to incubate the protein sample at this temperature for only 2 min according to our protocol. Alternatively, physiological conditions can be achieved by imaging proteins in cells using tomography and sub-tomo averaging.”

Finally, I have tried the Falcon tube trick on our local Vitrobot. After a few minutes, a large water puddle appeared at the bottom of the tube around the ultrasonic water outlet. Can this puddle interfere or damage in any way the vapor system?
Response: This puddle will not damage the vapor system, but it may affect the supply of water vapor, so it is recommended that high-temperature grid preparation be completed as quickly as possible. 

Reviewer #3:
Manuscript Summary:
Chang et al. present a method for the preparation of cryo-EM grids at high temperature. Overall, the method is clear and will be helpful to several researchers.
Thanks for the positive comment.

Major Concerns:
My main comment is the title, as there is of course no such thing as high temperature EM, so the title should be changed to make clear that it is the (part of the) sample preparation before plunge freezing) which occurs at high temperature, not the data collection.
Thanks for the comment. The title has been revised from “Preparation of Sample Grids for High Temperature Cryo-EM” to “Preparation of High Temperature Sample Grids for Cryo-EM”.

Minor Concerns:
Falcon tube -this is a brand so should have a capital (or use some generic name). However, at some point the exact brand, type, and size (maybe serial number) of tube should be put in the manuscript to help reproduction. Same with the filter papers used.
	Corrected, and the detailed information for the tube and the filter paper are added to the Excel Table “JoVE_Materials”. Thanks for the suggestions.



L38 "applications can also expand" --> "applications can also be expanded". Corrected. Thanks.
L91 "the cubic ice" --> "non-vitreous ice". Corrected. Thanks.
L105 "(e.g. 60 °C)" --> I guess this should be a different number? Not sure where it is. The text is (for example, 70 C).
L112 "smoke"--> the correct work is not smoke which implies fire, I guess vapour is better? Corrected. Thanks.
L116 "the EPU" --> "EPU". Corrected. Thanks.
L136 "gradient ice" --> "ice gradient". Corrected. Thanks.
L156 describe A first, before B. Corrected. In addition, the description of C and D and also changed to be in order. However, these explanations have now been moved from the legend of Figure 5 to the section “REPRESENTATIVE RESULTS”.
Table: "tedpella" --> "Ted Pella". Corrected. Thanks.


Reviewer #4:
Manuscript Summary:
This paper describes the procedure for freezing cryo-EM samples whose temperature kept high, such as 60 C degree.

Major Concerns:
The validity of this method is mainly depend on their JACS paper 2019.
Even in that paper, the sample temperature (=grid temperature) is not directly measured by other method, such as thermocouple.
So, the method for monitoring the sample temperature is desired.

If validity of this procedure is not an issue, the protocol is clearly written and the reviewer think the protocol is useful for cryo-electron microscopists who want to study molecules at higher temperatures.
Response: Thanks for raising the point of measuring the grid temperature directly by another method such as a thermocouple. However, there is a practical limitation in such measurement, since the grid needs to be plunge-frozen quickly (within seconds). The thermocouple needs to be built into the vitrification apparatus. This is an important point for future applications. Since Reviewers 1 and 2 also raise temperature-related comments, we have prepared a combined response:

Combined response related to the 70 °C temperature: Reviewers 1 and 2 are concerned that the estimation that the actual sample temperature is the average (70 C) between the external water bath (80 C) and the Vitrobot chamber temperature (60 C) is not accurate, and that it should be very close to the latter. Reviewer 4 suggested the possibility of measuring the temperature directly by a thermocouple (which is not possible with the current apparatus). We agree that the real temperature may not be as high as 70 C, but it should be higher than 60 C because we use very short wait time (1-2s) and blot time (1-1.5s) at high temperature, and that our result supports higher temperature. Even though this only concerns a special situation (above 60 C), it should not be deleted from the current manuscript since we are reporting the protocol for a paper already published (JACS 2019). Instead, we have included the concerns and suggestions in the DISCUSSION. In addition, we have changed the original step 9 of the protocol to become a NOTE instead a step. 
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