Dear all,
Thanks a lot for both editorial and referees comments. We have changed the manuscript to cover all the aspects. Like referee 2 we struggled with the format and have added on her/his request additional background of the beamline, hopefully to an acceptable degree as some of the requests were beyond a simple introduction and already covered in previous publications.
We have also changed the title to indicate that this protocol covers the sample transfer.
Please find detailed answers below.
Best regards,
   Armin Wagner 


Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
done
2. Please provide an institutional email address for each author. 
Done
3. Please provide the complete addresses of the affiliations. 
done
4. Please provide at least 6 keywords or phrases. 
Macromolecular crystallography, structural biology, native phasing, sample handling, long-wavelength crystallography, cryogenic sample transfer, in-vacuum crystallography 
5. Please rephrase the Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: 
We have added the following sentence as Summary to the manuscript:
Here, we present a protocol for cryogenic sample preparation and transfer of crystals into the vacuum endstation on beamline I23 at Diamond Light Source, for long-wavelength macromolecular X-ray crystallography experiments.
6. 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 or dashes. 
Corrected 
7. Line 166: Please elaborate on the step of harvesting crystals. Please include a reference if necessary. 
Details added to the paragraph on ‘Crystal harvesting’ 
8. Line 186/193: Please ensure the Figure number references provided in the manuscript text are consistent with the details provided in the Figure to avoid confusion. Is the Figure number “Figure 3JA” or “Figure 3Ja”? 
Corrected
9. Line 289: For time units, please use abbreviated forms for durations of less than one day when the unit is preceded by a numeral. Examples: 5 h, 10 min, 100 s, 8 days, 10 weeks 
Corrected
10. Please include a one-line space between each protocol step (Done) and highlight up to 3 pages 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. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader. 
Our protocol is just one paragraph longer than the 3 pages (l. 190 – 332) and hence we consider all of it essential to be featured in the video.
11. Please move all the Figure legends in the manuscript to a separate section “Figure and Table Legends” after the Representative Results section. The information provided in the Figure Legends after the Representative Results is sufficient. 
Corrected
12. Please remove the embedded Table from the manuscript. All tables should be uploaded separately to your Editorial Manager account in the form of an .xls or .xlsx file. Each table must be accompanied by a title and a description after the Representative Results of the manuscript text. 
Done 
13. As we are a methods journal, please revise the Discussion to also include:
a) Critical steps within the protocol 
We have added more information to 1st paragraph of discussion.
b) Any modifications and troubleshooting of the technique. 
We have added a new paragraph to the discussion starting with “Beamline I23 is the first …”.
c) Any limitations of the technique 
We added a new paragraph: “While the vacuum environment…” 
The manual steps in the sample transfer can destroy samples. Only one block of 4 samples can be transferred at one time, it takes 30 minutes to transfer 16 samples. OPnly 16 samples in the sample storage inside vacuum vessel. No labelling of sample positions on the combipuck base and sample block means that users need to be very careful about sample tracking to avoid errors.  The long time it takes to bake bath and shuttle, preventing transfer of next samples.
d) The significance with respect to existing methods. 
Beamline I23 is a unique instrument in the field of MX and, while the applications, like experimental phasing and element identification are not needed for the majority of MX projects, it opens these two aspects to more projects. We have strengthened this message in the Introduction and felt that it is not needed to repeat in the discussion.
14. 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).] Already using this format. For more than 6 authors, list only the first author then et al. Title case and italicize journal titles and book titles. Do not use any abbreviations. Article titles should start with a capital letter and end with a period and should appear exactly as they were published in the original work, without any abbreviations or truncations.
done



____________________________________
Reviewers' comments:
Reviewer #1:
Review of Duman, et al.
This is a groundbreaking synchrotron beamline, and a welcome addition to the repertoire of synchrotron endstations for macromolecular crystallography. Please find below the following suggestions to improve the manuscript.
For some who have not read the previous journal articles about I23, it would be useful to have a figure illustrating the overall architecture of the I23 beamline, as it is good to have some context as to where the shuttle system and detector are in relation to one another.
We have added a new Figure 2, which shows a section through the I23 end station. We were considering a set of photographs, but the system is so complex that we considered this view as the easiest way to present the relevant components and their location in respect to each other. 
Introduction, first paragraph:
It would be worth mentioning the following as well, A) that the most commonly used de novo phasing method currently used, SeMet incorporation, is generally impractical with eukaryotic expression systems. B) MIR methods are rarely used these days. C) Also the atoms / ions are often mistakenly identified in crystal structures due to their similar number of electrons, and sometimes masked by unusual B factors. 
We have modified the introduction cover these aspects. 
Introduction:
Describe the useful energy spectrum of I23 (wavelength and energy range), 
We have added this information to the 2nd paragraph of the Introduction. 
are there issues with the QE of the Pilatus 12M detector at these wavelengths? The absorption edges of the elements mentioned in lines 61-64 should be collated into a table.
We have added details about the detector to paragraph 2 of the Introduction. and have added a new Figure 1 which shows the absorption edges of the elements mentioned in the text.

Lines 92-97: The authors mention the issue of compatibility with other MX beamlines, so are the I23 sample pins compatible with other synchrotron beamlines 
Added explanatory sentence in paragraph starting with ‘Efforts were made to ‘ (l. 116-123)

Lines 101-109: Are standard copper pins for cryo-crystallography suitable for use at I23, such as the ones sold by Crystal Positioning Systems, and in wide circulation in many structural biology labs? If not, this should be emphasized in the text 
The text has been changed to say that no commercially available pins are compatible with the I23 setup.

Lines 101-109: Define CX100. 
Name of manufacturer Worthington Industries added (l. 144). There are only two standard dry shippers used in MX, both supplied by Molecular Dimension, Mitegen and others: CX100 and CXR100, the latter being a version of the first with replaceable absorbent material. 

Lines 101-109: The authors write that the sample holders are shipped to the labs performing the experiments- if this is the preferred / only arrangement possible, this should be mentioned. In other words, is there any tolerance in terms of pucks / pins, or is this specific to I23? 
Additional explanations have been added to the paragraphs dedicate to harvesting crystals.

Line 106: Combipuck, this is apparently a trademarked name- "CombiPuckTM", and maybe a manufacturer name, like MiTeGen, should be associated with this. Each synchrotron seems to use a different system. 
Added name of supplier, MiTeGen.

Lines 143: Should be "transfer arm is equipped". 
Corrected (l. 177).

Line 318: "Large I / sigma I values demonstrate. . ." This could also reflect the fact that the crystal probably diffracted X-rays to far higher resolution than could be collected on that particular combination of X-ray wavelength and detector geometry as mentioned on lines 320-322. So it may not just be attributable to the vacuum in the hutch. This paragraph probably should be re-worded. 
Paragraph re-worded to acknowledge that the vacuum set up contributes to high I/sig(I) values, rather than determines them (l.355).

Figure 3: Not readable as it stands, the labels are probably better in white rather than black. 
Figure modified.

Figure 6: Also unreadable. Thinner electron density cage lines for 6A and 6C, please.
done


Reviewer #2:
Review of "Experimental protocol for in vacuum long-wavelength crystallography experiments on beamline I23 at Diamond Light Source" by Duman et al.
This paper describes the experimental protocol for performing protein crystallography in a vacuum environment at long X-ray wavelengths, primarily for performing experimental phasing measurements. The focus of the paper is on the sample delivery and loading procedures, with only a cursory description of the experimental station and some results from a single measurement presented.

I will preface my review with the general statement that I'm not quite sure how to treat this paper, as it will presumably be accompanied by a video component which will contain substantial complementary information. My over-all summary would be that I think the paper would benefit from some additional general information on the I23 beamline. If I assume this video is meant to introduce future users to the sample loading protocol at I23, it would make sense to perhaps summarize the station parameters (X-ray focus, flux, wavelength range it can cover) and some specifics on the effect of the instrument geometry (e.g. achievable resolution over the wavelength range of the 12M). Essentially more context would be useful for future users in one place (as opposed to maybe needing to check 2 or 3 publications to find out a few more details).
We have added additional context to the introductions as requested by the reviewer. As the beamline is conceptually different to other beamlines we felt that it would be out of scope of this publication to go into further detail as the most of the information is already published.

Now relating to the phasing question I think here some context perhaps should be included. For example I believe it is somewhat rare for measurements to be performed above and below and absorption edge in this range due to the experimental complexity, the lack of available instruments/facilities and, most importantly, because it isn't necessary. 
As mentioned in the 1st paragraph of the Introduction, the collection of data above and below the absorption edges of elements is useful in ion identification experiments.  The paragraph has been reworded as well, for more clarity. 
Phasing has been demonstrated at much shorter wavelengths, so reaching the absorption edges mentioned here isn't actually always needed. So what what might be included in the paper is how the increase in the anomalous signal strength by reaching longer wavelengths directly affects the measurement ? 
Addressed in 2nd paragraph of Results by explaining that longer wavelengths give larger anomalous signal and enable phasing from low multiplicity data and one crystal as opposed to several.  
Also If I assume this video is meant to be shown to future I23 users, than it would make some sense to provide relevant details on peripheral aspects of the preparation. For example if there's an optimal crystal size for long-wavelength phasing at I23 that might not be generally known due to lack of user experience with similar instruments/beamlines ? 
We have added more information about the aspects like absorption and crystal size to the 2nd paragraph of the Introduction including additional citations. 
I would also suggest that perhaps it would help if this was put into context of other MX instruments at Diamond, perhaps addressing sample shipping, whether this is an instrument where a user is expected to mount and measure their own crystals etc. This is more for practical reasons, where if perhaps I23 wants to move towards full remote measurement (or to absolutely avoid this !), this would be an important topic in the context of this paper. 
This publication is dedicated to sample preparation and transfer for I23. We have highlighted in the manuscript, which parts differ from standard MX protocols and where existing tools and equipment can be utilised. As highlighted in the Harvesting Crystals section, users are expected to mount their crystals and based on this protocol to transfer them into the vacuum vessel. The actual experiment is beyond this protocol, but due to the fact that the samples are in a vacuum environment after being transferred using the described protocol, every experiment could be considered as a remote experiment.
My last comment is related to my initial statement, which is that the Protocol section is difficult to evaluate without the accompanying video. This isn't related to the review of the paper, more to checking the clarity of the instructions. The figures themselves are also not very high resolution (e.g. Fig. 4 C which shows the touch panel control is not easy to read) but again the video may resolve these issues.
The Figures have been addressed and should be now in sufficiently high quality.


Reviewer #3:
The paper is very nicely written and informative. The referee only regrets that the presented example does not show a real interest for the use of this challenging technology. Detecting sulfur signals is very important. However, other light-sources are able to do that. Did the authors try to collect anomalous signals of other species that may or may not be present in the crystal such as for example Cl-. Since the authors do not provide experimental details it is difficult to know which species could have been detected/described in the thaumatin crystals. 
The thaumatin crystal does not bind any of the lighter ions mentioned in the manuscript bound to the protein. Identification of light ion species is indeed a unique feature of the beamline. We reference four papers focused on identification of ion species, one involving iodine and the rest focused on potassium (Lolicato et al, 2020; Rozov et al, 2019; Langan et al, 2018). The latter experiments cannot be performed at any other synchrotron beamline.

