Response to Reviewers
We thank the reviewers for reviewing the manuscript. Please find our responses below. The line numbers are for the version of the manuscript with no tracked changes visible.
“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. E.g. Line 342: “scale” instead of “scaler”
Thank you, we have proofread the manuscript and corrected spelling and grammar mistakes.

“2. Line 78-83: These can be designated as “notes” rather than steps in the protocol. Hence, consider re-numbering the protocol by designating Line 90 “Cryo-stage preparation” as step 1.”
This has been changed 

“3. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. E.g. Line 321: MitoTracker”
These have been removed.

“4. Please include a single space between quantities and their units. E.g. Line 79, 254, 255, 256”
This has been changed.
“5. Please use single line spacing between the protocol steps.”
This has been changed.

“6. Line 91-92: Please provide details for “…standard scientific dry paper wipes.”.”
These have been added in the table of materials.

“7. Line 126: This could be labelled as a “Note”.”
This has been changed.

“8. Line 134: Which button?”
We have clarified this and now reads:
Press the corresponding button on the cryo-stage to turn on the light in the sample chamber (line 136)

“9. Line 165: Please provide details about the black covering. E.g. material, thickness etc.”
We have added the following details:
[bookmark: _Hlk61000972]Cover the stage and optics with an opaque black cotton cloth. (line 168)

“10. Please sort the Materials Table alphabetically by the name of the material.”

This has been sorted.
____________________________________
Reviewers' comments:
Reviewer #1:
“Manuscript Summary:
In this submission the authors describe THE USAGE ("methods and protocols") of a cryo-SIM system which has been established at the Diamond synchrotron.
This usage description seems feasible to me.
I would have wished for some information on the differences between standard SIM and cryo-SIM. E.g.: what is the NA of the system?
Presumably it was a 100x, 0.9 NA air objective (from reference 7)?”
We have added the following:
The cryoSIM has a 100x, 0.9 NA air objective, and more information on the imaging system and its construction is available in Phillips et al. (Line 73)

“Do you see any reduction in bleaching under cryo-conditions compared to non-cryo? Do all dyes work equally well under cryo conditions (does the quantum efficiency change?)?”
We have added the following (lines 370-375):
Interestingly, most commercially available fluorophores and fluorescence tags bleach less under cryogenic conditions than at room temperature. However, given the high quantum yield of most common fluorophores at room temperature (more than 80% in some cases), the absolute gain we detect in photons is not due to changes in quantum yield but a reduction in the complex bleaching processes. More information on yield of fluorophores at cryogenic temperatures can be found in Kaufmann et al.8


“The submission is unfortunately void of any description of the SIM imaging system. After some digging, I found that the system is described more in depth in reference 7.
I would have wished for at least some technical detail in this submission.”
We thank the reviewer for this suggestion. Since the aim of this manuscript is on the protocol of cryoSIM imaging for users, we have not gone into detail of how to construct the cryoSIM imaging system. We have made it more clear that this information can be found in the paper by Phillips et al. (line 73) 
“Also this reference 7 seems to be wrongly cited. They fail to name the first author (M. A. Phillips) and rather cite the last author (I.M Dobbie) and even here they omitted the "M.". The authors should double check all their references for mistakes like these.”
We thank the reviewer for pointing out this error in the reference. We have double checked the references. 
“The title "3D Structured Illumination Microscopy for Cryogenically Preserved Cells and Correlative Cryo-Imaging" is misleading as the reader (like me) might expect details on the construction of the SIM system.
My suggestion: "Protocols for cryo-SIM correlative fluorescence/X-ray imaging of vitrified cells".”

We have changed the title to "Protocols for cryo-SIM data collection on cryogenically preserved cells".

“Minor Concerns:
See above in summary.
Several figures (3c, 3d, 4a, 4b, 5a, 5b) are missing scale bars and I was unable to find any description on the imaging parameters.”
We have added scale bars to the figures and information on the imaging parameters in the figure legend.
“Excitation, emission wavelengths (all such values should be included in figure legends) ? Objective used (Nikon TU Plan Apo 100X/0.9NA)? Immersion medium (none)? NA?”
All the necessary wavelengths values have now been included in figure legends. The cryoSIM has a Nikon TU Plan Apo 100X/0.9NA objective and no immersion medium was used. (added to Line 71)

“Number of directions? Number of phases per direction? Settings of the reconstruction? Was this a commercial (OMX, SoftWoRx by GE?) or freeware (FairSIM?) used for reconstruction?”

The cryoSIM records images at 3 different angles with 5 phases per angle. This has been added to the introduction. (line 61)
 SoftWoRx was used for the reconstruction using channel specific bead base OTFs and channel specific starting positions for stripe angle and width. FairSIM is not currently able to produce adequate 3D reconstructions but there is ongoing development of 3D FairSIM. 
Information of the reconstruction settings has been added (lines 304-309):
1.1. Run processing in batches through the Processing Task builder window using channel specific OTFs (calculated from multi-fluorescent beads point spread functions) and K0 angles (0.29278, -1.8028, 2.3786) with a constant Wiener filter for all channels of 0.004 and a bias offset of 200. In the additional options panel ensure that negative intensities are discarded keeping other options unchecked. Save the SIR images into a folder named ‘processed’. 
More information about the reconstruction has also been added in the Discussion (lines 394-398): 
The image reconstruction parameters can be reviewed in the SoftWorx log file if the reconstruction is not optimal by opening the reconstruction summary file. There should be consistent line spacing across angles in a given channel and relatively consistent amplitude, variation of more than 30% and values significantly above  1 (if bead size compensation is applied) should be more closely investigated and are likely to  indicate failed reconstructions
“What were the stains used?In other words, with the description here, there is no chance to build such a system (e.g. on a different beamline) or even to just repeat the experiments on the same beamline.”
[bookmark: _Hlk61015354]Details regarding the stains is available in the table of materials and in the Results section: A sample containing cells from the U2OS cell line was stained with a mixture of green microtubule cytoskeleton dye and red mitochondria dye, resulting in the staining of the microtubule component of the cytoskeleton (green) and the mitochondria (red).  (lines 331-333)
The protocol of building such a system was not the focus of this paper, however we have made it now clear that the necessary information can be found in the paper by Phillips et al. (line73)
“Figure 3 should probably be distributed onto several pages, as none of the text in the software windows (a,b,c,d,e,f) can be read.”
We thank the reviewer for this suggestion. We have split the figure into multiple panels to allow it to be distributed on several pages.
“In Figure 4 c the impressive SIM reconstruction is seen, along with a few visible SIM reconstruction artefacts. These should be explicitly mentioned in the text and be discussed. The users should be made aware, that not all structures seen (especially grating-like structures) in reconstructions are real. It should also be mentioned, that this reconstruction was clipped at zero intensity, which can also lead to dim features disappearing.”
The reviewer is correct in thinking that the low-intensity hexagonal hashing is indeed an artefact of data processing even when reconstructions are of an overall high quality. We have added the following in the Discussion (lines 401-415): 
SIM-check and its modulation contrast map can also aid in the assessment of the quality of reconstructed data by interpreting which areas of an image are likely to be real structures versus artefacts. Low modulation contrast (shown by dark colour, in Figure 5e) within the nucleus area means that this region is going to be more susceptible to reconstruction artifacts and therefore we could classify the hash patterns shown in the nucleus (Figure 5d) as an artefact. Strong fluorescence signal areas are more likely to accurately reflect native structures in the processed data. In areas of weak signal where fluorophores are distributed over wider areas such as the total surface of a vesicle it is likely that real signal coexists with processing artefacts and care should be taken in the interpretation of that data.
After inspection of the full range reconstructed data to ensure there are no strange artifacts and that the background is generally gaussian and centred near zero, the data is generally clipped at zero, or the modal value which is the peak of the background signal and should be very near zero. This ensures that the dynamic range of the displayed image is not dominated by negative background artifacts. When weaker signal is expected, extra care should be taken in analysing features and ensuring they are real structures rather than reconstruction artefacts.
“On PDF-page 18,19, and 20 the text is completely garbled and cannot be read.”
This is part of the table of materials which is an excel spreadsheet document so it will read correctly once published.

Reviewer #2:
This manuscript describes a complete protocol of structure illumination fluorescence microscopy technique in cryogenic condition (cryo-SIM), which has been published on Optica 7, 802 in July 2020 and its application by correlating with cryo soft X-ray tomography upon the study of reovirus intracellular release pathway has been published on Cell 182, 515-530 in July 2020. In this video manuscript, the authors introduce the detailed operation of their cryo-SIM microscope (available at beamline B24 of Diamond) on suitable samples as well as the details of choosing imaging settings and fluorophores for optimal imaging. The protocol is demonstrated in U2OS cells whose mitochondria and tubulin been fluorescently labelled, and the cryo-SIM imaging was successfully completed. Overall, the manuscript provides a detailed description of cryo-SIM protocol with their newly developed techniques and shall attract interests of others in the field. There are some points to be corrected before publication:

“1. Page 3, line 56. The link of correlative cryo-imaging beamline B24 (https://www.diamond.ac.uk/Instruments/Biological-Cryo-57Imaging/B24.html) does not exist.”
We thank the reviewer for spotting this, we have added the correct link:
https://www.diamond.ac.uk/Instruments/Biological-Cryo-Imaging/B24.html
“2. Page 6, line 162. "Gently pull down the objective using the lever", the illumination beam alignment is of critical importance for SIM imaging, does it matter that moving the objective every time during loading samples? Or, should you realign the beam before data collection?”
The objective is mounted on a free-floating circular plate that is lifted by a ring attached to the lever. When the objective mounting plate is lowered back into position it rests on a kinematic mount consisting of 3 hard spherical ball bearings in the objective mounting plate which rest in groves on the mount, and the lifting ring no longer touches the objective. This mechanism allows reproducible positioning of the objective to a very high accuracy, meaning realignment is not required after lifting and replacing the objective.
“3. Page 6, line 167. "Click on the readout mode button for each camera and set it to CONV 3 MHz". This manuscript doesn't mention the details of cameras, do you use Andor iXon Ultra 897 EMCCD (mentioned in Cell 182, 515-530 in July, 2020)? Then, why set to CONV mode rather than EM Gain mode? I think that EM mode have high sensitivity, and it should be suitable for cryo-imaging. So, I probably want to know why you choose CONV mode.”
In EM mode the cameras have extremely high sensitivity but greatly reduced dynamic range and increased noise levels as well as the EM derived excess noise factor which is equivalent to halving the quantum efficiency of the camera. With the bright signals available under cryogenic conditions, it is almost always beneficial to run these cameras in conventional mode with significant lower readout noise, much larger dynamic range and no excess noise factor. It is generally considered that conventional CCD readout achieves higher signal to noise ratios than EMCCD readout when the signals are above 10 photons per pixel. This is almost always the case in our experience.
“4. Page 7, line 224, "In addition, if the external dewar requires refilling with LN2, the stage system will change position and the marked sites will likely not return to the same locations", how long will it take to finish refilling process? And how often is it during the whole cryo-SIM imaging for one grid?
It takes approximately 30 s-1 min to finish refilling. During imaging of one grid, refilling will happen approximately 4-8 times. (added to manuscript – lines 270-273)

“5. Page 8, line 252, "Alter the Stack height so that it equals your z-height + 1 μm. By adding 1 μm you ensure you capture your entire sample in z", is it necessary for 3D-SIM reconstruction, or to prevent Z shift by stage moving?”
This is added to ensure that bright features in the images are not at the top or the bottom of the image stack which can lead to significant artefacts in the reconstruction due to the image processing in Fourier space. 

“6. Page 9, line 264, "If you see any displacement, the imaging will need to be re-done", What might cause the "displacement" during imaging, and how to avoid it in future?”
There are many reasons for this, such as minute temperature changes and sometimes cannot be avoided. In particular if the stage mounted dewar fills during an image stack the stage tilts due to the added weight, shifting its center of balance and there can be up to 2 um of Z position shift.

“7. Page 8 line 266, "If the LN2 dewar refills the cryo-stage during image acquisition you must abort the process (click the Abort button in the Cockpit software)", It would be better if your software can control LN2 dewar refilling before or after the 3D-SIM image acquisition process automatically.”
We agree and we are in the process of developing this capability.

“8. Page 9 line 300, "Copy files into a SoftWorX folder", is SoftWorX available for others? It will be useful if the statement about the availability of the software is provided here.”
We thank the reviewer for pointing this out. SoftWorX is a commercial software and therefore we have changed the statement, and included more information on the software in the table of materials:
1.1. Raw SIM data files need to be transferred to the appropriate workstation for reconstruction 

“9. Page 9 line 315, "Check the that the fluorescence signal is now aligned in the images." There is typos.”
We thank the reviewer for pointing this out. We have corrected the typo.

“10. It seems that figure 4b doesn't show the right area in figure 4a, please check.”
It was the correct area but flipped, we have corrected the figure.
“11. In figure 4c, SIR image shows reconstruction artifacts, have you checked the reconstruction data by SIM-Check? It would be better if the check result was given.”
[bookmark: _GoBack]We have now checked the reconstructed data by SIM-Check and the resulting modulation contrast map is now included as a new panel (d) in Figure 5 (ex-Figure 4). We have modified the Figure 5 legend accordingly adding “(The white arrow indicates SIM reconstruction artefacts (e) Modulation contrast map combining the pixel intensity information of the reconstructed image with the colour information of the respective modulation contrast-to-noise ratio (MCNR) values of the raw data generated by SIMCheck2”. We also comment within the Discussion Part that “low modulation contrast (shown by dark colour, in Figure 5e) within the nucleus area means that this region is going to be more susceptible to reconstruction artefacts and therefore we could classify the hash patterns shown in the nucleus (Figure 5d) as an artefact. (lines 403-405)
