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Author Questionnaire 
1. Microscopy: Does your protocol demonstrate the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y, all done

3. Interview statements: Considering the Covid-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until the videographer steps away (≥6 ft/2 m) and begins filming. The interviewee then removes the mask for line delivery only. When the shot is acquired, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   No

Protocol Length
Number of Shots: 43



Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Jan Groen: Cryo soft X-ray tomography can provide quantitative, valuable information at the cellular level that can be used as a stand-alone or in conjunction with other imaging techniques [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 7.2.

1.2. Lucia Aballe: Cells can be imaged frozen-hydrated without sectioning or staining. In addition, this is a high throughput technique, as each tomogram is collected in only a few minutes [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: Figure 5.

OPTIONAL: 
1.3. Ana Pérez-Berná: Soft X-ray cryo tomography offers a perfect platform for following the process of health restoration in infected or defective cells at the single cell level [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Ana Pérez-Berná: This technique can be used to assess the efficacy of new antiviral drugs or vaccines or as gene therapy to revert infected or mutated phenotypes [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: Figure 5B.




Protocol
2. Transmission X-Ray Microscope (TXM) Loading
2.1. To load samples into the transmission X-ray microscope, cool the transfer chamber with liquid nitrogen until it reaches less than 100 Kelvin [1], fill the workstation with additional liquid nitrogen [2], and turn on the heater of the workstation rim [3].
2.1.1. WIDE: Talent cooling chamber
2.1.2. Talent filling workstation
2.1.3. Talent turning on heater
2.2. When the workstation rim stops boiling, place the cryo-box-containing grids into the appropriate locations in the workstation under cryo conditions [1] and load the grids onto the previously cooled sample holders [2].
2.2.1. Talent placing grid(s) into workstation
2.2.2. Grids being loaded onto sample holders

2.3. Load the holders onto the shuttle [1] and protect them with the covers [2]. Load the shuttle into the transfer chamber at less than 100 Kelvin [3] and pump the chamber down to low vacuum [4].

2.3.1. Talent loading holder onto shuttle
2.3.2. Talent protecting holder with cover
2.3.3. Talent loading shuttle into chamber
2.3.4. Talent pumping chamber

2.4. Attach the transfer chamber to the microscope [1] and follow the vacuum procedure on the screen to load the transfer chamber shuttle into the microscope [2]. Once the shuttle is the microscope with the samples, use the microscope robot arm to transfer one sample holder to the sample stage [3].

2.4.1. Talent attaching chamber to microscope
2.4.2. Talent following procedure/loading shuttle into microscope

2.4.3. Arm transferring holder to stage

3. TXM Brightfield Imaging 

3.1. For brightfield imaging of the grid with the on-line visible light microscope, select the visible light microscope camera [1] and turn on the visible light microscope-led source for brightfield imaging [2].

3.1.1. WIDE: Talent selecting microscope camera, with monitor visible in frame
3.1.2. SCREEN: 62190_3.1.2.mp4: 00:01-00:14. Video Editor: Speedup and play the video.

3.2. Click Motion, Control, Sample, and Sample theta to rotate the sample to minus 60 degrees so that it faces the visible light microscope objective and select Motion Control and Sample and change Sample X to Sample Y to move the sample to the expected centered positions [1].

3.2.1. SCREEN: 62190_3.2.1.mp4: 00:01-00:33. Video Editor: Speedup and play the video.

3.3. Select Microscope, Acquisition, Acquisition Settings, Acquisition Modes, Continuous, and Start and click Motion Control and Sample to select Sample Z to refine the focus with smaller steps down to 5 microns until the cells and/or the holes of the carbon support film are in focus [1].

3.3.1. SCREEN: 62190_3.3.1-VLMhandfocus.mp4. 00:01-00:33. Video Editor: Speedup and play the video.

3.4. Then select Microscope, Acquisition, Acquisition Settings, Acquisition Modes, Mosaic, and Start to start the acquisition of a full mosaic map of the grid in brightfield mode using the default values for the mosaic [1].

3.4.1. SCREEN: 62190_3.4.1-VLMmosaic.mp4. 00:01-00:23. Video Editor: Speedup and play the video.


4. Fluorescence Mode Mosaic Acquisition

4.1. For fluorescence mode mosaic imaging, turn off the visible light microscope-led source for brightfield imaging [1] and select the LED light source corresponding to the desired excitation wavelength and the corresponding optical filter manually on the set-up [2].

4.1.1. WIDE: Talent turning off light source, with monitor visible in frame
4.1.2. Talent selecting the LED light source.

4.2. Select Microscope, Acquisition, Acquisition Settings, Acquisition Modes, Continuous, and Start and click Motion Control and Sample to select Sample Z to refine the focus on the fluorescence image [1].

4.2.1. SCREEN: 62190_4.2.1.mp4. 00:01-00:24. Video Editor: Speedup and play the video.

4.3. Then click Microscope, Acquisition, Acquisition Settings, Acquisition Modes, Mosaic, and Start to acquire a mosaic map retaining the positional X and Y parameters from the bright field mosaic [1].

4.3.1. SCREEN: 62190_4.3.1.mp4. 00:01-00:50. Video Editor: Speedup and play the video.


4.4. Then switch off the LED light-source [1].

4.4.1. Talent switching off the LED source.

5. X-Ray Imaging

5.1. For X-ray mosaic acquisition, select a binning of 2 [1], an exit slit of 5 microns, a 1-second exposure at Mistral [2].

5.1.1. WIDE: Talent setting binning, with monitor visible in frame.
5.1.2. SCREEN: 62190_5.1.2_5.2.1.mp4. 00:12-00:20. Video Editor: Speedup and play the video.

5.2. Select Microscope, Acquisition, Acquisition Settings, Camera Settings, and binning to adjust the focus using the sample Z translation [1]. Then select Motion Control and XS (X-S) to select XS [2].

5.2.1. SCREEN: 62190_5.1.2_5.2.1.mp4. 00:21-00:40. Video Editor: Speedup and play the video.
5.2.2. SCREEN: 62190_5.1.2_5.2.1.mp4. 00:02-00:11. Video Editor: Speedup and play the video.


5.3. Select Microscope, Acquisition, Acquisition Settings, Acquisition Modes, Continuous, and Start. Select Motion Control and Sample to select Sample Z. Starting in steps of 5 microns, refine the focus down to steps of 0.5 microns until the cell or the carbon foil holes are well in focus [1].

5.3.1. SCREEN: 62190_5.3.1.mp4. 00:02-00:48. Video Editor: Speedup the video.

5.4. To acquire a mosaic map of the mesh square, click Microscope, Acquisition, Acquisition Settings, Acquisition Mode, Mosaic, and Start [1].

5.4.1. SCREEN: 62190_5.4.1-mosaic.mp4. 00:02-00:23. Video Editor: Speedup the video.


5.5. When the map has been acquired, click Motion Control and Sample and change Sample X to Sample Y to move the sample to a Flat-Field position [1].

5.5.1. SCREEN: 62190_5.5.1.mp4. 00:02-00:23. Video Editor: Speedup the video.


5.6. Set the exposure time to 1 second at Mistral [1].

5.6.1. SCREEN: 62190_5.6.1.mp4. 00:01-00:16. Video Editor: Speedup the video.


5.7. Then normalize the acquired mosaic by the flat-field image to obtain the transmission and save the normalized mosaic [1].

5.7.1. SCREEN: 62190_5.7.1.mp4. 00:02-00:27. Video Editor: Speedup the video.

6. Tomography Acquisition

6.1. To acquire a tomogram, click Motion Control and Sample [1] and select Sample theta to move the negative maximum angle to plus 0.1 [2].

6.1.1. WIDE: Talent clicking Motion Control and Sample
6.1.2. SCREEN: 62190_6.1.2.mp4. 00:02-00:16. Video Editor: Speedup the video.

6.2. Click Microscope, Acquisition, Acquisition Settings, Acquisition Modes, and Tomography to set the number of images as the total number of angles, taking into account the image at angle zero and the angular range, and set the number of images [1].

6.2.1. SCREEN: 62190_6.2.1_6.3.1.mp4. 00:02-00:07. Video Editor: Speedup the video.

6.3. Select Angle Start and Angle End [1], click Microscope, Acquisition, Acquisition Settings, Camera Settings, and set the Exposure Time [2].

6.3.1. SCREEN: 62190_6.2.1_6.3.1.mp4. 00:12-00:20. Video Editor: Speedup the video.
6.3.2. SCREEN: 62190_6.2.1_6.3.1.mp4. 00:02-00:05 and 00:08-00:12. Video Editor: Speedup the video.


6.4. Click Start to start the acquisition [1].

6.4.1. SCREEN: 62190_6.4.1.mp4. 00:15-00:26. Video Editor: Speedup the video.


6.5. To align the sample on the rotation axis, with the rotation at zero degrees, select Motion Control and Sample and change the Sample X, Sample Y, and Sample Z to focus on the feature of the cell to put on the rotation axis [1].

6.5.1. SCREEN: 62190_6.5.1.mp4. 00:02-00:35. Video Editor: Speedup the video.

6.6. To rotate the sample to plus theta, select Motion Control and Sample and change the Sample to theta. Use the line tool to draw a line on the feature of the cell to put on the rotation axis [1].

6.6.1. SCREEN: 62190_6.6.1.mp4. 00:02-00:15. Video Editor: Speedup the video.

6.7. To rotate the sample to minus theta, select Motion Control and Sample and change the Sample to minus theta. Use the line tool to draw a line on the feature of the cell to put on the rotation axis [1].

6.7.1. SCREEN: 62190_6.7.1.mp4. 00:01-00:08. Video Editor: Speedup the video.

6.8. While at plus or minus theta, use the sample Z translation to move the selected feature to the center position between both lines [1] and repeat the sample rotation until a minimum line to line distance is obtained [2].

6.8.1. SCREEN: 62190_6.8.1.mp4. 00:01-00:25. Video Editor: Speedup the video.
6.8.2. Talent at computer, performing rotations, with monitor visible in frame.

6.9. When the sample theta equals zero, move sample X twice the distance needed to put the selected feature at the center of the field of view and move the zone plate X to bring the feature back to the center of the field of view [1-TXT].

6.9.1. SCREEN: 62190_6.9.1.mp4. 00:01-00:55. TEXT: Adjust centering and zone plate 1x/grid. Video Editor: Speedup the video.

6.10. To re-optimize the zone plate Z position with respect to the new rotation axis, select Microscope, Acquisition, Acquisition Settings, Acquisition Modes, and Focal Series and click Start to record a zone plate Z focal series [1].

6.10.1. SCREEN: 62190_6.10.1.mp4. 00:01-00:31. Video Editor: Speedup the video.

6.11. Then click Motion Control and Zone Plate and select Zone Plate z to move the zone plate Z to the position at which the sample is in focus [1].

6.11.1. SCREEN: 62190_6.11.1.mp4. 00:01-00:22. Video Editor: Speedup the video. 





Results
7. Results: Representative Cryo Soft X-Ray Tomograms

7.1. The ideal sample [1] should have single cells at the center of a square mesh embedded in a thin layer of ice and surrounded by well-dispersed gold fiducial markers [2].

7.1.1. LAB MEDIA: Figure 5A 
7.1.2. LAB MEDIA: Figure 5A Video Editor: please emphasize red square/cells in red square

7.2. Many different organelles [1], such as mitochondria [2], endoplasmic reticula [3], vesicles [4], and the nucleus should be able to be distinguished thanks to the quantitative reconstruction of the linear absorption coefficients [5].

7.2.1. LAB MEDIA: Figures 5A and 5B Video Editor: please zoom into red square to show magnification in 5B or similar
7.2.2. LAB MEDIA: Figure 5B Video Editor: please emphasize M texts and organelles
7.2.3. LAB MEDIA: Figure 5B Video Editor: please emphasize ER text and organelle
7.2.4. LAB MEDIA: Figure 5B Video Editor: please emphasize V texts and organelles
7.2.5. LAB MEDIA: Figure 5B Video Editor: please emphasize N text 

7.3. In this image, a square with higher cell density can be observed [1]. In this example, the blotting was less efficient, leading to a thicker ice layer with cracks [2].

7.3.1. LAB MEDIA: Figure 5C
7.3.2. LAB MEDIA: Figure 5C Video Editor: please emphasize red arrows

7.4. Even though some larger structures can be recognized in this preparation [1], fine details were lost within the noise and grainy texture due to the poor vitrification quality of the thick ice [2].

7.4.1. LAB MEDIA: Figures 5C and 5D Video Editor: please zoom into red square to show magnification in Figure 5D or similar
7.4.2. LAB MEDIA: Figure 5D Video Editor: please red arrow






Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

8.1. Jan Groen: The cryo preserved sample should be minimally handled, as most of the artifacts are induced when the sample is in this stage [1].

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.2.

8.2. Eva Pereiro: Usually, correlative cryo visible light fluorescence microscopy is used prior to cryo soft X-ray tomography. In addition, spectro-microscopy can be performed for relevant chemical elements [1].

8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.   

8.3. Eva Pereiro: This protocol fills a niche by operating in a specimen and resolution regimen not readily accessible by other direct imaging techniques, allowing a few microns thickness and 30 nanometer resolution [1].

8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.  Suggested B-roll: 3.3. and 5.3.
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