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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  no  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured video files to your project page as soon as possible.

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 videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 


4. Filming location: Will the filming need to take place in multiple locations?   Yes, Leeds and Diamond Light Source


Current Protocol Length

Number of Steps:  38
Number of Shots:  41 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Rebecca Thompson: Single particle cryoEM analysis has become a routine technique in the structural biologist’s toolbox, applicable to a wide range of protein classes including membrane proteins, ribosomes, nucleic acid binding complexes and viruses.

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

1.2. Rebecca Thompson: Once sample preparation has been completed and the grids loaded into the microscope, data collection can be carried out remotely in many cryoEM facilities such as eBIC and Astbury Biostructure laboratory electron microscopy facilities.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 2.1.1

OPTIONAL: 
1.3. Rebecca Thompson: For those new to cryoEM, the barrier to structure determination often lies in the sample preparation and grid screening stages, with multiple iterations sometimes required. Here we will demonstrate grid screening and data acquisition for single particle analysis.

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


Introduction of Demonstrator on Camera

1.4. Rebecca Thompson: Demonstrating the procedure will be Josh White, a PhD student based at the Astbury Biostructure Laboratory, University of Leeds and Andy Howe from eBIC, Diamond light source. 
1.4.1. INTERVIEW: Author saying the above. 
1.4.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.
1.5. 

Protocol
2. [bookmark: _Hlk66178117]Performing an Inventory and Screening for ice and Sample Quality
Authors: Please acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19036623.
2.1. In the autoloader tab of the microscope user interface [1], tab out the Options dialogue using the arrow and press the Inventory button. This will sequentially check each position in the cassette to determine if a cartridge is present [2]. 
2.1.1. WIDE: Talent working remotely 
2.1.2. SCREEN: To be provided by the authors: Talent tabbing out the options tab and pressing inventory button
2.2. The inventory will run on each slot sequentially. When all occupied slots are mapped, the inventory will stop. [1].
2.2.1. SCREEN: To be provided by the authors: Talent pressing the inventory button to collect inventory and watch a slot become mapped, then skip to all slots being mapped.
2.3. Highlight the grid to be transferred to the microscope column and click Load. The slot label will turn from blue to yellow once the grid has been successfully loaded onto the stage [1].
2.3.1. SCREEN: To be provided by the authors: Talent highlighting the grid to be transferred and clicking load
2.4. To screen the grids, open EPU software. On the Preparation page, select Acquisition optics and settings, then select the Atlas preset from the drop-down menu. Choose appropriate beam setting presets and press Set to push the parameters to the microscope [1].
2.4.1. SCREEN: To be provided by the authors: Talent opening EPU software and selecting Acquisition optics and settings, then selecting the Atlas preset from the drop-down menu. After choosing appropriate beam setting presets, pressing Set button.
2.5. Press Open column valves and insert the FluScreen. Check that a beam is visible and sufficiently spread and centered to cover the detector. If necessary, navigate to a thinner region of the grid using the joystick to control stage movements in X and Y [1]. 
2.5.1. SCREEN: To be provided by the authors: Talent pressing open column valves and inserting the fluscreen, then navigating to a thinner region
2.6. Lift the FluScreen and take an image using the Preview button in EPU. [1]. 
2.6.1. SCREEN: To be provided by the authors: Talent lifting the fluscreen and taking an image using the Preview button in EPU
2.7. In EPU, go to the Atlas page and press New Session. Select the MRC image format and enter a suitable folder name and location for saving the screening session, then click Apply [1].
2.7.1. SCREEN: To be provided by the authors: Atlas page opened and New Session is pressed. Talent selecting MRC image format and enter a suitable folder name and location and then clicking Apply.
2.8. Select Screening from the menu on the left. Tick the checkboxes next to each grid to have an atlas montage acquired, then Start the screening session in EPU. An atlas is acquired for each checked grid and available grid squares are listed upon completion. Each atlas can be viewed by highlighting it on the screening page [1]
2.8.1. SCREEN: To be provided by the authors: Talent selecting screening from the menu, ticking the checkboxes and starting the screening process.
2.9. When finished, review the collected atlases [1] and identify the grids suitable for assessing sample quality at higher magnifications. Highlight the chosen grid on the EPU screening menu and click Load sample [2]. 
2.9.1. WIDE: Talent working remotely
2.9.2. SCREEN: To be provided by the authors: Talent assessing the collected atlas, highlighting the chosen grid on the EPU screening and clicking load sample.
2.10. Use the beam setting presets and the preview function to examine the desired grid squares in greater detail [1].
2.10.1. SCREEN: To be provided by the authors: Talent using the beam setting preset to preview the desired grid squares
2.11. From the Atlas screening menu, select the grid presently loaded and move the stage to a grid square containing the filled holes by right clicking over the desired location on the grid image and selecting move to grid square [1].
2.11.1. SCREEN: To be provided by the authors: Talent right clicking on the desired location on the Atlas and selecting move to grid square
2.12. Return to EPU, Preparation page and select the GridSquare preset [1]. 
2.12.1. SCREEN: To be provided by the authors: Talent opening preparation page in EPU and selecting GridSquare preset
2.13. Open the EPU, Auto Functions page and run Auto-eucentric by stage tilt with the GridSquare preset to move the sample to eucentric height. [1]
2.13.1. SCREEN: To be provided by the authors: Talent opening Auto Functions page in EPU and running Auto-eucentric by stage tilt with the GridSquare preset
2.14. In EPU, Preparation, take a new GridSquare Preview image. Note the grey values across different holes, indicating differing ice thicknesses. Move the stage over a hole using right click and move stage here. Select the Hole or Eucentric Height preset then click Preview [1].  
2.14.1. SCREEN: To be provided by the authors: In Preparation page, talent taking GridSquare Preview image, moving the stage over a hole using right click then move stage here and then selecting the Hole or Eucentric Height and clicking Preview.  
2.15. Select Data Acquisition preset and set a magnification that allows easy identification of the particles. Set the defocus offset to negative 3 to 5 micrometers [1-TXT]. 
2.15.1. SCREEN: To be provided by the authors: Talent selecting Data acquisition preset and setting the defocus offset and exposure electron dose TEXT: object sampling of <2 Å/pixel, exposure electron dose: ~40-80 e-/ Å2
2.16. Iterate through steps to assess a range of ice thicknesses for particle distribution, orientation, and contamination across the grid. Depending on microscope availability, continue directly to data collection, or grids can be removed from the microscope for future collection (including at other sites) [1].
2.16.1. SCREEN: To be provided by the authors: Talent iterating through the steps.

3. Single Particle CryoEM Data Collection 
3.1. Collect an Atlas [1], if one is not available from screening [2]. 
3.1.1. WIDE: Talent working remotely
3.1.2. SCREEN: To be provided by the authors:  Talent collecting an atlas for the grid
3.2. Once the Atlas is complete, define each of the beam setting presets according to the experimental needs of the project [1]. 
3.2.1. SCREEN: To be provided by the authors:  Talent defining/demonstrating appropriate  beam settings presets
3.3. Perform image shift calibrations [1].
3.3.1. SCREEN: To be provided by the authors: Talent performing image shift calibrations
3.4. Set up the EPU session by selecting the EPU page, Session Setup and then selecting either New session or New from preferences [1].
3.4.1. SCREEN: To be provided by the authors: Talent selecting Session setup, New Session 
3.5. After select New session, a pop up will appear providing an option to use previous settings. The settings will automatically load from the previous to the current EPU session. Alternatively, select New from preferences and pick a file with saved preferences to preload this information into the current EPU [1].
3.5.1. SCREEN: To be provided by the authors: Talent selecting New from preferences and picking a file with saved preferences
3.6. Fill in session name with something informative [1]. In Type, select Manual. For Acquisition mode, select accurate hole centering or faster acquisition if aberration free image shift collection is available and desired. Select the desired Image format, then select Storage Folder and EPU will create a directory with the session name [2].
3.6.1. SCREEN: To be provided by the authors: Talent filling the session name.
3.6.2. SCREEN: To be provided by the authors: Talent selecting Manual form Type, accurate hole centering or faster acquisition in acquisition mode, and the format of the image. Then, selecting storage folder.
3.7. Select the appropriate Grid according to which grid hole spacing is being used and press Apply [1].
3.7.1. SCREEN: To be provided by the authors:  Talent selecting appropriate Grid and pressing Apply
3.8. Select an initial grid square and set an acquisition template. Go to Square selection, if all squares are green, click unselect all in the top left [1]. 
3.8.1. SCREEN: To be provided by the authors: Talent going to Square selection and clicking unselect all
3.9. Open tiles by right clicking and then selecting open tile. Select a square by right clicking, selecting add, then again right clicking and selecting Move stage to grid square [1]. 
3.9.1. SCREEN: To be provided by the authors: Talent opening tiles and then selecting add, right clicking and selecting Move stage to grid square
3.10. Go to Hole selection and press Auto Eucentric. Wait until a Grid Square image is taken. If the autofunction fails, this may be because the height is significantly off. It can be adjusted manually using the FluScreen at Grid Square magnification [1]. 
3.10.1. SCREEN: To be provided by the authors: Talent selecting Hole selection and then pressing Auto eucentric. Talent adjusting manually the height by using the FluScreen at Grid Square Magnification
3.11. To measure hole size, move and adjust the yellow circles so they are over the holes with correct size and spacing [1].
3.11.1. SCREEN: To be provided by the authors: Talent measuring the hole size and moving and adjusting yellow circles over the holes
3.12. Press Find holes. Check that the holes have been found correctly. If not, change the hole size and press find holes again. If this process consistently fails, consider moving to a lower number or brighter spot size at grid square magnification [1]. 
3.12.1. SCREEN: To be provided by the authors: Talent pressing Find Holes and then changing hole size. 
3.13. Use the Filter ice quality histogram on the right to adjust hole selection. This can be useful to exclude areas with thick ice and thin ice. This will be remembered for future grid squares selected during this session [1].
3.13.1. SCREEN: To be provided by the authors: Talent using the filter ice quality to adjust the hole selection
3.14. Optimize hole selection with the tools in the Select menu at the top. For example, click Remove holes close to grid bar. Go to Template definition and press Acquire [1].
3.14.1. SCREEN: To be provided by the authors: Talent selecting tools in select menu and optimizing the hole selection. Talent going to template definition and pressing acquire
3.15. Click Find and center hole, change the Delay after Stage Shift and Delay after Image Shift times to 1 to 5 seconds, then, if available, check Maximum Image shift value is as desired [1].
3.15.1. SCREEN: To be provided by the authors: Talent clicking Find and Center hole. Then, changing the Delay after Stage Shift and the Delay after Image Shift times to 1 to 5 seconds and checking Maximum Image shift value
3.16. Click Add acquisition area and click anywhere on the image. Move the acquisition area to the desired location [1].
3.16.1. SCREEN: To be provided by the authors: Talent clicking add acquisition area and moving the acquisition area 
3.17. Add the defocus range on the top right. A typical defocus list for a membrane protein project is negative 0.8 to negative 3-micrometer defocus. Then add other acquisition areas, arranging them such that areas of acquisition are not doubly exposed with the beam [1]. 
3.17.1. SCREEN: To be provided by the authors: Talent adding the defocus range on top right and moving acquisition areas such that they don’t overlap
3.18. Click Add autofocus area and click anywhere on the image. Move the autofocus area to the carbon surrounding a hole. Standard practice is to autofocus after centering when using AFIS, or every 5 to 15 micrometers, depending on the z-height variation across the square [1]. 
3.18.1. SCREEN: To be provided by the authors: Talent clicking on Add autofocus area and then clicking on image and moving the autofocus area to carbon surrounding the hole
3.19. Click Add drift measurement area, drift measurement performed once per grid square, with a set threshold of 0.05 nanometers per second as a standard setting. The drift measurement area can overlap directly with the autofocus area. Make sure neither drift nor autofocus area overlap with an acquisition area [1].
3.19.1. SCREEN: To be provided by the authors: Talent clicking Add drift measurement area and positioning the drift measurement area to overlap with the autofocus area
3.20. Go back to Square selection [1], and select the squares for acquisition on the grid. Use the number of acquisition areas and expected data acquisition rate to predict how many acquisition areas are required. When all desired squares are selected, press Prepare all Squares [2].
3.20.1. WIDE: Talent working remotely
3.20.2. SCREEN: To be provided by the authors: Talent going to Square selection and predicting how many acquisition areas are required and then pressing Prepare all Squares
3.21. Once each square is collected, navigate between the grid squares and finetune the holes using the selection brush [1].
3.21.1. SCREEN: To be provided by the authors: Talent fine tuning the holes using the selection brush
3.22. Move to a stage location over the specimen and use auto functions to set eucentric height. Perform microscope alignments by using alignment tools within the software. Briefly, set acquisition beam conditions, ensure the objective aperture is removed and the stage is positioned over a beam stable area of the specimen at eucentric height [1]. 
3.22.1. SCREEN: To be provided by the authors: Talent using the software alignment tools to set acquisition beam conditions
3.23. Perform coma-free alignment within the auto-functions before reinserting and centering the objective aperture and correcting the objective lens astigmatism with EPU. Ensure that both alignments converge on suitable values [1-TXT].
3.23.1. SCREEN: To be provided by the authors: Talent performing coma-free alignment with the auto-functions TEXT: <150 nm of coma and ~0 astigmatism
3.24. Before starting the automated acquisition run [1], ensure the autoloader turbo pump is turned off, and the objective aperture is inserted, if required. In Automated acquisition, press Start run to commence automated data acquisition [2]. 
3.24.1. WIDE: Talent working remotely
3.24.2. SCREEN: To be provided by the authors: Talent pressing start in automated acquisition


Results
4. Results: Single Particle Cryo-Electron Microscopy: Screening for 3D Classification and Refinement
4.1. Using this protocol, broken [1] or dry grids can be screened and discarded at the atlas stage [2]. A gradient of ice is observed across the majority of grids [3]. 
4.1.1. LAB MEDIA: Figure 2 Video editor: Please highlight figure 2A
4.1.2. LAB MEDIA: Figure 2 Video editor: Please highlight figure 2B
4.1.3. LAB MEDIA: Figure 2 Video editor: Please highlight figure 2C and 2D
4.2. During screening, an ideal particle distribution is monodisperse with a range of particle orientations visible [1]. If ice is too thin, it can melt when illuminated with the electron beam, causing excessive motion in micrograph [2]. This is most commonly observed when there is detergent in the buffer [3].
4.2.1.  LAB MEDIA: Figure 3 Video editor: Please highlight figure 3A
4.2.2. LAB MEDIA: Figure 3 Video editor: Please highlight figure 3B
4.2.3. LAB MEDIA: Figure 3 Video editor: Please highlight figure 3C
4.3. The ice needs to be vitreous, so areas of the grid where the majority of the images show crystalline ice were excluded [1].
4.3.1. LAB MEDIA: Figure 3 Video editor: Please highlight figure 3D
4.4. Graphical summary of the data was included to assess micrograph quality and to decide if data collection amendments are required [1].
4.4.1. LAB MEDIA: Figure 4A
4.5. Particle pickers such as crYOLO work sufficiently well for a ‘first pass’ of the data [1], enabling progression to 2D class averaging. Classes which show secondary structure detail should be chosen for 3D analysis, while ‘junk’ particles should be discarded [2].
4.5.1. LAB MEDIA: Figure 4B
4.5.2. LAB MEDIA: Figure 4C
4.6. A subset of particles can be used to generate an initial model for 3D classification and refinement [1]. In the case of RagAB, the dataset contained three distinct conformers which can be separated during 3D classification [2].
4.6.1. LAB MEDIA: Figure 5A
4.6.2. LAB MEDIA: Figure 5B

Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. Alistair Siebert: It is important to remember that success at the data acquisition and subsequent image analysis steps is reliant on obtaining and identifying well optimized grids during the screening stage.

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 3.1.2

5.2. Alistair Siebert: Once a 3D EM density map is obtained it can be further interpreted through fitting and refining a protein model or building an atomic model de novo.

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

5.3. Alistair Siebert: CryoEM single particle analysis enables structure determination of many targets that were not possible previously, notably these workflows have recently been used to solve structures of COVID-19 related macromolecules.

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