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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. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? Meeting room and Microscope room in the same hallway of the same building.

Current Protocol Length

Number of Steps:19
Number of Shots: 55 (4 shots + 50 SC + 1LM)


Introduction

1. Introductory Interview Statements

Videographer: Obtain headshots for all authors.
REQUIRED: 

1.1. Daniel Nemecek: Cryo-EM has become a standard technique for the structure determination of proteins and their complexes. This protocol provides the best practices for obtaining high-resolution cryo-EM datasets from mid-range 200-kilovolts TEM microscopes.

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

1.2. Daniel Nemecek: Cryo-EM can determine protein structure in near-native conditions in solution and even capture protein complexes in different functional states and conformations, which is elusive to other structural techniques.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 2.1

OPTIONAL: 

1.3. Daniel Nemecek: Obtained structural information can be used for elucidating the mechanism of protein function or for structure-based drug design. For example, recently determined structures of amyloid filaments related to different neurological diseases revealed possible binding sites of a vital ligand. 

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

1.4. Oliver Raschdorf: Operation of cryo-TEM microscope has become relatively easy due to increased automation. However, we advise a training session with an experienced user to get started, but quick progress on learning the technique is expected afterward. 

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

Introduction of Demonstrator on Camera

1.1. Oliver Raschdorf: Demonstrating the procedure will be Adrian Koh, Sr. Application Scientist  at Thermo Fisher Scientific .
1.1.1. INTERVIEW: Author saying the above. 
1.1.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.1. 

Protocol
Videographer: Please obtain multiple reusable shots of talent working at the computer, clicking the mouse button, and scrolling the mouse wheel to be used as b-rolls.
2. [bookmark: _Ref92811652]Grid Loading, Mapping, and Selection of Best Cryo-EM Grids for Data Collection

2.1. Insert autogrids into the Autoloader cassette under liquid nitrogen conditions [1]. Insert the cassette with autogrids into a liquid-nitrogen-cooled transfer capsule [2], further insert the capsule into the microscope [3] and click on the Dock button in the microscope UI [U-I] to load the cassette from the capsule into the Autoloader of the microscope [4].

2.1.1. WIDE: Talent inserting autogrids into the Autoloader cassette.
2.1.2. Talent inserting cassette with autogrids into capsule 
2.1.3. Talent inserts the capsule with cassette containing autogrids into the microscope. And pushes “Dock” button on LCD screen
2.1.4. SCREEN: Clicking on Dock.

Authors: Please create screenshots/screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://www.jove.com/account/file-uploader?src=19373343 

2.2. Click on the Inventory button to check the presence of autogrids in the loaded cassette [1]. Then, click on the Load and Unload buttons to insert the autogrids into the column for TEM [T-E-M] imaging [2]. 

2.2.1. SCREEN: Clicking on the Inventory button.
2.2.2. SCREEN: Clicking on Load > Unload buttons.

2.3. Select the Atlas tab and click on the New Session button to open a new session [1]. Fill in details such as session name and data storage location and click on the Apply button [2]. Select the grids of interest by selecting a checkbox next to the corresponding grid number [3]. 

2.3.1. SCREEN: Clicking on Atlas > New Session.
2.3.2. SCREEN: Filling details in the sections and clicking Apply.
2.3.3. SCREEN: Selecting checkboxes of interest.

2.4. Click the Start button to start a fully automated collection of atlases of all selected grids [1]. When the collection is completed, click on grid labels to review the acquired atlases [2]. Click on the Load Sample button in the top menu to insert a chosen grid with suitable ice distribution into the microscope column [3].

2.4.1. SCREEN: Clicking Start button.
2.4.2. SCREEN: Clicking on grid labels.
2.4.3. SCREEN: Clicking on Load Sample. and filling in sample names

3. [bookmark: _Ref85700632] Setting Up a Data Collection Session in the Single Particle Analysis Software

3.1. Select the EPU [E-P-U] tab and click on the Session Creation button to create a new session in the left panel [1]. Select the New Session option to use the current set optical presets [2]. Fill in session name and data storage location. [3]

3.1.1. SCREEN: Selecting EPU > Session Creation.
3.1.2. SCREEN: Selecting Preferences>New“Use current presets”.
3.1.3. SCREEN: Entering the datasession name.

3.2. Select the Manual type of the session to have control over the selection of individual holes in grid squares selected for data collection later in the protocol [1]. Select the Faster acquisition mode to use aberration-free image shifting for data collection [2]. Specify the used grid and its type [3]. 

3.2.1. SCREEN: Selecting Manual type.
3.2.2. SCREEN: Selecing Faster acquisition mode.
3.2.3. SCREEN: Entering details of used gridmetadata save location.

3.3. Select Quantifoil under Specimen carrier [1] and R-1.2/1.3 [R-one-point-two-one-point-three] or R-2/1 [R-two-one] under Quantifoil Type [2]. Click on the Apply button to create a new session [3]. Select the Square Selection task in the left panel to show the collected atlas of the grid [4].

3.3.1. SCREEN: Selecting Specimen carrier> Quantifoil.
3.3.2. SCREEN: Selecting Quantifoil Type> R1.2/1.3 or 2/1.
3.3.3. SCREEN: Clicking Apply button.
3.3.4. SCREEN: Selecting Square Selection on left panel.

3.4. Identify the grid squares with intact support foil without damage, thin vitreous ice in foil-holes, negligible crystalline ice contamination in the grid square, and minimal brightness gradient across the grid square and within individual foil-holes [1].

3.4.1. LAB MEDIA: Figure 4 Video editor: Emphasize on the grid square

3.5. Select the grid squares for data collection either in the full atlas or high-quality tile images [1]. Right-click on a grid square of interest and choose the Select option in the context menu [2]. Select the Hole Selection task in the left panel to select the grid squares' holes [3]. 

3.5.1. SCREEN: Selecting grid squares.
3.5.2. SCREEN: Clicking: Right on grid square > context menu > Select
3.5.3. SCREEN: Selecting Hole Selection

3.6. Click on the Auto-Eucentric button to automatically move to the first selected grid square [1], adjust the Eucentric height, and acquire a grid square image for finding foil-holes [2]. Click on the Find Holes button to find foil holes in the image [3]. Click on the Remove Holes button close to the grid bar button to deselect holes near grid bars [4].

3.6.1. SCREEN: Clicking on the Auto-Eucentric button.
3.6.2. SCREEN: Adjusting Eucentric height to acquire grid square image.
3.6.3. SCREEN: Clicking on Find Holes.
3.6.4. SCREEN: Clicking on selection brush to Rremove Holes.

3.7. Adjust limits in the brightness histogram of the Ice filter to remove all holes with too thick ice and all empty holes [1]. Right-click on a hole in the grid square image and select Move Stage to Location/Move Stage Here [2].

3.7.1. SCREEN: Adjusting hole picking limits in the brightness histogram of the Ice filter.
3.7.2. SCREEN: Clicking: Right on hole > Move Stage to Location/Move Stage here.

3.8. Select the Template Definition task in the left panel [1]. Select the Hole/Eucentric [Hole- Eucentric] height preset and click on the Acquire button to acquire an hole image [2]. Click on the Find and Center Hole button to center a hole in the image [3]. Set values for Delay After Image Shift to 0.5 seconds and Delay After Stage Shift to 205 seconds [4].

3.8.1. SCREEN: Selecting Template Definition.
3.8.2. SCREEN: Clicking: Hole/Eucentric preset> Acquire button.
3.8.3. SCREEN: Clicking: the Find and Center Hole button.
3.8.4. SCREEN: Setting values for Delay After Image Shift and Delay After Stage Shift

3.9. Select the Add Acquisition Area button and click on the image to select the location in the centered hole where high-magnification image acquisition will be taken [1]. Select the Add Autofocus Area button and click on the image to select the location on the support foil next to the centered hole where image autofocus will be performed [2].

3.9.1. SCREEN: Selecting Add Acquisition Area button and clicking on image and selecting the location.
3.9.2. SCREEN: Selecting Add Autofocus Area button and clicking on the image and selecting the location on support foil.

3.10. Click on the green acquisition area to set a sequence of defocus values in the Defocus List in the top section of the software window [1]. Click on the blue autofocus area to set the autofocus-specific settings in the same area [2]. Choose the option After Centering to autofocus at the start of each AFIS [A-F-I-S] cluster [3].

3.10.1. SCREEN: Clicking on green acquisition area and setting values in Defocus List.
3.10.2. SCREEN: Clicking on the blue autofocus area and setting autofocus-specific field.
3.10.3. SCREEN: Selecting “After Centering” in Autofocus options.

3.11. Choose the option Objective Lens for faster autofocusing and reduced stage drift [1]. Click on the Prepare All Squares button in the Hole Selection task to automatically set data collection in all other selected grid squares according to the used settings in this first grid square [2].

3.11.1. SCREEN: Choosing “Objective Lens” in Autofocus options.
3.11.2. SCREEN: Clicking Hole Selection > Prepare All Squares

4. [bookmark: _Ref92977516]Final Microscope Alignments Before Starting Data Collection

4.1. Select the Template Execution Definition task, acquire a new image [1], move with the stage to a clean area on carbon foil by a right-click [2], and select the menu option Move Stage Here [3]. Select the Auto Functions tab and set the Desired defocus to 0 micrometers and Iterate to minus 2 micrometers [4]. 

4.1.1. SCREEN: Selecting Template Execution Definition and acquiring a new image.
4.1.2. SCREEN: Moving image stage to a clean area on carbon foil using previous image.
4.1.3. SCREEN: Selecting Move Stage Here.
4.1.4. SCREEN: Selecting Auto Functions tab and setting Desired defocus and Iterate.

4.2. Switch to the Autofocus preset and click on the Start button to run the Autofocus function [1]. Select the Autostigmate task, switch to the Thon Ring preset, and press the Start button [2]. Select the Autocoma task and press the Start button [3]. Open Sherpa UI and select the Energy Filter application [4].
4.3. 
4.3.1. SCREEN: Switching to Autofocus and clicking on Start.
4.3.2. SCREEN: Selecting Autostigmate task > Thon Ring > Start.
4.3.3. SCREEN: Selecting Autocoma >  Start.
4.3.4. SCREEN: Opening Sherpa UI>selecting Energy Filter

4.4. Move stage to an area with broken gridsquare [1]. Confirm transparency of area by taking a single autofocus image[2]. Open Sherpa UI and select the Energy Filter application [3]. 
4.5. Click on the Center button in the Zero Loss option to center the zero-loss energy filter slit [14]. Click on the Tune button in the Isochromaticity option [25]. Click on the Tune Magnification and Tune Distortions option in the Geometric and Chromatic Distortions [36].

4.5.1. SCREEN: Select “Square Selection”, right click on broken square and select “Move stage to Grid Square”
4.5.2. SCREEN: Select “Preparation” > Autofocus preset > Acquire and confirm nothing is in view. 
4.5.3. SCREEN: Opening Sherpa UI>selecting Energy Filter
4.5.4. SCREEN: Clicking on Zero Loss>Center.
4.5.5. SCREEN: Clicking: Isochromaticity>Tune
4.5.6. SCREEN: Clicking the Geometric and Chromatic Distortions>Tune Magnification and Tune Distortions

4.6. Go to the EPU tab, select the Automated Acquisition task, click on the Start Run button to begin fully automated data collection [1].

4.6.1. SCREEN: Clicking: EPU> Automated Acquisition> Start Run




Results

5. Results: Gallery of grids, Cryo-EM reconstruction of apo-ferritin, and Effect of energy filtering on cryo-EM images
[bookmark: _Hlk84878743]
5.1. The figure shows cryo-EM [Cryo-E-M] grids displaying a gradient of ice thickness over the grid surface, the grids excluded from the further investigation are bad grid with thick ice [1], and a bent grid with bad ice and contamination [2], while acceptable grids are those with good ice gradient [3] and a typical grid with good thin ice and small ice gradient [4]

5.1.1. LAB MEDIA: Figure 3A
5.1.2. LAB MEDIA: Figure 3B
5.1.3. LAB MEDIA: Figure 3C
5.1.4. LAB MEDIA: Figure 3D

5.2. The figure shows the final 3D rendering of the reconstructed apo-ferritin cryo-EM map. The high stability and symmetry make it an optimal benchmark sample for high-resolution cryo-EM imaging and image processing.[1]. 

5.2.1. LAB MEDIA: Figure 5 Video editor: Emphasize on the left panel

5.3. Bayesian [bayz-ee-uhn] polishing, CTF [C-T-F] refinement, and Ewald sphere correction resulted in a 1.63-angstrom resolution map [1]. 

5.3.1. LAB MEDIA: Figure 5 Video editor: Emphasize on the left panel

5.4. The figure shows a detailed view of the reconstructed apo-ferritin cryo-EM map at the individual amino acid side chains level. The density of amino acid sidechains is well resolved, and the atomic model can be unambiguously built within the map [1].

5.4.1. LAB MEDIA: Figure 5 Video editor: Emphasize on the right panel

5.5. The image here shows two different datasets at different defocus values, collected from the same cryo-EM grid with similar grid squares with slit fully open and 10 electron volt slit and indicates that the 10 electron volt slit significantly improves image contrast, especially at close to focus conditions required for high-resolution reconstructions. [1].

5.5.1. LAB MEDIA: Figure 6A

5.6. The figure herein shows an overview of the 20S [twenty-S] proteasome cryo-EM map with segmented subunits used as a standard cryo-EM sample, and its zoomed view with a fitted atomic model represents the stable catalytic core of the proteasome complex with the D7 [D-seven] symmetry [1].

5.6.1. LAB MEDIA: Figure 6B and 6C


Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Adrian Koh: The protocol includes two critical steps. Firstly, to identify good grids with ideally dense distribution of randomly oriented particles in thin vitreous ice. Secondly, to use parallel illumination and perform daily alignments.

6.1.1.  INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 3.2 

6.2. Adrian Koh: With high-resolution reconstructions of proteins that typically reach 2 to 3-angstrom resolution, the protein structure can be determined de novo, and scientists can identify binding sites with other proteins, ligands, and drugs. This information can elucidate molecular mechanisms of diseases and be used to improve drug leads.

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

6.3. Adrian Koh: Crystallisation was necessary for high-resolution structural studies prior to cryoEM. Cryo-EM single particle analysis has enabled the structure determination of membrane proteins, filaments, or complexes that could not be crystallized, aiding in understanding biological phenomena on a broader range.

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