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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
☐ Correct 
☐ Incorrect 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k

As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

[bookmark: Text5]4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: MM/DD/YYYY

DO NOT use this draft script for filming. Please wait until your script is finalized to begin the filming process. 

When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare


To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  18
Number of Shots:  42

Introduction 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud.
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What significant findings have you established in your field?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What research gap are you addressing with your protocol?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What research questions will your laboratory focus on in the future?
1.10. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that you/your videographer will capture. 

2. Procedure to Perform High-Pressure Freezing
Demonstrator: Click here to enter name of demonstrator(s)

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, fill the LN-box with liquid nitrogen in preparation for handling and transferring the frozen sapphire disks from the high-pressure freezing holder to the storage capsules [1]. Fill a small dewar with liquid nitrogen [2] and keep it nearby to refill the LN-box as needed during the freezing process [3]. 
2.1.1. WIDE: Talent filling liquid nitrogen into the LN-box.
2.1.2. Talent filling a small dewar with liquid nitrogen.
2.1.3. WIDE: A shot of the dewer placed near the LN-box.
2.2. Keep the insulated tweezers ready [1]. Prepare the sample containers that will hold the sapphire disks after high-pressure freezing. Make sure that they have a lid and several holes for liquid nitrogen to pour in and small weights to ensure that they do not float [2]. Label the containers [3] and place them in the LN-box to precool before use [4-TXT].
2.2.1. Talent placing insulated tweezers next to the LN-box.
2.2.2. A shot of the prepared sample containers that will hold the sapphire disks, ensuring they have holes, lids, and small weights.
2.2.3. Talent labelling the containers.
2.2.4. Talent placing the containers into the LN-box for precooling. TXT: If the cells are not prefixed, keep the samples in an incubator or on a heated plate
2.3. Inspect the sapphire disks under an inverted light microscope to ensure a sufficient number of cells and good cell quality before starting high-pressure freezing [1].
2.3.1. The sapphire disks being observed under an inverted microscope.
2.4. To perform high-pressure freezing, using tweezers, take one sapphire disk from the culture dish and quickly dip it on filter paper to remove excess media [1-TXT]. Place the disk in the high-pressure freezer holder with the carbon-coated side facing upwards, ensuring the number 2 is readable [2]. Authors: How do you want to pronounce HPF holder throughout the video? “H-P-F holder” or “high-pressure freezer holder”?
2.4.1. Talent using tweezers to pick a sapphire disk and quickly blotting it on filter paper. TXT: Do not let the cells dry out
2.4.2. Talent placing the disk into the HPF holder with “2” facing up.
2.5. Dip a gold spacer into hexadecane [1] and place it gently on the sapphire disk [2]. Position a second sapphire disk on top of the spacer with the carbon-coated side facing downwards to form a sandwich configuration with the cells pointing towards each other. Ensure there is no air trapped [3-TXT]. Close the high-pressure freezer holder carefully and quickly to reduce stress on the sample [4].
2.5.1. Talent dipping a gold spacer into hexadecane.
2.5.2. Talent placing the dipped gold spacer onto the disk.
2.5.3. Talent positioning a second disk on top of the spacer with the carbon-coated side facing downwards to form the sandwich with the cells pointing towards each other. TXT: Sapphire disk – gold spacer – sapphire disk sandwich
2.5.4. Talent closing the HPF holder.
2.6. Insert the HPF holder into the high-pressure freezer [1], lock it according to the manufacturer’s instructions [2], and initiate the freezing process [3].
2.6.1. Talent inserting the HPF holder into the high-pressure freezer.
2.6.2. Talent locking the HPF holder into the freezer.
2.6.3. Talent pressing the start button.
2.7. Next, remove the frozen samples from the HPF holder [1] and transfer the tip carrying the sapphire disks into the precooled LN-box [2]. Carefully extract the disks from the holder [3].
2.7.1. Talent removing the frozen samples from the HPF holder.
2.7.2. Talent placing the tip into the LN-box.
2.7.3. Talent using tweezers to remove frozen disks from the holder.
3. Freeze-Substitution Procedure
Demonstrator: Click here to enter name of demonstrator(s)

3.1. Fill 24 cryovials with the prepared freeze-substitution solution [1-TXT] and place the closed vials into a freeze-substitution device precooled to minus 90 degrees Celsius. Wait until the solution reaches the same temperature [2].
3.1.1. Talent filling a cryovial with the freeze-substitution solution. TXT: Freeze-substitution solution: 0.1% uranyl acetate, 0.2% OsO4, and 5% water in acetone
3.1.2. Talent inserting cryovials into the freeze-substitution device.
3.2. Fill the LN-box with liquid nitrogen [1]. Precool tweezers, a scalpel, and pliers or large tweezers by immersing them in liquid nitrogen for use in transferring the sapphire disks [2].
3.2.1. Talent refilling the LN-box with liquid nitrogen.
3.2.2. Talent immersing tools in liquid nitrogen for precooling.
3.3. Using precooled large tweezers, transfer the storage capsules containing the high-pressure frozen samples from the storage tank into the LN-box [1].
3.3.1. Talent retrieving storage capsules from a storage tank and placing them into the LN-box using precooled large tweezers.
3.4. On the following day, transfer the sapphire disks into new, labeled reaction tubes filled with freshly prepared epoxy resin. Position the disks horizontally, supported by the wall of the tube, ensuring that the side with cells is facing upward [1]. Then, place the reaction tubes with the lids open in an oven set to 60 degrees Celsius and allow the resin to polymerize for at least 48 hours [2].
3.4.1. Talent placing sapphire disks into labeled reaction tubes filled with epoxy resin, ensuring the disks are positioned horizontally, supported by the wall of the tube, and the side with cells is facing upward.
3.4.2. Talent placing the open reaction tubes into an oven.
3.5. Next, immerse the tip of a closed reaction tube in liquid nitrogen for approximately 10 seconds [1]. Hit the reaction tube on a table to release the resin block [2]. The sapphire disk will separate easily from the carbon coat, which remains attached to the embedded cells [3].
3.5.1. Talent immersing the reaction tube tip into liquid nitrogen.
3.5.2. Talent tapping the reaction tube sharply on the table.
3.5.3. Resin block separating from sapphire disk, with carbon coat (attached to the embedded cells) visible.

4. Scanning Transmission Electron Microscopy (STEM) Tilt Series Acquisition
Demonstrator: Click here to enter name of demonstrator(s)

4.1. Based on the research question, insert either the brightfield detector, the darkfield detector, or both [1]. Activate the scan mode and acquire a test image of the sample [2].
4.1.1. Talent inserting the selected detector into the microscope based on experimental needs.
4.1.2. SCREEN: To be provided by authors: Scan mode being activated in the software interface, followed by acquisition of a test image.

Authors: Filming a computer screen sometimes produces low-quality images. So, please record the screen for the SCREEN shots directly from your computer following our guidelines and upload them along with a summary to your project page: https://review.jove.com/account/file-uploader?src=20913288 

4.2. Select a magnification higher than 800,000 (eight-hundred-thousand) times, which is larger than the final desired magnification [1]. Near the region of interest, adjust the focus and correct astigmatism while avoiding direct beam exposure on the critical sample areas [2].
4.2.1. SCREEN: To be provided by authors: Magnification being set above 800,000 times in the control panel.
4.2.2. SCREEN: To be provided by authors: Focus and astigmatism correction tools being used near the region of interest, avoiding the exact target area.
4.3. Set the eucentric height so the region of interest or ROI (R-O-I) stays centered throughout the tilt range [1]. Choose a feature near the ROI, bring it to the center, focus [2], correct astigmatism, and tilt the stage stepwise to minus 72 degrees [3]. Adjust the z-position of the holder to keep the feature centered and modify contrast and brightness as needed [4]. 
4.3.1. SCREEN: To be provided by authors: Eucentric height being set so the ROI stays centered throughout the tilt range.
4.3.2. SCREEN: To be provided by authors: Feature near the ROI being centered and focused.
4.3.3. SCREEN: To be provided by authors: Astigmatism being corrected, and the stage being tilted sequencially to minus 72 degrees.
4.3.4. SCREEN: To be provided by authors: z-position, contrast, and brightness adjustments being made in the control interface. TXT: Repeat this by tilting stepwise to +72°
4.4. To choose the field of view, navigate back to the ROI, bring it into focus, and capture an overview image [1]. Set the final magnification desired for tilt series acquisition [2].
4.4.1. SCREEN: To be provided by authors: Navigating to ROI, the focus being adjusted, and overview image being captured.
4.4.2. SCREEN: To be provided by authors: Final magnification for tilt series being entered and locked in the control panel.
4.5. Set up automatic tilt series acquisition of images ranging from minus 72 degrees to plus 72 degrees and image every 1.5 degrees [1-TXT].
4.5.1. SCREEN: To be provided by authors: Parameters for automatic tilt series acquisition of images being configured with angular range and increment settings. TXT: To offset mechanical backlash, begin the tilt series at a larger angle than the initial imaging angle
4.6. Enable dynamic focus in the acquisition software and start the automated tilt series acquisition [1].
4.6.1. SCREEN: To be provided by authors: Dynamic focus being enabled and automatic tilt acquisition being started in the software.



Results
Please review this section to make sure that it accurately reflects your findings.
· You/Your videographer does not have to record this section. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 095.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. Representative virtual slices from the STEM tomogram illustrated how virion orientation impacts the visibility of the characteristic bullet shape in two-dimensional views [1]. Only virions aligned parallel to the viewing plane appeared with the full, well-defined bullet morphology [2], while others appeared circular or elongated depending on their tilt angle [3]. Authors: How do you want to pronounce STEM here? “Stem”?
5.1.1. LAB MEDIA: Figure 5A-5C.
5.1.2. LAB MEDIA: Figure 5A-5C. Video Editor: Highlight C.
5.1.3. LAB MEDIA: Figure 5A-5C. Video Editor: Highlight A and B.
5.2. To overcome the orientation limitations of 2D imaging, STEM tomography was used to capture large clusters of budding recombinant vesicular stomatitis virus virions, enabling assessment of virion shape in three dimensions without directional bias [1].
5.2.1. LAB MEDIA: Figure 5D. 
5.3. The side view of the tomogram confirmed the volumetric advantage of STEM tomography, capturing many complete virions within a single 600 nanometer-thick section [1], in contrast to the limited sampling possible with a 200 nanometer TEM section [2].
5.3.1. LAB MEDIA: Figure 5E.
5.3.2. LAB MEDIA: Figure 5E. Video Editor: Emphasize the section inside the two white dashed horizontal lines.
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