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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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Enter make and model of microscope.

2. 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 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. 

☐ 	Interviewees self-record interview statements. JoVE can provide support for this option.

☐ 	Interview Statements are read by JoVE’s voiceover talent. 

☐ 	Author interview statement opt out. Statements removed completely.

4. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.
 


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

Current Protocol Length

Number of Steps:  25
Number of Shots:  55

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· Fill out both required 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: Why is your protocol significant? OR What key questions can this method help 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.

REQUIRED: What is the main advantage of this technique?
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.


Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.3. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.3.1. INTERVIEW: Author saying the above. 
1.3.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.4. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Preparing small molecule samples and TEM grids
2.1. Transfer a small amount of powder, liquid, or solids into a small vial or tube [1]. 
2.1.1. Talent transferring small amounts of powder, liquid, and solids into small vial or tube.

2.2. For samples already in powder form, seal the tube using the cap until the sample is needed [1]. Similarly, dry the liquid samples into powders [2].
2.2.1. Talent sealing the tube of powdered sample.
2.2.2. Talent drying the liquid samples.

2.3. Wrap plastic film around one end of a glass cover slide [1]. Place the TEM grids onto the film on top of the cover slide with the brown color carbon side facing up [2].
2.3.1. Talent wrapping plastic film on glass cover slide.
2.3.2. Talent placing TEM grids on top of the cover slide. 

2.4. Place the slide with grids into the glow discharge chamber [1], then glow discharge the coverslide for approximately 30 seconds using the negative setting at 15 picoampere [2]. Store the grids on the cover slide inside of a glass Petri dish lined with filter paper prior to adding sample to the grids [3].
2.4.1. Talent placing the slide into the glow discharge chamber.
2.4.2. Talent glowing the discharge side with negative setting.
2.4.3. Talent storing the grids on the cover slide in a glass petri dish lined with filter paper.

3. Applying sample to grids by creating a homogenous fine powder
3.1. Remove a glow discharged TEM grid from the covered Petri dish using tweezers [1] and place it onto a circular filter paper with the carbon side facing up [2].
3.1.1. Talent removing the TEM grid from the petri dish.
3.1.2. Talent placing the TEM grid onto a circular filter paper.

3.2. Using a small spatula, remove a very small scoop of powder and place it onto a small, square, glass coverslip just next to the TEM grid on the filter paper [1]. Place another small square glass slide or coverslip on top of the powder [2].
3.2.1. Talent removing small scoop of powder and placing on glass coverslip. 
3.2.2. Talent placing square glass slide or coverslip on top of the powder.

3.3. With fingers, gently rub the two glass slides together to make a fine powder [1]. Angle the coverslips and position them just above the TEM grid on the filter paper [2] and continue to rub the coverslips together, just a few centimeters above the glow discharged TEM grid [3].
3.3.1. Talent gently rubbing the two glass slides together.
3.3.2. Talent angling the coverslips and positioning them above the TEM grid.
3.3.3. Talent rubbing the coverslips together.

3.4. Observe if the powder is falling towards the grid [1]. Uncover the finely ground powder by removing one of the two glass coverslips [2], then gently brush the fine powder off of the coverslip onto the TEM grid using a piece of filter paper [3].
3.4.1. Talent observing the falling of powder towards the grid.
3.4.2. Talent removing one of the two glass coverslips.
3.4.3. Talent brushing the fine powder off the coverslip using a filter paper.

4. Freezing and loading grids into the TEM
4.1. Grab the edge of the TEM grid using a set of tweezers, assuring that the tips do not puncture any of the grid squares [1]. Lift the grid 1 to 2 centimeters above the filter paper and angle the grid at 90 degrees to the paper below [2]. Gently tap the tweezers while keeping the grid firmly tweezed to remove any loose powder [3].
4.1.1. Talent grabbing the edge of the TEM grid using tweezers.
4.1.2. Talent lifting and angling the grid above the paper.
4.1.3. Talent gently tapping the tweezers to remove any loose powder.

4.2. Freeze the grid by moving the tip of the tweezers with the grid directly into a liquid nitrogen container by hand and wait until the grid and tweezers stop boiling [1]. Under liquid nitrogen, place the grid in the sample holder with the carbon side oriented such that the sample will be hit by the beam prior to the carbon support film [3].
4.2.1. Talent freezing the grid in liquid nitrogen.
4.2.2. Talent placing the grid in the sample holder with carbon side oriented towards the beam.

4.3. Load the sample holder into the TEM, assuring that the grid is kept at liquid nitrogen temperatures at all time [1]. 
4.3.1. Talent loading the sample holder into the TEM.

4.4. For autoloader systems, place the clipped grids into a cassette in a liquid nitrogen cooled container, which allows the autoloader robotics to accept the cassette while keeping the samples safe for shuttling between the autoloader and the column [1]. 
4.4.1. Talent placing the clipped grids into a cassette in liquid nitrogen.

5. Locating and screening nanocrystals
5.1. Open the TEM column valves [1] and adjust the magnification using the hand panels to the lowest magnification possible [2]. Find the beam by adjusting the intensity knob on the hand panels such that a round, bright area is visible on the fluorescent screen [3].
5.1.1. Talent opening the TEM valves.
5.1.2. Talent adjusting the magnification to lowest.
5.1.3. Talent adjusting the intensity.

5.2. Take an all-grid atlas at a low magnification using appropriate software ensuring that the microscope is well aligned for both low and high magnification imaging prior to collecting high-resolution MicroED data [1]. Identify grid squares without broken carbon and visible black or dark grains on the film [2].
5.2.1. SCREEN:  taking all-grid atlas at low magnification.
5.2.2. SCREEN:  identifying the grid squares.

Authors: Please create screen capture videos of the shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19005513

5.3. Navigate around the grid, either physically using the joystick on the hand panels, or virtually on the collected Atlas, in order to search for grid squares that are not broken and contain microcrystals [1]. 
5.3.1. SCREEN: navigating around the grid using joystick or virtually on the atlas.

5.4. Add the center of each of these squares to a list of grid locations for investigation which can be added to a notebook, in the microscope user interface, or in the microscope automation software [1]. 
5.4.1. SCREEN: noting the center of each squares as grid locations.

5.5. Increase the magnification to 500 to 1,300x [1], adjust the eucentric height at each stored grid location [2], and update the saved Z-value to the positions noted [3].
5.5.1. SCREEN: increasing the magnification.
5.5.2. Talent adjusting the eucentric height at each grid location.
5.5.3. SCREEN: updating the Z-values of each noted positions.

5.6. Search either on the fluorescent screen or on a fast camera for small black spots or grains on the grid. A good sample will often have sharp edges at high magnification, suggesting crystalline order [1]. 
5.6.1. SCREEN: searching the screen for black spots or grains.

5.7. Move a located potential crystal to the center of the screen [1] and increase the magnification such that the TEM enters high magnification mode [2-TXT]. Insert a selected area aperture and change the aperture to a larger or smaller size to assure that the selected area is just larger than the crystal [3].
5.7.1. SCREEN: moving a potential crystal at the center of the screen.
5.7.2. Talent increasing the TEM magnification. TEXT: 3,000x or higher.
5.7.3. SCREEN: inserting and adjusting area of aperture.

5.8. Switch to diffraction mode by pressing the diffraction button on the TEM hand panels, assuring that the fluorescent screen is inserted [1]. Adjust the camera length using the magnification knob such that the edge is at least 1 angstrom resolution [2].
5.8.1. SCREEN: switching to diffraction mode.
5.8.2. Talent adjusting the camera length using magnification knob.

5.9. Adjust the diffraction focus such that the central spot is as sharp and small as possible [1]. Using the diffraction shift knobs, move the central beam to the center of the fluorescent screen [2]. Insert the beam stop making sure the beam is behind it [3]. Lift the fluorescent screen and take a short exposure on the camera [4].
5.9.1. SCREEN: adjusting the diffraction focus.
5.9.2. SCREEN: moving the central beam to the center of the screen.
5.9.3. SCREEN: inserting the beam stop.
5.9.4. Talent taking short exposure on the camera lifting the screen.

5.10. Inspect the corresponding diffraction pattern, making sure that the pattern will have sharp spots that are regularly arranged in columns and rows [1]. Save the crystal coordinates in either the TEM user interface or by writing them down, then repeat diffraction screening for all the potential crystals of interest on the current grid square [2].
5.10.1. Talent inspecting the diffraction pattern.
5.10.2. SCREEN: saving the crystal coordinates.

Authors: Please create screen capture videos of the shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19005513

6. Collecting MicroED data 
6.1. Center a screened crystal at a magnification greater than 1,000x [1] and adjust the eucentric height of the crystal using either an automatic routine or by hand [2]. 
6.1.1. SCREEN: centering the screened crystal at higher magnification.
6.1.2. SCREEN: adjusting the eucentric height of the crystal.

6.2. Insert the selected area aperture that best fits the crystal size and shape [1]. Tilt the stage in the negative and positive directions until the image is occluded by the grid bars [2-TXT] and note these angles for data collection purposes by reading the data out every 1 second on a modern camera with a rolling shutter readout mode [3].
6.2.1. SCREEN: inserting the area of aperture.
6.2.2. Talent tilting the stage to adjust the image occluded in the grid bars. TEXT: maximum total tilt range: -72° to +72° at constant rate of 1° s-1
6.2.3. Talent noting the angle.

6.3. Set the rotation rate by specifying the percent of the maximum tilt speed and when to stop in the microscope user interface or dedicated software [1]. Save the data in a variety of formats as either individual frames or as a stack of images [2].
6.3.1. SCREEN: setting the rotation rate, % maximum tilt speed and stopping parameters.
6.3.2. SCREEN: saving the data.




Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the questions below. Please do not include steps that will be screen-captured and do not list entire sections.

A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
Click here to list 1 or 2 individual steps, using the step numbers from the protocol section of the video script.



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 49. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 

7. The analysis of the microED dataset from carbamazepine microcrystal.
7.1. A diffraction movie in crystallographic format collected from microcrystals shows a continuous rotation MicroED dataset from a carbamazepine microcrystal identified on a TEM grid [1].
7.1.1. LAB MEDIA: Movie_1. Video editor Speedup and play the entire video.

7.2. After data collection, integration, and structure solution, a high-resolution structure is determined, whose clarity depends on the quality and completeness of the data [1].
7.2.1. LAB MEDIA: Figure 5.




Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
8.1. Enter author name: (Enter step numbers referred to.) Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
8.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
8.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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