[image: ]DRAFT: DO NOT USE FOR FILMING


Submission ID #:  62832
Scriptwriter Name: Madhulika Pathak
Supervisor Name: Swati Madhu
Project Page Link: https://www.jove.com/account/file-uploader?src=19163808

Title:   User-friendly, High-throughput, and Fully Automated Data Acquisition Software for Single-particle Cryo-electron Microscopy

Authors and Affiliations: 
Anil Kumar1, Surekha P1, Sahil Gulati2, Somnath Dutta1

1Molecular Biophysics Unit, Indian Institute of Science
2Gatan Inc., Pleasanton 

☐   All author names and affiliations are correct.



Corresponding Authors: 
[bookmark: _Hlk25233958]Somnath Dutta	(somnath@iisc.ac.in)


Email Addresses for All Authors: 
anilkumars@iisc.ac.in
surekhap@iisc.ac.in
sahil.gulati@ametek.com
somnath@iisc.ac.in




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. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.

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. 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:  19
Number of Shots:  24 

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.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· 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.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. 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.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. 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.

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
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.



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.

1.6. 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.  
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.
1.7. 

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. Data Acquisition with Latitude-S
Authors: Please provide screen-capture videos for all the highlighted steps in your manuscript on your project page. I will write the voice-over narration to match the shots. https://www.jove.com/account/file-uploader?src=19163808
2.1. To begin with, start latitude-S automated data acquisition software [1] by clicking on DigitalMicrograph from the Start menu. Next, select the Technique manager and then the Latitude-S icon for single-particle automated data collection [2].
2.1.1. WIDE: Talent sitting on the computer and opening the software
2.1.2. SCREEN: To be provided by the authors: DigitalMicrograph is opened from the start menu. Then, the Technique manager and Latitude-S icons are selected.

2.2. To create a session based on the previous session settings, check the Based on prior session checkbox in the palette and then select the New button. Next, choose the folder of the respective previous session, go to the folder directory and create a new session. Then, select the folder to save the new session and associated data [1].
2.2.1. SCREEN: To be provided by the authors: The checkbox Based on prior session in the palette is checked, and then a new button is clicked. The previous session folder is chosen, a new session is created in the directory, and then the folder is selected.

2.3. To continue an existing session, press the Continue button in the palette. Then, choose and navigate to the folder containing the required session to be continued [1].
2.3.1. SCREEN: To be provided by the authors: The Continue button is pressed, and the folder is selected.

2.4. To start an entirely new session, click on the New tab in the palette and choose the folder containing the session to be continued and then select a folder to save the data [1]. 
2.4.1. SCREEN: To be provided by the authors: New tab is clicked and folder is selected.

2.5. Next, click on the Setting icon, and in the Manage state explore box that appears, add state, set the TEM condition, camera condition, and image or stack option and then name the state [1-TXT].
2.5.1. SCREEN: To be provided by the authors: Setting icon is clicked and in the manage state explore box is selected, state is added and parameters are set. TEXT: Refer to text for state setup summary.

2.6. Next, configure the atlas state by clicking on the Atlas state palette and set the parameters for magnification, illumination conditions, and camera exposure time [1-TXT]
2.6.1. SCREEN: To be provided by the authors:  Atlas state palette is clicked and parameters are filled. TEXT: Refer to text for the Latitude-S state summary and parameter settings.

2.7. Click on Next to move to the next state and then configure the grid state by clicking on the Grid state palette, set the parameters for microscope imaging optics, illumination conditions, and camera exposure time [1].
2.7.1. SCREEN: To be provided by the authors: Next is clicked and Grid state palette is clicked and parameters are filled.

2.8. After moving to the next state by clicking on Next [1], configure the hole state by clicking on the hole palette and set the imaging optics, illumination conditions, binning, and camera exposure time parameters [2]
2.8.1. Talent at the computer, clicking mouse button.
2.8.2. SCREEN: To be provided by the authors:  Next is clicked and hole palette is clicked and parameters are filled. 

2.9. After clicking on Next, configure the next focus state by clicking on the Focus palette and set the microscope settings for imaging optics, illumination conditions, binning, and camera exposure time. Then, focus on the amorphous carbon area near the hole and click on Next to move to the next state [1].
2.9.1. SCREEN: To be provided by the authors: Next and focus palette are clicked and then parameters are filled out. Then carbon area is focused and next is clicked.

2.10. Configure the data state by clicking on the Data palette and set the parameters for microscope settings. Then click on Next [1].
2.10.1. SCREEN: To be provided by the authors: Data palette is clicked, parameters are filled and next is clicked.

2.11. Click on the Focus configuration palette and specify the range of defocus values and the step size in the given tab and press the Next button to move to the next step [1]. 
2.11.1. SCREEN: To be provided by the authors: Focus configuration palette is clicked, range of de-focus values were specified, step size is provided and Next button is pressed.

3. Fine Alignment
3.1. Focus on required features on the grid and click on the Capture button [1]. 
3.1.1. SCREEN: To be provided by the authors: Features on the grid are focused and capture button is clicked.

3.2. Then, position the red cross mark on the same feature on each image of different states. Start with focus, data, and hole states because the field of view is bigger than the atlas and grid states [1]. Next, zoom on atlas and grid states to position the red cross mark on the same feature [2]. 
3.2.1. SCREEN: To be provided by the authors: Red cross mark is positioned in focus state on the same feature of the grid. 
3.2.2. SCREEN: To be provided by the authors: Atlas state is zoomed and red cross mark is positioned on the same feature on grid.

3.3. For calculating the positions and offset between each of five different states [1], as well as to reflect the positions and offsets to the output window, click Calculate button [2].

3.3.1. Talent at the computer, scrolling the wheel of the mouse.
3.3.2. SCREEN: To be provided by the authors: Calculate button is clicked. Then, Position and offset values appeared on output window.

4. Data Acquisition Procedure
4.1. Click on the Capture palette and choose the size of the atlas to cover the entire grid or part of the grid based on the requirement [1].
4.1.1. SCREEN: To be provided by the authors: Capture palette is clicked and size of the atlas in chosen.

4.2. Click on the Capture button to capture the atlas and by navigating on the atlas and based on the ice thickness, select the grid square. Once the desired grid squares are selected, click on the Schedule button and observe the tiles in the grid square fill up as each grid square is captured [1].
4.2.1. SCREEN: To be provided by the authors: Capture button is clicked and atlas is navigated and then grid squares are selected. Then, Schedule button is clicked and tiles in the grid button started to fill up on the screen.

4.3. Once the schedule button is clicked, select a representative hole in the grid square by adding the hole’s position. Once the hole image is acquired, define the data and focus positions and save the layout as a template [1].
4.3.1. SCREEN: To be provided by the authors: The hole position is added and a hole image is acquired. Then, data and focus positions are defined and layout is saved.

4.4. Click on Auto find, enter the hole size, and click on the Find button in the program to automatically find the holes based on the diameter [1]. Next, click on the Mark button to add the template and add red circle marks in all the holes in one grid or partial grid square [2].
4.4.1. SCREEN: To be provided by the authors: Auto find is clicked, hole size is provided, and find button is clicked. 
4.4.2. SCREEN: To be provided by the authors: Mark button is clicked and then once the template is added, red circle marks are added in the holes.

4.5. Set up the intensity to remove the holes from the grid square and ice contamination and after adding the selected and yellow marked holes through Auto find, click on the Schedule button in Latitude tasks [1].
4.5.1. SCREEN: To be provided by the authors: Intensity is set-up and holes are removed. Selected holes are added through Auto find. Then, latitude task is selected and schedule button is clicked.

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

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

[bookmark: Text1]Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).

[bookmark: Text3][bookmark: Text2]Click here to list microscope shots, using the shot 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: 187. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

5. Results: Automated Data Acquisition using Latitude-S for Single-particle Cryo-electron Microscopy
5.1. As per the initial manual screening of motion-corrected micrographs using cisTEM (cis-T-E-M) software, [1] most of the data were found to be within the desired signal range [2]. Additionally, images collected at defocus ranges [3] were also manually checked by cisTEM [4]. 
5.1.1. LAB MEDIA: Supplementary Figure 7
5.1.2. LAB MEDIA: Supplementary Figure 7A 
5.1.3. LAB MEDIA: Supplementary Figure 7A Video editor: Emphasize the image Estimated CTF parameters and 2D CTF fit results from 7A
5.1.4. LAB MEDIA: Supplementary Figure 7B
5.2. The spike particles were manually picked to calculate the 2D class averages for structural visualization, which strongly suggested that high-resolution structural characterization was possible using the respective data set [1].
5.2.1. LAB MEDIA: Supplementary Figure 7C
5.3. The 3D classification indicated that spike protein has 1-RBD (R-B-D) in up-open conformation [1] and all other RBD in down-close conformation [2]. 
5.3.1. LAB MEDIA: Supplementary Figure 8 Video editor: Emphasize the 1-RBD open image at the bottom part of the figure
5.3.2. LAB MEDIA: Supplementary Figure 8 Video editor: Emphasize class 2 to class 6 images in the figure
5.4. The 1-RBD up-open conformations of the spike protein were reconstructed using C1 symmetry, and spike protein map is represented in the side, top, and bottom views [1], and the EM (E-M) map is fitted with crystal structure for better visualization of the side chains [2]. 
5.4.1. LAB MEDIA: Figure 6 Video editor: Emphasize figure 6A
5.4.2. LAB MEDIA: Figure 6 Video editor: Emphasize figure 6B
5.5. The RBD down-close conformations were refined with C3 symmetry, and the spike 3D refined mode [1] and EM map with a crystal structure are shown [2].
5.5.1. LAB MEDIA: Figure 7 Video editor: Emphasize Figure 7A
5.5.2. LAB MEDIA: Figure 7 Video editor: Emphasize Figure 7B
5.6. An intermediate conformation of the spike protein was identified as the S2 subdomain indicated the side chains of individual amino acid residues. The results suggested that Latitude-S can characterize high-resolution cryo-EM structures of biological macromolecules [1]. 
5.6.1. LAB MEDIA: Figure 6B and Figure 7C 


Conclusion
6. [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.
6.1. 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?
6.2. 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?
6.3. 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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