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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.
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.
Watch this video and apply the settings while capturing the screen to obtain high-quality videos: https://www.youtube.com/watch?v=Y67dM1kKcTE    

3. Filming location: Will the filming need to take place in multiple locations?   Yes (possibly)
If Yes, how far apart are the locations? Only 5 min or less work 

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. No


Current Protocol Length
Number of Steps:  25
Number of Shots:  50 (49 SC) 

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 


Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context
Answers will be slightly edited in accordance with journal guidelines.

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Yuichiro Takagi: Our research focuses on elucidating enzyme mechanisms by analyzing cryo-EM conformational heterogeneity and identifying relevant structural variability. 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Yuichiro Takagi: Traditional methods are limited by size, sample, and complexity; this cryo-EM workflow broadly enables analysis of diverse enzymes and complexes. 
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Yuichiro Takagi: This protocol enables visualization, comparison, and quantification of protein conformational states and structural variability. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Describe the most important consideration or challenge when performing this protocol.
1.4. Yuichiro Takagi: It is important to ensure map quality and distinguish true motions from noise, especially in weak or poorly resolved regions.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Yuichiro Takagi: Future studies will apply this approach to diverse systems to link structural variability with function and probe ligand-dependent dynamics.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Performing 3D Variability Analysis and Display
Demonstrator: Yuichiro Takagi 

Authors: The content against 2-digit bullets should be in purple text as this will indicate our team to produce voice over narration

2.1. To begin, prepare the particle stack and corresponding mask from a non-uniform refinement job for input into 3D variability analysis [1]. 
2.1.1. WIDE: Talent taking a seat at the computer table.

2.2. Create a 3D Variability job in CryoSPARC [1] and input the particle stack and mask from the non-uniform refinement job [2].
2.2.1. SCREEN: Show CryoSPARC and create a 3D Variability job.
2.2.2. SCREEN: Show the particle stack and mask from the non-uniform refinement job being entered into the job.
[bookmark: _Hlk162020732][bookmark: _Hlk203170338][bookmark: _Hlk162020892][bookmark: _Hlk203166143]Authors: Please create screen capture videos of the shots labeled as SCREEN, write a screenshot summary, and upload the files to your project page as soon as possible (please see the guidelines given below at the end of the script): https://review.jove.com/account/file-uploader?src=21445208 


2.3. Set the Number of modes to solve to 5 principal components [1].
2.3.1. SCREEN: Show the Number of modes to solve field being set to 5.

2.4. Then, set Filter resolution to 4 angstroms [1] and set Highpass resolution to 20 [2]. Leave all other parameters at their default values and select Start [3].
2.4.1. SCREEN: Show the Filter resolution field being set to 4.0 angstroms.
2.4.2. SCREEN: Show the Highpass resolution field being set to 20.
2.4.3. SCREEN: Show the remaining parameters left unchanged and the Start button being selected.

2.5. Now, obtain the output set of variability volumes [1].
2.5.1. SCREEN: Show the output variability volumes generated by the completed job.

2.6. Create a 3D Variability Display job in CryoSPARC (cryo-spark) to visualize the continuous conformational changes identified by the 3D variability analysis [1].
2.6.1. SCREEN: Show the 3D Variability Display job window opened in CryoSPARC.

2.7. Input the particle stack [1] and the variability volumes generated from the 3D variability analysis job [2].
2.7.1. SCREEN: Show the particle stack being entered into the 3D Variability Display job.
2.7.2. SCREEN: Show the variability volumes from the 3D variability analysis job being entered into the job.

2.8. Select Simple as the output mode [1].
2.8.1. SCREEN: Show Simple being selected as the output mode.

2.9. Then, set Filter resolution to 4.0 [1] and set Highpass resolution to 20 [2]. Leave all other parameters at their default values and select Queue [3].
2.9.1. SCREEN: Show the Filter resolution field being set to 4.0.
2.9.2. SCREEN: Show the Highpass resolution field being set to 20.
2.9.3. SCREEN: Show the remaining parameters left unchanged and the Queue button being selected.

2.10. Obtain 20 variability maps from frame 0 to 19 corresponding to 5 principal components from 0 to 4 [1].
2.10.1. SCREEN: Show the 20 variability maps displayed from frame 0 to 19 across principal components 0 to 4.


3. Data Preparation for Movies, Phenix 3D Variable Refinement and Preparing Quick Movies in UCSF Chimera 



3.1. Download the zip files containing variability maps for principal components 0 to 4 from CryoSPARC (Cryo-spark) [1].
3.1.1. SCREEN: Show CryoSPARC interface with multiple zip files for principal components 0 to 4 being downloaded.

3.2. Create a parent folder named 3DVA [1]. Inside this folder, create subfolders named comp0, comp1 and so on [2].
3.2.1. SCREEN: Show a new folder named 3DVA being created.
3.2.2. SCREEN: Show subfolders comp0 through comp4 being created inside the 3DVA folder.

3.3. Move each zip file into its corresponding subfolder [1] and unzip the contents within each folder [2].
3.3.1. SCREEN: Show zip files being moved into their respective comp folders.
3.3.2. SCREEN: Show the zip files being extracted within each folder.

3.4. Confirm that each folder contains 20 variability maps from frame 0 to 19 [1-TXT]. 
3.4.1. SCREEN: Show a folder displaying 20 variability map files labeled frame 0 to 19. TXT: Repeat this confirmation for comp1 through comp4

3.5. Next, launch Chimera [1]. Navigate to Tools, select Volume Data, and choose Volume Series [2]. Observe the Volume Series window opening [3].
3.5.1. SCREEN: Show Chimera interface being launched.
3.5.2. SCREEN: Show navigation through Tools > Volume Data > Volume Series.
3.5.3. SCREEN: Show the Volume Series window appearing.

3.6. Click Open in the Volume Series window [1] and select the 20 maps corresponding to one principal component such as comp0 [2].
3.6.1. SCREEN: Show clicking the Open button in the Volume Series window.
3.6.2. SCREEN: Show selecting 20 map files from the comp0 folder.

3.7. Now, open Volume Viewer [1]. Set an appropriate density threshold [2] and assign a color to the map [3].
3.7.1. SCREEN: Show the Volume Viewer window being opened.
3.7.2. SCREEN: Show adjustment of the density threshold.
3.7.3. SCREEN: Show a color being assigned to the map.

3.8. Set Play direction to Oscillate in the Volume Series window [1] and click Play to display a continuous transition from frame 0 to 19 and back to 0 [2-TXT].
3.8.1. SCREEN: Show Play direction set to Oscillate.
3.8.2. SCREEN: Show clicking Play and the map transitioning through frames. 

3.9. Open the Chimera command line [1] and run Supplementary Coding File 1 to export the movie [2].
3.9.1. SCREEN: Show the Chimera command line being opened.
3.9.2. SCREEN: Show the command being entered and executed to generate the movie file.

4. Model Generation by Variability Refinement in Phenix

4.1. Copy the final refined consensus model file into each subdirectory corresponding to each principal component [1].
4.1.1. SCREEN: Show the consensus model file being copied into multiple comp folders.

4.2. Open the command line within each subdirectory [1] and run the phenix.varref (phenix varref) command using the specified syntax with the consensus model and variability maps [2]. Set the resolution parameter to 4 angstroms to match the effective resolution of the variability maps [3].
4.2.1. SCREEN: Show navigating into a subdirectory using the command line.
4.2.2. SCREEN: Show the phenix.varref command being typed and executed with consensus_model.pdb and frame map files.
4.2.3. SCREEN: Show the resolution parameter set to 4.0 angstroms within the command.

4.3. Set the nproc (N-proc) parameter to the number of available processors, such as 20 in this example [1] and then set the models_per_map (models per map) parameter to 50 models [2]. Use the variability maps generated by CryoSPARC directly as inputs without applying additional map sharpening [3].
4.3.1. SCREEN: Show the nproc parameter set to 20 in the command line.
4.3.2. SCREEN: Show the models_per_map parameter set to 50 in the command line.
4.3.3. SCREEN: Show the variability map files being used as input in the command without any sharpening parameters included.

5. Visualization Data Preparation for Analysis
5.1. Open the PDB bundle in Chimera-X to load all 20 refined models simultaneously [1]. Use the Models panel to selectively display individual frames or specific models of interest for comparison and analysis [2-TXT]. 
5.1.1. SCREEN: Show ChimeraX interface loading a PDB bundle with multiple models displayed.
5.1.2. SCREEN: Show the Models panel with models being toggled on and off. TXT: Alternatively, open each refined model individually in ChimeraX or Chimera

5.2. Next, go to File and click Save, choose file type as PDB, and Select model 1.1 corresponding to frame 0 [1]. Fill the file name, Save the PDB file [2] and repeat the same process for model 1.20 corresponding to frame 19 [3]. Save each model as a separate PDB file [4].
5.2.1. SCREEN: Show Save File window and selection of model 1.1 corresponding to frame 0.
5.2.2. SCREEN: Saving the file.
5.2.3. SCREEN: Proceeding to selection of model 1.20 corresponding to frame 19.
5.2.4. SCREEN: Show saving the model as separate PDB file.

5.3. Edit the resulting PDB files to isolate residues of interest manually [1-TXT]. Compare the two modified PDB files to identify conformational changes in backbone or side chains [2]. Finally, superimpose the modified structures using the MatchMaker function in Chimera to compare the two PDB models [3].
5.3.1. SCREEN: Show manual editing of a PDB file to isolate selected residues. TXT: Alternatively, use Phenix.pdb.tools to perform the editing
5.3.2. SCREEN: Show two PDB structures displayed side by side highlighting structural differences.
5.3.3. SCREEN: Show the MatchMaker function being applied to align two structures in Chimera.




Results
6. Results 

6.1. Human asparagine synthetase or ASNS was used as an illustrative dataset to demonstrate successful outcomes, common artifacts, and comparative analyses enabled by the protocol [1].
6.1.1.  LAB MEDIA: Figure 5

6.2. Map series corresponding to principal component 0 were generated for the wild-type ASNS dataset [1] and the ASNS R142I dataset [2].
6.2.1. LAB MEDIA: Supplementary Video 1. 
6.2.2. LAB MEDIA: Supplementary Video 2. 

6.3. Comparison of models corresponding to frames 0 and 19 highlighted side-chain displacements of approximately 2 to 5 angstroms in well-resolved regions [1]. 
6.3.1. LAB MEDIA: Figure 5. Video editor: Highlight the last column in panels C through G where the two extreme conformations are shown together

6.4. For the principal components 1, 3, and 4, the largest conformational displacement of the Arginine-142 side chain was 3.47 [1], 5.16 [2], and 2.17 angstroms, respectively [3]. 
6.4.1. LAB MEDIA: Figure 5D. Video editor: Highlight the magenta dashed distance line labelled 3.47 angstrom 
6.4.2. LAB MEDIA: Figure 5F. Video editor: Highlight the magenta dashed distance line labelled 5.16 angstrom 
6.4.3. LAB MEDIA: Figure 5G. Video editor: Highlight the magenta dashed distance line labelled 2.17 angstrom 

6.5. Elevated root-mean-square fluctuation values indicated regions of limited local structural definition [1]. 
6.5.1. LAB MEDIA: Figure 6. 



[bookmark: _Hlk215154137][bookmark: _Hlk215844323]NOTE to the Authors:

You have two options for filming and submitting the SCREEN footage:

Option 1: Uploading Separate Clips (Highly Recommended)

Please upload a separate video file for each SCREEN shot (tagged as SCREEN), naming the file according to the shot number (e.g., 2.4.3, 1.5.1, 3.2.1, 3.1.3, etc.).

- Each clip must be a maximum of 20 to 25 seconds to match the voice narration.
- If an action takes longer, provide only the best, most representative 20-25 second segment.
- Please do not provide longer clips as we won’t be able to use them.

Watch this video and apply the settings while capturing the screen to obtain high-quality videos: https://www.youtube.com/watch?v=Y67dM1kKcTE  



Option 2: Uploading a Single Continuous Video

If you prefer to record all steps together and upload a single video file, that is acceptable. In this case, you must write the precise timestamp for each shot within the script.

For example, if the action described in shot 2.13.1 is present in the file xxx.mp4 and occurs between timestamps 00:30 and 00:45 , then write the following in the script after each shot description or as a comment bubble.
(write the file name and timestamp after each shot): [File name] [Start Time]-[End Time]
 

- Example 	2.13.1  SCREEN: performing ...........action. xxx.mp4 00:30-00:45
2.13.2, SCREEN: cutting the…..........action. xxx.mp4 01:10-01:20

- The duration between the start and end times for each shot must be limited to 20 to 25 seconds.

- If a shot is longer than 25 seconds, choose two short segments (one at the beginning and one at the end) that collectively do not exceed 25 seconds.
- Example: 3.1.1 SCREEN: inserting a needle... xxx.mp4 00:00-00:10 and 02:30-02:40
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