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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 similar?  Y 

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y
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 reasonably 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 the videographer steps away (≥6 ft/2 m) and begins filming. The interviewee then removes the mask for line delivery only. When the shot is acquired, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements outside of the filming date. JoVE can provide support for this option.

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

☐ 	Author interview statement opt out (interview statements removed completely from paper). 

4. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   Yes
If Yes, how far apart are the locations? 4 miles
 

· To ensure that your script can be filmed in one day, the Introduction, Protocol, and Conclusion sections are restricted to 55 shots (i.e., designated as 1.1.1., 1.2.1., etc). 

Protocol Length
Number of Shots: 43


Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which will be incorporated into the script. Authors will memorize the statements and then deliver them on camera.
· Enter the full name of the author who will deliver the statement on camera.
· Each author should deliver no more than two statements.
· Fill out both required statements. One optional statement may also be selected.
· Please 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. Gabriela Schröder: Neutron crystallography is a structural technique for determining hydrogen atom positions in biological macromolecules. Neutron structures reveal protonation states and water molecule orientations to elucidate reaction mechanisms and binding interactions [1].

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

REQUIRED: What is the main advantage of this technique?

1.2. Gabriela Schröder: In contrast to X-ray diffraction, neutron diffraction has the advantage of being a non-destructive technique. Proteins with photosensitive groups or metallocenters can be studied without suffering radiation damage [1].

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

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.[1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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.[1].

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


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.[1].

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

OPTIONAL: Why is visual demonstration of this method critical?

1.6. Gabriela Schröder: To perform neutron protein crystallography large, fragile protein crystals are mounted in quartz capillaries for room temperature data collection. Crystal capillary mounting isn’t routine, making demonstration of this technique instructive [1].

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

Is each interview statement 30 words or fewer? ☒ Yes
Has any author been assigned more than two statements? ☐ No

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.

1.7. 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][2].

1.7.1. INTERVIEW: Author saying the above
1.7.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera



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. 

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. Crystal Harvesting and Mounting
[bookmark: _Hlk52958073]
2.1. For crystal harvesting, open the sealed sandwich box containing the protein crystals in a 9-well large volume siliconized glass plate [1] and use a micropipette to transfer 10-20 microliters from the crystallization reservoir solution onto a glass slide [2-TXT].

2.1.1. Talent opening sandwich box
2.1.2. Talent adding solution to glass slide TEXT: See text for all solution and buffer preparation details

2.2. Evaluate the crystals with a microscope [1]. Use an appropriately sized microloop to harvest a crystal [2] and place the crystal in the drop of reservoir solution [2].

2.2.1. Talent examining crystals under the microscope
2.2.2. SCREEN: To be provided by Authors: Crystal being harvested as seen through the microscope camera
2.2.3. SCREEN: To be provided by Authors: Crystal being placed into drop as seen through the microscope camera


2.3. For crystal mounting, fill one end of a 2-millimeter-diameter, 50-millimeter-length quartz capillary with reservoir buffer [1] and use a mounting loop to gently place the crystal into the reservoir buffer within the quartz capillary [2].

2.3.1. SCREEN: To be provided by Authors: Capillary end being filled
2.3.2. SCREEN: To be provided by Authors: Crystal being placed into capillary

2.4. Tap the tube to move the reservoir buffer and crystal down the capillary [1] and use a long, thin pipette [2] to aspirate the solution from around the crystal [3].

2.4.1. Tube being tapped
2.4.2. Talent inserting a long, thin pipette into the quartz capillary
2.4.3. SCREEN: To be provided by Authors:  Solution being aspirated with a long, thin pipette as seen through microscope camera


2.5. Use a thin paper wick [1] to carefully dry the crystal [2] and dry the capillary walls [3] and add 20-50 microliters of deuterated buffer solution to the end of the capillary [4].

2.5.1. Talent lays capillary on flat surface and inserts a paper wick
2.5.2. SCREEN: To be provided by Authors: Crystal being dried as seen through microscope camera
2.5.3. SCREEN: To be provided by Authors: Capillary wall(s) being dried as seen through microscope camera
2.5.4. Solution being added to end of capillary Videographer/Video Editor: Shot will be used again 
2.5.5. SCREEN: To be provided by Authors: Solution being added to end of capillary as seen through microscope camera

2.6. Use a heat wand to melt a portion of beeswax [1] and gently insert the capillary in the melted beeswax until an airtight seal has formed [2-TXT].

2.6.1. Beeswax being melted
2.6.2. Capillary being inserted and sealed Videographer/Video Editor: Shot will be used again TEXT: Re-melt and re-insert capillary as necessary

2.7. Replace the deuterated buffer with 20-50 microliters fresh deuterated buffer at days 2, 6, and 10 after crystal mounting [1] and reseal the capillary with fresh melted beeswax after each vapor exchange as demonstrated [2].

2.7.1. Solution being removed 
2.7.2. Use 2.5.4 and 2.5.5 New solution being added
2.7.3. Use 2.6.2. Capillary being sealed with beeswax

3. Room Temperature Data Collection 

3.1. After at least two weeks’ vapor exchange, use putty to secure the quartz capillary onto the IMAGINE neutron diffractometer goniometer mounted onto a sample stick [1] and secure the stick to the instrument sample stage [2] and lower the sample and stick into the neutron beam and detector area.

3.1.1. WIDE: Talent securing capillary to stick
3.1.2. Talent securing stick to stage
3.1.3. Sample and stick lowered into the beam and detector area

3.2. Open the data acquisition program on the beamline control computer [1] and click the Setup tab to set up the data collection strategy and enter the experiment parameters including instrument name and the name of images to be collected [2-TXT]. Click the Collect tab and enter the data collection parameters including the exposure time and number of frames to be collected [3 -TXT]

3.2.1. Talent opening program, with monitor visible in frame
3.2.2. SCREEN: To be provided by Authors: Setup tab being clicked and parameters being indicated TEXT: See text for parameter setup details 
3.2.3. SCREEN: To be provided by Authors: Collect tab being clicked and collection parameters being indicated TEXT: See text for parameter setup details

3.3. Within the Optics graphic user interface click 2.78 for the lambda minimum and 4.78 for the lambda maximum to set the quasi-Laue range for the data collection [1].

3.3.1. SCREEN: To be provided by Authors: Within the Optics GUI, 2.78 and 4.78 being clicked

3.4. Click Start Scan to initiate the data collection [1]. After neutron data collection, collect a corresponding X-ray dataset on the same crystal at the same temperature [2].

3.4.1. SCREEN: To be provided by Authors: Start Scan being clicked.
3.4.2. Crystal mounted on a home source X-ray diffractometer for data collection.

4. Cryo Data collection 

4.1. Prior to cryo data collection, remove the reservoir solution from the sandwich box  [1] and fill the sandwich box with deuterated reservoir buffer solution allow to equilibrate for one week and repeat three times [2].

4.1.1. WIDE: Talent removing reservoir solution
4.1.2. Talent filling sandwich box with deuterated reservoir buffer solution

4.2. After three more rounds of reservoir solution exchange harvest the crystal with a microloop [1] and immerse the crystal in an ascorbate soaking solution for two hours [2] before mounting the crystal in a microloop attached to a cryo crystal mount [3].

4.2.1. Talent using a microloop to pick up the crystal with solution container visible in frame
4.2.2. SCREEN: To be provided by Authors: Crystal being placed into soaking solution, as seen through microscope camera
4.2.3. Close up of microloop attached to a cryo crystal mount which talent then uses to harvest and mount the crystal

4.3. Plunge the mounted crystal and cryo mount into liquid nitrogen [1].

4.3.1. Crystal being plunged into LN2

4.4. When the crystal is frozen, mount the crystal on the MaNDi Macromolecular Neutron Diffractometer sample stage fitted with a cryo-stream [1-TXT] and open the data collection software [2].

4.4.1. Talent mounting crystal TEXT: MaNDi: Macromolecular Neutron Diffractometer 
4.4.2. Talent opening software, with monitor visible in frame

4.5. Verify that the crystal is mounted for data collection, [1] complete the proposal information [2] and click the folder icon to load the data collection strategy Table  [3-TXT].

4.5.1. Talent viewing screen with monitor of mounted crystal visible in frame
4.5.2. SCREEN: To be provided by Authors: Proposal information displayed TEXT: See text for proposal information setup details 
4.5.3. SCREEN: To be provided by Authors: Table being opened. TEXT: See text for Table setup details

4.6. Then click Submit to start the data collection [1]. Diffracted neutrons will become visible in real time as they are detected by the MaNDi time of flight detectors [2].

4.6.1. SCREEN: To be provided by Authors: Submit being clicked
4.6.2. LAB MEDIA: Figure 5

5. Structure Refinement 

For joint X-ray and neutron data refinement, first open CCP4 (C-C-P-four) [1-TXT] and select Convert to-modify-extend MTZ (M-T-Z) program to match the R-free data flags of the neutron data to those of the X-ray data [2]. Import the neutron data reflection file in MTZ format [3]. Select import FreeR data from anther MTZ file and import the X-ray mtz file [4]. Name the new matched MTZ file and click Run. [5].

5.1.1. WIDE: Talent opening CCP4, with monitor visible in frame TEXT: https://www.ccp4.ac.uk 
5.1.2. SCREEN: To be provided by Authors: Convert to/modify/extend MTZ being selected
5.1.3. SCREEN: To be provided by Authors: Neutron data file being imported
5.1.4. SCREEN: To be provided by Authors: X-ray data file being imported 
5.1.5. SCREEN: To be provided by Authors: Run being clicked.

5.2. Next, open the Phenix software package [1] and under Refinement click ReadySet [2]. Upload the protein coordinate file [3] select to Add hydrogens to model if absent and select H/D at exchangeable sites, H elsewhere from the drop-down menu. Select Add deuteriums to solvent molecules [4] and click Run to begin [5].

5.2.1. WIDE: Talent opening Phenix software package, with monitor visible in frame
5.2.2. SCREEN: To be provided by Authors: Package being opened, then ReadySet being clicked
5.2.3. SCREEN: To be provided by Authors:  Protein coordinate file being uploaded
5.2.4. SCREEN: To be provided by Authors: Add hydrogens to model if absent and H/D at exchangeable sites, H elsewhere and Add deuteriums to solvent molecules being selected.
5.2.5. SCREEN: To be provided by Authors: Run being clicked


5.3. For structure refinement, in the Refinement tab, open the phenix.refine program to set up the refinement using both the X-ray and neutron data [1]. In the Configure tab, input the PDB file from the solved X-ray structure [2]. Upload the MTZ file from the neutron data [3].

5.3.1. SCREEN: To be provided by Authors: Refinement tab being opened, phenix.refine being opened
5.3.2. SCREEN: To be provided by Authors: Configure tab being opened, PDB file being entered
5.3.3. SCREEN: To be provided by Authors: Neutron data MTZ file being uploaded

5.4. Assign the MTZ file data as “Neutron data” and “Neutron R-free”[1]. Upload the MTZ file from the X-ray data and assign it as “X-ray data” and “X-ray R-free” [2].

5.4.1. SCREEN: To be provided by Authors: Neutron data being assigned
5.4.2. SCREEN: To be provided by Authors: X-ray MTZ data being uploaded and assigned

5.5. Under Refinement Settings confirm that the standard refinement strategy is selected and increase the number of cycles to five [1].

5.5.1. SCREEN: To be provided by Authors: Standard refinement strategy being confirmed, number of cycles being increased

5.6. Select All parameters, Advanced, and Hydrogens, change the Hydrogen refinement model to individual, and turn off the Force riding adp [1].

5.6.1. SCREEN: To be provided by Authors: All parameters, Advanced, Hydrogens being selected, Hydrogen refinement model being changed, and Force riding adp being turned off

5.7. Then search for “nuclear”, select Use the nuclear distances for X-H-D [1]. Click Run to initiate the refinement [2].

5.7.1. SCREEN: To be provided by Authors: Nuclear being searched, Use nuclear distances being selected and Run being clicked
5.7.2. SCREEN: To be provided by Authors: Run being clicked

6. Model Building 

6.1. For model building, in Phenix, click Open in Coot [1]. In Coot visualize the X-ray electron density and neutron scattering length density maps [2]. Select the Display Manager and delete the neutron 2Fo-Fc neutron scattering length density map [3].

6.1.1. SCREEN: To be provided by Authors: Coot opened in Phenix
6.1.2. SCREEN: To be provided by Authors: X-ray and neutron density maps being displayed
6.1.3. SCREEN: To be provided by authors: Neutron density map being deleted

6.2. Select Open MTZ and Select Open MTZ and open the neutron data .mtz file [1]. For both the Amplitudes and Phases options, select no_fill_neutron data from the dropdown menus to open the unfilled neutron scattering length density maps [2].

6.2.1.  SCREEN: To be provided by Authors: Files being selected, Mtz file being opened.
6.2.2. SCREEN: To be provided by Authors:  Amplitude and Phases of the Fo-Fc no fill  neutron data being selected

6.3. Perform visual inspection of the residues to determine whether the model fits the data and analyze the difference density map peaks of hydrogen-deuterium exchangeable sites to determine the correct orientation and occupancy [1].

6.3.1.  SCREEN: To be provided by Authors: Shot of residues, then density maps being analyzed, and H/D orientation and occupancy being determined
 
6.4. Reorient the water molecules according to the neutron SLD maps and hydrogen bond interactions [1]. Adjust the protonation state and orientation of the protein residue hydrogen-deuterium exchangeable sites according to the neutron SLD maps [2]. Perform further rounds of interactive model building and refinement to obtain a complete structure [3].

6.4.1. SCREEN: To be provided by Authors: Water molecules reoriented according to maps
6.4.2. SCREEN: To be provided by Authors: Residues being built according to maps
6.4.3. SCREEN: To be provided by Authors: Final model of protein following several rounds of refinement displayed.
6.4.4. Talent at computer with final model of protein structure.
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. 
1. Step 2.3 in which the harvested crystal is placed in the quartz capillary
2. Step 2.4 in which buffer is removed from the capillary
3. Step 2.5 in which a wick is used to dry the capillary
4. Step 3.1 crystal being mounted at IMAGINE
5. Step 4.1 reservoir being exchanged
6. Step 4.5 crystal mounted at MaNDi

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.
1. Step 2.4 in which the crystal is moved down the capillary while in buffer. The crystal must be carried to the center of the capillary which can be challenging since the crystal may stick to the end of the wall and need to be nudged with a tool such as a very thin glass rod. This puts the crystal in danger of being crushed. To ensure success, we plan to work gently but also have multiple crystals in case there are complications.
2. Step 4.4 in which the crystal is frozen in liquid nitrogen and then mounted on the MaNDi sample stage. This is difficult because the distance from the sample preparation area to the MaNDi detector is several meters and the crystal must be handled carefully and quickly to ensure that it does not get knocked out of the cryo-loop or warm up. 


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: 201. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 
· Notes in blue italics are for JoVE’s video editor.
7. [bookmark: _Hlk27388131]Results: Representative Neutron Crystallography Data Collection and Processing

7.1. Hydrogenated protein crystals grown in H2O-based buffer [1] measure approximately 1000- by 900-microns [2].

7.1.1. LAB MEDIA: Supplemental Figure 4B
7.1.2. LAB MEDIA: Supplemental Figure 4B Video Editor: please outline/emphasize crystals with numerical text

7.2. The crystals can be mounted in quartz capillaries [1] for vapor exchange with deuterium oxide-based buffer for three weeks before neutron diffraction data collection [2].

7.2.1. LAB MEDIA: Figure 4E
7.2.2. LAB MEDIA: Figure 4F

7.3. Neutron diffraction data was collected for several days at a 2.30-angstrom resolution [1] and a X-ray diffraction dataset was collected on the same crystal.

7.3.1. LAB MEDIA: Figure 5

7.4. Peaks in FO-FC neutron scattering length density maps [1] provide valuable information on the orientation of residues such as asparagine [2] and positive peaks in FO-FC neutron scattering length density omit maps are also very informative in determining the protonation states of residues with titratable groups such as histidine [3]

7.4.1. LAB MEDIA: Figure 12 A Video Editor: please emphasize Neutron SLD maps before reorientation
7.4.2. LAB MEDIA: Figure  12 B Video Editor: please emphasize Neutron SLD maps after reorientation
7.4.3. LAB MEDIA: Figure 12C

7.5. Map overlays of electron and neutron scattering length density maps for water molecules indicate that, while hydrogen bond interactions can be inferred from X-ray data [1], neutrons provide clear information about the positions of these hydrogen bonds [2].

7.5.1. LAB MEDIA: Figure 8A
7.5.2. LAB MEDIA: Figure 8B and 8C Video Editor: please emphasize Map overlay image

7.6. Neutron scattering length density omit maps can be used determine hydrogen-deuterium side-chain functional group orientations [1].

7.6.1. LAB MEDIA: Figure 9 

7.7. Neutron scattering length density maps in which non-exchangeable hydrogen atoms are attached to carbon appear incomplete when compared to their electron density map counterparts [1].

7.7.1. LAB MEDIA: Figure 13A

7.8. It is therefore preferable to perform a joint refinement of a sample with both X-ray and neutron data in which the X-ray data can be used to determine the position of the protein backbone [1].

7.8.1. LAB MEDIA: Figures 13A and 13B Video Editor: please emphasize map





Conclusion
8. Conclusion Interview Statements
Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Please answer one or two of the statements.
· Each statement is limited to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will deliver the 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. Gabriela Schröder: Neutron protein crystallography requires large crystals and care should be taken during crystal handling and mounting to avoid any damage to the crystal which can easily crack, compromising data quality. [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Steps 2.3, 2.4 and 2.5) 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
8.2. Gabriela Schröder: Neutron protein crystallography provides insight into the protein reaction mechanism, potentially revealing catalytically relevant residues or water molecules whose role can be further probed by kinetics, mutagenesis or spectroscopy [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
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. [1].
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  

Is each interview statement 30 words or fewer? ☒ Yes

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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