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Author Questionnaire 
1. Microscopy: Does your protocol demonstrate the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?  N  

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 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). 

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

· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Protocol Length
Number of Shots: 59

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.
· Fill out both required statements. 
· 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. 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.[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. 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.[1].

1.2.1. 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

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][2].

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. 

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. beta-Barrel Assembly Machinery (Bam)A-P4P5 Proteo-Liposome Purification and Refolding and Formation Analyses

2.1. For BamA-P4P5 (bam-A-P-four-P-five) purification, solubilize inclusion bodies in 200 microliters of Buffer 5 and 300 microliters of water [1] and add 6-molar guanidium chloride [2].

2.1.1. WIDE: Talent adding inclusion bodies to water
2.1.2. Talent adding GdnCl to solution, with GdnCl solution container visible in frame

2.2. Use water to adjust the volume 1 milliliter [1] and vortex before incubating for 4 hours at room temperature, with periodic vortexing every 30 minutes [2].

2.2.1. Talent adding water to tube
2.2.2. Talent vortexing then placing tube at RT

2.3. At the end of the incubation, centrifuge the solution [1-TXT] and use Beer-Lambert’s Law to determine the protein concentration by 280 nanometers [2].

2.3.1. Talent placing tube into centrifuge TEXT: 1 h, 100,000 x g, 4 °C
2.3.2. Representative shot of Talent determining protein concentration TEXT:  = 117,120 cm/M

2.4. If the concentration is greater than 100 micromolar, dilute with 1x Buffer 5 supplemented 6-molar guanidium chloride [1] before rapidly dilute the protein 10 times in Buffer 6 for an overnight at room temperature [2].

2.4.1. Talent adding buffer to tube, with buffer and GdnCl containers visible in frame
2.4.2. Talent adding buffer to tube, with buffer container visible in frame

2.5. To determine the refolding efficiency, add two 10-microliter aliquots of the purified protein to two, 10-microliter aliquots of Lameili buffer [1] and boil one sample for 10 min at 95 degrees Celsius [2] while placing the other aliquot on ice [3].

2.5.1. Talent adding protein to buffer, with protein and buffer conatiners visible in frame
2.5.2. Talent placing tube at 95 °C
2.5.3. Talent placing tube on ice

2.6. After Authors: For about how long is each incubation?, run the samples at 14 milliamps on a 10% semi-native SDS-PAGE (S-D-S-page) gel according to standard protocols [1].

2.6.1. Talent adding sample to gel

2.7. After calculating the amount of lipid required for a 10:1 lipid to protein ratio, add the required amount of lipid to a 100-milliliter round bottom flask [1] and evacuate the chloroform from under a gentle stream of nitrogen [2].

2.7.1. Talent adding lipid to flask
2.7.2. Talent evacuating chloroform

2.8. When all of the chloroform has been evacuated, place the flask on high vacuum for 3 hours [1] before hydrating the resulting lipid film with 1 milliliter of Buffer 7 at 37 degrees Celsius [2].

2.8.1. Talent placing flask on high vacuum
2.8.2. Talent adding buffer to flask, with buffer container visible in frame

2.9. After 10 minutes, add the protein mixture to the flask [1] and add Buffer 7 supplemented with 1x protease inhibitor dissolved in DMSO (D-M-S-O) to a final volume of 50 milliliters for 30 minutes at 37 degrees Celsius [2].

2.9.1. Talent adding protein to flask
2.9.2. Talent adding buffer to flask, with buffer, protease, and DMSO containers visible in frame

2.10.  Then use 12-14 kilodalton molecular weight cut-off dialysis tubing to dialyze the lipid protein solution against 100 volumes of Buffer 7 for two weeks at 4 degrees Celsius [1-TXT].

2.10.1. Talent adding solution to tubing TEXT: Change buffer 1x/8h/d1 then 1x/d/d2-d14

3. Solid-State Nuclear Magnetic Resonance (ssNRM) Rotor Filling 

3.1. At the end of the dialysis, centrifuge the solution for 30-60 minutes at 10,000 x g and 4 degrees Celsius to obtain a pellet [1] and remove the supernatant with a pipette [2].

3.1.1. WIDE: Talent placing tube(s) into centrifuge
3.1.2. Shot of pellet if visible, then supernatant being removed

3.2. Transfer the sample into a 1.3-millimeter rotor [1] and gently spin down the sample with a table centrifuge [2].

3.2.1. Talent placing tube into rotor
3.2.2. Talent placing rotor into centrifuge

3.3. Repeat the centrifugation 2-3 times until the rotor is filled to the correct height [1] and check whether there is enough space for the cap, as indicated by the marker line on the densification tool [2].

3.3.1. Shot of rotor filled to correct height
3.3.2. Space for cap being checked/shot of line Video Editor: please emphasize line if possible/appropriate

3.4. Use a cap positioning tool to close the rotor on an even surface [1] and mark half of the bottom edge of the rotor [2].

3.4.1. Rotor being closed
3.4.2. Bottom edge being marked

3.5. Then use a magnifying glass to check whether the cap is well placed [1].

3.5.1. Shot of well placed cap

4. 2D Nitrogen Hydrogen (NH) Spectral Fingerprint Acquisition and 1H-Detected ssNMR Spectroscopy

4.1. To acquire 2D nitrogen hydrogen spectral fingerprints, add the sample the rotor [1] and insert the rotor into a magnet [2].

4.1.1. WIDE: Talent adding sample to rotor
4.1.2. Talent adding rotor into magnet
4.2. Spin the sample to 10-20 kilohertz MAS [1] and cool the sample to 240-250 Kelvin set temperature or lower, depending on the specifications of the ssNMR probehead [2].	Comment by Bridget Colvin: Authors: Please define.	Comment by Bridget Colvin: Authors: Do you want our voiceover talent to say “solid-state NMR” or “S-S-N-M-R” or other?

4.2.1. Talent spinning sample
4.2.2. Talent placing sample to cool

4.3. Use the MAS unit interface to increase the MAS frequency gradually to 60 kilohertz in 5-kilohertz steps [1].

4.3.1. Talent increasing MAS frequency

4.4. Optimize the cross-polarization amplitudes, contact times, and 90-degree pulse lengths, using amplitudes around 30-50 or 70-100 kilohertz on the heteronuclear channels [1]. Vary the amplitude on the proton-channel from 80-180 kilohertz [2].

4.4.1. Talent setting amplitudes on heteronuclear channel(s)
4.4.2. SCREEN: To be provided by Authors: Proton-channel amplitude being set

4.5. Use a recycling delay of 0.7-1.2 seconds a 15-hilokertz low-power heteronuclear proton decoupling [1-TXT]

4.5.1. SCREEN: To be provided by Authors: Recycling delay being set TEXT: See text for CP ssNMR setup details

4.6. To gauge the proton-resolution, transfer the 15-carbon cross-polarization parameters and use approximately 15- and 25-millisecond acquisition times in the direct and indirect dimensions, respectively. For the first proton to 15-nitrogen cross-polarization transfer, use the previously optimized contact time [1].

4.6.1. SCREEN: To be provided by Authors: Acquisition times being set

4.7. For the 15-nitrogen to proton backtransfer, use a 0.7-1-millisecond contact time to minimize the interresidual magnetization transfer [1].

4.7.1. SCREEN: To be provided by Authors: Contact time being set

4.8. Use a 50-250-millisecond water MISSISSIPPI suppression according to the sample water content and process the spectrum with squared sin bell functions in both dimensions [1].

4.8.1. SCREEN: To be provided by Authors: Water suppression being set, then spectrum being processed

4.9. Then extract slices of the isolated cross-peaks and determine the linewidth at half heights [1].

4.9.1. SCREEN: To be provided by Authors: Slice being extracted, then linewidth being determined 

4.10. For nitrogen-15 T1 (T-one) rho studies, include a spin-lock pulse in the pulse program on the nitrogen-15 channel with a radio frequency amplitude between 15-20 kilohertz after the first proton to nitrogen-15 cross-polarization step [1].

4.10.1. SCREEN: To be provided by Authors: Spin-lock pulse being added

4.11. Then acquire a series of 2D nitrogen-hydrogen experiments and vary the delay from 0 to 150 milliseconds and fit the T1 rho decay of the resolved signals to single exponentials [1].

4.11.1. SCREEN: To be provided by Authors: Experiment(s) being acquired, then delay being varied and decay being fit

5. Dynamic Nuclear Polarization (DNP)

5.1. To perform a dynamic nuclear polarization, resuspend the membrane protein pellet in in 50 microliters of deuterated DNP (D-N-P) buffer, deuterated d8 (D-eight), glycerol, and 15-millimolar AMUPol (A-M-U-poll) [1-TXT].

5.1.1. WIDE: Talent resuspending pellet, with DNP, d8, glycerol, and AMUPol containers visible in frame TEXT: e.g., 10 mM NATriPOL-3 for 800 MHz

5.2. Centrifuge the solution to obtain a pellet [1-TXT] and remove the supernatant with a pipette [2].

5.2.1. Talent placing tube(s) into centrifuge TEXT: 10-20 min, 100,000 x g, 4 °C
5.2.2. Shot of pellet if visible, then supernatant being removed

5.3. After precooling a centrifugal adaptor and 3.2-millimeter sapphire MAS rotor components to less than 4 degrees Celsius, place the rotor into the adapter as quickly as possible [1] and use a 200-microliter pipette to load the resuspended membrane protein sample down the inner wall of the rotor [2-TXT].

5.3.1. Talent placing rotor into adapter
5.3.2. Sample being loaded onto wall of rotor TEXT: Caution: Avoid bubbles

5.4. Spin down the sample in the rotor [1-TXT] and carefully pipette to remove the supernatant containing the excess DNP without disrupting the cell pellet [2-TXT].

5.4.1. Talent placing rotor into centrifuge TEXT: 5-10 min, 4500 x g, 4 °C
5.4.2. Shot of pellet if visible, then supernatant being removed TEXT: Repeat centrifugation until rotor is full

5.5. When the rotor is full, use the spacer crew on the top of the rotor to carefully position the polytetrafluoroethylene spacer [1] and wait 30-60 seconds to allow the rotor and sample to freeze [2].

5.5.1. PTFE space being positioned
5.5.2. Talent setting timer/waiting for components to freeze

5.6. When the sample and rotor have frozen, start up the heat exchanger unit [1] and cool down the DNP probe to approximately 90 Kelvin [2].

5.6.1. Talent starting heat unit
5.6.2. Talent cooling probe

5.7. Set the MAS unit to Manual mode [1], the variable temperature to 135 liter/hour, and the bearing and drive gas flows to approximately 6 liters/hour and click Eject on the MAS console [2].

5.7.1. Talent setting unit to Manual Mode
5.7.2. SCREEN: To be provided by Authors: VT being set, gas flows being set

5.8. Transfer the frozen sample into the sample catcher [1] and place the catcher in the probe [2].

5.8.1. Talent placing sample into catcher
5.8.2. Talent placing catcher in probe

5.9. Manually increase the probe bearing pressure to approximately 500 millibars before engaging the insert [1] and increase the MAS rate to the desired value [2-TXT].

5.9.1. Talent increasing probe bearing pressure
5.9.2. Talent increasing MAS rate TEXT: See text for MAS rate setup details

5.10. Then use a standard 1D cross-polarization experiment to check for DNP enhancements with and without microwaves before proceeding with multidimensional experiments [1].

5.10.1. OR LAB MEDIA: Figure 7
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: 97. (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.

6. Results: Representative High-Resolution Natural Membrane Protein ssNMR Analysis

6.1. Here representative gels [1] for the assessment of inclusion body purity [2] and the refolding of inclusion bodies are shown [3]. As observed, in this analysis, a successful carbon-13, nitrogen-15-labeled BamA-P4P5 purification was achieved [4].

6.1.1. LAB MEDIA: Figure 2
6.1.2. LAB MEDIA: Figure 2 Video Editor: please emphasize Figure 2A
6.1.3. LAB MEDIA: Figure 2 Video Editor: please emphasize Figure 2B
6.1.4. LAB MEDIA: Figure 2 Video Editor: please emphasize band in lane B in Figure 2A

6.2. In these Figures [1], a typical 2D carbon-13-carbon-13 spectrum of a well-ordered membrane protein [2] and a typical, high-quality 2D nitrogen-15-proton spectrum of a perdeuterated membrane protein can be observed [3]. 

6.2.1. LAB MEDIA: Figure 3
6.2.2. LAB MEDIA: Figure 3 Video Editor: please emphasize Figure 3A
6.2.3. LAB MEDIA: Figure 3 Video Editor: please emphasize Figure 3B

6.3. As illustrated, proton-detected 3D analysis [1] facilitates the assignation of backbone membrane proteins [2].

6.3.1. LAB MEDIA: Figure 4
6.3.2. LAB MEDIA: Figure 4 Video Editor: please emphasize line between blue shapes and/or red and purple shapes

6.4. ssNMR relaxation measurement [1] can provide detailed, site-resolved information on the dynamics of membrane proteins [2]. The use of DNP can further boost the sensitivity of the ssNMR analysis [3].

6.4.1. LAB MEDIA: Figure 5
6.4.2. LAB MEDIA: Figure 5 Video Editor: maybe zoom into one graph and sequentially emphasize sets of data bars over each region of protein
6.4.3. LAB MEDIA: Figure 7 Video Editor: please emphasize red histogram







Conclusion
7. [bookmark: _Hlk27388131]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 give 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.
7.1. 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].

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Enter step numbers referred to.) 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. 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. [1].

7.2.1. 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?
7.3. 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].

7.3.1. 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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