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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  
If Yes, can you record movies/images using your own microscope camera?
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?  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://www.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. 

3. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? 250 m

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:  45 

Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

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. Stephan Nussberger: Ion channels are not static in biological membranes. Here we present a single-molecule optical approach to unravel the link between lateral membrane diffusion and ion channel function. 

REQUIRED: What is the main advantage of this technique?
1.2. Stephan Nussberger: The main advantage of this technique over other methods  is that fluorescent labeling of proteins, which might interfere with their lateral movement and function, is not required. 

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. Shuo Wang: The method can be applied to any membrane  protein channel where free or restricted diffusion is  important for organisation and function. 

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. Preparation of Lipids and Agarose Hydrogel
2.1. To begin, transfer 380 microliters of the DPhPC stock solution into a glass vial [1-TXT] and overlay the lipid stock solution with argon or nitrogen gas to prevent lipid oxidation. Use the lowest possible gas flow to avoid evaporation of the organic solvent in which the lipids are dissolved, or splashing of the solvent sprays from the vial [2]. Authors: How do you want to pronounce DPhPC? “D P-H P-C”? YES
2.1.1. Talent transferring the DPhPC stock solution into a glass vial. TXT: DPhPC: 1,2-diphytanoyl-sn-glycero-3-phosphocholine
2.1.2. Talent overlaying the stock solution with gas.
2.2. Dry the lipid sample under a stream of nitrogen [1], and remove the remaining organic solvent from the lipid sample under vacuum using an oil-free vacuum pump overnight [2-TXT]. 
2.2.1. Talent drying the lipid sample under a stream of nitrogen.
2.2.2. Talent placing the lipid sample on an oil-free vacuum pump. TXT: Vacuum: 2.0 mbar 
2.3. Dissolve the lipid film in a hexadecane-silicone oil solution by adding equal volumes of hexadecane and silicone oil using a microliter glass syringe to a final lipid concentration of 9.5 milligrams per milliliter [1].
2.3.1. Talent adding hexadecane and silicone oil to lipid using a 1mL pipette.
2.4. Next, for the preparation of agarose hydrogel, prepare approximately 1 milliliter of low-melting 0.75% agarose solution in double-deionized water [1], and heat to around 85 degrees Celsius in a heating block for almost 20 minutes [2]. 
2.4.1. Talent preparing 0.75% agarose solution in double-deionized water. Authors: Will you demonstrate this step? NO
2.4.2. Talent placing the solution on a heating block.
2.5. Then, prepare low melting 2.5% agarose solution in 0.66 molar Calcium chloride and 8.8 millimolar HEPES [1]. Heat the solution to around 85 degrees Celsius in a heating block for almost 20 minutes [2]. Authors: How do you want to pronounce HEPES? “H-E-P-E-S”? NO. Pronounce: HEPES.
2.5.1. Talent preparing 2.5% agarose solution in Calcium chloride and HEPES. Authors: Will you demonstrate this step? NO
2.5.2. Talent placing the solution on a heating block.
3. PMMA Chamber Assembly and Lipid Monolayer Formation
3.1. Place some glass coverslips into a stainless-steel coverslip holder [1], and clean them in a glass beaker for around 10 minutes with acetone in an ultrasonic cleaner [2]. Rinse the coverslips with double-deionized water [3] and dry them under a stream of nitrogen [4].
3.1.1. Talent placing glass coverslips into a stainless-steel coverslip holder.
3.1.2. Talent cleaning the coverslips in a glass beaker in an ultrasonic cleaner.
3.1.3. Talent rinsing the coverslips with water.
3.1.4. Talent drying the coverslips under a stream of nitrogen.
3.2. Further, clean and hydrophilize a coverslip in a plasma cleaner with oxygen for 5 minutes [1]. Mount a plasma-treated coverslip on a spin coater [2] and coat the coverslip with a submicrometer-thick film of agarose by slowly adding 140 microliters of heated 0.75% low-melting agarose with a 200-microliter pipette at 3,000 rpm for 30 seconds [3].
3.2.1. Talent cleaning and hydrophilizing a coverslip in a plasma cleaner with oxygen.
3.2.2. Talent mounting a plasma-treated coverslip on a spin coater.
3.2.3. Talent adding 0.75% low-melting agarose with a 200-microliter pipette on the coverslip (mounted on a spin coater).
3.3. Immediately attach the spin-coated coverslip with the thin layer of the agarose hydrogel to the underside of the PMMA chamber. Ensure that the agarose hydrogel points upward [1-TXT]. Authors: How do you want to pronounce PMMA throughout the video? “P-M-M-A”? YES
3.3.1. Talent attaching the spin-coated coverslip with the layer of hydrogel to the underside of the PMMA chamber. TXT: PMMA: Polymethyl methacrylate
3.4. Fix the edges of the coverslip to the PMMA micro-machined device with transparent adhesive tape [1] and place the device on a hot plate heated to 35 degrees Celsius [2]. Carefully pour 200 microliters of 2.5% agarose solution into the inlet of the chamber without creating air bubbles [3].
3.4.1. Talent fixing the edges of the coverslip to the PMMA device with transparent adhesive tape.
3.4.2. Talent placing the device on a hot plate.
3.4.3. Talent pouring 2.5% agarose solution into the inlet of the chamber.
3.5. Immediately, cover the wells of the PMMA chamber with around 60 microliters of the lipid-oil solution to initiate lipid monolayer formation at the agarose-oil interface and to avoid dehydration of the spin-coated agarose in the wells of the PMMA chamber [1]. Place the device on a hot plate at 35 degrees Celsius for about 2 hours [2].
3.5.1. Talent covering the wells of the PMMA chamber with the lipid-oil solution.
3.5.2. Talent placing the device on the hot plate.

4. Preparation of Lipid-Coated Aqueous Droplets in Hexadecane/Silicone Oil Solution
4.1. Place around 20 microliters of lipid hexadecane-silicone oil solution in each of the several microfabricated wells in a droplet incubation chamber [1]. Prepare a microcapillary glass needle with a tip opening diameter of around 20 micrometers using a vertical or horizontal micropipette puller [2-TXT].
4.1.1. Talent placing lipid hexadecane-silicone oil solution in the wells of a droplet incubation chamber.
4.1.2. The microcapillary glass needle. TXT: See the text for details
4.2. Fill the needle with around 5 microliters of aqueous injection solution containing 8.8 millimolar HEPES, 7 micromolar of a fluorescent dye Fluo-8 (fluo-eight), 400 micromolar EDTA (E-D-T-A), 1.32 molar potassium chloride, and 30 nanomolar TOM core complex, or alternatively 20 nanomolar OmpF [1]. Authors: How do you want to pronounce TOM and OmpF? “T-O-M” or “Tom”? “O-M-P-F”? Pronounce Tom, and O-M-P-F. 
4.2.1. Talent filling the microcapillary glass needle with an aqueous injection solution.
4.3. Mount the needle with the aqueous injection solution on a piezo-driven nanoinjector [1] and inject 100 to 200 nanoliters of aqueous droplets into the wells in the droplet incubation chamber filled with lipid hexadecane-silicone oil solution using the nanoinjector [2].
4.3.1. Talent mounting the needle with the aqueous injection solution on a piezo-driven nanoinjector.
4.3.2. Talent injecting aqueous droplets into the wells in the droplet incubation chamber filled with lipid hexadecane-silicone oil solution.
4.4. Allow the formation of a lipid monolayer at the droplet-oil interface for about 2 hours by maintaining the PMMA and droplet incubation chambers on a hot plate heated to 35 degrees Celsius [1].
4.4.1. Talent placing the PMMA and droplet incubation chambers on a hot plate.

5. Preparation and Imaging of Single Ion Channels in DIB Membranes
5.1. Manually transfer individual aqueous droplets from the wells of the droplet incubation chamber under a stereomicroscope into the wells of the PMMA chamber, using a single-channel microliter pipette with a 10-microliter disposable polypropylene tip [1]. 
5.1.1. Talent transferring aqueous droplets from the well of the droplet incubation chamber into the well of the PMMA chamber.
5.2. Allow the droplets to sink onto the lipid monolayers formed at the hydrogel-oil interfaces for about 5 minutes to form a lipid bilayer between the droplets and the agarose hydrogel [1]. 
5.2.1. The droplets onto the lipid monolayers formed at the hydrogel-oil interfaces. CAN NOT BE SHOWN
5.3. Mount the PMMA chamber with the droplet interface bilayer or DIB (D-I-B) membranes on the sample holder of an inverted light microscope [1] and assess the membrane formation using a 10X (ten-X) Hoffman modulation contrast objective [2]. Authors: How do you want to pronounce DIB throughout the video? “D-I-B”? YES
5.3.1. Talent mounting the PMMA chamber with DIB membranes on the sample holder of an inverted light microscope.
5.3.2. SCOPE: DIB membrane formation. Image provided, file name: shot_5.3.2
5.4. If DIB membranes have formed, mount the PMMA chamber on the sample holder of a TIRF microscope equipped with a conventional light source for epifluorescence illumination, a 488-nanometer laser, and a back-illuminated electron-multiplying CCD camera to achieve a pixel-size of around 0.16 micrometers [1-TXT]. Authors: How do you want to pronounce TIRF throughout the video? “T-I-R-F”? NO, pronounce TIRF.
5.4.1. Talent mounting the PMMA chamber on the sample holder of a TIRF microscope. TXT: TIRF: Total Internal Reflection Fluorescence
5.5. Focus the edge of a DIB membrane with a 10X (ten-X) magnification objective under epifluorescence illumination with a high-intensity light source using a GFP (G-F-P) filter set [1]. Authors: Will you demonstrate this step on a computer screen? We will then need a screen capture video for this. YES 
5.5.1. SCOPE: The edge of a DIB membrane being focused. Video upload, file name: shot_5.5.1. 
5.6. Fine focus the same edge of the DIB membrane at high magnification with a 100x/N.A. 1.49 apochromatic oil TIRF objective, again under epifluorescence illumination, with the high-intensity light source using a GFP filter set [1] that allows visualizing weak background fluorescence of the fluorescent dye Fluo-8 in the droplet [2]. Authors: How do you want to pronounce 100x/N.A. 1.49? (hundred – x – N – A – 1 – point - 4 - 9) Will you demonstrate this step on a computer screen? We will then need a screen capture video for this YES
5.6.1. SCOPE: The edge of the DIB membrane being focused at high magnification. video upload, file name: shot_5.6.1. 
5.6.2. SCOPE: The weak background fluorescence of Fluo-8 in the droplet. NOT TO BE SHOWN
5.7. Change the filter setting from GFP to the quad-band TIRF filter set [1] and switch on the 488-nanometer laser [2]. Set the intensity of the laser on the objective lens to a value between 8 milliwatts and 10 milliwatts [3].
5.7.1. Talent changing the filter setting from GFP to the quad-band TIRF filter set.
5.7.2. Talent switching on the 488-nanometer laser.
5.7.3. SCREEN: To be provided by authors: The intensity of the laser on the objective lens being set. video upload, file name: shot_5.7.3.
Authors: Please record screen capture videos for all SCREEN shots and upload them to your project page: https://review.jove.com/account/file-uploader?src=19815898 YES
5.8. To visualize single ion channels, adjust the TIRF angle [1] and EMCCD camera gain [1 2] so that the open ion channels in the DIB membrane appear as high-contrast fluorescent spots on a dark background, and the signal-to-background ratio reaches a maximum [3 2].
5.8.1. SCREEN: To be provided by authors: The TIRF angle and EMCCD camera gain being adjusted. YES video upload, file name: shot_5.8.1
5.8.2. SCREEN: To be provided by authors: The EMCCD camera gain being adjusted. YES videos upload, file name: shot_5.8.2
5.8.3. SCREEN: To be provided by authors: The open ion channels in the DIB membrane appear as high-contrast fluorescent spots on a dark background, and the signal-to-backg round ratio reaches a maximum. YES. video upload, file name: shot_5.8.3-56s. COMMENT: By combining steps 5.8.3, 5.9.1, and 5.10.1, a longer version of a screenshot was chosen so that the speaker can read all steps. Alternatively, we have uploaded the 10s version (filename: shot_5.8.3-10s).
5.9. Ensure that the spots, corresponding to the Calcium-ion flux through single ion channels, remain in focus and have a round shape, with high intensity in the center and gradually decreasing toward the periphery [1]. Combine with 5.8.3
5.9.1. SCREEN: To be provided by authors: The spots corresponding to the Calcium-ion flux through single ion channels and having a round shape. YES. NOTE: The video of this step is not different from the one prepared for step 5.8.3. 
5.10. Check that the fluorescent spots are in focus to ensure that the ion channels have reconstituted into the DIB membranes and are moving laterally in the membrane plane [1]. Combine with 5.8.3
5.10.1. SCREEN: To be provided by authors: The fluorescent spots are in focus. YES. NOTE: The video of this step is not different from the one prepared for step 5.8.3.
5.11. Finally, record a series of membrane images that allows proper tracking of the position and monitoring of the open-closed state of the individual ion channels [1]. To determine the type of lateral mobility and the state of channel activity, acquire sufficiently long and well-sampled trajectories [2]. 
5.11.1. SCREEN: To be provided by authors: Membrane images being recorded. YES. video upload, file name: shot_5.11.1. Video editor: Highlight left video
5.11.2. SCREEN: To be provided by authors: The trajectories being acquired. YES. video upload, file name: shot_5.11.1. Video editor: Highlight right video


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.
3.2, 3.3, 3.4, 5.1

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.     
NOT REQUIRED


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: 159. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

6. Results: Isolation of TOM-CC and Correlation of Channel Activity with Lateral Mobility of TOM-CC
Authors: Is the above title okay for the results section? If not, please suggest a suitable title that describes the results.
6.1. Cryo-EM structure of Neurospora crassa TOM-CC is shown here [1]. Authors: How do you want to pronounce EM and TOM-CC here? Pronounce E-M; Tom-C-C
6.1.1. LAB MEDIA: Figure 1. Video Editor: Highlight A
6.2. Mitochondria from an N. crassa strain containing a Tom22 with a 6xHis tag were solubilized in DDM and subjected to [1] Ni-NTA affinity chromatography [2] and anion-exchange chromatography [3]. Authors: How do you want to pronounce Tom22, 6xHis, DDM, Ni-NTA? Pronounce Tom-22; 6-His, D-D-M; Nickel-N-T-A.
6.2.1. LAB MEDIA: Figure 1B, 1C.
6.2.2. LAB MEDIA: Figure 1B, 1C. Video Editor: Highlight B.
6.2.3. LAB MEDIA: Figure 1B, 1C. Video Editor: Highlight C.
6.3. SDS-PAGE (S-D-S-Page) of isolated TOM-CC [1] Crystal structure [2], and SDS-PAGE of purified E. coli OmpF are shown here [3]. Authors: How do you want to pronounce TOM-CC and OmpF? Pronounce Tom-C-C; O-M-P-F.
6.3.1. LAB MEDIA: Figure 1D, 1E. 1F. Video Editor: Highlight D.
6.3.2. LAB MEDIA: Figure 1D, 1E. 1F. Video Editor: Highlight E.
6.3.3. LAB MEDIA: Figure 1D, 1E. 1F. Video Editor: Highlight F.
6.4. The fluorescent amplitude trace [1] and the corresponding trajectory of TOM-CC [2] indicate that the open-closed channel activity of TOM-CC correlates with the lateral membrane mobility of the complex [3].
6.4.1. LAB MEDIA: Figure 5A. Video Editor: Highlight the top image.
6.4.2. LAB MEDIA: Figure 5A. Video Editor: Highlight the bottom image.
6.4.3. LAB MEDIA: Figure 5A.
6.5. The trajectory amplitude trace displays three permeability states- [1] fully open state corresponding to moving channels [2], intermediate permeability state [3], and closed channel state corresponding to non-moving channels [4]. TOM-CC in the intermediate state wobbles around its mean position by about plus-minus 60 nanometers [5].
6.5.1. LAB MEDIA: Figure 5A. Video Editor: Only show the bottom top image.
6.5.2. LAB MEDIA: Figure 5A. Video Editor: Only show the bottom top and bottom image. Highlight the green part in top and bottom images.
6.5.3. LAB MEDIA: Figure 5A. Video Editor: Only show the bottom top and bottom image. Highlight the yellow part in top and bottom images. COMMENT: yellow parts are highlighted in grey.
6.5.4. [bookmark: _GoBack]LAB MEDIA: Figure 5A. Video Editor: Only show the bottom top and bottom image. Only Highlight the red part in the top image.
6.5.5. LAB MEDIA: Figure 5A. Video Editor: Only show the bottom image. Highlight the red star.
6.6. The fluorescent amplitude trace [1] and the corresponding trajectory of OmpF are shown here [2].
6.6.1. LAB MEDIA: Figure 5B. Video Editor: Highlight the top image.
6.6.2. LAB MEDIA: Figure 5B. Video Editor: Highlight the bottom image.
6.7. OmpF reveals only one intensity level, regardless of whether it is in motion or trapped [1]. The trajectory segments corresponding to the time periods of trapped molecules are marked in grey [2].
6.7.1. LAB MEDIA: Figure 5B.
6.7.2. LAB MEDIA: Figure 5B.



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. 
· 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.
7.1. Shuo Wang: The important thing to notice is that this method analyzes single membrane proteins in an intact membrane environment. (5.11)
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.
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. Stephan Nussberger: The dynamics of membrane proteins will remain a horizon for scientific studies in the forseeable future. We expect our method to contribute to this field significantly.  


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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