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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?  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.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

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.
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.

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.

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. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  24
Number of Shots:  41 

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

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to 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 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
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 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. 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 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. 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 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
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 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. 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 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. 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 20 or fewer words.


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


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Preparation of Large Unilamellar Vesicles (LUVs)
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.
2.1. To begin, use positive displacement pipettes with solvent-resistant tips or gas-tight glass syringes [1] to transfer the polymer, lipid, and fluorescent dye solutions dissolved in chloroform and methanol into a clean glass vial [2] [3].
2.1.1. WIDE: Talent at the working bench with required reagents in the frame.
2.1.2. Talent transferring the polymer, lipid, and fluorescent dye solutions into a clean glass vial.
2.1.3. LAB MEDIA: Table 1  Video editor: please show 2.1.2 and 2.1.3 side by side using split screen
2.2. Mix the solution thoroughly by gentle vortexing while holding the glass vial upright to ensure homogeneity [1].
2.2.1. Talent gently vortexing the glass vial while holding it upright.
2.3. Evaporate the organic solvents under a gentle stream of nitrogen in the fume hood for approximately 1 hour until a uniform thin film forms on the glass vial wall [1].
2.3.1. Talent placing the glass vial under a gentle stream of nitrogen in the fume hood.
2.4. Rehydrate the dried film with 1 milliliter of the rehydration buffer to obtain a final amphiphile concentration of 5 milligrams per milliliter [1]. If polymersomes are used for reconstitution, supplement the rehydration buffer with 0.1 percent sodium cholate [2]. 
2.4.1. Talent adding the rehydration buffer to the dried film in the glass vial.
2.4.2. Talent adding sodium cholate to the rehydration buffer.
2.5. Vortex the glass vial vigorously until the film is completely detached and suspended, forming multilamellar vesicles [1].
2.5.1. Talent vortexing the glass vial until the film is completely suspended.
2.6. Subject the hybrid multilamellar vesicle suspensions to 5 freeze–thaw cycles by freezing the samples in liquid nitrogen for 1 minute [1], thawing them in a 35 degrees Celsius water bath until completely melted [2], and vortexing at 2500 to 3000 rpm for 30 seconds using a tube shaker. Repeat the procedure for a total of 5 cycles [3].
2.6.1. Talent placing the sample tube into liquid nitrogen.
2.6.2. Talent placing the vial in the water bath.
2.6.3. Talent vortexing the tube using a tube shaker.
2.7. Transfer the vesicle suspension to a mini-extruder equipped with a 100-nanometer-pore-size polycarbonate membrane [1]. Extrude the vesicle suspension 21 times to obtain size-homogeneous LUVs [2]. 
2.7.1. Talent transfers the vesicle suspension into the mini-extruder fitted with a 100-nanometer-pore-size polycarbonate membrane.
2.7.2. Talent extruding the vesicle suspension through the membrane using the mini-extruder.
2.8. Store the vesicle suspension at 4 degrees Celsius and use it within one week to prevent aggregation and microbial growth in the sucrose buffer [1].
2.8.1. Talent placing the large unilamellar vesicle suspension into refrigerated storage.
2.9. Before use, gently homogenize the LUV suspension by vortexing [1].
2.9.1. Talent gently vortexing the large unilamellar vesicle suspension.

3. Reconstitution of Membrane Protein into Large Unilamellar Vesicles LUVs
Demonstrator: Click here to enter name of demonstrator(s)
3.1. Transfer 200 microliters of the LUVs into a 2-milliliter microcentrifuge tube [1]. If using hybrid LUVs, add 1 microliter of 20 percent sodium cholate to obtain a final detergent concentration of 0.1 percent [2]. If using polymer large unilamellar vesicles, do not add additional detergent because sodium cholate is already present [3]. 	Comment by Pallavi  Sharma: Authors: What do you want to demonstrate, hybrid LUVs or large unilamellar vesicles?
3.1.1. Talent transferring 200 microliters of the large unilamellar vesicle suspension into a 2 milliliter microcentrifuge tube.
3.1.2. Talent adding sodium cholate to the hybrid large unilamellar vesicle suspension.
3.1.3. Shot of the polymer large unilamellar vesicle sample prepared without additional detergent.
3.2. Gently tap the microcentrifuge tube three times to mix, avoiding vigorous agitation to prevent foam and air bubbles [1].
3.2.1. Talent lightly tapping the microcentrifuge tube 3 times.
3.3. Add cytochrome bo3 (B-O-Three) oxidase or cytochrome bo3 oxidase–ATTO 643 (Atto-Six-Four-Three)  to the detergent-destabilized vesicles [1].
3.3.1. Talent adding cytochrome bo3 oxidase or cytochrome bo3 oxidase–ATTO 643 to the detergent-destabilized vesicle suspension.
3.4. Add the protein slowly while gently mixing to distribute it evenly throughout the solution and avoid local overconcentration [1].
3.4.1. Talent slowly adding the protein while gently mixing the vesicle suspension.
3.5. Incubate the mixture at 4 degrees Celsius for 30 minutes with mild agitation at 400 rpm to form protein–detergent–polymer assemblies before removing the detergent [1].
3.5.1. Talent placing the sample into the thermomixer.
3.6. Remove 30 milligrams of the prepared Bio-Beads SM-2 from the storage solution, ensuring the beads remain damp [1]. Add the Bio-Beads SM-2 to the sample [2] and incubate for 30 minutes at 4 degrees Celsius with gentle agitation at 600 rpm in a thermomixer [3]. Repeat this procedure 2 additional times for a total of 90 milligrams of Bio-Beads SM-2 and a total incubation time of 1.5 hours [4].
3.6.1. Talent removing 30 milligrams of damp Bio-Beads SM-2 from the storage solution.
3.6.2. Talent adding the Bio-Beads SM-2 to the sample.
3.6.3. Talent placing the tube into the thermomixer.
3.6.4. Talent adding the Bio-Beads SM-2 to the sample.
3.7. Pellet the Bio-Beads by centrifugation at 2000 g for 2 minutes using a benchtop mini centrifuge [1]. After centrifugation, carefully collect the supernatant without disturbing the Bio-Bead pellet [2].
3.7.1. Talent placing the sample tube into the benchtop mini centrifuge.
3.7.2. Talent carefully collecting the supernatant while leaving the Bio-Bead pellet undisturbed.
4. Preparation of Protein-Functionalized Giant Unilamellar Vesicles (GUVs)
Demonstrator: Click here to enter name of demonstrator(s)

4.1. Place the indium tin oxide-coated glass slides into the plasma cleaner with the conductive side facing upward [1]. Plasma-clean the slides for 1 minute at the high-power setting and a pressure of approximately 0.5 millibar [2].
4.1.1. Talent placing the indium tin oxide-coated glass slides into the plasma cleaner with the conductive side facing upward.
4.1.2. Talent starts the plasma cleaning program.
4.2. Mix 20 microliters of protein-free LUVs with 20 microliters of proteo-LUVs containing reconstituted bo3 oxidase–ATTO 643 [1]. Gently vortex to ensure homogeneous mixing [2].
4.2.1. Talent combining the protein-free large unilamellar vesicles and proteo-large unilamellar vesicles in a tube.
4.2.2. Talent gently vortexing the mixture.
4.3. Deposit 7 droplets of 2 microliters each from the resulting 5 milligrams per milliliter LUVs and proteo-LUV suspension onto the conductive surface of each slide used for electroformation [1]. Distribute the droplets evenly across the 160.6-square-millimeter surface while keeping them separate to promote uniform film formation [2].
4.3.1. Talent depositing the suspension as separate droplets onto the indium tin oxide-coated glass slide.
4.3.2. Close-up of the evenly distributed droplets on the slide surface.
4.4. Allow the droplets to partially dehydrate at room temperature and approximately 20 percent humidity for 40 minutes until a white ring form at the droplet perimeter [1].
4.4.1. Shot of the droplets on the indium tin oxide-coated glass slide with a visible white ring forming around the perimeter.
4.5. Next, assemble the electroformation chamber using two indium tin oxide-coated glass slides, separated by a 1.81-millimeter silicone spacer with a cut for buffer addition and removal [1].
4.5.1. Talent assembling the electroformation chamber using 2 indium tin oxide-coated glass slides and a silicone spacer.
4.6. Fill the electroformation chamber with the rehydration buffer [1]. For pH-sensitive experiments, add 10 micromolar pyranine to the rehydration buffer [2].
4.6.1. Talent filling the electroformation chamber with the rehydration buffer.
4.6.2. Talent adding pyranine 8-hydroxypyrene-1,3,6-trisulfonic acid trisodium salt to the rehydration buffer.
4.7. Apply a sinusoidal alternating electric field at 50 hertz using sequential voltages of 50, 100, 200, 300, 500, 700, and 900 millivolts for 6 minutes each, followed by 1.1 volts for 2 hours [1].
4.7.1. Talent connecting the electroformation chamber to the electrical setup and starting the electroformation program.
4.8. Then, carefully open the electroformation chamber using tweezers [1]. Using FineTip Ultra-Micro Pastette pipettes or equivalent low-shear transfer pipettes, collect the GUVs to minimize mechanical stress [2].
4.8.1. Talent carefully opening the electroformation chamber using tweezers.
4.8.2. Talent collecting the giant unilamellar vesicles using a FineTip Ultra-Micro Pastette pipette.

Video editor: Use a title card to show the following information

Perform the following:
· Microscopy of protein-functionalized GUVs
· Proton pumping analysis in proteo-GUVs



Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 145.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 
5.1. For highly hydrophilic dyes such as ATTO 643, a 30-centimeter column achieved efficient separation of unbound dye from labeled bo3 oxidase [1]. The degree of labeling for bo3 oxidase labeled with ATTO 643 was 1.16 [2].
5.1.1. LAB MEDIA: Figure 3A. 
5.1.2. LAB MEDIA: Figure 3B. 
5.2. Following reconstitution, polymersome size increased only slightly [1], whereas hybrid vesicle size remained unchanged [2].
5.2.1. LAB MEDIA: Figure 4A. 
5.2.2. LAB MEDIA: Figure 4B. 
5.3. Protein activity was typically slightly higher in hybrid vesicles than in polymersomes [1].
5.3.1. LAB MEDIA: Figure 5B. Video editor: Highlight the bar labelled 'PDMS-g-PEO/soy PC' and then the bar labelled 'PDMS-g-PEO'.
5.4. Successful incorporation of labeled bo3 oxidase into the membrane was confirmed by confocal microscopy [1].
5.4.1. LAB MEDIA: Figure 6A, B. 
5.5. Larger GUVS above 20 micrometers typically exhibited lower membrane-associated protein fluorescence than smaller vesicles [1].
5.5.1. LAB MEDIA: Figure 6C, D. Video editor: Highlight the bars after 20 um (X axis) mark
5.6. Hybrid GUVs generally showed slightly higher membrane incorporation of bo3 oxidase than polymer GUVs [1].
5.6.1. LAB MEDIA: Figure 6C, D. Video editor: Highlight the fluorescence intensity distributions for the PDMS-g-PEO/soy PC panels and then the PDMS-g-PEO panels.
5.7. The intravesicular pyranine fluorescence ratio decreased after addition of DTT and Q1 in hybrid GUVs containing bo3 oxidase [1], whereas protein-free GUVs showed a smaller decrease [2].
5.7.1. LAB MEDIA: Figure 7B. Video editor: Highlight the green trace.
5.7.2. LAB MEDIA: Figure 7B. Video editor: Highlight the gray trace 
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