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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:  25
Number of Shots:  55 (36 SC, 4 Scope) 

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.	Comment by Poornima  G: Authors: Please review the protocol section titles, narration in purple text and the shot descriptions entirely.	Comment by Poornima  G: Authors: Please check all the pronunciation guides written in red italics below and post a comment at the respective guide if any changes are required
· 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.

Preparation of Reagents and Vesicles:	Comment by Poornima  G: Authors: As our shot limit 55, I have summarised all the preparatory steps in a prologue slide and the first opening shot, in accordance with our journal guidelines. 

• Buffer solution
– 10 mM MOPS, 0.1 M KCl (pH 7.4)

• Gramicidin A (gA) solutions
– Stock diluted to ~2.66 µM and 26.6 nM
– Lipid:Peptide ratios ~1:10⁻⁴ (for ensemble experiments)

• Lipid–peptide vesicles (DPhPC + gA)
– ~2.36 mM lipid suspension
– Extruded to ~100 nm unilamellar vesicles
– Used for droplet interface bilayer formation

• Agarose solution
– 1% agarose prepared in buffer for electrode coating

2. Formation of Droplet Interface Bilayers (DIBs)
Demonstrator: Click here to enter name of demonstrator(s) 

2.1. To begin, prepare chlorinated silver wire electrodes after coating them with agarose [1] and assembling them into holders for stable electrophysiological measurements [2].	Comment by Poornima  G: Authors: Please check if this is correctly described	Comment by Poornima  G: “chlorinated silver wire electrodes ”
2.1.1. WIDE: Talent placing the prepared electrodes on the work surface.  Videographer: Please obtain CU shot as well for this shot.
2.1.2. Close-up of showing the finished final electrode.

2.2. For droplet interface bilayers formation, place a clear-bottom Petri dish on the stage of an inverted microscope [1]. Fill the dish with alkane oil, such as 100 percent hexadecane, to a depth of approximately 5 millimeters [2].
2.2.1. Talent placing a clean, clear-bottom Petri dish onto the inverted microscope stage.
2.2.2. Talent pouring alkane oil into the Petri dish to the specified depth.

2.3. Using the micromanipulator controls, lower both agarose-coated ball ends into the oil to a depth of approximately 2.5 millimeters below the oil surface, avoiding rapid motion to prevent collisions with the Petri dish [1].
2.3.1. Talent lowering both agarose-coated electrodes into the oil using the micromanipulator.

2.4. Adjust the microscope focus until both ball ends and their agarose coatings are in sharp focus [1]. Position the electrodes near the edge of the field of view so that both can be observed simultaneously [2].
2.4.1. Talent adjusting the microscope focus.
2.4.2. SCOPE: Both agarose-coated ball ends positioned near the edge of the field of view.

2.5. Using a calibrated 2-microliter pipette, aspirate the extruded DPhPC (D-P-H-P-C) lipid vesicles doped with gramicidin A [1-TXT]. Slowly dispense 250 nanoliters of the suspension directly onto each agarose-coated ball end using a separate pipette tip for each, without touching the agarose shell [2].
2.5.1. Talent aspirating the lipid-peptide vesicle suspension with a 2-microliter pipette. TXT: DPhPC: 1,2-diphytanoyl-sn-glycero-3-phosphocholine
2.5.2. Talent dispensing the suspension onto each agarose-coated ball end.

2.6. Allow the droplets to spread over the agarose surface and visibly sag downward due to gravity, forming a pendant droplet shape [1]. Observe sagging from the side through the Petri dish wall if it is clear [2].	Comment by Poornima  G: Authors: Please check if this step is correctly described
2.6.1. Talent observing droplets spreading and sagging from the agarose-coated electrode.
2.6.2. Shot of droplet sagging viewed through the side of the Petri dish.

2.7. After 5 minutes, gently nudge the anti-vibration table to assess the droplet [1]. Confirm that the sagging droplets move with a slight delay relative to electrode motion, indicating the formation of fully coated lipid monolayer droplets [2]. If this behavior is not observed, wait an additional 2 to 3 minutes and repeat the assessment [3].
2.7.1. Talent gently nudging the anti-vibration table.
2.7.2. SCOPE: Droplets showing delayed movement relative to electrode motion.
2.7.3. Talent setting a timer for 2 minutes and then looking at the setup.


3. Electrical Setup and Bilayer Monitoring

Demonstrator: Click here to enter name of demonstrator(s)
3.1. Ensure the microscope and all other required components are connected to a common ground [1-TXT].
3.1.1. Talent showing the components that are connected to a common ground. TXT: Components: Anti-vibration table, Faraday cage, amplifier, digitizer, function generator and computer

3.2. Arrange the instrument connections according to the manufacturer’s setup guide [1] and configure the essential electrical and optical setup, following the detailed instructions for droplet interface bilayer experiments [2 and 3]. Then, connect the head-stage and ground electrodes to the patch-clamp amplifier [4].
3.2.1. Talent arranging cables and components.
3.2.2. Talent adjusting system connections while looking at a sheet having the schematic.
3.2.3. LAB MEDIA: Figure 1C as an inset
3.2.4. Talent connecting the electrodes to the patch-clamp amplifier.

3.3. Configure an external function generator or the acquisition software output channel to generate a 10 hertz, 10 millivolt triangle voltage waveform [1]. Confirm the amplitude and frequency on a connected oscilloscope and in the acquisition software [2].
3.3.1. SCREEN: Setting waveform parameters to 10 hertz and 10 millivolts.
3.3.2. SCREEN: Displaying waveform amplitude and frequency on the oscilloscope and acquisition software.
[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: https://review.jove.com/account/file-uploader?src=21541588 

3.4. After droplets have sagged for approximately 10 minutes, use the micromanipulators to bring the two droplets into gentle contact [1]. Adjust the electrode positions so that the contact area is initially no more than approximately one quarter of the droplet diameter [2].
3.4.1. Talent bringing the droplets into contact using micromanipulators.
3.4.2. SCOPE: Droplets touching with a small contact area.

3.5. Turn on the 10 hertz, 10 millivolt triangle waveform [1] and monitor the capacitive current response with the amplifier and acquisition software [2].
3.5.1. SCREEN: Activating the triangle waveform.
3.5.2. SCREEN: Monitoring the capacitive current response.

3.6. Wait for spontaneous bilayer formation, indicated electrically by an expanding peak-to-peak capacitive current response and optically by an increasing internal reflection with an oval appearance at the contact region [1]. Confirm that pure lipid bilayers display rectangular current plateaus in response to the triangular voltage stimulus, while gramicidin A-doped bilayers at approximately 1 to 10 to the power of minus 4 lipid to peptide exhibit sloped plateaus reflecting ensemble ionic conduction [2].
3.6.1. SCOPE: Bilayer region showing increasing internal reflection and oval appearance.	Comment by Poornima  G: Authors: Is it possible to visualize?
3.6.2. SCREEN: Cursor hovering over the current traces showing rectangular and sloped plateaus.

3.7. Adjust the droplet contact area by slightly moving the electrodes until the peak-to-peak capacitive current response to the waveform is between approximately 100 and 200 picoamperes [1].
3.7.1. SCREEN: Adjusting electrode position while observing current response values.

3.8. Once stable capacitive or conductive responses are confirmed, turn off the triangle waveform [1] and allow the droplet interface bilayer to equilibrate for at least 15 minutes before applying stimulation protocols [2].
3.8.1. SCREEN: Showing stable responses and turning off the triangle waveform.
3.8.2. Talent leaving the setup undisturbed.


4. Electrical Stimulation Protocol for Paired-Pulse Facilitation and Depression
Demonstrator: Click here to enter name of demonstrator(s)
4.1. Configure the function generator or acquisition software to deliver voltage pulses of the desired amplitude, duration, and inter-pulse interval for paired-pulse facilitation and paired-pulse depression patterns [1].
4.1.1. SCREEN: Setting voltage pulse parameters (amplitude, duration, and inter-pulse interval).

4.2. Open the video capture software [1]. Select the appropriate camera and objective lens settings [2]. Set the frame rate to at least 20 frames per second and confirm that it remains stable during recording [3]. In the data acquisition software, set the sampling frequency to at least 5 kilohertz for the current signal [2].
4.2.1. SCREEN: Opening the video capture software.
4.2.2. SCREEN: Selecting camera and lens settings.
4.2.3. SCREEN: Setting frame rate.
4.2.4. SCREEN: Setting sampling frequency.

4.3. Next, click File and select New Protocol to create a new protocol [1]. In the Acquisition Mode tab, select Episodic Stimulation [2]. Set Runs per Trial to 1 and Sweeps per Run to 1 [3]. Adjust the sweep duration to 4 seconds longer than the total experimental duration to allow a 2-second pre- and post-stimulus baseline [4].
4.3.1. SCREEN: Clicking File > New Protocol or Edit Protocol.
4.3.2. SCREEN: Selecting Episodic Stimulation.
4.3.3. SCREEN: Setting Runs per Trial to 1 and Sweeps per Run to 1.
4.3.4. SCREEN: Entering sweep duration.

4.4. In the Inputs tab, assign the recording channel to the current input [1] and then, in the Outputs tab, assign the stimulation channel to the voltage output controlling the electrodes [2].
4.4.1. SCREEN: Assigning input channel.
4.4.2. SCREEN: Assigning output channel.

4.5. Open the Waveform tab [1]. In Column A, set Type to Step, First Level to 0 millivolts, and First Duration to 2000 milliseconds to define a pre-stimulation baseline [2].
4.5.1. SCREEN: Opening the Waveform tab.
4.5.2. SCREEN: Setting Column A parameters.

4.6. In Column B for paired-pulse facilitation, set Type to Step [1]. Specify the desired voltage amplitude and pulse duration [2], and set the Train Rate to define the inter-pulse interval corresponding to the target duty cycle [3].
4.6.1. SCREEN: Setting Column B Type.
4.6.2. SCREEN: Entering amplitude and duration.
4.6.3. SCREEN: Adjusting Train Rate.

4.7. In Column C for paired-pulse depression, set Type to Step with the same amplitude and pulse duration [1]. Increase the Train Rate or interpulse interval to achieve the desired lower duty cycle [2]. Next, in Column D, configure a post-stimulation parameters identical to the pre-stimulation baseline [3] and save the protocol with a descriptive name [4].
4.7.1. SCREEN: Setting Column C parameters.
4.7.2. SCREEN: Adjusting duty cycle.
4.7.3. SCREEN: Setting Column D baseline.
4.7.4. SCREEN: Saving the protocol with a descriptive name.

4.8. Start video recording [1] and immediately start electrical acquisition and stimulation by clicking the Record button [2].
4.8.1. SCREEN: Starting video recording.
4.8.2. SCREEN: Clicking Red Record button.	Comment by Poornima  G: Authors: Is this a physical button or clicked on the software?

4.9. During the first 60 seconds of stimulation, observe that the current increases and may reach a plateau [1]. During the last 60 seconds, observe that the current decreases [2]. At the end of the protocol, stop electrical acquisition and video recording simultaneously [3].
4.9.1. SCREEN: Increasing current trace.
4.9.2. SCREEN: Decreasing current trace.
4.9.3. SCREEN: Stopping acquisition and recording.

4.10. Perform post-processing to extract membrane area and compute normalized current, area, and flux from imaging and electrical data [1].
4.10.1. SCREEN: A (20-second) representative clip showing a post-processing step.



4.10.2. 

Results
Please review this section to make sure that it accurately reflects your findings.	Comment by Poornima  G: Authors: Please check if the narration is correct and if the figures and areas being highlighted match with the narration
· 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: 170.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. Sequential images captured spontaneous bilayer zipping and area expansion when 2 sagging droplets were brought into contact [1].
5.1.1. LAB MEDIA: Figure 4A. Video editor: Video editor: Highlight the time-lapse images labeled t = 0 s, t = 2 s, t = 5 s, t = 10 s, and t = 30 s.

5.2. The bright, inner oval-shaped reflections at the droplet contact were used to estimate bilayer diameter and membrane area over time [1].
5.2.1. LAB MEDIA: Figure 4B. Video editor: Highlight the bright inner reflection labeled “Internal reflection of membrane area.”.

5.3. Paired-pulse facilitation from 0 seconds to 60 seconds [1] and paired-pulse depression from 60 seconds to 120 seconds were delivered using 100 millisecond pulses [2].
5.3.1. LAB MEDIA: Figure 5. Video editor: Highlight the red 0 to 60 second section 
5.3.2. LAB MEDIA: Figure 5. Video editor: Highlight the blue 60 to 120 second section.

5.4. The representative current responses during ON periods [1], and the stimulation patterns were recorded [2].
5.4.1. LAB MEDIA: Figure 5. Video editor: Highlight the upper current panel.
5.4.2. LAB MEDIA: Figure 5. Video editor: Highlight the lower voltage panel.

5.5. Normalized current for gramicidin A-doped DPhPC bilayers in hexadecane and dodecane-hexadecane oils was shown during paired-pulse facilitation and paired-pulse depression [1].
5.5.1. LAB MEDIA: Figure 6A. Video editor: Highlight the orange and blue current curves 

5.6. Normalized membrane area measured at 30 time points showed similar area evolution in both oil conditions despite differing currents [1].
5.6.1. LAB MEDIA: Figure 6B. Video editor: Highlight the orange and blue area points and error bars.

5.7. Normalized flux separated area-independent changes in conductance and was consistent with changes in membrane conduction beyond simple area expansion [1].
5.7.1. LAB MEDIA: Figure 6C.

5.8. Extended paired-pulse depression stimulation for up to 30 minutes produced long-term depression-like behavior in hexadecane membranes [1], but maintained elevated flux consistent with long-term potentiation-like behavior in dodecane-hexadecane membranes [2].
5.8.1. LAB MEDIA: Figure 6D. Video editor: Highlight the orange and red C16 traces 
5.8.2. LAB MEDIA: Figure 6D. Video editor: Highlight the blue and green C12/C16 traces above baseline.


[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.



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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