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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.

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 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. 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.

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:  19
Number of Shots:  44

Introduction

1. Introductory Interview Statements

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. 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.

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.

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. 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: 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. Microscope Setup, Loading and Imaging ND6 in Neuronal Cultures

2.1. Begin by preparing an imaging chamber that allows temperature control and solution input-output for live-cell fluorescence imaging [1]. Set up a programable device to switch the perfusion solutions and deliver the electric stimulus at defined time points during imaging [2]. 

2.1.1. WIDE: Talent preparing the imaging chamber.
2.1.2. Talent setting up the programable device.

2.2. Weigh out an appropriate amount of ND6 [1], dissolve it in dimethylsulfoxide, and allow it to solubilize at room temperature [2]. Then sonicate the solution briefly [3]. Filter the crude stock solution using a 0.22-micrometer filter to remove large dye aggregates [4].
2.2.1. Talent weighing ND6.
2.2.2. Talent dissolving ND6 in dimethylsulfoxide.
2.2.3. Talent sonicating the solution.
2.2.4. Talent filtering the crude stock solution.



2.3. After filtration, determine the dye concentration by absorption spectroscopy at 405 nanometers using a conventional or microvolume spectrophotometer [1]. Before application, dilute the stock solution to a concentration of 1 milligram per microliter using the bath solution [2]. Keep the stock solution at room temperature in the dark [3].

2.3.1. Talent taking the absorbance readings of the solution.TEXT- Use ε = 10 700 M–1 cm–1.
2.3.2. Talent diluting the stock solution.
2.3.3. Talent placing the stock solution in the dark.

2.4. Add ND6 stock solution to the culture medium at the final concentration of 1 microgram per microliter [1] and incubate at 5 percent CO2, 100 percent humidity, and 37 degrees Celsius for 30 minutes to ubiquitously label endocytosed membrane compartments such as endosomes [2].

2.4.1. Talent adding ND6 stock solution to the culture medium.
2.4.2. Talent placing the cell culture for incubation.

2.5. Add tetrodotoxin to block action potentials or NBQX and D-AP5 to inhibit excitatory transmission to suppress the spontaneous neuronal activity in order to reduce the extent of synaptic vesicle labeling [1].  AUTHORS: Which one of the two pharmacological agents will be used?

2.5.1. Talent adding tetrodotoxin or NBQX and D-AP5. TEXT : NBQX = 2,3-dioxo-6-nitro-1,2,3,4-tetrahydrobenzo[f]quinoxaline-7-sulfonamide ; D-AP5 = D-(-)-2-amino-5-phosphonopentanoic acid

2.6. To selectively label synaptic vesicles, first transfer the culture coverslip to a 35-millimeter Petri dish containing 2 milliliters of normal Tyrode’s solution at room temperature [1]. Then, dilute the ND6 stock solution in high-potassium Tyrode’s solution at the final concentration of 1 microgram per microliter [2]. 

2.6.1. Talent transferring the culture coverslip to the Petri dish.
2.6.2. Talent diluting the ND6 stock. TEXT: 90 mM KCl


2.7. Lastly, replace the normal Tyrode’s solution in the Petri dish with ND6-containing high-potassium Tyrode’s solution [1] and incubate at room temperature for 2 minutes [2].
Transfer the ND6-labeled cell culture to the imaging chamber filled with prewarmed normal Tyrode’s solution containing 10 micromolar NBQX and 10 micromolar D-AP5 [3].




2.7.1. Talent replacing the normal Tyrode’s solution in the Petri dish with ND6-containing high-potassium Tyrode’s solution.
2.7.2. Talent placing the Petri dish for incubation.
2.7.3. Talent transferring the ND6-labeled cell culture to the imaging chamber.

2.8. Adjust the perfusion speed to approximately 0.2 milliliters per second [1] and start the perfusion of prewarmed normal Tyrode’s solution containing NBQX and D-AP5 to remove excessive ND6 in the culture [2]. 

2.8.1. Talent adjusting the perfusion speed.
2.8.2. Talent starting the perfusion.

2.9. Adjust the focus and locate the appropriate field of view containing healthy and well-spread neurons bearing connected neurites avoiding areas containing unresolved dye colloids [1]. Try imaging ND6-loaded cells with different exposure times to identify the best imaging settings [2]. 

2.9.1. SCOPE: Talent adjusting the focus and locating the appropriate field of view.
2.9.2. SCOPE: Talent imaging ND6-loaded cells with different exposure times.

2.10. Set up the stimulation and perfusion protocol, frame interval, and total duration using the information in the text manuscript [1]. Start the image acquisition accompanied by the synchronized stimulation and perfusion [2]. Monitor the stimulation and solution exchange during imaging [3].

Authors: Please create screen capture videos for all shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19128733.

2.10.1. SCREEN: Setting up the stimulation and perfusion protocol, frame interval, and total duration.
2.10.2. SCREEN: Starting image acquisition and synchronized stimulation and perfusion.
2.10.3. SCREEN: Monitoring solution and stimulation exchange.

2.11. Stop the perfusion after the imaging ends [1], remove the coverslip [2], and clean the imaging chamber for the next trial [3].

2.11.1. Talent stopping the perfusion.
2.11.2. Talent removing the coverslip.
2.11.3. Talent cleaning the imaging chamber.


3. Quantification of Membrane Trafficking by a Change in ND6 Fluorescence

3.1. Back up and make an electronic copy of all image files [1]. Choose and open the analysis program for data extraction [2]. Open or import an image stack to the analysis program [3]. 

3.1.1. SCREEN: Backing up and making an electronic copy of the image files.
3.1.2. SCREEN: Opening the analysis program.
3.1.3. SCREEN: Opening/Importing the image stack to the analysis program.

3.2. Set the first image as the reference [1] and align the rest to it using Rigid Registration, which will mitigate artifacts due to xy-drifting [2]. Average all images acquired during the 30 seconds pre-baseline to produce a reference image. Save a copy of this image for future reference [3].

3.2.1. SCREEN: Setting the first image as the reference.
3.2.2. SCREEN: Aligning the rest of the images using Rigid Registration.
3.2.3. SCREEN: Averaging all the images to produce a reference image and saving a copy of it.

3.3. Set the intensity threshold to generate a binary image from the baseline-averaged image [1]. Use Watershed in ImageJ or similar functions in another program to separate connecting neurites or cells [2].

3.3.1. SCREEN: Setting the intensity threshold to generate a binary image from the baseline-averaged image.
3.3.2. SCREEN: Using Watershed to separate connecting neurites or cells.

3.4. Use the Analyze Particle function with appropriate area size and circularity to solicit regions of interest or ROIs corresponding to cell membranes, endosomes, lysosomes, or synaptic boutons [1]. Save all selected ROIs [2]. Select four background ROIs in cell-free regions within the field of view [3].

3.4.1. SCREEN: Using the Analyze Particle function to solicit regions of interest or ROIs.
3.4.2. SCREEN: Saving the selected ROIs.
3.4.3. SCREEN: Selecting four background ROIs.




3.5. Measure the average pixel intensities for each ROI in every frame of the image stack and export the results for statistical analysis [1]. Calculate the mean intensity of the background ROIs to obtain the baseline noise, which will be subtracted from all selected ROIs [2].

3.5.1. SCREEN: Measuring the average pixel intensities for each ROI and exporting the results.
3.5.2. SCREEN: Calculating the mean intensity of the background ROIs.

3.6. Average the three highest average intensities for every selected ROI during the application of pH 5.5 Tyrode’s solution to obtain the maximal fluorescence intensity, defined as 100 percent for normalization [1].

3.6.1. SCREEN: Averaging the three highest average intensities for every selected ROI.

3.7. Average the three lowest average intensities for every selected ROI during the application of 50 millimolar ammonium chloride to set the minimal fluorescence intensity, defined as 0 percent for normalization [1].

3.7.1. SCREEN: Averaging the three lowest average intensities for every selected ROI.

3.8. Calculate the relative fluorescence changes for every ROI based on its own 0 percent and 100 percent intensities [1]. Derive mean fluorescence changes, change kinetics, and other values or plots from individual ROI data [2].

3.8.1. SCREEN: Calculating the relative fluorescence changes for every ROI.
3.8.2. SCREEN: Deriving mean fluorescence changes, change kinetics, and other values/plots from individual ROI data.









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.

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.     



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

4. Results: Membrane Lipid Turnover with the pH-sensitive Fluorescent Lipid Analog ND6

4.1. Bright green fluorescent puncta along the neuronal processes were visible after loading the neuronal cells with ND6 [1]. A strong correlation between ND6 and FM4-64 fluorescence intensities also suggested synaptic vesicle staining by ND6 [2].

4.1.1. LAB MEDIA: Figure 9A.
4.1.2. LAB MEDIA: Figure 9B.

4.2. A decrease was observed in the ND6 fluorescence in response to both electric stimulation and a high potassium stimulation [1], suggesting that ND6 resides in the synaptic vesicle membrane and that the synaptic vesicle lumen is neutralized during the release [2]. 

4.2.1. LAB MEDIA: Figure 4C.
4.2.2. LAB MEDIA: Figure 4E.

4.3. Under an exhaustive electric stimulation, the MCD (‘M-beta-C-D’) treatment significantly reduced synaptic vesicle release and retrieval measured by ND imaging which suggested that membrane cholesterol facilitates synaptic vesicle exocytosis and endocytosis [1].

4.3.1. LAB MEDIA: Figure 11A.

4.4. BafA1 prevented ND6 fluorescence recovery after stimulation by acutely blocking the reacidification of retrieved synaptic vesicles [1].

4.4.1. LAB MEDIA: Figure 11B.


Conclusion
5. [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.
5.1. Enter author name: (Enter step numbers referred to.) Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
5.2. 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?
5.3. 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.


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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