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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
☐ Correct 
☐ Incorrect 

 2. 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 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.

3. 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.

[bookmark: Text5]4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: MM/DD/YYYY

DO NOT use this draft script for filming. Please wait until your script is finalized to begin the filming process. 

When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 

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:  31
Number of Shots:  56

Introduction 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer up to 2 introduction and up to 3 conclusion 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.
· Answer in full sentences, the questions will not be displayed in the video. 
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

INTRODUCTION:

What is the scope of your research? What questions are you trying 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.

What are the most recent developments in your field of research?
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.
What technologies are currently used to advance research in your field?
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.
What are the current experimental challenges?
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.

CONCLUSION:

What significant findings have you established in your field?
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.

What research gap are you addressing with your protocol?
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.

What advantage does your protocol offer compared to other techniques?
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.
How will your findings advance research in your field?
1.8. 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.
What new scientific questions have your results paved the way for?
1.9. 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.
What questions will future research focus on?
1.10. 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.



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.) 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 you/your videographer will capture. 

2. Transfection of Neuro2a Cells with Nicotinic Acetylcholine Receptor Subunits Using Lipid-Based Delivery
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.
AUTHORS: Please note that all pronunciation guides are given in red, italics. Kindly go through the same and change where necessary.
2.1. To begin, culture mammalian Neuro2a (Neuro-Two-A) or N2a (N-Two-A) cells in a tissue culture flask containing supplemented Eagle’s Minimum Essential Medium [1-TXT]. Incubate the flask at 37 degrees Celsius with 5 percent carbon dioxide [2]. 
Authors: Please create scope videos of the shots labeled as SCOPE and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21158203
2.1.1. WIDE: Talent pipetting Eagle’s Minimum Essential Medium with supplements into a T25 flask. TXT: EMEM supplementation: 10% FBS, 100 µ/mL Penicillin, 100 µg/mL streptomycin
2.1.2. Talent placing the flask inside a 37 degrees Celsius incubator. 
2.2. Visualize the confluency using a 4X objective lens on a light microscope [1-TXT]. Replace the growth medium every 1 to 2 days to maintain optimal conditions [2]. When the cells reach approximately 90 percent confluency, proceed to passage them into imaging dishes [3].
2.2.1. SCOPE: Shot of confluent culture. TXT: Monitor culture daily with a microscope
2.2.2. Talent removing old medium and replacing it with fresh medium. 
2.2.3. Shot of 90 % confluent culture.
2.3. Next, prewarm all reagents to 37 degrees Celsius in a water bath [1]. Clean the biosafety cabinet and all materials using 70 percent ethanol before starting the procedure [2].
2.3.1. Talent placing reagent bottles into a 37 degrees Celsius water bath. 
2.3.2. Talent wiping down biosafety cabinet and tools with 70 percent ethanol.
2.4. Aspirate the old medium from the flask [1]. Then pipette 5 milliliters of PBS to wash the cells [2]. 
2.4.1. Talent removing the old medium from the flask. 
2.4.2. Talent washing the flask with 5 milliliters of phosphate-buffered saline. 
2.5. Add 1 milliliter of trypsin and gently swirl to coat the cells [1]. Incubate until cells lift, not exceeding 5 minutes [2]. Immediately add 4 milliliters EMEM (E-M-E-M) and pipette gently to create a single-cell suspension [3].	Comment by Sulakshana Karkala: AUTHORS: Please specify the conditions of incubation. 
2.5.1. Talent adding trypsin and swirling the flask gently. 
2.5.2. SCOPE: Shot of lifted cells. 
2.5.3. Talent adding 4 milliliters of medium and pipetting gently to disperse cells.
2.6. Now, using a hemocytometer, determine the cell concentration [1]. Then adjust the cell concentration of the suspension with EMEM [2].
2.6.1. Talent using a hemocytometer to count cells. 
2.6.2. Talent pipetting EMEM into the cell suspension. TXT: Final concentration: 0.5 -2 x 10⁵ cells/mL 
2.7. Plate 1 milliliter of the cell suspension into each 35-millimeter dish [1]. Add sufficient EMEM to bring the total volume to 2 milliliters and incubate [2-TXT]. 
2.7.1. Talent pipetting 1 milliliter of cell suspension into a dish. 
2.7.2. Talent adding medium to reach 2 milliliters total volume. TXT: Incubation: 37°C, overnight, 5% CO2
2.8. On the day of transfection, prewarm reagents to 37 degrees Celsius [1]. Thaw the nAChR subunit DNAs completely and bring the transfection reagent to room temperature [2-TXT]. Clean all reagents with 70 percent ethanol before placing them inside the biosafety cabinet [3].
2.8.1. Talent placing tubes in a water bath to prewarm. 
2.8.2. Close-up of thawed DNA vials and transfection reagent at RT. TXT: nAChR: neuronal Nicotinic Acetylcholine Receptors
2.8.3. Talent wiping down reagent bottles with ethanol before moving to the cabinet.
2.9. To express alpha7 nicotinic acetylcholine receptors, in a microcentrifuge tube, dilute alpha7 and NACHO (nacho) plasmid DNAs into reduced serum medium [1-TXT]. Mix gently by pipetting after DNA addition [2].	Comment by Sulakshana Karkala: AUTHORS: Please confirm if this is the correct pronunciation 
2.9.1. Talent pipetting DNA into reduced serum medium. 
AND
TEXT ON PLAIN BACKGROUND:
4 µg of α7 (1 µg/µL) 
1 µg of NACHO (1 µg/µL) plasmid DNAs

Add dropwise into reduced serum medium
Final volume: 250 µL
Video Editor: Please play both shots side by side in a split screen
2.9.2. Talent pipetting the contents of microcentrifuge tube gently.
2.10. To express alpha4beta2 receptors, dilute 4 micrograms of each subunit DNA into a total of 250 microliters of reduced serum medium and mix gently [1-TXT]. 
2.10.1. Talent pipetting subunit DNAs into the medium. 
TXT: Adjust the subunit ratios to optimize expression of specific isoforms
2.11. For alpha4beta2 receptors with an additional plasmid, add equal amounts of each plasmid DNA [1].
2.11.1. Talent adding three equal DNA volumes into a microcentrifuge tube.
AND
TEXT ON PLAIN BACKGROUND:
The blue fluorescent protein mTagBFP2³¹ in pcDNA3.1(+) serves as a control plasmid and can be replaced with any α4β2 chaperone
Video Editor: Please play both shots side by side in a split screen

2.12. In a new microcentrifuge tube, dilute 8 microliters of transfection reagent dropwise into 250 microliters of reduced serum medium [1]. 
2.12.1. Talent adding reagent dropwise into a tube with medium. 
2.13. After a 5-minute incubation at room temperature, combine the diluted DNAs with the diluted transfection reagent dropwise into a tube [1]. Mix gently by pipetting and incubate for 20 minutes at room temperature [2].
2.13.1. Talent combining two tubes by dropwise addition. 
2.13.2. Talent mixing and placing the tube on a bench.
2.14. While complexes form, replace the medium in the culture dishes with 1 milliliter of serum-free EMEM [1].
2.14.1. Talent aspirating old medium from the culture dishes and adding serum-free medium.
2.15. Add 500 microliters of the DNA-transfection reagent complex dropwise to each dish [1]. Mix gently by rocking the plate to distribute evenly, especially over the glass-bottom surface and incubate [2-TXT]. 
2.15.1. Talent adding transfection mix dropwise to the dish. 
2.15.2. Talent gently rocking the plate in a circular motion. TXT: Incubation: 37 °C, 24 h;
Replace medium after 4 - 6 h 
3. Confocal Imaging of pH-Sensitive Fluorescent Signals in Transfected Neuro2a Cells Using Live Buffer Exchange
Demonstrator: Click here to enter name of demonstrator(s)

3.1. Remove the old medium by suction [1]. Rinse the dish three times with 2 milliliters of PBS for 10 minutes each at room temperature [2]. Then add 2 milliliters of pH 7.4 imaging buffer to the dish [3].
3.1.1. Talent removing the medium from the imaging dish using suction. 
3.1.2. Talent adding 2 milliliters PBS to the dish. 
3.1.3. Talent adding 2 milliliters of pH 7.4 imaging buffer to the dish.
3.2. Insert the imaging dish into the slide holder of a confocal microscope and place the holder into the prewarmed environmental chamber [1]. Connect the peristaltic pump tubing to the imaging dish holder and close the environmental chamber [2].
3.2.1. Talent placing the dish into the slide holder and inserting the holder into the environmental chamber.
3.2.2. Talent attaching tubing from the peristaltic pump to the dish holder and securing the chamber.
3.3. Now launch the imaging software and select lasers for the fluorophores of interest [1].
Authors: Please create screen capture videos of the shots labeled as SCREEN and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21158203
3.3.1. SCREEN: Show the launch of the imaging software interface and selection of lasers.
3.4. Scan the dish to locate cells for imaging using a 10 to 60X objective. Increase magnification if desired and adjust the focus depth as needed [1].
3.4.1. SCREEN: Talent scanning the imaging dish and adjusting magnification as needed. 
AUTHORS: Please use a lower magnification here so that you can increase magnification in 3.4.2
3.5. Now, adjust the laser intensity and detector sensitivity to visualize the fluorescence signal without background noise [1]. Then adjust the aperture to enhance the fluorescence signal if necessary [2].
3.5.1. SCREEN: Show the intensity and detector sensitivity settings being modified to reduce background signal. 
3.5.2. SCREEN: Show aperture adjustments being made to enhance fluorescence.
3.6. Select the preferred resolution and capture a single image using the desired objective, [1]. Record the location on the dish map to relocate the same cells after buffer change [2-TXT]. 
3.6.1. SCREEN: Show the resolution selection panel and the image capture interface with a 60x setting.
3.6.2. SCREEN: Show dish map being marked or saved within the imaging software.
3.6.3. TXT: Repeat imaging for several areas;
Use the same capture settings for all images
3.7. Keeping only the outlet line connected to the peristaltic pump, slowly suction out the pH 7.4 buffer from the dish into a waste container [1]. Then transfer the inlet line to the pH 5.5 quenching buffer [2].
3.7.1. Talent disconnecting the inlet tube and slowly removing the buffer using the outlet tubing.
3.7.2. Talent placing the inlet tube into the container with pH 5.5 buffer.
3.8. Turn on the peristaltic pump to add pH 5.5 buffer at a flow rate of 1.5 milliliters per minute, ensuring that the cells remain attached [1]. After 20 minutes, turn off the pump and incubate the cells in the buffer for an additional 20 minutes to allow equilibration [2-TXT].
3.8.1. Talent turning on the peristaltic pump and observing flow into the imaging dish.
3.8.2. Talent switching off the pump and leaving the dish to incubate. TXT: Repeat imaging at same locations

4. Quantitative Analysis of Fluorescent Cell Images Using ImageJ to Calculate Corrected Total Cell Fluorescence (CTCF)
Demonstrator: Click here to enter name of demonstrator(s)

4.1. To begin image quantification, open ImageJ and load the image to be analyzed. The image will appear as a stack with each captured channel displayed in the same frame [1]. 
4.1.1. SCREEN: Show ImageJ being opened and an image stack being loaded. 
4.2. Navigate to the Phase channel. If the image appears overly bright, select Process and choose Enhance Contrast, then click OK [1].
4.2.1. SCREEN: Show the user selecting the Phase channel. Demonstrate navigating to Process > Enhance Contrast, clicking OK.

4.3. Now, use the magnifying glass tool to zoom in on one cell [1]. Use the Freehand selection tool to trace the outline of the cell in the Phase channel [2].
4.3.1. SCREEN: Show the zoom-in action using the magnifying glass tool.
4.3.2. SCREEN: Display cell being outlined with the Freehand selection tool in Phase channel.
4.4. Switch to the fluorescent channel that corresponds to the fluorophore of interest [1]. Set the desired measurements by selecting Analyze and clicking on Set Measurements. Ensure that Area, Mean Gray Value, and Integrated Density are checked [2].
4.4.1. SCREEN: Show selection of the fluorescent channel. 2
4.4.2. SCREEN: Show Analyze > Set Measurements panel with correct options selected.
4.5. To measure the selected region, choose Analyze and then click Measure [1]. Take three background measurements by tracing empty areas near the selected cell [2].
4.5.1. SCREEN: Show Analyze > Measure being selected and measurement results appearing.
4.5.2. SCREEN: User selecting and measuring three background regions. 
4.6. After performing measurements for all desired cells, copy and paste the measurement data into Excel for analysis [1]. Then calculate the average background mean from the three background measurements [2].
4.6.1. SCREEN: Show data being copied into an Excel spreadsheet.
4.6.2. SCREEN: Show background values in Excel and the formula used to compute the average.
4.7. Compute the corrected total cell fluorescence or CTCF (C-T-C-F) value for each cell using the provided formula [1]. Export all results to data analysis software for statistical processing [2].
4.7.1. SCREEN: THE CTCF is being calculated for each cell.
AND
TEXT ON PLAIN BACKGROUND:
CTCF=Integrated density−(Area of cell x Mean background fluorescence)

Repeat for all cells and images across all groups
Video Editor : Please play both shots side by side in a split screen
4.7.2. SCREEN: Data being exported into statistical software for analysis.



Results
Please review this section to make sure that it accurately reflects your findings.
· You/Your videographer does not have to record this section. 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: 194.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. Weak αBTX-AF647 (alpha-B-T-X-A-F-Six-Forty-Seven) staining was observed in non-transfected N2a cells [1], while robust punctate labeling was detected in cells transfected with α7 (Alpha-seven) DNA [2]. Quantification confirmed that plasma membrane expression of α7 nicotinic acetylcholine receptors was significantly higher in α7-transfected N2a cells than in non-transfected controls [3].
5.1.1. LAB MEDIA: Figure 2A,A′. Video editor: Highlight the panel A.
5.1.2. LAB MEDIA: Figure 2B,B′. Video editor: Highlight the panel B.
5.1.3. LAB MEDIA: Figure 2C. Video editor: Highlight the blue bar labeled “+α7” 
5.2. At pH 7.4, total α7-pHuji fluorescence was visible at the plasma membrane in transfected N2a cells [1]. At pH 5.5, α7-pHuji fluorescence was reduced, revealing internal receptor localization [2]. The external α7-pHuji receptor fluorescence accounted for the majority of receptor expression [3].	Comment by Sulakshana Karkala: AUTHORS: Please specify how you would like this pronounced. 
5.2.1. LAB MEDIA: Figure 3A,A′. Video editor: Highlight panel A.
5.2.2. LAB MEDIA: Figure 3B,B′. Video editor: Highlight panel B
5.2.3. LAB MEDIA: Figure 3C,C′. Video editor: Highlight panel C
5.3. Quantification showed that 82.6% of α7-pHuji receptors were located on the plasma membrane, while 17.4% were internal [1]. Fluorescence was restored upon return to pH 7.4, confirming pHuji signal reversibility [2].
5.3.1. LAB MEDIA: Figure 3D. Video editor: Highlight the taller “External” bar 
5.3.2. LAB MEDIA: Figure 3E,E′. Video editor: Highlight panel E
5.4. At pH 7.4, N2a cells expressing α4-SEP and β2-pHuji showed robust membrane fluorescence for both subunits [1]. At pH 5.5, fluorescence was quenched, indicating internal localization of some α4-SEP and β2-pHuji subunits [2]. Quantification showed that 76.5% of α4-SEP was at the plasma membrane and 23.4% was internal [3].
5.4.1. LAB MEDIA: Figure 4A–D. Video editor: Please sequentially highlight the images 
5.4.2. LAB MEDIA: Figure 4E–H. Video editor: Please sequentially highlight the images
5.4.3. LAB MEDIA: Figure 4I. Video editor: Highlight the green “α4 External” and “α4 Internal” bars 
5.5. In triple-transfected cells, α4-SEP (alpha-four-S-E-P) displayed 82.8% membrane localization and 17.2% internal expression [1]. In the same cells, β2-pHuji subunits showed 63.4% on the membrane and 36.6% internal [2].
5.5.1. LAB MEDIA: Figure 5K. Video editor: Highlight the green “α4 External” and “α4 Internal” bars 
5.5.2. LAB MEDIA: Figure 5K. Video editor: Highlight the red “β2 External” and “β2 Internal”bars .







 2025, Journal of Visualized Experiments		Page 9 of 9
image1.png




