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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: 28
Number of Shots: 56

Introduction
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 full 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.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.


Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter full 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 full 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. 
1.1. 
1.2. 
1.3. 
1.4. Enter full 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.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter full 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 full 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 full 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.


Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) at the Beijing Normal University at Zhuhai



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. 

2. Isolation and Preparation of Human Mesenchymal Stem Cell (hMSC) Membrane Fractions
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, remove the culture medium from a culture dish with human mesenchymal stem cells at 70 to 90 percent confluency [1]. With a cell scraper, detach the cells from the culture dish [2]. Transfer the detached cells into a conical tube containing PBS [3].
2.1.1. WIDE: Talent aspirating medium from a culture dish.
2.1.2. Talent scraping mesenchymal stem cells with a cell scraper. 
2.1.3. Talent transferring detached cells into a conical tube containing PBS
2.2. Centrifuge the collected cells at 300 g for 5 minutes at 4 degrees Celsius to pellet the cells [1]. Then wash the cell pellet twice with PBS and centrifuge again [2].
2.2.1. Talent placing the conical tube into a refrigerated centrifuge.
2.2.2. Talent resuspending the pellet in PBS and placing the tube into the centrifuge.
2.3. Resuspend the final cell pellet in PBS supplemented with a protease inhibitor cocktail [1]. Then subject the cell suspension to 3 freeze and thaw cycles to disrupt the plasma membrane and generate a crude lysate [2].
2.3.1. Shot of the pellet being resuspended in PBS with protease inhibitor cocktail.
2.3.2. Talent transferring the tube between a freezing source and room temperature to perform freeze and thaw cycles.
AUTHORS: Please demonstrate only 1 freeze-thaw cycle. Please show the sample being shifted from frozen state into a thawing instrument
2.4. Using a pipette, homogenize the lysate thoroughly [1]. Then centrifuge at 1000 g for 20 minutes at 4 degrees Celsius to remove cellular debris [2].
2.4.1. Talent pipetting the lysate repeatedly.
2.4.2. Talent placing the tube into a refrigerated centrifuge.
2.5. Transfer the supernatant to a new tube [1]. Centrifuge at 18000 g for 1 hour at 4 degrees Celsius to pellet the membrane fraction [2].
2.5.1. Talent carefully transferring supernatant into a clean tube.
2.5.2. Talent setting the centrifugation parameters.
2.6. Discard the supernatant [1] and resuspend the membrane pellet in PBS to obtain the crude mesenchymal stem cell membrane fraction [2].
2.6.1. Talent removing supernatant.
2.6.2. Talent resuspending the pellet in PBS.
2.7. Now homogenize the membrane suspension by sequentially passing it through syringes fitted with 20 to 27-gauge needles [1].
2.7.1. Talent passing the suspension through syringes with progressively smaller gauge needles.
2.8. Determine the protein concentration of the homogenized membrane suspension using a bicinchoninic acid assay [1]. Aliquot the suspension [2] and store at minus 80 degrees Celsius until needed [3]. Re-homogenize the suspension using a 27-gauge syringe after each thaw cycle [4].
2.8.1. Talent performing a bicinchoninic acid protein assay.
2.8.2. Talent aliquoting the membrane suspension into labeled tubes.
2.8.3. Talent placing the aliquots into a minus 80 degrees Celsius freezer.
2.8.4. Talent passing the thawed suspension through a 27 G syringe.

3. Encapsulation of Adeno-Associated Virus (AAVs) within Mesenchymal Stem Cell Membrane Vesicles by Extrusion
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Mix the prepared membrane suspension with AAVs (A-A-Vees) [1-TXT]. Incubate the mixture at 37 degrees Celsius for 30 minutes with gentle shaking [2].
3.1.1. Talent combining membrane suspension and viral solution in a tube. TXT: AAVS: Adeno Associated Virus; Ratio: 150 µg protein per 1 x 1010 genome copies
3.1.2. Talent placing the tube in a 37 degrees Celsius shaker.
3.2. Load the membrane and virus mixture into a mini extruder fitted with a 400-nanometer polycarbonate membrane [1]. Pass the mixture through the extruder 20 times to promote encapsulation [2].
3.2.1. Talent loading the sample into a mini extruder with a 400 nanometer membrane.
3.2.2. Talent repeatedly passing the mixture through the extruder.
3.3. Replace the 400-nanometer membrane with a 200-nanometer membrane and repeat extrusion [1]. 
3.3.1. Talent replacing the membrane with a 200 nanometer polycarbonate membrane.
3.3.2. Talent performing 20 extrusion passes with the new membrane.
3.4. Collect the processed suspension containing encapsulated virus along with unencapsulated virus and empty vesicles [1]. Pool multiple batches if required and proceed immediately to purification [2].
3.4.1. Talent collecting the extruded suspension into a clean tube.
3.4.2. Shot of pooled tubes being combined.
4. Purification of Membrane-Encapsulated Adeno-Associated Virus by Iodixanol Density Gradient Ultracentrifugation
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Dilute the stock iodixanol solution of with 10x PBS and sterile deionized water to prepare 40 and 25% solutions [1].
4.1.1. Talent preparing iodixanol dilutions in sterile tubes.
4.2. Using a pipette, underlay 1 milliliter of 40 percent iodixanol at the bottom of a 13.2 milliliter open-top thin-wall Ultra-Clear tube [1]. Underlay 3 milliliters of 25 percent iodixanol above the 40 percent layer to form a discontinuous gradient [2].
4.2.1. Talent pipetting 1 mL of 40% iodixanol into the bottom of a 13.2 mL open-top, thin-wall ultra-clear tube.
4.2.2. Talent pipetting 3 mL of 25% iodixanol 25 percent layer above the denser solution.
4.3. Gently overlay 7 milliliters of the processed suspension onto the top of the gradient [1]. Balance the tubes and load them into a swing bucket ultracentrifuge rotor [2].
4.3.1. Talent layering 7 mL sample onto the gradient.
4.3.2. Talent balancing tubes and placing them into the ultracentrifuge rotor.
4.4. Centrifuge at 150,000 g for 3 hours at 4 degrees Celsius using fast acceleration and slow deceleration [1].
4.4.1. Talent placing the rotor into the ultracentrifuge and starting the run with specified settings.
4.5. Then carefully remove the tubes without disturbing the gradient [1]. Collect 1 milliliter fractions from top to bottom into labeled 1.5-milliliter microcentrifuge tubes [2].  Keep all fractions on ice [3].
4.5.1. Talent removing tubes from the rotor.
4.5.2. Talent fractionating the gradient into labeled microcentrifuge tubes. 
4.5.3. Shot of the tubes being placed on ice. 
4.6. Now identify and pool fractions 7 and 8 into a new open top ultracentrifuge tube [1-TXT]. Make up the volume to 11 milliliters with PBS [2].  Then gently mix with a 1-milliliter pipette [2].
4.6.1. Close up of combining fractions 7 and 8 into a single tube. TXT: F7 and F8 contain purified CME-AAVs
4.6.2. Talent adding phosphate buffered saline to final volume of 11 mL.
4.6.3. Talent  gently mixing the suspension with 1 mL pipette.
4.7. Centrifuge the pooled fractions at 150,000 g for 3 hours at 4 degrees Celsius using fast acceleration and deceleration [1]. Discard the supernatant carefully [2]. Resuspend the pellet in 50 to 200 microliters of sterile PBS depending on the desired concentration [3].
4.7.1. Talent loading the tube into the ultracentrifuge for the second spin.
4.7.2. Talent removing supernatant with a pipette. 
4.7.3. Talent resuspending the pellet in a small volume of PBS.
4.8. Aliquot the purified preparation [1]. Then store at minus 80 degrees Celsius until further use [2].
4.8.1. Talent aliquoting the purified preparation into labeled tubes.
4.8.2. Shot of the tubes in a minus 80 degrees Celsius freezer.
5. In Vitro Transduction and Fluorescence Imaging of Cells with Encapsulated and Control Adeno-Associated Virus
Demonstrator: Click here to enter name of demonstrator(s) 

5.1. Prepare working solutions of encapsulated virus and control virus in sterile PBS [1].
5.1.1. Shot of labeled flasks containing the vectors. TXT: Vectors: CME-AAV9.EGFP and AAV9.EGFP; Dose: 5 × 10⁸ g.c. per 48-well
5.2. Add equal genome copies of encapsulated virus or control virus directly to the culture medium in each well [1]. Include negative control wells with an equivalent volume of PBS or empty virus particles [2].
5.2.1. Talent pipetting viral solution into wells of a 48 well plate.
5.2.2. Talent adding control solutions to designated wells.
5.3. Gently swirl the plate to ensure uniform distribution and return it to the incubator [1]. Incubate for 24 to 72 hours depending on experimental design [2-TXT].	Comment by Sulakshana Karkala: AUTHORS: Please specify the conditions of incubation. 
5.3.1. Talent gently swirling the culture plate.
5.3.2. Talent placing the plate into a cell culture incubator. TXT: For CMV-driven EGFP in HEK293T cells, strong fluorescence is typically observed within 48 h
5.4. Next, gently aspirate the culture medium [1].  Wash the cells twice with PBS without dislodging the cells [2]. Stain nuclei with Hoechst 33342 according to the manufacturer instructions [3].
5.4.1. Talent gently aspirating medium.
5.4.2. Shot of PBS being pipetted over the cell suspension. 
5.4.3. Talent adding Hoechst staining solution to the wells.
5.5. Perform live cell fluorescence imaging using an inverted fluorescence microscope with appropriate filter sets for enhanced green fluorescent protein and Hoechst [1].
Authors: Please create scope videos of the shots labeled as SCOPE/SCREEN and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21446428
5.5.1. SCOPE/SCREEN: Live fluorescence image showing enhanced green fluorescent protein and Hoechst stained nuclei.

5.6. Select 10 or 20X objectives for quantification [1] and 63 X objective for high resolution imaging if needed [2].
5.6.1. SCOPE/SCREEN: Images at 10 – 20 X are seen. 
5.6.2. SCOPE/SCREEN: Images at 63 is seen. 
5.7. Acquire at least 5 fields of view per well using identical imaging parameters [1]. Save all images in raw and grayscale formats for quantitative analysis [2].
5.7.1. SCREEN: Capture multiple fields of view using consistent exposure and gain settings.
5.7.2. SCREEN: Save image files in raw and grayscale formats in designated folders.

5.7.3. 

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: 158
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. Transmission electron microscopy revealed that CME-AAVs (C-M-E-A-A-Vees) exhibited size dimensions and membrane-bound structures similar to extracellular vesicles [1], 
6.1.1. LAB MEDIA: Figure 1A. 
6.2. The mesenchymal stem cell membrane markers CD73 (C-D-Seventy-three) and CD90 (C-D-Ninety) were detected in CME-AAV by Western blot analysis [1]. The 3 major adeno-associated virus capsid proteins VP1  (V-P-One), VP2, and VP3 were identified in CME-AAV by SDS-PAGE [2].
6.2.1. LAB MEDIA: Figure 1B. Video editor: Highlight the bands labelled “CD73” and “CD90” in the lane labelled “CME-AAV9.EGFP”.
6.2.2. LAB MEDIA: Figure 1C. Video editor: Highlight the bands labelled “VP1”, “VP2”, and “VP3” in the lane labelled “CME-AAV9.EGFP”.
6.3. NanoSight  (Nano-sight) analysis showed that CME-AAV9.EGFP  (C-M-E-A-A-V-Nine-E-G-F-P) had a mean diameter of 128.6 nanometer, with a total particle concentration of 1.32 x 1010 particles per milliliter [1].
6.3.1. LAB MEDIA: Figure 1D. Video editor: Highlight the main peak around 120 nanometer 
6.4. Fluorescence microscopy demonstrated that CME-AAV9.EGFP produced a markedly higher level of enhanced green fluorescent protein expression in HEK293T (H-E-K-Two-Ninety-Three-T) cells [1]. The membrane-enveloped virus achieved a markedly higher level of gene expression [2].
6.4.1. LAB MEDIA: Figure 2A. Video editor: Highlight the green fluorescence images of the rows labelled “CME-AAV9.EGFP” and “AAV9.EGFP” and emphasize the stronger green signal in the CME-AAV9.EGFP row.
6.4.2. LAB MEDIA: Figure 2B. Video editor: Highlight the bar labelled “CME-AAV9.EGFP” 
6.5. In vivo bioluminescence imaging showed that the liver exhibited the strongest luminescence signal following CME-AAV administration [1]. Quantitative analysis of liver regions revealed that CME-AAV administration resulted in significantly higher gene expression levels [2].
6.5.1. LAB MEDIA: Figure 3A. Video editor: Highlight the bright signal in the liver region of the mouse images in the CME-AAV9.Luc group.
6.5.2. LAB MEDIA: Figure 3B. Video editor: Highlight the bar labelled “CME-AAV9.Luc” 
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