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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:  47  

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.

Ethics Title Card
This research has been approved by the McGill University Animal Care Committee 


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.
2. Murine Bone Marrow Extraction 
Demonstrator: Click here to enter name of demonstrator(s) 

Authors: During filming, please point out the parts before dissecting them.

2.1. To begin, obtain murine femur and tibia for bone marrow extraction [1]. Remove the surrounding muscle and connective tissue from the dissected bones [2].	Comment by Poornima  G: Authors: Please check if this is correct
2.1.1. WIDE: Talent placing the dissected murine femur and tibia on dry ice. )  Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent removing the surrounding muscle and connective tissue from the dissected bones.

2.2. Transfer the bones to cryovials [1] and place the samples on dry ice [2].
2.2.1. Talent transferring the cleaned bones to cryovials.
2.2.2. Talent placing the cryovials on dry ice.

2.3. Place the sample in a biosafety cabinet [1]. Wear gloves and arrange the sterile instruments to process the bone marrow [2].
2.3.1. Talent placing the sample under a biosafety cabinet.
2.3.2. Talent arranging sterile instruments while wearing gloves inside a biosafety cabinet.

2.4. Pre-weigh and label 1.5-milliliter centrifuge tubes [1]. Next, place the bone in the tube [2] and weigh the sample. Calculate the bone marrow mass by comparing tube weights before and after extraction [3].
2.4.1. Talent weighing and labeling 1.5-milliliter centrifuge tubes.
2.4.2. Talent placing the bone in the labelled 1.5 ml tube.
2.4.3. Talent weighing the tube with the bone and recording the weight in a notebook.

2.5. Next, prepare the poked-tube setup by inserting a 0.2-milliliter PCR tube into a 1.5-milliliter centrifuge tube with a snug fit [1]. Puncture the bottom of the 0.2-milliliter tube once with a sterile 16-gauge needle held perpendicular to the base, producing a single uniform perforation approximately 1.6 millimeters in diameter [2]. 
2.5.1. Talent inserting the 0.2-milliliter PCR tube into the 1.5-milliliter centrifuge tube.
2.5.2. Talent puncturing the bottom of the 0.2-milliliter tube once with a sterile 16-gauge needle.

2.6. Place the leg, cleaned of all muscles and surrounding tissue, in a sterile Petri dish [1]. Separate the femur and tibia by cutting through the joint space [2].
2.6.1. Talent placing the cleaned leg in a sterile Petri dish.
2.6.2. Talent cutting through the joint space to separate the femur and tibia.

2.7. Cut both ends of the femur and tibia to expose the red marrow [1]. Place the bones into the punctured PCR tube positioned inside the 1.5-milliliter tube [2] and seal the assembly with parafilm to ensure a secure setup during centrifugation [3].
2.7.1. Talent cutting both ends of the femur and tibia to expose the red marrow.
2.7.2. Talent placing the bones into the punctured PCR tube positioned inside the 1.5-milliliter tube.
2.7.3. Talent sealing the assembly with parafilm.

2.8. Centrifuge the sample for 10 seconds in a benchtop microcentrifuge at approximately 8,000 g at room temperature [1].
2.8.1. Talent placing the sealed sample tubes into a benchtop microcentrifuge.

2.9. Reposition or recut the bones if visible red marrow remains within the bone [1] and repeat the brief centrifugation step [2].
2.9.1. Talent repositioning or recutting the bones with visible red marrow remaining inside.
2.9.2. Talent placing the sample tubes back into the benchtop microcentrifuge.

2.10. Then, weigh the tube again to determine the mass of the extracted marrow [1].
2.10.1. Talent weighing the tube containing the extracted marrow.

3. Bone Marrow Resuspension and Clarification
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Add 250 microliters of RPMI-1640 to each tube [1] and place the samples on ice [3].
3.1.1. Talent adding 250 microliters of RPMI-1640 to each tube.
3.1.2. Talent placing the tubes on ice.

3.2. Resuspend the marrow by gently pipetting up and down 10 to 15 times using a P-1000 pipette until [1] the suspension appears visually homogeneous, with no visible clumps or intact tissue fragments remaining [2].
3.2.1. Talent gently pipetting the marrow suspension up and down multiple times using a P1000 pipette.
3.2.2. Shot of the homogeneous suspension, with no visible clumps or intact tissue fragments remaining.

3.3. Centrifuge the sample at 300 g for 10 minutes at 4 degrees Celsius to pellet undigested debris, intact cells, and remaining tissue fragments [1].
3.3.1. Talent placing the sample tube into a centrifuge.

3.4. Carefully transfer the supernatant to a new sterile 1.5-milliliter microcentrifuge tube without disturbing the pellet [1]. Centrifuge the transferred supernatant sequentially at 2,000 g for 15 minutes and then at 10,000 g for 30 minutes, both at 4 degrees Celsius [2], transferring and retaining the supernatant after each spin [3]. Ensure a final volume of 200 microliters of supernatant is obtained [4].
3.4.1. Talent carefully transferring the supernatant to a new sterile 1.5-milliliter microcentrifuge tube while avoiding disturbance of the pellet.
3.4.2. Talent placing the tube with supernatant in a centrifuge.
3.4.3. Talent transferring the resulting supernatant into a fresh 1.5 ml tube.
3.4.4. Talent showing the final tube with 200 microliters of supernatant by pointing to the level of the liquid against the graduated mark on the tube.

4. Size-Exclusion Chromatography for Enrichment Bone Marrow-Derived Small Extracellular Vesicles
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Equilibrate the size-exclusion chromatography column by flushing it with 6 milliliters of PBS filtered through a 0.22-micrometer filter, maintaining the column and the PBS at room temperature [1].
4.1.1. Talent flushing the size-exclusion chromatography column with 1× PBS.

4.2. Allow the entire volume to pass through the column by gravity [1].
4.2.1. Shot of the buffer passing through the size-exclusion chromatography column and being collected into a tube.

4.3. Load 150 microliters of filtered supernatant onto the size-exclusion chromatography column [1].
4.3.1. Talent loading 150 microliters of filtered supernatant onto the size-exclusion chromatography column.

4.4. Allow the sample to enter the resin completely [1]. The endpoint is reached when the liquid meniscus reaches the surface of the resin bed, with no visible liquid remaining above the resin while the resin remains wet [2].
4.4.1. Shot of the sample entering the resin bed of the size-exclusion chromatography column.
4.4.2. Shot of the liquid meniscus reaching the surface of the resin bed with no visible liquid above the resin.

4.5. Immediately add 550 microliters of PBS to initiate elution [1] and collect the void volume of 700 microliters [2].
4.5.1. Talent adding 550 microliters of PBS to the size-exclusion chromatography column.
4.5.2. Talent collecting the 700-microliter void volume from the size-exclusion chromatography column.

4.6. Discard the void volume or retain it as a non-extracellular vesicle fraction [1].
4.6.1. Talent labelling the collected solution as ‘non-extracellular vesicle fraction’.

4.7. Begin collecting the extracellular vesicle-enriched fraction immediately after the 700-microliter void volume has eluted [1]. Collect 850 microliters of extracellular vesicle-enriched eluate following the 700-microliter void volume [2].
4.7.1. Talent positioning a labelled collection tube to collect the extracellular vesicle-enriched fraction after the void volume elution.
4.7.2. Talent picking up and showing the collection tube with 850 microliters of extracellular vesicle-enriched eluate.

5. Concentration of the Isolated Small Extracellular Vesicles
Demonstrator: Click here to enter name of demonstrator(s) 

5.1. Add PBS to pre-rinse a centrifugal filter with a 100-kilodalton molecular weight cutoff before use [1]. Then, load the extracellular vesicle sample into the filter [2].
5.1.1. Talent adding PBS to a centrifugal filter.
5.1.2. Talent loading extracellular vesicle samples into centrifugal filter.

5.2. Centrifuge the sample at 4,000 g at 4 degrees Celsius, checking every 2 to 3 minutes until the desired final volume is reached [1] and recover the retentate by gentle pipetting [2].
5.2.1. Talent placing the centrifugal filters containing samples into a centrifuge.
5.2.2. Talent gently pipetting the retentate from the centrifugal filter.

5.3. Record pre-concentration and post-concentration sample volumes to estimate recovery, if required [1]. Use nanoparticle tracking analysis to assess particle concentration before and after concentration [2].
5.3.1. Talent recording pre-concentration and post-concentration sample volumes in a book.
5.3.2. Talent placing the sample in the nanoparticle tracking analysis system.

5.4. Keep extracellular vesicle-enriched fractions on ice or at 4 degrees Celsius for immediate assays such as transmission electron microscopy [1]. Perform transmission electron microscopy within 24 hours [2].
5.4.1. Talent placing extracellular vesicle-enriched fractions on ice or in 4-degree-Celsius storage.
5.4.2. Shot of talent working at the TEM station.

5.4.3. 

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: 185.
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 


6.1. Following size-exclusion chromatography, western blot analysis showed the presence of small extracellular vesicles or sEV (S-E-V) markers in early fractions. Fractions 1 to 5 were pooled for the subsequent characterization of small extracellular vesicles [1].
6.1.1. LAB MEDIA: Figure 2B. Video editor: Highlight the dark bands in the columns labelled F3, F4, and F5 for all the 5 “sEV marker” rows
6.1.2. LAB MEDIA: Figure 2B. Video editor: Highlight the lanes F1 to F5 

6.2. The absence of calnexin and binding immunoglobulin protein signals in these fractions ruled out contamination from intracellular membranes and endoplasmic reticulum components [1].
6.2.1. LAB MEDIA: Figure 2B. Video editor: Highlight the lanes F1 to F5 in the rows labelled “Calnexin” and “BiP.”

6.3. However, CD73, a known bone-marrow-derived sEV marker, was not enriched in extracellular vesicle-containing size-exclusion chromatography fractions under the conditions used in this study [1].
6.3.1. LAB MEDIA: Figure 2B. Video editor: Highlight the lanes F1 to F5 for the row labelled “CD73.”

6.4. Transmission electron microscopy of sEV-enriched fractions F1 to F5 revealed intact, round vesicles with clearly defined membrane bilayers and diameters below 200 nanometers, consistent with small extracellular vesicle morphology [1].
6.4.1. LAB MEDIA: Figure 2C. Video editor: Zoom in on the round vesicle shown in the center of the image.

6.5. Nanoparticle tracking analysis of the pooled sample demonstrated a unimodal size distribution centered below 200 nanometers, with a median particle diameter of 147.8 nanometers [1].
6.5.1. LAB MEDIA: Figure 2D. Video editor: Highlight the bar group for F1–F5 Authors: Should we also show Fig 2F here?

6.6. Particle concentration normalized to tissue mass was highest in sEV-enriched fractions F1 to F5 at 3.7 × 10⁸ particles per milliliter per milligram tissue [1], and remained elevated but slightly reduced in later fractions F6 of F8 at 3.6 × 10⁸ particles per milliliter per milligram tissue [2].
6.6.1. LAB MEDIA: Figure 2E. Video editor: Highlight the bar labelled F1–F5.
6.6.2. LAB MEDIA: Figure 2E. Video editor: Highlight the bar labelled F6–F8.
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