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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? Y
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.
Authors: please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.6., 2.8., 3.1., 3.2., 5.1.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.6. Since the pellet may be not visible, it is important to mark the external side of the tube before to load it into the rotor 
2.8. To re-suspend the pellet it is important to pipette up and down several times or vortex the tube
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.


1.1. Carolina Balbi: Extracellular vesicles are increasingly being used as diagnostic biomarkers and potential therapeutic tools in many fields. Flow cytometry is the most straightforward analytic method for characterizing their surface markers [1].

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

1.2. Carolina Balbi: This protocol can be used in analyzing nano-sized vesicles, is fast, and is applicable to conventional cytometers without the need for special settings or a dedicated instrument [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.


1.3. Lucio Barile: Although this protocol is used to characterize extracellular vesicles from cell-conditioned medium, it can be extended toward the characterization of blood-derived extracellular vesicles to replace invasive tissue biopsies in patients [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Lucio Barile: For researchers new to the protocol, it is critical to perform the steps described in the “setup method” section and to closely follow the demonstrated gating and plotting strategies [1].

1.4.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator (Said by you on camera):

1.5. Lucio Barile: Demonstrating the procedure will be Sara Bolis, a technician, and Carolina Balbi, a post doc, both from my laboratory [1][2]. 

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.6. Procedures involving human subjects have been approved by Comitato etico cantonale (CE2923) at Cardiocentro Ticino.


Section - Protocol
2. Conditioned Medium Collection and Processing
2.1. [bookmark: _GoBack][bookmark: _Hlk530041177]Begin by coating 55-centimeter-squared Petri dishes with 0.02% porcine skin gelatin in PBS [0] [1].
2.1.0 Talent enter laboratory [Note to Video editor]: Author added this shot. I am not sure what shot they use.
2.1.1. WIDE: Talent adding gelatin to dish(es), with gelatin container visible in frame 

2.2. After 15 minutes, wash the dish and plate 4.4 x 105 cardiac progenitor cells onto each dish in 7 milliliters of Iscove's Modified Dulbecco's Medium [1-TXT], or IMDM (I-M-D-M), supplemented with 20% fetal bovine serum and 1% Penicillin and Streptomycin for their incubation at 37 degrees Celsius and 5% carbon dioxide [2].

2.2.1. MED: Talent adding cells to plates, with cell and medium containers visible in frame TEXT: See text for all medium/reagent preparation details
2.2.2. MED: Talent placing plate(s) into incubator

2.3. When the cells reach about 80% confluency, wash the cultures two times with Dulbecco's PBS without calcium and magnesium [1] and feed the cells with 10 milliliters of serum-free exosome-production medium [2].

2.3.1. CU: Plate being washed, with PBS container label visible in frame
2.3.2. MED: Talent adding medium to plate, with medium container visible in frame 

2.4. After 7 days, pool the conditioned medium from each plate into a single polypropylene centrifuge tube [1] and centrifuge the medium to remove any cell debris [2-TXT].

2.4.1.  MED: Talent adding medium to tube, with empty plate visible in frame
2.4.2. MED: Talent adding tube(s) to centrifuge TEXT: 20 min, 3000 x g, 4-10 °C

2.5. Transfer the supernatant into a 100-kilodalton centrifuge filter tube [1] and concentrate the cleared conditioned medium with an additional centrifugation [2-TXT].

2.5.1. MED: Talent transferring supernatant into tube
2.5.2. MED: Talent adding tube(s) to centrifuge TEXT: 20 min, 2000 x g, 4-10 °C

2.6. Transfer the concentrate into a microcentrifuge tube for a final benchtop centrifugation [1-TXT] and add the supernatant into a polycarbonate thick-wall microcentrifuge tube [2].

2.6.1. MED: Talent adding supernatant to microcentrifuge tube, with microcentrifuge in frame if possible TEXT: 15 min, 10,000 x g, 4-10 °C
2.6.2. MED: Talent adding supernatant to thick wall ultracentrifuge tube

2.7. Fill the tube with PBS to a final volume of 3.2 milliliters [1] and load the sample into a titanium fixed-angle rotor [2].

2.7.1. CU: Tube being filled with PBS, with PBS container label visible in frame
2.7.2. CU: Sample being loaded into rotor

2.8. Then load the rotor into a tabletop ultracentrifuge for ultracentrifugation [1-TXT] and resuspend the pellet in 100 microliters of fresh PBS [2] [3] [4].

2.8.1. MED: Talent loading rotor into ultracentrifuge TEXT: 3 h, 50000 x RPM, 4-10 °C
2.8.2. CU: Shot of pellet if visible, then pellet being resuspended in PBS, with PBS container label visible in frame
2.8.3. Talent vortexes the solution  [Note to the video editor]: Shots 2.8.3 and 2.8.4 are added by the author. I am not sure where authors intend to put these two shots.
2.8.4. Talent transfers the solution into microcentrifuge tube

3. Nanoparticle Tracking Analysis (NTA) Quantification

3.1. For nanoparticle tracking analysis quantification, dilute 1 microliter of the ultracentrifuged sample in 999 microliters of PBS [1] and load the sample into a 1-milliliter syringe without bubbles [2].

3.1.1. WIDE: Talent adding PBS to a new tube to sample, with sample and PBS containers visible in frame
3.1.1.b Talent adds samples to PBS [Note to Video editor]: Author added this shot.
3.1.2. CU: Diluted sample being added to syringe

3.2. Load the syringe into the inlet port of the examination chamber [1] and turn on the laser [2].

3.2.1. MED: Talent loading syringe into port
3.2.1.b Talent verify the presence of bubble [Note to Video editor]: Author added this shot.
3.2.2. MED: Talent turning on laser

3.3. Use the Capture button to open the camera [1] and adjust the focus [2].

3.3.1. MED: Talent pressing capture button, with monitor visible in frame
3.3.2. MED: Talent adjusting focus

3.4. Then record at least three different frames of 60 seconds each and use the Batch Process option in the software to analyze the three different acquisitions [1].

3.4.1. SCREEN: To be provided by Authors: At least one frame being recorded, then Batch Process being selected/initiated  Authors: Please upload all screen captured files to your project page.

4. Sample Preparation 

4.1. To prepare the sample for acquisition, first add the appropriate experimental monoclonal antibody-conjugated capture beads at a 1:1:1 ratio into a microcentrifuge tube [1] and vortex the resulting capture bead pool [2]. 

4.1.1. WIDE: Talent adding bead(s) to tube, with bead containers visible in frame
4.1.2. MED: Talent vortexing tube

4.2. Next, add the appropriate volume of sample [1] to 1 microliter of capture bead pool to generate a 1 x 108 particles plus 1.2 x 105 beads per test concentration [2].

4.2.1. MED: Talent adding sample to tube, with sample container visible in frame [Author Note]: We added a close up detail for not showing drop on the glass
4.2.2. MED: Talent adding beads to tube, with bead capture pool container visible in frame

4.3. Add 1 microliter of beads to a tube labeled “Beads” as the negative control [1] and adjust the volume in each tube to 100 microliters with fresh PBS [2].

4.3.1. CU: Beads being added to tube, with Beads label visible in frame [Author Note]: Was repeated 
4.3.2. CU: PBS being added to tube(s), with PBS container label visible in frame

4.4. Then place the tubes in a thermo-mixer with shaking at 400 rotations per minute and 4-10 degrees Celsius overnight [1].

4.4.1. MED: Talent adding tube(s) to thermo-mixer

5. Sample Acquisition and Analysis

5.1. The next day, transfer the samples to a round bottom 96-well plate [1] and add the appropriate fluorescence-conjugated antibodies to each well [2]. 

5.1.1. MED: Talent adding sample(s) to well(s), with sample containers visible in frame [Author Note]: Left the plate on the table at the end of the frame
5.1.2. CU: Antibod(ies) being added to well, with antibody container labels visible in frame

5.2. After a 1-hour incubation at 4-10 degrees Celsius [1], add 100 microliters of PBS to each well [2] and open the acquisition software [3].

5.2.1. MED: Talent placing plate at 4-10 °C
5.2.2. MED: Talent adding PBS to well(s), with PBS container visible in frame
5.2.3. MED: Talent opening acquisition software, with monitor visible in frame

5.3. Select Cytometer and System Startup Program to start the instrument and open a new experiment [1].

5.3.1. SCREEN: To be provided by Authors: Cytometer and System Startup Program being selected, the new experiment being opened

5.4. Create an experimental template and select Plate and Add Plate [1].

5.4.1. SCREEN: To be provided by Authors: Template being created, then Plate and Add Plate being selected

5.5.  Select the position of the samples on the plate and click Set as Sample Well [1].

5.5.1. SCREEN: To be provided by Authors: Position(s) being selected, then Set as sample well being clicked

5.6. Enter the sample name in the Naming Rules, open the Channel tab, and switch on the appropriate fluorescent signal Channels [1].

5.6.1. SCREEN: To be provided by Authors: Sample name being entered, then Channel tab being opened and FITC and PE selected

5.7. Now load the plate into the instrument [1] and click Dot Plot to create a new forward scatter-area vs side scatter-area dot plot [1].

5.7.1. MED: Talent loading plate
5.7.2. SCREEN: To be provided by Authors: Dot plot being clicked, then FSC-A vs SSC-A dot plot being created

5.8. Select Initialize to start the laser and the fluidics and click RUN to start the acquisition [1].

5.8.1. SCREEN: To be provided by Authors: Initialize being selected, then acquire being selected

5.9. Adjust the scale to show the population in the middle of the forward versus side scatter plot and draw a “BEADS” gate around the whole sample population to exclude the debris [1].

5.9.1. SCREEN: To be provided by Authors: Scale being adjusted, then gate being created

5.10. Click Stop and Dot Plot to create a forward scatter-height versus forward scatter-area dot plot and gate the sample on the BEADS population [1].

5.10.1. SCREEN: To be provided by Authors: Stop and Dot plot being clicked, then dot plot being created and population being gated

5.11. Draw a new gate around the bigger population and name it “SINGLETS” and click Dot Plot to create one fluorescence signal versus side scatter-area dot plot per experimental fluorophore used. Gate the new dot plot on the “SINGLETS” [1].

5.11.1. SCREEN: To be provided by Authors: Gate being drawn and labeled SINGLETS, then Dot Plot being selected and at least one dot plot being generated, then new gate being drawn

5.12. Then select the number of Events to record and select Record to start the experimental acquisition [1].

5.12.1. SCREEN: To be provided by Authors: Events to record number being set, then Record being selected/acquisition being started

5.13. At the end of the analysis, load the acquisition files into the appropriate analysis software [1] and open a new protocol [2].

5.13.1. MED-over the shoulder: Talent loading files into software, with monitor visible in frame
5.13.2. SCREEN: To be provided by Authors: Protocol being opened

5.14. Create dot plots for each file as just demonstrated and set all of the scatter axes to linear scale and all of the fluorescence axes to log scale [1].

5.14.1. SCREEN: To be provided by Authors: One dot plot being created and axes being set

5.15. Then show the Fluorescence Geometric Mean in the relevant fluorescent signal channels [1] to calculate the fold change in mean fluorescent intensity in the different extracellular vesicle preparations [2].

5.15.1. SCREEN: To be provided by Authors: Fluoresence Geometric Mean being shown
5.15.2. LAB MEDIA: Figure 2


Section – Results
6. Results: Representative Flow Cytometric Analyses of Extracellular Vesicles from Cell-Conditioned Medium 

6.1. After testing different conditions to set the smallest total amount of extracellular vesicles to reach the early exponential phase of a mean fluorescence intensity curve [1], the minimum number of particles was determined to be 1 x 108 particles/staining [2].

6.1.1. LAB MEDIA: Figure 3A
6.1.2. LAB MEDIA: Figure 3A: JoVE Video Editor: please add/emphasize arrows/1x108 data points in all three lines

6.2. The optimal concentration of antibody for 1 x 108 particles to achieve the highest signal without nonspecific antibody binding [1] was determined to be 10 micrograms/milliliter for both anti-CD9-FITC (FIT-sea) and anti-CD63-PE (P-E) antibodies [2] and 5 micrograms/milliliter for the anti-CD81-PE antibody [3]. 

6.2.1. LAB MEDIA: Figure 3B
6.2.2. LAB MEDIA: Figure 3B: JoVE Video Editor: please add/emphasize arrows for CD9 and CD63 data lines/10 microgram/ml data points for CD9 and CD63 data lines
6.2.3. LAB MEDIA: Figure 3B: JoVE Video Editor: please add/emphasize arrow for CD81 data line/5 microgram/ml data point for CD81 data line

6.3. To confirm the suitability of the method for analyzing “cup-shaped” extracellular vesicles and not membrane debris, the extracellular vessels were sonicated [1], resulting in a decrease in mean fluorescence intensity after as little as 30 seconds of sonication [2] with no fluorescence detected at all after 1 minute of mechanical disruption [3].

6.3.1. LAB MEDIA: Figure 3D
6.3.2. LAB MEDIA: Figure 3D: JoVE Video Editor: please emphasize data lines from 0 to 30 second data time points in all three lines
6.3.3. LAB MEDIA: Figure 3D: JoVE Video Editor: please emphasize data lines at 1-minute time point in all three lines

6.4. Exosome purification from cardiac progenitor cells as demonstrated [1] yields extracellular vesicles expressing low levels of CD9 and high levels of CD63 and CD81 from both cell populations [2].

6.4.1. LAB MEDIA: Figure 3F: JoVE Video Editor: please emphasize CD9 data clusters in both graphs
6.4.2. LAB MEDIA: Figure 3F: JoVE Video Editor: please emphasize CD63 and CD81 data clusters in both graphs

6.5. Furthermore, while exosome surface markers are clearly identifiable without ultracentrifugation [1], this enrichment step greatly enhances the mean fluorescence intensity of these markers [2].

6.5.1. LAB MEDIA: Figure 4: JoVE Video Editor: please emphasize ExoCap data bars
6.5.2. LAB MEDIA: Figure 4: JoVE Video Editor: please emphasize UC Isolation data bars



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Carolina Balbi: When working with extracellular vesicles, the small, colorless nanoparticle pellet can be easily missed. Therefore, it is critical to follow all of the steps of the protocol as demonstrated (Step: 2.8) [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Carolina Balbi: Using extracellular vesicles as biomarkers is now one of the most emerging fields in research and soon may be translated into clinical diagnostic use as an alternative screening tool [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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