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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? No
Can you record movies/images using your own microscope camera? Yes, we can record just images not movies
2. Does your protocol include software usage? No
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
The most important steps for the viewers are: 2.3 ; 2.5 ; 3.4 ; 3.6 ; 3.10 and 3.12.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
The most difficult aspect of this procedure is not to lose the extracellular vesicle pellet when removing the supernatant from the ultracentrifugation step (step 2.3). To ensure the success of this step, you need to remove carefully the supernatant of the ultracentrifugation tube.
5. Will the filming need to take place in multiple locations? No




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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


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

1.1. Quentin Lemaire: This protocol makes it possible to guarantee a good isolation of extracellular vesicles and an identification of a higher number of EV-derived proteins. 

1.1.1. [bookmark: _GoBack]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. NOTE: Take 2 

1.2. Quentin Lemaire: Compared to other isolation techniques, this one technique maintains the EVs’ morphology, integrity and biological activities.

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

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

1.3. Quentin Lemaire:  EVs are being studied more and more in healthy as well as pathological conditions. This method can be applied to any system that wishes to characterize and study the EVs for their content or their biological effects.

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

1.4. Quentin Lemaire: Special attention is required when isolating EVs as this will affect their amount and the quality of the results in the following experiments.

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

1.5. Quentin Lemaire: A visual demonstration is critical to show specific equipment such as a home-made size exclusion chromatography column, as well as the involvement of nanoparticle counter and mass spectrometer. NOTE: last one

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

Introduction of Demonstrator: (Said by you on camera)

1.6. Christophe Lefebvre: Helping to demonstrate the procedure will be Antonella Raffo-Romero, a post-doc from the laboratory. 

1.6.1. INTERVIEW: Author saying the above 
1.6.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.



Section - Protocol
2. Isolation of EVs
2.1. Start by pre-isolating extracellular vesicles, or EVs, from conditioned medium [1]. Transfer the conditioned culture medium from microglia or macrophage cultures into a conical tube [2] and centrifuge it at 1,200 x g for 10 minutes to pellet the cells [3]. 
2.1.1. WIDE: Establishing shot of talent walking to the workstation with cell cultures in hand. 
2.1.2. Talent transferring the culture medium into a tube. 
2.1.3. Talent putting tube into centrifuge and starting it. Videographer: Obtain multiple reusable takes of this shot because it will be reused. (take 2)
2.2. Transfer the supernatant into a new conical tube [1] and centrifuge for another 20 minutes to eliminate apoptotic bodies [2]. Then, transfer the supernatant into a 10.4 milliliter polycarbonate tube [3], place the tube into a 70.1 Ti (pronounce ‘T-I’) rotor, and ultracentrifuge it at 100,000 x g for 90 minutes at 4 C to pellet the EVs [4]. 
2.2.1. Talent transferring supernatant into a new tube. 
2.2.2. Use 2.1.3. (take 3)
2.2.3. Talent transferring the supernatant to a polycarbonate tube. 
2.2.4. Talent placing the tube in the Ti rotor and starting the ultracentrifuge. 
2.3. After centrifugation, discard the supernatant and resuspend the pellet in 200 microliters of 0.2 micrometer filtered PBS [1]. To isolate the EVs, prepare a home-made size exclusion chromatography column by washing and sterilizing a glass chromatography column [2-TXT] and placing a 60-micrometer filter at the bottom [3]. Videographer: This step is difficult and important!
2.3.1. Talent discarding supernatant and resuspending the pellet. (take 1 : MED, Take 2 : CU)
2.3.2. Talent washing the glass column. TEXT: length: 26 cm; diameter: 0.6 cm (CU + MED at the end)
2.3.3. Talent placing filter at the bottom of the column.
2.4. Stack the column with cross-linked agarose gel filtration base matrix to create a stationary phase of 0.6 centimeters in diameter and 20 centimeters in height [1], then rinse the phase with 50 milliliters of 0.2 micrometer filtered PBS [2]. If necessary, store the column at 4 C for later use [3]. 
2.4.1. Talent stacking the column with the base matrix. 
2.4.2. Talent rinsing the phase with PBS. 
2.4.3. Talent putting the column in the fridge.

2.5. Place the resuspended EV pellet on top of the stationary phase [1] and collect 20 sequential fractions of 250 microliters while continuing to add PBS to the top of the stationary phase [2]. The fractions can be stored at -20 C [3]. Videographer: This step is important!

2.5.1. Talent placing the EV pellet on top of the stationary phase. 
2.5.2. Talent collecting fractions and adding PBS to the top of the phase. 
2.5.3. Talent storing fractions in the freezer. 

3. Characterization of EVs 
3.1. To perform a nanoparticle tracking analysis, make a dilution of each fraction with 0.2 micrometer filtered PBS [1-TXT] and vortex it to eliminate aggregates [2]. Put the solution in a 1 milliliter syringe [3] and place it in the automated syringe pump [4]. 
3.1.1. Talent diluting a fraction. TEXT: Range of 1:50 to 1:500
3.1.2. Talent vortexing solution. 
3.1.3. Talent putting solution in the syringe.  Note: CU tip of syringe
3.1.4. Talent putting the syringe in the pump. 
3.2. Next, adjust the camera setting to the appropriate screen gain level and camera level and click on ‘Run’ [1-TXT]. Load the sample in the analysis chamber with an infusion rate of 1000 for 15 seconds, then decrease and stabilize the speed flow for video recording to an infusion rate of 25 for 15 seconds [2]. Videographer: Please film the screen for any shot labeled SCREEN.
3.2.1. SCREEN: Camera settings adjusted and ‘Run’ clicked. TEXT: screen gain level (3); camera level (13)
3.2.2. SCREEN: Sample loaded, then speed flow decreased. 
3.3. Capture 3 consecutive 60-second videos of the particle flow [1]. Then, adjust the camera level and the detection threshold before video analysis [2-TXT]. Click on ‘Settings ‘Ok’ to start the analysis [3] and click on ‘Export’ when done [4]. Wash the system with 1 milliliter of 0.2 micrometer filtered PBS between each fraction [5]. 
3.3.1. SCREEN: Video being captured. 
3.3.2. SCREEN: Camera level and detection threshold being adjusted. TEXT: camera level (13); detection threshold (3)
3.3.3. SCREEN: ‘SettingsOk’ being clicked
3.3.4. SCREEN: The results being exported. 
3.3.5. Talent running PBS through the system. 

3.4. If performing electron microscopy analysis, use a 50 kilo Dalton centrifugal filter to concentrate the size exclusion chromatography fractions of interest [1]. Videographer: This step is important!

3.4.1. Talent using the centrifugal filter. 

3.5. For protein extraction, mix 50 microliters of RIPA (pronounce ‘rip-ah’) buffer with the EV sample for 5 minutes on ice [1]. Sonicate the samples 3 times at 500 Watts and 20 kilo Hertz for 5 seconds [2]. Then, remove vesicular debris by centrifuging at 20,000 x g for 10 minutes at 4 C [3]. 

3.5.1. Talent mixing buffer with sample.  NOTE: CU mixing at the end
3.5.2. Talent sonicating sample on ice. 
3.5.3. Talent putting sample in centrifuge and starting it.  

3.6. After isolating the proteins, perform protein migration in the stacking gel of a 12% polyacrylamide gel [1]. Fix the proteins in the gel with Coomassie blue for 20 minutes at room temperature [2], then excise each colored gel piece and cut it into small pieces [3-TXT]. Videographer: This step is important!

3.6.1. Talent setting up the gel. NOTE: insert sample
3.6.2. Talent fixing the proteins with Coomassie blue.
3.6.3. Talent excising a gel piece and cutting it. TEXT: Cut into ~ 1 mm3 pieces  NOTE: CU tube at the end. 
NOTE to Video Editor: The intensity of the band in the gel is very low. Please, add an arrow on this video shot to highlight it.

3.7. Put the gel pieces through a series of successive washes as described in the manuscript [1], then dry them completely with a vacuum concentrator [2]. After drying, perform protein reduction with 100 microliters of 100 millimolar ammonium bicarbonate containing 10 millimolar dithiothreitol for 1 hour at 56 C [3]. 

3.7.1. Talent washing the gel pieces. Videographer: Obtain multiple reusable takes of this shot because it will be reused. 
3.7.2. Gel pieces drying on vacuum concentrator. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
3.7.3. Talent performing protein reduction. 

3.8. Next, perform protein alkylation with 100 microliters of 100 millimolar ammonium bicarbonate containing 50 millimolar iodoacetamide for 45 minutes in the dark [1]. Wash the gel pieces according to manuscript directions [2] and completely dry them on the vacuum concentrator [3]. 

3.8.1. Talent putting the gel pieces with the ammonium bicarbonate to incubate in dark. NOTE: Take 2 
3.8.2. Use 3.7.1.
3.8.3. Use 3.7.2.

3.9. Perform protein digestion with 50 microliters of trypsin in 20 millimolar ammonium bicarbonate at 37 C overnight [1]. On the next day, extract the digested proteins from the gel with 50 microliters of 100% ACN for 30 minutes at 37 C and then 15 minutes at room temperature with continuous stirring [2]. 

3.9.1. Talent putting the gel pieces with the trypsin into the 37 C incubator. 
3.9.2. Talent moving the extraction mix from the 37 C incubator to room temperature. NOTE: Take 2

3.10. Then, extract the proteins twice with 50 microliters of 5% TFA in 20 millimolar ammonium bicarbonate while stirring continuously for 20 minutes [1]. Add 100 microliters of ACN and continue stirring for 10 minutes [2]. Afterwards, dry the proteins [3] and resuspend them in 20 microliters of 0.1% TFA [4]. Videographer: This step is important!

3.10.1. Proteins in TFA stirring continuously. 
3.10.2. Talent adding ACN and continuing the stirring. 
3.10.3. Use 3.7.2.
3.10.4. Talent resuspending the proteins. Videographer: Obtain multiple reusable takes of this shot because it will be reused.

3.11. Desalt the sample using a 10-microliter pipette tip with C18 reverse phase media for desalting and concentrating peptides [1], then elute them with ACN and 0.1% formic acid [2-TXT].

3.11.1. Talent using the pipette tip with the media to desalt the sample. NOTE: Take 3
3.11.2. Talent eluting sample. TEXT: ACN: 0.1% FA; 80:20 v/v NOTE: Take 2

3.12. Completely dry the sample with the vacuum concentrator [1] and resuspend it in 20 microliters ACN and 0.1% formic acid for liquid chromatography tandem mass spectrometry, or LC-MS/MS (pronounce ‘L-C-M-S-M-S’) [2-TXT]. Load the digested peptides into the instrument and perform sample analysis [3]. Videographer: This step is important!

3.12.1. Use 3.7.2.
3.12.2. Use 3.10.4. TEXT: ACN: 0.1% FA; 2:98 v/v
3.12.3. WIDE: Talent using the LC-MS/MS








Section – Results
4. Results: Analysis of Isolated Extracellular Vesicles
4.1. To confirm EV isolation, each SEC fraction was subjected to a nanoparticle tracking analysis [1]. The particle number was significantly higher in fractions 5, 6, and 7 [2]. 
4.1.1. Figure 2 A. 
4.1.2. Figure 2 A. Video Editor: Emphasize the orange bars. 
4.2. These fractions were pooled into one sample, 2F-EV+ (pronounce ‘2-F-E-V-positive’), and compared with EV-negative fractions, 1F-EV- and 3F-EV- (pronounce ‘3-F-E-V-negative’), using Western blot analysis [1]. The results showed the presence of Heat Shock Protein 90 in the EV-positive sample and in the cell lysate control [2].
4.2.1. Figure 2 E. 
4.2.2. Figure 2 E. Video Editor: Emphasize the band in the EV+ lane and the cell lysate lane. 
4.3. Electron microscopy of the EV-positive sample showed EVs in a size range around 100 nanometers and 400 nanometers [1]. 
4.3.1. Figure 2 F and G. Video Editor: Emphasize the particles that the white arrows are pointing to when VO says ‘100 nanometers’ and the particle that the arrow head is pointing to when VO says ‘400 nanometers’. Work with the recently uploaded ‘figure 2F and G’ but use the original figure 2 as a reference. 

4.4. Proteomics analysis was performed in order to identify contaminant proteins in EV-negative samples and characterize the protein contents of EVs [1]. The identified proteins were compared between 1F-EV- and 2F-EV+ samples as well as between 2F-EV+ and 3F-EV- samples [3]. 

4.4.1. Figure 3 B and C. 
4.4.2. Figure 3 B and C. Video Editor: Emphasize B when VO says ‘1F-EV- and 2F-EV+’ and C when VO says ‘2F-EV+ and 3F-EV-‘.

4.5. A pool of 536 proteins were analyzed for protein interaction and associated biological function [1]. It was found that the proteins from the EV-positive sample played roles in immune and neuroprotective pathways [2]. 

4.5.1. Figure 4 B. 
4.5.2. Figure 4 B. Video Editor: Zoom in on the table and emphasize the first two rows when VO says ‘immune’ and the remaining rows when VO says ‘neuroprotective pathways’. 

4.6. The effects of microglia-derived EVs were evaluated on neurite outgrowth with PC-12 cells and rat primary neurons [1]. Significant outgrowth increase was observed under EVs compared to control [2]. 

4.6.1. Figure 5 A and B. Video Editor: Emphasize A when VO says ‘PC-12 cells’ and B when VO says ‘rat primary neurons’. 
4.6.2. Figure 5 A and B. Video Editor: Emphasize the light grey bars in both graphs. 

4.7. Macrophage-derived EVs were evaluated on glioma cell invasion [1]. It was found that EVs impaired the growth and invasion of glioma spheroids [2]. 

4.7.1. Figure 5 C and D. 
4.7.2. Figure 5 C. Video Editor: Zoom in on C and emphasize the dark grey bars. 



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

5.1. Quentin Lemaire: The most important thing to remember is to really carefully discard the supernatant of the ultracentrifugation step in order to prevent the loss of EVs.

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.3.1. NOTE: last one
5.2. Quentin Lemaire: In this procedure, we favor a large-scale and non-targeted approach to focus on the whole protein content and then the biological effects of EVs. The contents in nucleic acids can be also studied using a RNAseq analysis.

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. NOTE: last one
5.3. Quentin Lemaire: With this approach from a primary culture, we are able to discriminate between EV proteins and free proteins that are outside but closely related. The question remains whether this co-isolation connection is artefactual or whether some have a real physiological role. 

5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. NOTE: one before last
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