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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
Can you record movies/images using your own microscope camera? N/A
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? N
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.

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.)
2.2 Filtration of cell supernatants through 0.22 um filter
2.3 Addition of PEG reagent and inversion of sample
3.1 Layering of iodixanol fractions to construct the density gradient
3.2 Removing 1 mL iodixanol fractions from the gradient after ultracentrifugation
4.2 Preparation of nanoparticles for western blot analysis
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.)
4.2  Processing of the nanoparticle pellets for western blot analysis – slowly running the SDS/PAGE and overnight transfer are some of the ways to ensure success
5. Will the filming need to take place in multiple locations? N
If yes, how far apart are the locations? 


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 Fatah Kashanchi: This protocol is significant because it concentrates extracellular vesicles through a combination of technologies while allowing for separation of virions from EVs.

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


1.2 Fatah Kashanchi: This method maximizes EV recovery above the current gold standard of ultracentrifugation for multiple downstream analyses and characterization of virus-free EV preps.

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 Catherine DeMarino:  This protocol is ideal for study of EVs in viral infections. This method can be adapted to other virus systems, such as HTLV, Ebola, and Zika, and more.

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


1.4 Robert Barclay: I would expect a first time user of this method to struggle with  nanoparticle preparation. We recommend carefully following our recommendations. Some optimization may be necessary for each system.

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


1.5 Daniel Pinto: Visual demonstration of this method is important for illustrating the overall workflow and nuances of the protocol, which will reduce time and mistakes for first time users.

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 Fatah Kashanchi: Demonstrating the procedure will be Daniel Pinto, a PhD student, Maria Cowen, a grad student, and James Erickson, an undergraduate technician from my 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. Filtration and Precipitation of Extracellular Vesicles
2.1. Start by preparing culture supernatant from infected or transfected cells [1]. Culture approximately 10 milliliters of late-log cells for 5 days at 37 C and 5% carbon dioxide, making sure that all medium reagents are free of extracellular vesicles. [2-TXT].
2.1.1. WIDE: Establishing shot of talent preparing culture. Note: Extra PPE for infectious material was not worn as in the shot they were using non-infectious material.
2.1.2. MED: Cells in the incubator. TEXT: See manuscript for appropriate cell lines and culture medium
2.2. When the culture is ready, pellet the cells by centrifugation at 3,000 x g for 5 minutes [1] and discard the pellet [2]. Filter the supernatant with a sterile 0.22-micrometer filter and collect the filtrate in a clean tube [3].
2.2.1. CU: Tube with cell pellet.
2.2.2. MED: Talent reserving the supernatant and discarding the pellet.
2.2.3. CU: Talent filtering the supernatant.   
2.3. Add an equal volume of PEG precipitation reagent to the filtrate [1] and invert the tube several times to mix [2-TXT]. Incubate the mixture at 4 C overnight [3]. 
2.3.1. MED: Talent adding PEG reagent. 
2.3.2. CU: Talent inverting tube several times. TEXT: Do NOT vortex
2.3.3. WIDE: Talent placing tube in fridge (or incubator). 
2.4. After the incubation, centrifuge the mixture at 1,500 x g for 30 minutes [1] to yield a heterogeneous extracellular vesicle, or EV, pellet [2]. Discard the supernatant [3] and resuspend the pellet in 150 to 300 microliters of 1 X PBS without calcium and magnesium [4]. Keep the pellet on ice while preparing a density gradient [5].
2.4.1. MED: Centrifuge running.
2.4.2. ECU: EV pellet.
2.4.3. MED: Talent discarding supernatant. 
2.4.4. CU: Talent resuspending the pellet.
2.4.5. CU: Pellet on ice.

3. Construction of a Density Gradient and Enrichment of EV Fractions
3.1. Prepare the iodixanol density gradient medium with 11 density fractions ranging from 6 to 18% iodixanol as described in the manuscript [1]. Mix each tube by vortexing [2] and layer the density fractions into a clean and dry swinging-bucket ultracentrifuge tube [3-TXT].  
3.1.1. MED: Talent preparing gradient medium.
3.1.2. CU: Talent vortexing tube.
3.1.3. CU: Talent layering fractions into tube. TEXT: See Figure 1B
3.2. Add the resuspended EV pellet to the top of the layered gradient [1] and ultracentrifuge the tube at 10,000 x g at 4 C for 90 minutes [2]. Carefully transfer each fraction from the ultracentrifuge tube to a new microcentrifuge tube [3].
3.2.1. CU: Talent adding the EV pellet to the gradient. 
3.2.2. NOTE: Ultracentrifuge was not in working order for the shot, but videographer notes indicate that there’s a shot of talent loading rotor. 
3.2.3. CU: Talent transferring a fraction into a new tube.
3.3. Prepare a 30% slurry of nanoparticles for EV fraction enrichment by mixing equal volumes of NT80, NT82, and 1 X PBS [1]. Vortex the nanoparticle mixture to ensure homogeneity [2]. Add 30 microliters of the slurry to each density fraction [3] and mix by either pipetting or inverting the tubes [4]. 
3.3.1. CU: Talent adding the nanoparticles to a tube. 
3.3.2. MED: Talent vortexing the nanoparticles.
3.3.3. CU: Talent adding the slurry to a few of the tubes.
3.3.4. CU: Talent pipetting or inverting the tube.

3.4. Robert Barclay: The most critical step is the addition of the nanoparticles to concentrate EVs following the density gradient separation.  Without this, EV recovery is poor.

3.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
3.5. Rotate the nanoparticle-containing density fractions overnight at 4 C [1-TXT]. Then, centrifuge the density fractions at 20,000 x g for 5 minutes at room temperature [2], discard the liquid [3], and wash the EV pellet twice with 1 X PBS [4].
3.5.1. MED: microcentrifuge tubes rotating. TEXT: Approximately 20 rpm 
3.5.2. MED: Talent placing tubes in centrifuge.
3.5.3. CU: Talent removing the liquid from tube.
3.5.4. CU: Talent washing pellet.

4. Preparation of Nanoparticle Pellet for Downstream Assay
4.1. To prepare the pellet for RNA isolation, resuspend it in 50 microliters of autoclaved, deionized water filtered and treated with DEPC according to manuscript directions [1]. The RNA can then be isolated using a commercial kit [2].
4.1.1.  CU: Talent resuspending the pellet.
4.1.2. WIDE: Talent at the bench isolating RNA.
4.2. For analysis with gel electrophoresis, resuspend the pellet in 15 microliters of Laemmli (pronounce ‘Lam-Lee’) buffer [1]. Heat the sample to 95 C for 3 minutes [2]. Repeat the heating step two more times, vortexing gently [3] and spinning the sample down between heat cycles [4].
4.2.1. CU: Talent resuspending pellet.
4.2.2. MED: Sample heating.
4.2.3. MED: Talent vortexing sample.
4.2.4. MED: Sample spinning down.   NOTE: Same as 4.3.1
4.3. Centrifuge the sample for 15 seconds at 20,000 x g [1] and load the supernatant directly onto the gel [2]. For best results, limit the amount of particles loaded onto the gel and run it at 100 Volts [3] to prevent any loaded nanoparticles from entering the gel [4]. 
4.3.1. MED: sample centrifuging. 
4.3.2. [bookmark: _GoBack]CU: Talent pipetting the eluate from the tube.
4.3.3. MED: Talent setting the electrophoresis apparatus to 100V.
4.3.4. Added shot: Shot of gel running with any loaded nanoparticles remaining in the well at the top of the gel.




















Section – Results
5. Results: Increased EV Yield and Characterization of EVs 
5.1. PEG precipitation allows for significantly more efficient EV recovery than traditional ultracentrifugation [1]. When using 10 milliliters of culture this approach results in an approximately 500-fold higher yield than ultracentrifugation [2]. 
5.1.1. Figure 2A.
5.1.2. Figure 2A. Video Editor: Emphazise the PEG bar. 
5.2. This approach also results in an increased isolation efficiency of exosomes, which is evident through higher levels of exosome-marker proteins [1]. Western blot analysis shows a 3,000-fold increase in CD81 [2], a 4-fold increase in CD63 [3], and a 40-fold increase in CD9 [4].
5.2.1. Figure 2B. 
5.2.2. Figure 2B. Video Editor: Emphasize the pictures in the first row.
5.2.3. Figure 2B. Video Editor: Emphasize the pictures in the second row.
5.2.4. Figure 2B. Video Editor: Emphasize the pictures in the third row.
5.3. Furthermore, this protocol allows for downstream studies of EV-mediated mechanisms in HIV-1 infection by isolating EVs from virions [1]. Western blot analysis shows that EVs are found in 3 fraction populations [2], while the virus is present in only 2 of them [3]. EVs in fractions 10.8 through 12 are free of virus contamination [4].    
5.3.1. Figure 3A.
5.3.2. Figure 3A. Video Editor: Emphasize columns with fractions 10.8 – 12 and 15.6 – 16.8 and 18 for the uninfected cells.
5.3.3. Figure 3A. Video Editor: Emphasize columns with fractions 15.6 – 16.8 and 18 for the infected cells.
5.3.4. Figure 3A. Video Editor: Emphasize columns with fractions 10.8 - 12 for the infected cells.





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

6.1. Benjamin Lepene: The most important thing to remember is that the nanoparticles are crucial for optimal EV enrichment [1].  Their addition is a must [2]. 

6.1.1. Use 3.3.1.
6.1.2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

6.2. Catherine DeMarino: Many downstream assays, such as Western blot, PCR, proteomic analysis by mass spectrometry, and plate-based cellular assays can be performed.  These allow for characterization, mechanistic and/or functional studies.

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

6.3. Fatah Kashanchi: This technique allows for specific studies that examine EV cargo and functionality without contaminating viral background. This provides a foundation for studying EVs in pathogenesis and development of potential therapeutics.

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

6.4. Heather Branscome: To overcome limitations of this technique and apply EV prep production and isolation to large volume applications [1], we recommend the use of tangential flow filtration for the isolation of EVs [2].

6.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.4.2. Tangential flow filtration set up.

6.5. Robert Barclay: The most hazardous instrument to use is the ultracentrifuge for the density gradient separation.  Make sure that all centrifuge tubes weigh the same to avoid imbalance and potential rotor failure.

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