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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? 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. 
3. Which steps from the protocol section below are the most important for viewers to see? 
2.6., 3.2., 5.1., 5.5.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Step 2.6: Mishandling of the pellet after ultracentrifugation can lead to the complete or partial loss of the sample. Thus, great care is taken for removing the supernatant and the likely location of the pellet is marked if a fixed angle rotor is used (Step 2.5).
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. Gregor Fuhrmann: The storage stability of extracellular vesicles is an important parameter for their prospective therapeutic use. Our protocol provides a readily applicable tool for evaluating how storage affects the vesicles [1].
 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Gregor Fuhrmann: The main advantage of our technique is that, by introducing glucuronidase as an exogenous marker, extracellular vesicles derived from different parent cells can be easily compared regarding their storability [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. Kathrin Fuhrmann: Asymmetric flow field-flow fractionation, or AF4, is a mild alternative to size-exclusion chromatography purification for very sensitive compounds, because the compounds encounter less sheer stress in the channel [1]. 

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

1.4. Maximillian Richter: As glucuronidase is a sensitive enzyme, the quality of your results benefits from thorough planning and carrying out the steps for purification and analysis back-to-back [1].

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


Section - Protocol
2. Cell-Conditioned Medium (CCM) Preparation and Ultracentrifugation and Glucuronidase Encapsulation
2.1. After culturing the cell line of interest according to standard conditions for those cells [1], replace the supernatant with serum-free or extracellular vesicle-depleted medium [2] and return the cells to the cell culture incubator for an additional 24-72 hours [3].
2.1.1. WIDE: Talent removing cells from incubator
2.1.2. MED: Talent adding medium to cells, with medium container visible in frame
2.1.3. CU: Cells being placed into incubator

2.2. At the end of the incubation, collect the supernatant from each flask [1] and centrifuge the samples to sediment the cells [2-TXT].

2.2.1. MED: Talent add supernatant to tube, with flask(s) visible in frame
2.2.2. MED: Talent adding tube(s) to centrifuge TEXT: 10 min, 300 x g, RT

2.3. Carefully collect the cell-conditioned medium without disturbing the pellet [1] and centrifuge the medium again to remove cell debris and large aggregates [2-TXT].

2.3.1. CU: Shot of supernatant and pellet (if visible), then supernatant being removed
2.3.2. MED: Talent placing tube(s) into centrifuge TEXT: 15 min, 3000 x g, 4 °C

2.4. Then carefully transfer the supernatants into ultracentrifuge tubes [1-TXT].

2.4.1. CU: Shot of supernatant and pellet (if visible), then supernatant being removed TEXT: 2 h, 120,000 x g, k-factor 259.4

2.5. If using a fixed angle rotor, mark the orientation of the tubes in the centrifuge to facilitate the retrieval of the extracellular vesicle pellet after the centrifugation [1].

2.5.1. CU: Tube(s) being marked

2.6. At the end of the ultracentrifugation, use a serological pipet to carefully discard the supernatant without disturbing the extracellular vesicle pellet [1] and add 200 microliters of 0.2-micrometer-pore-filtered PBS to the residual supernatant of the first ultracentrifuge tube [2].

2.6.1. CU: Shot of pellet and/or tube marking as possible, then supernatant being removed
2.6.2. CU: PBS being added to tube

2.7. After resuspending the pellet [1], transfer the resulting extracellular vesicle suspension to the next tube for resuspension of the subsequent pellet until all of the extracellular vesicle pellets have been resuspended [2].

2.7.1. CU: Pellet being resuspended/supernatant being pipetted
2.7.2. MED: Talent adding supernatant to UC tube 

2.8. Add beta-glucuronidase to the final resuspended pellet solution to a final concentration of 1.5 milligrams/milliliter [1] and saponin to a final concentration of 0.1 milligrams/milliliter [2].

2.8.1. CU: Beta-glucuronidase being added to tube, with beta-glucuronidase container label visible in frame
2.8.2. CU: Saponin being added to tube, with saponin container label visible in frame

2.9. Then mix well by vortexing for 3 seconds [1] and place the reaction at room temperature for 10 minutes with intermittent gentle flicking [2]. 

2.9.1. MED: Talent vortexing tube
2.9.2. CU: Tube at RT, then being picked up and flicked

2.10. Maximilian Richter:  Once the glucuronidase has been encapsulated, be sure to perform all of the subsequent purification and vesicle evaluation steps on the same day to obtain unbiased storage stability results [1].

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

3. Size-Exclusion Chromatography (SEC) Purification Video Editor: There’s a numbering problem starting with this section (Two section 3’s, 2.1.1. following 3.4)

3.1. Have a size-exclusion chromatography column equilibrated with at least two column volumes of PBS ready to purify the pellet immediately after the saponin-incubation [1-TXT]. To purify, add up to 400 microliters of extracellular vesicle suspension to the column [2].

3.1.1. WIDE: Talent adding PBS to column TEXT: See text for full column preparation/storage details 
3.1.2. MED: Talent adding sample to column

3.2. Then collect 1 milliliter fractions of the eluate [1].

3.2.1. CU: Eluate being collected

3.3. To confirm the separation of the extracellular vesicles from the contaminating proteins and free glucuronidase, measure the protein concentration by bicinchoninic acid assay according to the manufacturer’s instructions [1] …

3.3.1. MED: 10-15 s Talent opening BCA kit, taking out reagents and instructions, and opening instructions
3.4. … and, using parameters optimized for the respective instrument and vesicle type [1], use a nanoparticle tracking analysis instrument to measure the extracellular vesicle size and concentration [2].

2.1.1. MED: Talent at instrument, setting parameters, with monitor visible in frame 
2.1.2. SCREEN: EV size and concentration being measured 

3. Glucuronidase Assay

3.1. To measure the glucuronidase activity, add 25 microliters of freshly-prepared fluorescein di-beta-D-glucuronide to 125 microliters of the purified extracellular vesicles [1] and add the sample to one well of a black 96-well plate [2].

3.1.1. MED: Talent adding glucuronide to EV, with glucuronide container visible in frame
3.1.2. MED: Talent adding sample to well

3.2. Measure the time zero fluorescein production on a plate reader at a 480-nanometer excitation and 516-nanometer emission [1] and cover the plate tightly with transparent plastic foil to reduce evaporation [2]. 

3.2.1. MED: Talent loading plate onto reader
3.2.2. CU: Plate being covered

3.3. Then incubate the plate protected from light for 18 hours at 37 degrees Celsius [1] and measure the 18-hour fluorescein production on the plate reader as just demonstrated [2].

3.3.1. CU: Plate being placed at 37 °C
3.3.2. CU: Plastic foil being removed and plate being loaded

4. Extracellular Vesicle (EV) Lyophilization and Rehydration 

4.1. For extracellular vesicle lyophilization, add 4 milligrams/milliliter of trehalose to the purified vesicles [1] and freeze the vesicles at minus 80 degrees Celsius for at least 1 hour [2].

4.1.1. WIDE: Talent adding trehalose to EV, with trehalose container visible in frame
4.1.2. MED: Talent placing vesicles at -80 °C

4.2. To lyophilize the samples, set the shelf temperature of a lyophilizer to 15 degrees Celsius and the pressure to 0.180 millibars [1] and dry the vesicles under these conditions for 46 hours [2].

4.2.1. MED: Talent setting parameters
4.2.2. MED: Talent placing sample to dry

4.3. At the end of the main drying step, set the shelf temperature to 25 degrees Celsius and the pressure to 0.0035 millibars [1] and dry the samples for 2 hours under these conditions [2]. 

4.3.1. MED: Talent setting parameters
4.3.2. MED: Talent placing samples to dry

4.4. Then store the lyophilized samples at 4 degrees Celsius [1].

4.4.1. MED: Talent placing sample(s) at 4 °C

4.5. To rehydrate the samples after storage, add a volume of water equal to the volume of the extracellular vesicle suspension prior to the lyophilization [1].

4.5.1. MED: Talent adding water to sample

5. EV Analysis After Storage

5.1. To assess the enzyme activity after storage, load an AF4 instrument with freshly-prepared, 0.1-micrometer-filtered PBS for the mobile phase [1] and insert a new 0.1-micrometer filter membrane into the PEEK (peek) inlet filter after the pump to reduce particle noise from the solvent [2].

5.1.1. WIDE: Talent putting a bottle of PBS on the HPLC part
5.1.2. MED-over-the shoulder: Talent opening screws on filter holder, inserting new filter membrane, closing the screws.

5.2. After disassembling, clean the small channel for AF4 with Milli-Q water [1]. 

5.2.1. MED: Shot of disassembled instrument, then Talent cleaning small channel

5.3. Hydrate a new, regenerated cellulose membrane with a molecular weight cut-off of 30 kilodaltons [1] and place the membrane on top of the frit with the shiny side up [2].

5.3.1. MED-over-the shoulder: Talent washing membrane with MilliQ water 
5.3.2. MED: talent placing the membrane on the frit on the bottom part of the channel.

5.4. Place a wide 350-micrometer spacer below the top half of the channel [1] and assemble the channel parts [2]. 

5.4.1. MED: Talent placing spacer
5.4.2. MED: Talent channel inserting the screws 

5.5. Using a Torque-screwdriver, tighten the screws first to a torque of 5 Newton meters [1] then to a torque of 7 Newton meters, tightening the screws around the block in a crisscross pattern [2].

5.5.1. CU: Screws being tightened
5.5.2. CU: Screw diagonal to first screw being tightened

5.6. Connect the channel’s inlet, outlet, and cross-flow port to the eclipse [1] and run at least 3 old samples to equilibrate the membrane [2].

5.6.1. MED: Talent connecting at least one piece of to the channel
5.6.2. MED: Talent loading sample

5.7. Program a fractionation run with the detector flow and focus flow set to 1 milliliter/minute and an inject flow of 0.2 milliliter/minute [1].

5.7.1.  SCREEN: Fractionation run and inject flow being set

5.8. After a 1-minute pre-focus step, inject the sample over a period of 10 minutes in a focus and inject step [1] before decreasing the cross-flow from 2 milliliters/minute to 0.1 milliliters/minute over the course of 8 minutes [2].

5.8.1. CU: Sample being injected
5.8.2. SCREEN: Cross-flow being decreased

5.9. Finish the fractionation run with an elution step without cross-flow for 10 minutes [1] and add a washing step of elution and injection followed by an elution [2].

5.9.1. SCREEN: Elution step being set, then washing step being set, then elution step being set

5.10. Then equilibrate the channel for the next run with an initial cross flow of 2 milliliters/minute and set the UV detector to 280 nanometers. [1]. 

5.10.1. SCREEN: Channel being equilibrated, then UV detector being set

5.11. When all of the programs have been set, inject 300 microliters of the sample [1] and record the UV and light scattering signals in the ASTRA software [2].

5.11.1. CU: Sample being injected
5.11.2.  SCREEN: Fractogram of collected data in ASTRA software

5.12. After 12.5 minutes, begin collecting 1-milliliter fractions until 27 minutes post-injection [1].

5.12.1. CU: Fractions being collected

5.13. Then perform a glucuronidase assay and a nanoparticle tracking analysis as demonstrated [1].

5.13.1. MED: Talent removing an Eppendorf tube from the fraction collector 
5.13.2. [bookmark: _GoBack]
Section – Results
6. Results: Representative EV Storage Stability Evaluation 

6.1. Here the particle recovery [1] and the size of the extracellular vesicles isolated from human vascular endothelial cells [2] after 7 days of storage under different conditions are shown in comparison with a fresh sample. [3].

6.1.1. LAB MEDIA: Figures 1A and 1B: JoVE Video Editor please emphasize Particle recovery graph
6.1.2. LAB MEDIA: Figures 1A and 1B: JoVE Video Editor please emphasize Mean size graph
6.1.3. LAB MEDIA: Figures 1A and 1B: JoVE Video Editor please emphasize blue, red, and green data bars in both graphs
6.1.4. LAB MEDIA: Figures 1A and 1B: JoVE Video Editor please emphasize purple data bar in Mean size graph

6.2. Vesicle samples were subsequently subjected to AF4 purification and the glucuronidase activity per particle was measured [1].

6.2.1. LAB MEDIA: Figure 1C

6.3. Both size exclusion chromatography and AF4 are successful in separating extracellular vesicles from free glucuronidase [1]. Due to the higher degree of separation for AF4 between particles and free enzyme, contamination of the fractions containing vesicles is less probable [2].

6.3.1. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize green data line in 3A and blue data line in 3B
6.3.2. LAB MEDIA: Figure 3B: JoVE Video Editor please emphasize the distance between the two peaks of the blue data line in 3B (1st peak at around 15 min, 2nd peak at around 23 min)

6.4. AF4 purification after storage removes free enzyme from the samples [1] and thus lowers the amount of recovered enzyme activity per particle [2]. 

6.4.1. LAB MEDIA: Figure 5
6.4.2. LAB MEDIA: Figure 5: JoVE Video Editor please add/emphasize red data bars

6.5. This effect is most prominent after storage at 4 degree Celsius, for which a two-thirds reduction is observed [1]. Omitting this additional purification step can lead to wrong assumptions about the enzyme stability [3].

6.5.1. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize 4 °C red data bar
6.5.2. LAB MEDIA: Figure 5

6.6. Transmission electron microscopy does not reveal big differences in shape for extracellular vesicles lypophilized without a cryoprotectant [1].

6.6.1. LAB MEDIA: Figure 6 no arrows: JoVE Video Editor please emphasize vesicles indicated by red arrows in left lyophilization image column as in original Figure 6

6.7. Scanning electron microscopy imaging, however, reveals the presence of aggregates within the lyophilized samples [1] that are not found in the minus 80-degree stored samples [2].

6.7.1. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize aggregates indicated by arrows in right lyophilization column as in original Figure 6
6.7.2. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize right -80 °C image column




Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Maximilian Richter: It is crucial to make sure that free enzyme is removed from the vesicles before the glucuronidase assay. Thus, the technique used for vesicle purification needs to be thoroughly evaluated (Step: 3.3., 6.1) [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Kathrin Fuhrmann: The purified particles could also be looked at in terms of their surface charge to find out whether the storage changed the natural composition of the membrane proteins or sugars [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.3. Gregor Fuhrmann: With our technique, it is possible to get a first indication about extracellular vesicle storage stability even when there are no known specific markers or assays for their activity available [1].
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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