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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
4.6.-4.9.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
The most critical aspect of this procedure is the column chromatography. 
5. Will the filming need to take place in multiple locations (greater than walking distance)? 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. Josh Russell: The extracellular vesicle field has lacked a genetically tractable invertebrate model for studying the protein and RNA signals of extracellular vesicles. This protocol establishes methods for obtaining large amounts of pure extracellular vesicles from the C. elegans, sufficient for robust RNAseq and proteomic analysis [1].

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

1.2. Josh Russell: This technique opens the large library of genetic reagents available for C. elegans research for studying the effects of genetic perturbation and physiological processes on extracellular vesicle signaling [1]. 

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

Introduction of Demonstrator (Said by you on camera):

1.3. Josh Russell: I will demonstrate the procedure [1][2].  

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


Section - Protocol
2. Large C. elegans Population Calculation
2.1. When the synchronized culture C. elegans have exhausted the food from their normal growth medium plate [1], use rubber bands to secure a 5-micrometer nylon mesh filter cap onto a sterile bottle and start a vacuum [2].
2.1.1. WIDE: Talent securing nylon mesh
2.2. Talent starting vacuum
2.3. Pour the L1 worms onto the filter [1] and pass an equal volume of medium over the worm aggregates [2].
2.3.1. Worms being added to filter
2.3.2. Medium being added to filter
2.4. After vortexing, transfer three, 10-microliter volumes of the worm suspension onto a worm cultivation plate lid [1] and count the number of animals in each drop [2].
2.4.1. Talent adding drop to lid
2.4.2. ECU: Shot of worms in drop Video Editor: please add numbers of worms in drop for counting as possible OR Talent counting worms (Author Comment: We will upload a video of this)

2.5. Adjust the worm suspension to two animals per microliter of fresh medium [1] and vortex the suspension again [2].

2.5.1. Talent adding medium to worms, with medium container visible in framse
2.5.2. Suspension being vortexed

2.6. Next, add nine, 10-microliter drops of worms onto a new plate lid [1] and manually count the number of animals in each drop [2].

2.6.1. Talent adding drops
2.6.2. ECU: Shot of worms in drop Video Editor: please add numbers of worms in drop for counting as possible OR Talent counting worms (Author Comment: We will upload a video of this)
2.7. Then calculate the mean and standard error of the mean as a percentage of each worm population [1] and calculate the total number of animals in each population [2-TXT].
2.7.1. Talent at computer or calculator, calculating mean and SEM
2.7.2. BLACK TEXT OVER WHITE BACKGROUND: Worm total = (Mean/10 microliters) x Total worm suspension volume in microliters
3. Secretome Generation Preparation
3.1. To prepare the worms for secretome generation, wash the worms with three, 5-minute washes in 15 milliliters of sterile M9 (M-nine) medium [1] with 50 micrograms/milliliter of carbenicillin per plate per wash with gentle swirling to dislodge the worms [2], pooling the washes into a 50-milliliter conical tube [3]. 
3.1.1. WIDE: Talent adding medium to plate, with medium container visible in frame
3.1.2. Plate being swirled and then being poured into a 50-milliliter conical tube
3.1.3. Talent adding wash to tube
3.2. After the last wash, dilute the worms to a 1 animal/1 microliter of S Basal solution supplemented with 2.5 micrograms/milliliter of cholesterol and 50 micromolar carbenicillin concentration [2].
3.2.1. Talent adding solution to worms, with solution container visible in frame [Shots 3.2.1 and 3.3.1 combined]
3.3. Then add up to 400 milliliters of the worm suspension to a sterile 2-liter bottom-baffled flask [1] and place the flask on a circular rotator at 20 degrees Celsius and 100 rotations per minute for 24 hours [2-TXT].
3.3.1. Talent adding worms to flask (Author Comment: For 3.3.1, use shot 3.2.1)
3.3.2. Talent placing flask onto rotator TEXT: Optional: Can conduct multiple EV preparations in parallel
4. Extracellular Vesicle (EV) Purification
4.1. For extracellular vesicle harvest, transfer the worms into a 50-milliliter conical tube for centrifugation [1-TXT] and decant the supernatant through a 0.22-micrometer vacuum filter to remove any particulate debris [2].
4.1.1. WIDE: Talent adding worms to tube TEXT: 2 min, 500 x g, RT
4.1.2. Talent adding supernatant to filter
4.2. After counting, place a drop of suspended worms onto a bacterial lawn [1] and score the animals as moving, paralyzed, or dead after 15 minutes [2].
4.2.1. Drop being seeded onto lawn
4.2.2. Shot of worms on lawn Video Editor: please indicate at least one moving, paralyzed, and/or dead worm as possible (Author Comment: We will upload a video of this)
4.3. Next, concentrate the filtered supernatant to 700 microliters with a regenerated nitrocellulose 10 kilodalton molecular weight cut off filter [1] and add 150 microliters of fresh S Basal solution to the reduction [2].
4.3.1. Talent reducing supernatant
4.3.2. Talent adding solution to reduction
4.4. Filter and vortex the resulting solution [1] and repeat the reduction and filtration two more times as just demonstrated [2].
4.4.1. Solution being vortexed
4.4.2. Talent reducing supernatant
4.5. After the last filtration, centrifuge the supernatant to remove any particles and debris that may have accumulated during handling [1-TXT] and add protease inhibitor cocktail plus EDTA (E-D-T-A) as per the manufacturer’s instructions [2].
4.5.1. Talent placing tube(s) into centrifuge TEXT: 20 min, 18,000 x g, 4 °C
4.5.2. Talent adding cocktail, with cocktail container visible in frame
4.6. To prepare the size exclusion column, decant 15 milliliters of suspended agarose resin into an empty gravity flow column cartridge [1-TXT]. When the column has drained, add S Basal solution until the resin bed is packed at a final volume of 10 milliliters [2].
4.6.1. Talent adding resin to cartridge TEXT: Size-exclusion chromatography resign: 7 x 104 - 4 x 107 kDa pore size fractionation range for globular proteins
4.6.2. Solution being added to resin bed
4.7. Replace the resin buffer with 40 milliliters of sterile-filtered S Basal solution, taking care not to disturb the resin [1] and allow gravity to drain the buffer through the column [2]. 
4.7.1. Talent adding solution to column
4.7.2. Solution flowing
4.8. Once the top of the resin is no longer submerged [1], cap the bottom of the cartridge to stop the flow [2], and place a collection tube under the column [3].
4.8.1. Shot of resin not submerged
4.8.2. Cartridge being capped
4.8.3. Tube being placed under column
4.9. To initiate the secretome fractionation, remove the cap [1] and immediately add the concentrated secretome solution dropwise to the top of the column bed [2] followed by the addition of 1 milliliter of S Basal solution dropwise [3].
4.9.1. Cap being removed
4.9.2. Secretome solution being added, with secretome container visible in frame
4.9.3. S Basal solution being added, with S Basal solution container visible in frame
4.10. Place a fresh collection tube under the column [1] and slowly fill the upper column reservoir with 5 milliliters of S Basal solution [2].
4.10.1. Tube being placed
4.10.2. Column being filled, with solution container visible in frame
4.11. After collecting the first 2 milliliters of eluate [1], quickly change the tubes to collect the next 4 milliliters [2].
4.11.1. Shot of first 2 mL of eluate
4.11.2. Tubes being switched
4.12. Use a regenerated nitrocellulose 10 kilodalton molecular weight cut off spin filter to concentrate the extracellular vesicle-containing column elute to 300 microliters [1] and transfer the filter retentate to a low-binding microcentrifuge tube [2].
4.12.1. Talent adding fraction to filter
4.12.2. Solution being added to tube
4.13. Then wash the filter membrane two times with 100 microliters of S Basal solution with 20 seconds of vortexing per wash [1] and combine the washes with the original retentate for a final sample volume of 500 microliters [2].
4.13.1. Talent adding solution to filter, with solution container visible in frame
4.13.2. Talent adding wash to sample
5. EV Quantification 
5.1. To prepare the extracellular vesicles for quantification by flow cytometric analysis, add 840 microliters of S Basal solution [1] and 60 microliters of purified extracellular vesicles to a microcentrifuge tube [2].
5.1.1. WIDE: Talent adding solution to tube, with solution container visible in frame
5.1.2. Talent adding EVs to tube, with EV container visible in frame
5.2. Add 300 microliters of the sample into two additional microcentrifuge tubes [1] along with 7 microliters of an appropriate potentiometric probe per tube [2].
5.2.1. Talent adding sample to tube(s), with all three tubes visible in frame
5.2.2. Probe being added to tube(s), with only 2nd and 3rd tube and probe container visible in frame
5.3. Add 7 microliters of 1% Triton-X 100 to the last tube [1] and mix all of the tubes by vortexing [2].
5.3.1. Triton-X being added to tube, with Triton-X 100 container and only 3rd tube visible in frame 
5.3.2. Tube(s) being mixed
5.4. Place a sonicator tip in the center of the tube of the third sample [1] and pulse the sample 10 times at 20% power and a 30% duty cycle [2].
5.4.1. Tip being placed into tube
5.4.2. Sample being pulsed
5.5. Next, add 300 microliters of S Basal solution to two control microcentrifuge tubes [1] and add 7 microliters of probe to the “Dye Only” tube [2]. Label the second tube “Buffer Only” [3].
5.5.1. Talent adding solution to tube(s), with solution container visible in frame
5.5.2. Probe being added to tube labeled “Dye Only” with probe container and tube label visible in frame
5.5.3. Talent labeling buffer only tube OR Shot of Buffer Only tube label
5.6. Then incubate all of the tubes for 1 hour at room temperature protected from light before their analysis by flow cytometry according to standard protocols [1].
5.6.1. Talent placing tube(s) protected from light
6. Data Analysis
6.1. To analyze the data, open the files in the appropriate flow cytometric analysis software [1] and set a rectangular gate starting at the top of the plot spanning from the small angle light scatter level a 1 x 102 to 1 x 104 and bringing the gate down until it contains about 2.5% of the total events [2].
6.1.1. WIDE: Talent at computer, opening program, with monitor visible in frame
6.1.2. SCREEN: FACS 190927a movie export: 00:00-00:03
6.2. Name the gate after the probe [1] and copy and paste the gate onto the other two sample and control data plots [2].
6.2.1. SCREEN: FACS 190927a movie export: 00:04-00:13
6.2.2. SCREEN: FACS 190927a movie export: 00:17-00:22
6.3. Then export the analysis to a spreadsheet [1].
6.3.1. SCREEN: FACS 190927b movie export: 00:57-00:100



Section – Results
7. Results: Representative C. elegans EV Characterization and Analyses 

7.1. Here representative results from 10 biological replicates are shown [1].

7.1.1. LAB MEDIA: Figure 3A

7.2. The variability between replicates is not significant and the typical standard error of the mean of the population size is a little over 10% [1].

7.2.1. LAB MEDIA: Figure 3B: JoVE Video Editor please emphasize dotted line
 
7.3. The transferring of animals between plates results in about a 10% loss of animals [1] while about 20% of the animals are lost in the sucrose flotation step [2].

7.3.1. LAB MEDIA: Figure 3C: JoVE Video Editor please sequentially add/emphasize data bars from Initial to Move 1 to Move 2
7.3.2. LAB MEDIA: Figure 3C: JoVE Video Editor please sequentially add/emphasize data clusters from L1 to Pre EV to Post EV

7.4. On average, 1000 wild type young adult animals will secrete 1 microgram of proteins larger than 10 kilodaltons into their environment [1].

7.4.1. LAB MEDIA: Figure 4A: JoVE Video Editor please emphasize black data line 

7.5. When this fraction is further separated by size exclusion chromatography [1], the total protein elution profile demonstrates a small protein peak between 2-6 milliliters [2] and a large peak after 8 milliliters [3].

7.5.1. LAB MEDIA: Figure 4B
7.5.2. LAB MEDIA: Figure 4B: JoVE Video Editor please emphasize peak between 2-6 mL
7.5.3. LAB MEDIA: Figure 4B: JoVE Video Editor please emphasize 8-mL peak

7.6. The extracellular vesicles are contained within the first 5 milliliters of the column eluate [1].

7.6.1. LAB MEDIA: Figure 4B: JoVE Video Editor please emphasize data line from 1-5 mL

7.7. In a direct comparison of the flow cytometry characteristics between C. elegans and human extracellular vesicles [1], a histogram of C. elegans extracellular vesicle sample events sorted by small angle light scatter shows that all of the preparations peak at a mean fluorescence intensity of approximately 1 x 103 [2]. 

7.7.1. LAB MEDIA: Figure 5A
7.7.2. LAB MEDIA: Figure 5A: JoVE Video Editor please emphasize 2nd, 3rd, and 4th histograms from top of column

7.8. The potentiometric probe DI-8-ANEPPS (dye-eight-A-nepps) robustly labels C. elegans extracellular vesicles [1] and the abundance of purified extracellular vesicles sorted by the DI-8-ANEPPS expression [2] is not significantly different between C. elegans and cell culture-derived preparations [3].

7.8.1. LAB MEDIA: Figure 6B: JoVE Video Editor please emphasize + Di-8-ANEPPS column and/or cells in gate in + Di-8-ANEPPS column
7.8.2. LAB MEDIA: Figure 6F: JoVE Video Editor please emphasize Worm data points
7.8.3. LAB MEDIA: Figure 6F: JoVE Video Editor please emphasize Cell culture data points




Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Josh Russell: The samples prepared by this procedure are amenable for all typical downstream EV including RNAseq and proteomic analysis [1]. 
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.2. [bookmark: _GoBack]Josh Russell: Establishing methods for purifying C. elegans EVs allows researchers to this a simple genetic model to study the genetic pathways and physiological processes that impact EV cargo composition [1].

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