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Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  

Can you record movies/images using your own microscope camera? (Y/N)____Y_____  
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 

C.  Location: Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________ 
D.  Which steps of your protocol will viewers benefit most from having filmed? 
2.4, 2.7, 4.2, 4.4
E.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.6, 4,2
1. Introduction 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to isolate extracellular vesicles from the medium of in vitro cultured adult Schistosoma japonicum. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Guofeng Cheng: This method can efficiently isolate EVs in in vitro cultured medium from adult Schistosoma japonicum. 
1.2. Guofeng Cheng: The main advantage of this technique is able to efficiently isolate extracellular vesicle from short time in vitro culture media, which can minimize the stress, potentially resulting in non-physiological EV secretion.  
1.3. Guofeng Cheng: Demonstrating the procedure will be Juntao Liu, a technician from my laboratory.  
1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera
Protocol: (read by voice talent at JoVE)
2. Isolating SjEVs from Schistosoma japonicum Cultures
2.1. Collect the parasites in a 500-mL beaker [1.WID] and wash them thoroughly, but gently, three times using 200 mL of warm PBS. [2.MED-TXT] Keep the washes brief and use gravity sedimentation to separate the parasites. [3.ECU]
2.1.1. Establishing shot, talent pooling parasites into beaker
2.1.2. Performing a wash, TEXT: Wash 3x, 37ºC PBS (pH 7.4) 
2.1.3. Gravity sedimentation in action, worms sinking in beaker
2.2. Next, onto 90-mm dishes, plate about 200 worm pairs per dish. [1.MED] In the dish, wash the parasites twice more, using gravity sedementation. [2.CU] For these washes use warm RPMI medium supplemented with pen/strep. [3.MED-TXT]
2.2.1. Adding worms to plates
2.2.2. Adding media to plates (wash)
2.2.3. Removing media from the plate, show how worms are left in dish and solution is removed from dish, TEXT: Wash 2x, 50 mL 37 ℃ RPMI-1640 + 100 U pen + 100  mg strep / mL 
2.3. Replace the second wash with 40 mL of the medium without antibiotics. [1.MED-TXT] Then, culture the parasites at 37 ºC, under 5% CO2 for two hours. [2.WID]
2.3.1. Adding media back to plates, TEXT: 40 mL 37 ℃ RPMI-1640
2.3.2. Loading plates into incubator
2.4. After two hours, transfer the media from the plates to centrifuge tubes [1.MED] and, then, pool the eggs and worm debris at 2,000 G for 30 minutes at 4 ℃. [2.MED-TXT] Then, collect and transfer the supernatant to a fresh tube. [3.ECU]
2.4.1. Removing media from plates and adding to centrifuge tubes
2.4.2. Operating the centrifuge, TEXT: 2,000 x g, 30 in, 4 ºC
2.4.3. Taking supernatant out from tube, showing pellet if possible 
2.5. Next, filter the supernatant through a 0.22-micron syringe filter [1.MED] and collect the filtered solution into a dialyzing bag with a molecular weight cut-of of 3.5 kiloDaltons. [2.CU-TXT]
2.5.1. Loading supernatants into syringe with filter attached
2.5.2. Pushing solution through filter and into a dialysis bag, TEXT: 3.5 kD
2.6. Then, dialyze the solution using 8% PEG8000 solution at 4 ℃, overnight. [1.CU] This step is important to increasing the yield of extracellular vesicles. [2.MED]
2.6.1. Closing the dialysis bag after last of solution loaded into it
2.6.2. Loading bag into bath of PEG8000 and starting gentle agitation of bath

2.7. The next day, transfer the dialyzed solution to a new tube [1.MED] and add 0.5 volumes of the total exosome isolation reagent. [2.CU] Mix the solution until it is homogeneous, and incubate at about 5 ºC, overnight. [3.MED]
2.7.1. Transfering solution from bag to tube
2.7.2. Adding more solution to tube, + 50% volume
2.7.3. Vortexing the tube

2.8. [1.WID]
2.8.1. Loading the tube into cold storage (walk in?) (Author Comment: This shot was not filmed) (Editor: I’m not sure if anything was filmed for this step. Since I’m assuming nothing was, I’ve altered the VO for 2.7 to include the important information from this step)
2.9. The following morning, centrifuge the mixture for an hour at 15,000 G for one hour at about 5 ºC. [1.MED-TXT] Next, aspirate and discard the supernatant [2.ECU] and re-suspend the pellet of EVs in 2 mL of PBS.  The pellet will not likely be visible. [3.CU-TXT]
2.9.1. Operating the centrifuge at 5 ºC, TEXT: 15,000 x g, 1 h, ~ 5 ºC
2.9.2. Aspirating solution from the centrifuge tube

2.9.3. Adding new solution to centrifuge tube and mixing, TEXT: Store at -80 ºC
3. Characterization of EVs by Western Blotting and TEM
3.1. For Western blot analysis, first, determine the protein concentration of the sample, [1.WID] such as with the BCA assay. Then, prepare [2.MED] 10 to 20 μg of EVs in 22.5 μL of RIPA buffer. [3.CU-TXT]
3.1.1. Performing BCA assay any step
3.1.2. As above

3.1.3. Making dilution of EVs, TEXT: 10 – 20 µg / 22.5 µg RIPA
3.2. Next, add 7.5 μL of 4x loading buffer and heat the mixture at 95 ºC for five minutes. [1.MED-TXT] After the heat treatment, separate the extracellular vesicle proteins [2.WID] on a 12% SDS-PAGE gel. [3.MED]
3.2.1. Adding buffer to tube, capping and loading into 95 ºC bath/block, TEXT: 95 ºC, 5 min
3.2.2. Preparing an SDS-PAGE
3.2.3. Loading the SDS-PAGE
3.3. After running the gel, on a PVDF membrane, probe the gel [1.MED] with anti-CD63 antibodies at a 1-to-one-thouand dilution. [2.MED] Then, treat the gel with anti-rabbit IgG-HRP at a 1-to-five-thouand dilution. [3.MED]
3.3.1. Transferring gel to membrane
3.3.2. Loading antibodies into bath/bag containing membrane
3.3.3. As above, next antibody treatement
3.4. Now, use an ECL detection reagent to develop the membrane [1.CU] and follow with analysis on a chemiluminescence imaging system. [2.WID]
3.4.1. Adding ECL reagent to membrane in bath/bag
3.4.2. Loading membrane into imaging system
3.5. [1.MED] [2.CU] [3.MED]
3.5.1. Setting up to load an EM grid (3.5 – 3.7 was not filmed due to the refurbishment of TEM room.)
3.5.2. Taking aliquot of EVs and adding to grid 
3.5.3. Setting up EV grid to air dry, disposing of pipette tip
3.6. Then, bathe the grid in 2% phosphotungstic acid for 1 minute [1.MED-TXT] and then allow it to dry at room temperature. [2.CU]
3.6.1. Loading grid into bath, TEXT: 2% phosphotungstic acid, 1 min
3.6.2. Removing grid from bath and setting it up to dry
3.7. Now, load the grid onto the sample holder of the transmission electron microscope [1.MED] and expose it to an 80-kiloVolt electron beam to capture images. [2.WID]
3.7.1. At TEM, loading grid onto sample holder
3.7.2. Operating the TEM
4. Labeling Schistosoma japonicum Extracellular Vesicles with PKH67 followed by Cell Uptake 
4.1. Start with transferring 5 µg of sample into a polypropylene ultracentrifuge tube [1.MED] and adjust the volume to 12 mL with RPMI 1640 medium. [2.CU]
4.1.1. Loading sample into ultracentrifuge tube, TEXT: Steps are at room temperature unless indicated otherwise.
4.1.2. Adding RPMI medium to ultracentrifuge tube
4.2. Then, centrifuge the sample at 110,000 G for 90 minutes at 4 ℃. [1.MED-TXT] After the centrifugation, carefully aspirate and discard the supernatant. [2.CU]
4.2.1. Loading the ultracentrifuge, TEXT: 110,000 x g, 90 min, 4 ºC
4.2.2. Removing the supernatant from the ultracentrifuge tube
4.3. Then, prepare a 2× extracellular vesicle suspension by adding 1 mL of Diluent C to the pellet. [1.MED] Re-suspend the pellet with gentle pipetting. [2.CU]
4.3.1. Taking aliquot of Diluent C and adding to ultracentrifuge tube
4.3.2. Mixing content of ultracentrifuge tube
4.4. Now, prepare fresh 2X dye solution. Add 2 µL of the PKH67 ethanolic dye [1.MED] to 1 mL of Diluent C in a microfuge tube and mix well. [2.CU] Then, stain the sample by mixing together the two solution and incubating the mix at room temperature for four minutes. [3.MED-TXT]
4.4.1. Adding dye to 1.5mL tube
4.4.2. Adding Diluent C to 1.5 mL tube and mixing
4.4.3. Adding contents of 1.5 mL tube to ultracentrifuge tube and mixing, TEXT: RT, 4 min
4.5. Next, stop the staining by adding 4 mL of FBS and waiting another minute. [1.MED] Then, add RPMI1640 medium to adjust the volume to 12 mL [2.CU-TXT] and spin down the suspension to isolate the stained vesicles. [3.MED-TXT]
4.5.1. Adding FBS to ultracentrifuge tube
4.5.2. Adding medium to ultracentrifuge tube, TEXT: RPMI 1640, scale to the capacity of the ultracentrifuge tubes.
4.5.3. Loading the ultracentrifuge, TEXT: 110,000× g, 4 ℃, 90 min
4.6. Remove and discard the supernatant. [1.CU] Then, resuspend the pelleted PKH67-labeled EVs in 12 mL of RPMI1640 medium. [2.MED] 
4.6.1. Removing supernatant from tube
4.6.2. Adding RPMI1640 medium to tube and mixing
4.7. Then, repeat the centrifugation, but this time, collect the vesicles in 1 mL of PBS. [1.WID-TXT]
4.7.1. discarding supernatant from tube, adding PBS to tube and mixing, TEXT: 110,000× g, 4 ℃, 90 min (Author Comment: Please delete this shot, the demonstrated volume was not correct.) (Editor: The authors requested the shot be removed, but made an alteration to the VO that seems important. If there is a shot of this action where the volume isn’t readily visible then please use that. I would like to keep the VO, so any similar visual you can find to accompany it would be great)
4.8. For the uptake assay, prepare overnight cultures of mammalian cells in 6-well plates. [1.MED] 
4.8.1. Preparing plate with mammalian cells, TEXT: 2 x 105 cell / well
4.9. The next morning, add 5 µg PKH67-labelled vesicles to each well [1.MED] and continue the culture for two to four hours. [3.WID-TXT] After the incubation, remove the medium and wash the cells with PBS two times. [3.MED-TXT]
4.9.1. Adding EVs to the plate wells
4.9.2. Returning plate to incubator, TEXT: 2 – 4 h
4.9.3. Washing plate with PBS, TEXT: Wash 2x, PBS

4.10. Then, fix the cells for 15 minutes, [1.MED-TXT] wash them twice with PBS and stain them with DAPI before imaging. [2.MED-TXT] 
4.10.1. Adding 4% formaldehyde to wells, TEXT: 4% formaldehyde, 15 min
4.10.2. Washing plate with PBS, TEXT: Wash 2x, PBS

5. Results: Schistosoma japonicum Extracellular Vesicle Characterization
5.1. Schistosomes at the liver stage were collected from rabbits, 28 days post-infection. Extracellular vesicles were then collected from the Schistosomes worms and analyzed.  Their particle size, as determined by Malvern nanoparticle analysis, ranged between 100 and 400 nanometers, with the bulk of the population near 220 nanometers [1-LM].
5.1.1. Figure 1 – no change
5.2. Transmission electron microscopy revealed the extracellular vesicles to be round and between 100 and 200 nm in diameter [1-LM]. 
5.2.1. Figure 2 – no change
5.3. Western blotting analysis indicated that the isolated extracellular vesicles were recognized using CD63 antibodies, which is a typical extracellular vesicle marker [1-LM].
5.3.1. Figure 3 – no change
5.4. Fluorescence microscopy of PKH67-labeled extracellular vesicles internalized by the NCTC clone 1469 cells showed that the extracellular vesicles were mainly distributed in the cytoplasm of recipient cells [1-LM].
5.4.1. Figure 4 – fade from left panel to right panel at “showed”
6. Conclusion (said by authors on camera)

6.1. Guofeng Cheng: After watching this video, you should have a good understanding of how to isolate EVs in in vitro cultured medium from adult Schistosoma japonicum.
Provided Media

5.1 - 57514_Guofeng Cheng_Figure 1.tif –The curve imaging of size distribution of SjEVs 
5.2. - 57514_Guofeng Cheng_Figure 2.tif –Transmission electron microscopy imaging of SjEVs
5.3 - 57514_Guofeng Cheng_Figure 3.tif –Western blotting imaging of SjEVs against CD63 antibodies
5.4 - 57514_Guofeng Cheng_Figure 4.tif – dual color imaging of mammalian cells
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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