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A.  Will you require JoVE to record video microscopy through a microscope? N 
B.   Does your protocol include detailed, step-by-step, descriptions of 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document: 2.8, 2.11, 2.12, 2.14, 2.23, 3.4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

1.4.6: When force is not consistent from sample to sample, the number of EVs recovered from the filter tops will differ depending on the number of washes & force applied. More forceful pipetting may also cause damage to EVs. We use a smooth and steady pipetting motion to ensure that the force is strong enough to resuspend the EVs without producing bubbles/foam that can result from harsh pipetting.  

Setting gates (1.7.3) can be difficult in certain samples that have a lot of false or highly positive events and/or diagonally shaped populations. It is important to double check diagonal or unusual populations by plotting them along axes of different fluorescent channels to ensure that the positive population is real and not spillover from another brightly positive population in a different channel. Some populations are better visualized when plotted against, for example, SSC-H, whereas others might show better separation using a biparameter plot opposite another fluorochrome in the panel. Determining the best channels to use for visualization purposes requires familiarity with the Abs and comes with experience, When the usual/typical location of a positive population on a dot plot is known, unusual populations that need further investigation can be easily spotted. 
E. Will the filming need to take place in multiple locations? N 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to isolate and analyze extracellular vesicle circulation in the blood by two different methods. (Intro) For the individual extracellular vesicle detection method, platelet-poor plasma, or PPP, is first isolated from a blood sample. (P1) The PPP is then stained with the fluorochrome-conjugated antibodies of interest. (P2) For the bead-based detection method, the extracellular vesicles are incubated with beads, (P3) and then the bead-bound vesicles are stained with the relevant fluorochrome-conjugated antibodies. (P4) Ultimately, the circulating extracellular vesicle content can be determined by analysis of the samples by flow cytometry. (P5)
From 52484_Norris_Graphics.pptx

(P1) from slide 1 top oval, show a tube with blood, then have it spin and turn into platelet poor plasma tube (with yellow media)
(P2) have yellow media disappear, revealing blue cells (as in middle of slide 1), then have antibodies appear, enter tube, and bind to cells
(P3) from slide 2, show tube with small blue cells, then add large orange beads and have cells bind to beads (like tubes in middle of slide)
(P4) have antibodies appear and bind to cells in tube (as in second row of tubes on slide)
(P5) 4.tif
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Philip Norris: The main advantage of this technique over existing methods, like electron microscopy or magnetic bead separation, is that it is much faster and allows for the assessment of the total extracellular vesicle content rather than being limited to specific subpopulations.   

1.2. Heather C. Inglis: Generally, individuals new to this method will struggle, as the success of this method requires a strict adherence to the demonstrated maneuvers and cytometer setup parameters to produce high quality data that can be used to minimize any day-to-day variation between the assays.

Protocol (read by voice talent at JoVE):
2. Individual extracellular vesicle (EV) detection 
2.1. Begin by centrifuging whole blood samples [2.1.1.-WIDE-TXT] to separate the plasma from the buffy coat and red cells [2.1.2.-CU].

2.1.1. TEXT: 10 min, 1500 x g, RT 
2.1.2. If possible, shot of separated plasma/buffy coat/red cell layers

2.2. Next, transfer 1.2 ml aliquots of the plasma supernatant into 1.5 ml centrifuge tubes [2.2.1.-MED], taking care not to disturb the bottom layers containing the buffy coat and the red cells [2.2.2.-CU]. 
2.3. Then centrifuge the supernatant again to remove any platelets and large cell fragments [2.3.1.-MED-TXT]. 
2.3.1. TEXT: 10 min, 13,000 x g, RT
2.4. At the end of the spin, carefully transfer all but the last 200 microliters of the PPP samples to new tubes, taking care not to disturb the pellets [2.4.1.-CU].

2.4.1. PPP being dispensed into new tube, with at least one old tube with pellet visible in frame if possible (or at least of small meniscus of last bit of supernatant visible in old tube, if possible)

2.5. Then mix the plasma up and down several times [2.5.1.-CU] and transfer 320 microliters of each sample to the top row of a 96 well plate [2.5.2.-CU].

2.6. To stain the samples, combine the antibodies of interest for each of the 3 panels into individual 0.22 micrometer centrifugal filter tubes [2.6.1.-MED-TXT] and spin down the antibodies using a fixed angle single speed centrifuge [2.6.2-CU-TXT].

2.6.1. Talent adding antibody(s) to tube, with antibody container labels visible in frame if possible (TEXT: See text for antibody/media/reagent preparation details)

2.6.2. TEXT: 2 min, ~750 x g, RT

2.7. When all of the antibody has passed through the filter [2.7.1.-CU], add the appropriate amount of the mixture to each well of the 96 well plate as depicted in the figure [2.7.2.-LM].

2.7.1. If possible, above shot of top of filter with tube under showing antibody has passed through

2.7.2. Figure 1b.tif: Highlight/sequentially add antibody panel texts 

2.8. Next, use a multichannel pipet to mix the PPP samples [2.8.1.-CU] and then transfer 100 microliters of each sample to the antibodies in row 2 [2.8.2.-CU].

2.8.1. Combine 2.8.1. and 2.8.2. as appropriate

2.8.2. Combine 2.8.1. and 2.8.2. as appropriate

2.9. Then mix the samples again [2.9.1.-MED], change the tips [2.9.2.-MED], and transfer 100 microliters of sample to each of the next two rows of antibodies as appropriate for the experiment [2.9.3.-MED-over the shoulder].

2.9.1. *no comment

2.9.2. e.g., discarding tips OR picking up new tips

2.9.3. *no comment
2.10. Incubate the plate at 4°C [2.10.1.-MED]. After 30 minutes, add 220 microliters of PBS/well to rows 6-8 inside a biological safety cabinet [2.10.2.-MED].
2.11. Then, using a width-adjustable multichannel pipette, transfer the contents of each well to its corresponding centrifugal filter tube [2.11.1.-CU]. 

2.12. Without changing the tips, use 200 microliters of PBS from one of the wash rows to rinse the wells from which the samples were just removed [2.11.2.-CU]. Then transfer the rinse solution to the same filters to which the PPP samples were previously added [2.12.1.-CU] and close the centrifugal filters [2.12.2.-CU]. 

2.13. Once all of the stained PPP samples have been transferred along with their rinse solutions [2.13.1.-CU-TXT], spin down the samples in a fixed rotor centrifuge [2.13.2.-CU-TXT]. After the spin, ensure that no liquid remains on top of the filters [2.13.3-CU].
2.13.1. Shot of all samples in filters (TEXT: Change tips between sample rows)

2.13.2. TEXT: 3 min, 850 x g, RT
2.13.3. Added - show the top of the filters
2.14. After the spin, resuspend the tops of the filters in 300 microliters of PBS [2.14.1.-CU] and transfer the resuspended contents to pre-labeled tubes for immediate flow cytometric analysis [2.14.2.-MED].
2.15. Talent “Washing the stained samples using centrifugal filters enhances the separation between the background and positive marker signals; note, however, that small extracellular vesicles and exosomes may be lost through the pores of the filter. [2.15.1.-MED-interview]”
2.15.1. Talent speaking the above, interview style 
(Video Editor: with “Washing … signals” please show LAB MEDIA: 6.tif [please add/highlight/indicate the red arrow and the dotted black arrow AND/OR the cells between the left wall of the gate in the bottom dot plot and the black dotted arrow];

with “note … filter” please show interview of Talent)
2.16. To analyze the samples, first set the forward and side scatter voltage parameters to a log scale [2.16.1.-MED-over the shoulder] and select the lowest thresholds allowed by the cytometer for each parameter. [2.16.2.-SCREEN] 

2.17. Then, while running a tube of 0.22 micrometer-filtered PBS [2.17.1-MED], adjust these voltages to the highest values that exclude the majority of background noise [2.17.2.-SCREEN].
2.17.1. Talent loading PBS tube onto cytometer, with “PBS” label (or similar) visible on tube if possible

2.17.2. *no comment

2.18. Next, run a tube containing a mixture of beads 1 micrometer and smaller [2.18.1.-CU] and draw a gate around the bead population in a forward by side scatter plot to capture all of the events under the 1.0 micrometer beads [2.18.2.-SCREEN].

2.18.1. Tube of beads being loaded onto cytometer, with “Beads” label (or similar” visible on tube if possible

2.18.2. *no comment

2.19. Alternatively, in a side scatter histogram, draw a gate to include all of the events smaller than the 1.0 micrometer beads [2.19.1-SCREEN].
2.20. Now set the cytometer’s flow rate to “Lo” [2.20.1.-SCREEN-TXT] and use the beads to adjust the flow rate dial on the cytometer to the desired event rate [2.20.2.-CU/SCREEN-TXT].

2.20.1. TEXT: ~8-12 microliters/min
2.20.2. TEXT: See text for initial experiment flow rate/voltage suggestions


2.21. Then, using a tube of rainbow fluorescent particles diluted in PBS [2.21.1-CU], acquire 5,000 events, recording the mean intensity values for the forward scatter, side scatter, and each color channel [2.21.2.-SCREEN].
2.21.1. Tube of rainbow particles being loaded onto cytometer, with “Rainbow particles” label visible or similar if possible

2.21.2. *no comment 
2.22.  When all of the parameters are set, run each sample for exactly 1 or 2 minutes [2.22.1.-SCREEN].
2.23. After the first reading for each tube has been completed [2.23.1.-CU], mix 20 microliters of 10% NP-40 into each sample [2.23.2.-MED], and re-read the tubes for the same amount of time to allow the subtraction of the positive events detected in the lysed sample over an equal period of time [2.23.3-MED].
2.23.1. Tube being taken off of cytometer OR Tube being placed back onto rack/ice with other tubes

2.23.2. *no comment

2.23.3. Talent loading tube onto cytometer, with other tubes visible in frame if possible 

3. Bead based-detection of EVs and exosomes

3.1. To detect the extracellular vesicles by bead-based capture, begin by washing uncoated 6 micrometer polystyrene beads two times with RPMI media [3.1.1.-WIDE-TXT], followed by resuspension in 2 ml of the same [3.1.2.-CU] (3.1.3).

3.1.1. TEXT: centrifuge 5 min, ~1500 x g, RT

3.1.2. Media being added to beads
3.1.3. Added M/S to show centrifuge/washing 

3.2. Next, add 6,000 beads to each new FACS tube [3.2.1.-MED]. To the negative control tube, add 400 microliters of media [3.2.2.-CU]. To all the other tubes, add 200 microliters of PPP or ultracentrifuged extracellular vesicles as appropriate [3.2.3.-CU] and 200 microliters of media [3.2.4.-CU]. Adjust the final volume in each tube to 400 microliters with more media.
3.2.1. Talent adding beads to at least one tube, with bead container label visible in frame if possible

3.2.2. Media being added to tube, with negative tube with container label visible if possible

3.2.3. PPP/EVs being added to tube, with PPP/EV container label visible if possible

3.2.4. Media being added to tube, with media container label visible if possible Action from 3.3.1 added to this step.
3.3.  [3.3.1-CU]   Incubate the tubes overnight at 4°C on a shaker [3.3.2.-CU].
3.4. The next morning, wash the beads with 2 ml of media [3.4.1.-MED] [3.4.1.1-MED], aspirate the supernatant [3.4.2.-CU], and block any non-specific binding with 400 microliters of 5% bovine serum albumin [3.4.2.1-CU].  Place on a shaker at 4°C for 3 hours [3.4.3.-MED].
3.4.1. *no comment

3.4.1.1. Added to show centrifuge/washing

3.4.2. *no comment
3.4.2.1. Added CU of BSA being added

3.4.3. Talent placing tube(s) onto shaker at 4°C 
3.5. After 3 hours, wash the beads in 2 more ml of media [3.5.1.-CU] and resuspend the pellets in 100 microliters of fresh medium [3.5.2.-CU]. [3.5.3-M/S]
3.5.3 Added show adding media
3.6. Now filter the antibodies [3.6.1.-CU], and add the appropriate volume of filtered antibody cocktail to each tube [3.6.1.-CU], [3.6.3.-CU], and then, after 30 minutes at 4°C, wash the beads in another 2 ml of media [3.6.2.-CU].
3.6.1. Two antibodies being added to centrifugal filter, with antibody container labels visible in frame if possible
3.6.2. *no comment same procedure filmed previously [3.4.1-MED]) 
3.6.3.  Added: talent adding antibodies to beads
3.7. This time resuspend the pellets in 400 microliters of media [3.7.1.-CU] and immediately analyze the samples by flow cytometry [3.7.2.-MED], adjusting the forward and side scatter parameters to the lowest threshold allowed by the flow cytometer as just demonstrated [3.7.3.-MED].

3.7.1. *no comment

3.7.2. Talent loading tube

3.7.3. Talent at cytometer, adjusting fsc/ssc

3.8. Finally, gate on the singlet bead population [3.8.1.-SCREEN] and acquire 2,000 events per sample [3.8.2.-SCREEN]. 

4. Results: Representative individual and bead-based detection data
4.1. Both the individual [4.1.1.-LM] and bead-based detection methods [4.1.2.-LM] can be used to detect the presence of the extracellular vesicles in the PPP samples, as illustrated by these dot plots [4.1.3.-LM]. 

4.1.1. 4.tif: Highlight bottom row of dot plots

4.1.2. 4.tif: Highlight top row of dot plots

4.1.3. 4.tif: Highlight the bottom right quadrants of the 4 dot plots on the right of the figure

4.2. For the individual detection assay, the lysed control [4.2.1.-LM] is used to set the gates for the corresponding non-lysed sample [4.2.2.-LM].
4.2.1. 2.tif: Please highlight bottom row

4.2.2. 2.tif: Please highlight top row

4.3. The majority of events should fall within the extracellular vesicle gate [4.3.1.-LM]. For example, in this figure, these biparameter plots show the detection of the markers CD108a and CD235a [4.3.2.-LM], which are two red blood cell markers known to coexist on cells. As expected, over half of the positive events on the extracellular vesicles are positive for both of the markers [4.3.3.-LM]. 
4.3.1. 2.tif: Please highlight/indicate the gate and/or cells in the gate in the top left dot plot

4.3.2. 2.tif: Please highlight/indicate the top and bottom right dot plots

4.3.3. 2.tif: Please highlight/indicate the top right quadrant of the top right dot plot

4.4. Whereas in these biparameter plots [4.4.1.-LM], the extracellular vesicle expression of two markers that are known not to coexist on cells exhibit distinct, separate, positive populations [4.4.2.-LM].
4.4.1. 2.tif: Please highlight/indicate the middle top and bottom dot plots

4.4.2. 2.tif: Please highlight/indicate the top left and bottom right quadrants of the top middle dot plot

4.5. Using the bead-based detection method, no separation between the positive and negative populations exist [4.5.1.-LM], and events appear in the double positive quadrants even though they aren’t normally found on the same cell types due to the fact that both types of extracellular vesicles will bind to a single bead [4.5.2-LM]. 
4.5.1. Figure 3 dot plots.tif: please highlight/indicate top right dot plot

4.5.2. Figure 3 dot plots.tif: please outline/indicate top right quadrant of top right dot plot
4.6. Therefore data from this method are best analyzed using histograms [4.6.1-LM] overlaid with the negative control data [4.6.2.-LM], with an apparent shift in the marker expression observed in the beaded samples [4.6.3.-LM] as compared to the controls [4.6.4.-LM].

4.6.1. Figure 3 histograms.tif: Add/highlight red histograms/histogram graphs

4.6.2. Figure 3 histograms.tif: Add/highlight/trace grey histograms

4.6.3. Figure 3 histograms.tif: Highlight/indicate the 315.9 and 549.4 data cells

4.6.4. Figure 3 histograms.tif: Highlight/indicate the 67.1 and 53.3 data cells
5. Conclusion (said by authors on camera)
5.1. Ali Danesh: Once mastered, this technique can be used to analyze 12 blood samples with 3 panels of antibodies in 3-4 hours using the individual detection method or in 1.5 days by the bead detection method if it is performed properly.

5.2. Heather C. Inglis: While attempting this procedure, it’s important to remember to be consistent in the treatment of each sample and to take care that the cytometer’s flow rate and fluorescent intensities are adjusted correctly at the start of each experiment to match the previous days’ experimental settings when running the samples across multiple days.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  
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Figure 2 histograms.tif

4.tif
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, as well as an introduction to your videographer, closer to your filming date.
�Authors: There was no good way to demonstrate these tips for the video


�The voltages are mostly arbitrary since they vary so much among instruments. Our voltage  recommendations should probably be removed from the video and manuscript
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