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

Can you record movies/images using your own microscope camera? (Y/N)___Y_____  

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: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __4.1 – 4.6_________________________________________
D.  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.) _Preparing the size exclusion column and adding the sample gently as to not disturb the resin (4.3). Failure to do so could result in decreased sample purity.__________________________
E.  Will the filming need to take place in multiple locations? (Y/N) __y_____ If yes, how far apart are the locations? __same room_________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to purify vesicles from blood while reducing co-purifying proteins and complexes, which can interfere with downstream analyses, including nanoparticle tracking and proteomics. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Nicole Kruh-Garcia: This method can help answer key questions, such as what are the proteomic changes in serum or plasma vesicles during a disease-state as compared to a healthy-state [1-MED].
1.1.1. Nicole speaks towards the camera, interview style. 
1.2. Nicole Kruh-Garcia: The main advantage of this technique is the increased accuracy in vesicle enumeration.  In removing abundant non-vesicle contaminants, we increase the identification of low abundance proteins and potential biomarkers of disease [1-MED].
1.2.1. Nicole speaks towards the camera, interview style. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Chandler Bridges: The implications of this method extend toward the discovery of novel diagnostic biomarkers. It enables more accurate determination of the proteomic composition of extracellular vesicles in complex matrices, like blood [1-MED].
1.3.1. Chandler speaks towards the camera, interview style. 
1.4. Megan Lucas: Generally, individuals new to vesicle purification will struggle because there are many published techniques.  The reproducibility of downstream proteomic analyses is affected by the co-purification of abundant serum proteins [1-MED].
1.4.1. Megan speaks towards the camera, interview style. 
Protocol: (read by voice talent at JoVE)
2. Preparation of Crude Sample (either Plasma or Serum) by Pelleting Larger Vesicles and Cellular Debris
2.1. Equilibrate a serum or a plasma sample by placing the tube under non-shaking conditions in a 4 degree Celsius refrigerator overnight [1-MED].  The next day, aliquot 250 microliters of the sample into a microcentrifuge tube using a 1,000 microliter pipette [2-CU].
2.1.1. Talent places the sample tube into the refrigerator.
2.1.2. Pipette as talent uses it to aliquot 250 microliters of the sample into a microcentrifuge tube.
2.2. Centrifuge the sample at 18,000 x g for 30 minutes at 4 degrees Celsius [1-MED-over the shoulder].  Using a 200 microliter pipette, remove 200 microliters of the cleared supernatant and add it to a new microcentrifuge tube.  Avoid any pelleted material while transferring the supernatant [2-CU-TXT].  
2.2.1. Talent places the sample into the centrifuge, shuts lid and turns on.
2.2.2. Tubes as talent uses a 200 microliter pipette to remove 200 microliters of the cleared supernatant and add it to a new microcentrifuge tube.  TEXT Overlay: Discard the pelleted material
2.3. Quantify the protein content of the sample by BCA assay, using the manufacturer’s protocol [1-MED-TXT].  To perform the assay, dilute the sample 1 to 50 in 1x phosphate-buffered saline.  Test each sample in duplicate [2-CU]. 
2.3.2 Samples as talent dilutes them and makes duplicates. 

2.3.1. Talent prepares the reagents to perform the BCA assay.  TEXT Overlay: BCA = Bicinchoninic acid
2.3.2. Samples as talent dilutes them and makes duplicates.
2.4. Next, add the diluted samples and BCA to the plate. Then, calculate the protein concentration of the sample. 
2.4.1. Added shot and VO: film as written.
3. Digestion of Non-Exosomal Blood Proteins and Removal of Small Proteins/Peptides by Centrifuge Ultrafiltration
3.1. Prepare a proteinase K solution at a concentration of 500 micrograms per milliliter in PBS by first adding the corresponding amount of proteinase K to a conical tube [1-MED-over the shoulder].  Then add the buffer and vortex for 30 seconds, 3 times at room temperature [2-CU].
3.1.1. Talent adds the proteinase K to a conical tube.  Use labeled containers. The tube with proteinase k already in it is shown.
3.1.2. Sample as talent adds the buffer to the tube and vortexes. Use labeled containers.
3.2. Next, add 50 microliters of proteinase K solution to the 10-milligram sample aliquot and mix gently by pipetting up and down using a 200 microliter pipette [1-MED].
3.2.1. Talent adds 50 microliters of proteinase K solution to the 10-milligram sample aliquot and mixes gently by pipetting up and down using a 200 microliter pipette.
3.3. Incubate the sample at 37 degrees Celsius in a water bath for 30 minutes, placing the tube in a float tube rack.  To prevent potential leakage, avoid complete immersion of the tube in the water bath [1-CU].
3.3.1. Float tube rack as talent places the sample into it and places it onto the water bath surface. Talent starts a timer for 30 minutes. 
3.4. Following incubation, transfer the sample and rack to a 60 degree Celsius water bath for 10 minutes, to inactivate the proteinase K [1-MED-over the shoulder].
3.4.1. Talent transfers the sample and floating tube rack to a 60 degree Celsius water bath and starts a timer to count down from 10 minutes. 
3.5. Next, rinse an ultrafiltration device containing a 100 kiloDalton molecular weight cut-off filter with PBS, prior to use [1-MED].  Use a 1,000 microliter pipette to add 500 microliters of PBS to the filter [2-CU].  After spinning the device at 3,700 x g for 5 minutes, discard any remaining retentate, as well as the eluate [3-MED-over the shoulder].
3.5.1. Talent assembles the ultrafiltration device with a 100 kiloDalton molecular weight cut-off filter to prepare it for the PBS rinse. Use labeled containers.
3.5.2. Filter as talent pipettes 500 microliters of PBS onto the filter, using a 1,000 microliter pipette.
3.5.3. Talent removes the device from the centrifuge and discards the retenate and the eluate.
3.6. Increase the volume of the sample to 500 microliters by adding PBS [1-MED].  Then pipette the sample into the pre-rinsed ultrafiltration device [2-CU]. 
3.6.1. Talent adds 500 microliters of PBS to the sample.  Use labeled containers.
3.6.2. Pre-rinsed ultrafitration device as talent pipettes the sample there. Video editor: 3.6.1 and 3.6.2 were combined. 
3.7. Centrifuge the ultrafiltration device in a fixed-angle benchtop centrifuge at 3,700 x g and 4 degrees Celsius until the sample has reduced to a volume of 50 microliters [1-MED-over the shoulder].
3.7.1. Talent places the ultrafiltration device in a fixed-angle benchtop centrifuge, shuts lid and starts run.
3.8. Next, add 500 microliters of PBS directly onto the filter membrane and pipette up and down 5 times before centrifuging again, as before [1-CU-TXT].  Transfer the final 50 microliter retentate to a new microcentrifuge tube [2-MED-over the shoulder].
3.8.1. Filter membrane as talent adds 500 microliters of PBS directly into the filter membrane and pipettes up and down 5 times.  TEXT Overlay: Perform wash step 3x
3.8.2. Talent transfers the final 50 microliter retentate to a new microcentrifuge tube.
3.9. Rinse the filter membrane with 200 microliters of PBS, pipetting up and down 10 times, and transfer the wash to the tube [1-CU].
3.9.1. Filter membrane as talent rinses it with 200 microliters of PBS, pipetting up and down, and transfers the wash to the tube.
3.10. Then, place the filter holder in the inverse position in a new tube [1-MED-over the shoulder].  Run a reverse spin recovery for 5 minutes at 2,000 x g to retrieve the remaining sample from the membrane [2-MED-TXT].  
3.10.1. Talent places the filter holder in the inverse position in a new tube.
3.10.2. Talent places the tube into the centrifuge, shuts lid and turns on.  TEXT Overlay: Pool the samples
4. Purification of Vesicles by Size Exclusion Chromatography (SEC)
4.1. Add 850 microliters of SEC slurry, with beads having a molecular weight cut-off of 700 kiloDaltons, into an empty, capped gravity flow column using a 1,000 microliter pipette [1-CU].  Place the columns in a size appropriate rack fitted with a drip tray [2-MED-over the shoulder].
4.1.1. Talent rocks the slurry by hand to resuspend. Empty, capped gravity flow column as talent pipettes the SEC slurry there. 
4.2. Uncap the bottom of the column and let the liquid drain for 5 minutes [1-CU].  Once drained, add 10 milliliters of PBS to wash the resin [2-MED].  Allow 20 minutes for the wash to drain from the column [3-MED-over the shoulder].
4.2.1. Column as talent uncaps the bottom and the liquid drains out.
4.2.2. Talent adds 10 mL of PBS from a labeled container.
4.2.3. Talent lets the wash drain and starts a timer to count-down from 20 minutes.
4.3. Place the concentrated, proteinase K treated sample into a 15-milliliter conical tube, and increase the sample volume to 5 milliliters by adding PBS with a serological pipette [1-CU].  Mix the tube gently by rocking for 1 minute [2-MED-over the shoulder].  Then, slowly apply the sample to the prepared column with a serological pipette [3-CU].
4.3.1. 15 mL conical tube as talent places the concentrated, proteinase K treated sample there and increases the sample volume to 5 milliliters with a serological pipette.
4.3.2. Talent leaves the tube to mix gently by rocking for 1 minute.
4.3.3. Prepared column as talent slowly applies the sample there with a serological pipette.
4.4. Collect the flow through in a new 15 milliliter conical tube [1-MED-over the shoulder].  Pipette the collected material over the resin again to remove any remaining material below 700 kiloDaltons, collecting the flow through in a new 15 milliliter conical tube [2-CU].  
4.4.1. Talent collects the flow through in a new 15 mL conical tube. Video editor: 4.3.3 and 4.4.1 were combined.
4.4.2. Apparatus as talent pipettes the collected material over the resin again to remove any remaining material below 700 kiloDaltons, collecting the flow through in a new 15 milliliter conical tube.
4.5. Wash the resin twice by adding 1 milliliter of PBS each time [1-MED].  Collect the flow through in the tube; the total final volume will be roughly 7 milliliters [2-CU].
4.5.1. Talent washes the resin with PBS.  Use labeled containers.
4.5.2. Collection tube as talent finishes up collecting the flow through and the final volume is about 7 mL.
5. Concentration of Purified Exosomes/Total Protein Quantification and Quantification/Sizing of Exosomes by Nanoparticle Tracking Analysis (NTA) 
5.1. Rinse an ultrafiltration device, with a 3 kiloDalton molecular weight cut-off filter, as before [1-MED].
5.1.1. Talent rinses an ultrafiltration device with PBS from a labeled container.
5.2. Centrifuge in a swinging-bucket rotor at 3,700 x g and 4 degrees Celsius [1-MED-over the shoulder].  Buffer will pass through the filter and can be discarded [2-MED].  Concentrated exosomes will be retained above the filter.  Centrifuge the sample until the volume above the filter is reduced to 200 microliters [3-CU].
5.2.1. Talent places the ultracentrifuge device with the sample into the centrifuge, shuts lid, and starts run.
5.2.2. Talent pulls the device out of the centrifuge and discards the buffer that passed through the filter.
5.2.3. Talent inspects the sample above the filter, showing it is about 200 microliters.
5.3. Quantify the protein content of the sample by BCA assay, using the manufacturer’s protocol [1-MED-TXT].
5.3.1. Talent works to perform the BCA assay.  TEXT Overlay: Dilute samples 1 to 10 and 1 to 50 in PBS
5.4. Add 5 micrograms of purified exosomes to 1 milliliter of PBS and vortex for 15 seconds on low-medium speed [1-MED-over the shoulder].
5.4.1. 1 mL of PBS as talent adds 5 micrograms of purified exosomes and then vortexes the mixture.
5.5. Place the sample in a 1 milliliter disposable syringe [1-CU].  If available, set the syringe in an automatic syringe pump set to inject the diluted exosome sample at a rate of 30 microliters per minute [2-MED].
5.5.1. 1 mL disposable syringe as talent places the sample there.
5.5.2. Talent sets the syringe in an automatic syringe pump set to injects the sample at a rate of 30 microliters per minute.
5.6. Define the script for analysis to run three technical replicates for a minimum of 30 seconds using a constant flow for every replicate.  For the analysis, set the capture threshold at 5 [1-MED-over the shoulder-TXT].  Finally, determine the soluble protein reduction as described in the text protocol [2-MED].
5.6.1. Talent sets up the script for three technical replicates for a minimum of 30 seconds using constant flow and a capture threshold at 5.  TEXT Overlay: See text for manual reference
5.6.2. Talent appears to be setting up an SDS-PAGE gel.
6. Results: Increased Vesicle Yield and Exosome-Specific Markers after Purification
6.1. Representative results of nanoparticle tracking analysis of purified serum vesicles are shown. The vesicle size is roughly 100 nanometers as expected [1-LM].
6.1.1. 57467_Vesicle_tracking_movie – Authors, please provide a movie file of the nanoparticle tracking analysis of purified serum vesicles
6.2. Shown here is a coomassie stained protein gel… [1-LM] comparing the crude serum… [2-LM], pre-… [3-LM] and post- SEC fractions… [4-LM] showing the reduction in albumin and other non-vesicle contaminants [5-LM].
6.2.1. 57467_coomassie stained gel – Authors, please provide a figure of a coomassie stained gel comparing crude, pre-, and post- SEC fractions and the reduction in albumin and other non-vesicle contaminants.
6.2.2. 57467_coomassie stained gel – Editors, please highlight the lane for the crude serum.
6.2.3. 57467_coomassie stained gel – Editors, please highlight the lane for the pre- serum.
6.2.4. 57467_coomassie stained gel – Editors, please highlight the lane for the post serum.
6.2.5. 57467_coomassie stained gel
6.3. A Western blot displays the retention of CD63, a hallmark exosome protein, after protease K treatment and purification [1-LM].  The protease K step is designed to digest soluble proteins.  CD63 is a transmembrane protein and less susceptible to protease K at the determined concentration and incubation length [2-LM].
6.3.1. 57467_Figure 3D – Authors, please provide a separate, labeled version of figure 3D without the D label for the video.
6.3.2. 57467_Figure 3D – Editors, please highlight the bands at 53 kDa.
6.4. Here, a Western blot shows the depletion of albumin, the most abundant protein in blood and a common co-purifying protein, after purification [1-LM].
6.4.1. 57467_Figure 3A – Authors, please provide a separate, labeled version of figure 3A without the A label for the video.  Editors, please highlight the bands at 69 kDa.
7. Conclusion (said by authors on camera)

7.1. Megan Lucas: Once mastered, this technique can be done in six hours.  After watching this video, you should have a good understanding of how to use centrifuge ultrafiltration, protease digestion and size exclusion chromatography to obtain vesicles from biological fluids [1-MED].
7.1.1. Megan speaks towards the camera, interview style.
7.2. Megan Lucas: it’s important to remember to perform protein quantitation by BCA or equivalent technique prior to SEC and NTA; results will vary if protein concentrations exceed those noted in this protocol [1-MED].
7.2.1. Megan speaks towards the camera, interview style.
7.3. Megan Lucas: Don't forget that working with biological fluids can be extremely hazardous and precautions such as wearing personal protective equipment, including gloves, lab coat and safety glasses, should always be taken while performing this procedure [1-MED].
7.3.1.    Megan speaks towards the camera, interview style.
7.4. Chandler Bridges: Following this procedure, other methods like liquid chromatography tandem mass spectrometry can be performed in order to determine the exact proteins contained in the vesicles purified [1-MED].
7.4.1. Chandler speaks towards the camera, interview style.

7.5. Chandler Bridges: After its development, this technique paved the way for researchers in the field of microbiology to explore the effects of infection during tuberculosis [1-MED]. 

7.5.1. Chandler speaks towards the camera, interview style.

7.6. Chandler Bridges: Though this method can provide insight into the composition of blood vesicles, it can also be applied to other sample types, such as urine, CSF or cell culture supernatants [1-MED].
7.6.1. Chandler speaks towards the camera, interview style.

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.  

Insert your media filenames here.
57467_Vesicle_tracking_movie – Authors, please provide a movie file of the nanoparticle tracking analysis of purified serum vesicles
57467_coomassie stained gel – Authors, please provide a figure of a coomassie stained gel comparing crude, pre-, and post- SEC fractions and the reduction in albumin and other non-vesicle contaminants.
57467_Figure 3D – Authors, please provide a separate, labeled version of figure 3D without the D label for the video.
57467_Figure 3A – Authors, please provide a separate, labeled version of figure 3A without the A label for the video.  
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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