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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? (N
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
2.3., 2.4., 2.5., 2.7., 2.9., 3.1.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.5., 2.7.
E. Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the significance of your method to the viewer. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Tushar Patel: This method can help to address key questions regarding the role of extracellular vesicles in vivo by providing a source of vesicles that are representative of the local tissue microenvironment.   
1.2. Tushar Patel: Studies of extracellular vesicles within the tissue milieu can further our understanding of the physiological roles of extracellular vesicles and their alterations in pathophysiological processes in vivo.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Kaori Ishiguro: A visual demonstration of the portal vein cannulation is helpful, as the small size of the vein makes it difficult to manipulate.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Tushar Patel: Demonstrating the procedure Kaori Ishiguro will be Irene Yan, a research technologist from my laboratory. 

1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC). 
Protocol: (read by voice talent at JoVE)
2. Liver Cannulation and Perfusion
2.1. Before beginning the procedure, secure the limbs of an anesthetized mouse [1-WIDE-TXT] and connect the 23-gauge needle of a winged blood collection set to the free end of a piece of syringe pump tubing [2-MED].
2.1.1. Talent taping mouse limbs (Videographer: More Talent than mouse in shot) (TEXT: Anesthesia: 2-4% isoflurane)
2.1.2. Talent connecting needle to tubing
2.2. Clean the abdominal skin of the mouse with 70% ethanol and an alcohol pad [1-CU-TXT] and use scissors to open the mouse from the anterior of the chest to the pelvic bone, taking care not to damage any internal organs [3-ECU].
2.2.1. Skin being wiped with gauze, with ethanol container and alcohol pad visible in frame (TEXT: See text for full mouse preparation details)

2.2.2. Incision being made

2.3. Use a cotton tipped applicator to gently move the intestines to the right side of the abdominal cavity to expose the portal vein and inferior vena cava [1-CU] and use curved forceps to place a thread under the portal vein [2-ECU].

2.3.1. Intestines being moved

2.3.2. Thread being placed

2.4. Tie a knot loosely in the suture to prepare for cinching after the cannulation [1-CU] and fill the cannula with 40 °C-HBSS until the solution reaches the cannula needle tip [2-ECU].

2.4.1. Knot being tied

2.4.2. Cannula being filled
2.5. Insert the cannula into the portal vein 5-10 mm below the ligature [1-CU-TXT] and secure the cannula with the suture [2-ECU].

2.5.1. Cannula being inserted

2.5.2. Suture being tightened

2.6. Start the infusion at a 1-2 mL/min flow rate [1-MED]. If the cannula was correctly placed, the liver will begin to blanch [2-ECU].
2.6.1. Talent starting pump
2.6.2. Shot of blanched/blanching liver 

2.7. Cut the inferior vena cava [1-ECU] and allow the excessive fluid within the liver to drain [2-CU].
2.7.1. IVC being cut
2.7.2. Fluid draining

2.8. Slowly increase the flow rate to 8 mL/min [1-MED] until a full 50 mL of HBSS have been perfused through the liver over the next 5 minutes [2-CU].
2.8.1. Talent increasing pump rate

2.8.2. HBSS being perfused through liver
2.9. Just before the HBSS runs out, add freshly-prepared, 40° C-collagenase four solution to the perfusate beaker [1-MED-TXT] and use forceps to apply transient pressure to the inferior vena cava at 5-second intervals to cause the liver to swell and to help with tissue digestion and dissociation [2-CU].
2.9.1. Talent adding collagenase to beaker (TEXT: See text for all medium/reagent preparation details)

2.9.2. IVC being clamped

2.10.  As the digestion progresses, the liver will swell and become white [1-ECU-TXT].
2.10.1.  Shot of white, swollen liver (TEXT: Liver can swell to approximately 2x original size)
2.11. When the remains liver depressed after gentle probing with a cotton tipped applicator [1-CU], stop the pump [2-MED] … and remove the cannula [3-CU].
2.11.1. Liver being depressed/dent remaining 

2.11.2. Talent stopping pump

2.11.3.  Cannula being removed

2.12. Remove the gallbladder from the liver, being careful not to tear the gallbladder tissue [1-CU] and use clean scissors and forceps to harvest the liver into a sterile 10-cm culture dish of PBS [2-MED].

2.12.1.  Gallbladder being removed

2.12.2.  Talent placing liver into dish, with PBS container visible in frame

3. Extracellular Vesicle (EV) Isolation
3.1. After gentle washing, transfer the liver into a new 10-cm culture dish containing fresh collagenase four solution [1-WIDE] and use two clean forceps to tear the liver while gently shaking to dissociate the cells from the liver tissue [2-CU].

3.1.1.  Talent placing liver into dish, with collagenase IV container visible in frame

3.1.2.  Liver being torn/shaken

3.2. When the entire organ has been fragmented, use a 3-ml syringe to triturate the tissue slurry [1-MED] until the undigested pieces of liver are shaken off [2-CU].
3.2.1.  Talent triturating tissue

3.2.2.  Undigested pieces being shaken off

3.3. Pour the resulting cell solution through a 70-micron nylon mesh strainer into a 50-mL conical tube [1-MED], washing the dish with HBSS to collect any remaining cells [2-CU].
3.3.1.  Talent pouring solution through strainer

3.3.2.  Dish being washed, with HBSS container label visible in frame

3.4. Pool the wash with the single cell suspension [1-MED] and remove the hepatocytes by centrifugation [2-MED-over the shoulder-TXT].

3.4.1.  Talent adding wash to tube

3.4.2.  Talent adding tube(s) to centrifuge (TEXT: 10min, 50 x g, 4 °C)

3.5. Then transfer the supernatant to a new 50-mL tube [1-MED].

3.5.1.  Talent adding supernatant to tube, with old tube visible in frame

3.6. To remove any other cells, centrifuge the supernatant before transfer into a new 50-mL conical tube [1-WIDE-TXT].[2]
3.6.1. Talent adding tube(s) to centrifuge (TEXT: 10 min, 300 x g, 4 °C)

3.6.2. Added shot : adding supernatant to tube , with old tube visible in frame - important
3.7. Remove the dead cells with another centrifugation [1-MED-over the shoulder-TXT] and transfer the supernatant into a round-bottom tube to remove any cell debris and aggregates [2-MED-TXT].
3.7.1. Talent adding tube(s) to centrifuge (TEXT: 20 min, 2000 x g, 4 °C)

3.7.2. Talent adding supernatant to round-bottom tube (TEXT: 70 min, 10,000 x g, 4 °C)
3.8. Now transfer the supernatant into a polycarbonate ultracentrifuge tube [1-CU-TXT] and resuspend the pellet in about 20 mL of PBS [2-CU] for a second and final ultracentrifugation [3-MED-TXT].
3.8.1. Supernatant being added to ultracentrifuge tube (TEXT: 70 min, 100,000 x g, 4 °C)
3.8.2. Shot of pellet, then PBS being added to tube, with PBS container label visible in frame Separated into Part 1 & 2. Showing Pellet first, then action
3.8.3. Talent tube(s) to ultracentrifuge (TEXT: 70 min, 100,000 x g, 4 °C)

3.9. Then resuspend the extracellular nanovesicle pellet [1-ECU] in 1 mL of PBS for -80 °C-storage if the vesicles will not be immediately analyzed [2-MED].

3.9.1. Shot if pellet if visible (Videographer/Video Editor: Skip shot if not visible)

3.9.2. Talent adding PBS to tube, with PBS container visible in frame
4. Results: Representative Liver EV Size and Concentration by Nanoparticle Tracking Analysis (NTA)
4.1. From a single mouse liver, this method yields a tissue extracellular vesicle concentration that ranges from 1.74 [1-LM] to 4 x 1012 [2-LM] with a mean of 3.46 x 1012 particles/mL as determined by nanoparticle tracking analysis [3-LM].

4.1.1. Fig 5.tif: Video Editor please emphasize data line at about 1.74 along y-axis

4.1.2. Fig 5.tif: Video Editor please emphasize data line at about 4 along y-axis

4.1.3. Fig 5.tif: Video Editor please emphasize data line at about 3.46 along y-axis

4.2. The mean size of the isolated liver tissue extracellular vesicles is 157.7 nanometers [1-LM], with a mode size of 144.5 nanometers [2-LM] and extracellular vesicle sizes ranging from 100 [3-LM] to 600 nm by nanoparticle tracking analysis [4-LM]. 
4.2.1. Fig 5.tif: Video Editor please emphasize data line at about 157 along x-axis

4.2.2. Fig 5.tif: Video Editor please emphasize data line at about 145 along x-axis

4.2.3. Fig 5.tif: Video Editor please emphasize data line at about 100 along x-axis

4.2.4. Fig 5.tif: Video Editor please emphasize data line at about 600 along x-axis
5. Conclusion (said by authors on camera):
5.1. Kaori Ishiguro: The extracellular vesicles that are isolated using this approach are suitable for downstream applications and further characterization may include morphological assessments by electron microscopy or analysis of their surface markers or contents. 

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
Fig 5.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 in the email accompanying the finalized script.
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