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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? 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.) 
3.1.	Filter the supernatant through a 0.2-micrometer sterile syringe filter.
3.2.	Equilibrate the centrifugal filter unit with sterile D-P-B-S for 10 minutes. Then, centrifuge the centrifugal unit at 1,500 g’s for 10 minutes at 4 degrees Celsius.
3.3.	Fill the filter unit with 15 milliliters of BALF and centrifuge it at 3,000 g’s for 30 minutes at 4 degrees Celsius. After this, wash the retentate with 14 milliliters of sterile D-P-B-S by gently pipetting repeatedly.
3.4.	Centrifuge the filter unit at 3,000 g’s at 4 degrees Celsius for 30 minutes to remove the D-P-B-S and concentrate the retentate. 
3.5.	To collect the concentrated BALF-derived E-Vs, insert a pipettor into the bottom of the filter unit and withdraw the sample using a side-to-side sweeping motion.
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.) 
3.1.	Filter the supernatant through a 0.2-micrometer sterile syringe filter.
3.5.	To collect the concentrated BALF-derived E-Vs, insert a pipettor into the bottom of the filter unit and withdraw the sample using a side-to-side sweeping motion.
E.  Will the filming need to take place in multiple locations? Y
 If yes, how far apart are the locations? 
Two buildings in the same campus. The distance between each building is approximately 1.5 blocks.

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Tanyalak Parimon: This method can help address questions related to the efficiency, recovery yield, and purity of bronchoalveolar lavage fluid-derived extracellular vesicles using an ultrafiltration centrifugation approach. We directly compared this technique to an ultracentrifugation and density gradient purification technique [1-MED].
1.1.1. Named author states the above, looking slightly off to the side.  
1.2. Tanyalak Parimon: The main advantage of this technique is that it is simple, efficient and suitable for small volume sample such as murine bronchoalveolar lavage fluid. More importantly, it provides high purity and significantly higher scalability compared to an ultracentrifugation isolation method [1-MED].
1.2.1.  Named author states the above, looking slightly off to the side.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Tanyalak Parimon: Though this method can provide insight into extracellular vesicle isolation in small volume samples, it can also be applied to other low volume samples such as serum or saliva and large volume sample such as urine [1-MED].
1.3.1. Named author states the above, looking slightly off to the side.
1.4. Tanyalak Parimon: Generally, individuals new to this method will struggle because The handling of filter column unit can be tricky, particularly, the retrieval of EV retentates [1-MED].
1.4.1. Named author states the above, looking slightly off to the side.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. Tanyalak Parimon: Demonstrating the procedure will be Mr. Norman E. Garrett III, a research associate from my laboratory. 
1.5.1. Interview style: Author saying the above 
1.5.2. 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)

The utilization of animals and all animal procedures were approved by the Institutional Animal Care and Use Committees (IACUC) at Cedars-Sinai Medical Center (CSMC).


Protocol: (read by voice talent at JoVE)


2. Murine Bronchoalveolar Lavage Fluid (BALF) Collection and Preparation
2.1. To begin, insert a 22-gauge angiocatheter into the trachea of a euthanized mouse [1-CU-TXT]. Attach an insulin syringe with 1 milliliter of ice-cold sterile D-P-B-S [2-CU]… and instill 1 milliliter into both of the lungs [3-CU].
2.1.1. Talent inserts an angiocatheter into the trachea of the mouse. TEXT: See text for euthanasia 
2.1.2. Talent attaches a syringe to the catheter. 
2.1.3. Talent depresses the syringe to instill DPBS in the lungs through the catheter. 
2.2. Slowly withdraw the syringe plunger to retrieve Bronchoalveaolar Lavage Fluid, or BAL (Pronunciation: Rhymes with “pal”) fluid, [1-CU]… and dispense the BAL fluid into a conical tube on ice [2-MED].
2.2.1. Talent withdraws the plunger and BAL fluid fills the syringe. 
2.2.2. Talent transfers the BAL fluid to a 50-mL conical tube that is on ice. 
2.3. After this, pool BAL fluid from 25 mice and divide it into two equal sets [1-CU]. Centrifuge the BAL fluid at 400 g’s for 5 minutes at 4 degrees Celsius [2-MED].
2.3.1. Talent divides a labeled container of BAL fluid into two equal sets. 
2.3.2. Talent shuts the centrifuge lid and starts the spin. Videographer: Obtain multiple takes, this will be used multiple times. Do not focus on what is in the centrifuge so this shot can be reused as a general centrifugation shoot. 
2.4. Collect the supernatant and centrifuge it at 1,500 g’s at 4 degrees Celsius for 10 minutes [1-CU]. Then, collect the supernatant and proceed to the E-V isolation steps immediately [2-CU].
2.4.1. Use 2.3.2.
2.4.2. Talent removes the container from the centrifuge and collects the supernatant. 
3. Isolation of Extracellular Vesicles from Murine Bronchoalveolar Lavage Fluid
3.1. First, filter the supernatant through a 0.2-micrometer sterile syringe filter [1-CU-TXT].
3.1.1. Talent uses a syringe filter on the supernatant obtained in the previous step. The supernatant is kept on ice. TEXT: Ultrafiltration centrifugation (UFC) enrichment method
3.2. After this, equilibrate the centrifugal filter unit with sterile D-P-B-S for 10 minutes [1-MED]. Then, centrifuge the centrifugal unit at 1,500 g’s for 10 minutes at 4 degrees Celsius [2-MED].
3.2.1. Talent adds DPBS to the filter unit. 
3.2.2. Use 2.3.2.
3.3. Fill the filter unit with 15 milliliters of BAL fluid and centrifuge it at 3,000 g’s for 30 minutes at 4 degrees Celsius [1-CU-TXT]. After this, wash the retentate with 14 milliliters of sterile D-P-B-S by gently pipetting repeatedly [2-CU].
3.3.1. Talent adds BALF to the filter unit and places the filter unit in the centrifuge. TEXT: Repeat centrifugation for remaining BALF
3.3.2. Talent pipettes DPBS through the filter unit 1-2 times. 
3.4. Centrifuge the filter unit at 3,000 g’s at 4 degrees Celsius for 30 minutes to remove the D-P-B-S and concentrate the retentate [1-MED]. 
3.4.1. Talent places the filter unit into the centrifuge, shuts the lid, and starts the spin. 
3.5. To collect the concentrated BAL fluid-derived E-Vs, insert a pipettor into the bottom of the filter unit and withdraw the sample using a side-to-side sweeping motion [1-CU]. Then, aliquot the BAL fluid-derived E-Vs and store them at -80 degrees Celsius [2-MED].
3.5.1. Talent inserts a pipettor into the bottom of the filter unit and sweeps the pipettor from side to side.
3.5.2. Talent places the container of EV’s into a freezer. 
3.6. Alternatively, start by transferring the previously acquired supernatant to an ultracentrifuge tube [1-CU-TXT]… and centrifuge it at 10,000 g’s for 30 minutes at 4 degrees Celsius [2-MED].
3.6.1. Talent transfers supernatant to an ultracentrifuge tube. TEXT: Ultracentrifugation (UC) with buoyant density gradient centrifugation (DGC)
3.6.2. Use 2.3.2.
3.7. Then, collect the supernatant and centrifuge [1-CU-TXT]. Discard the supernatant and resuspend the E-V pellet in 200 microliters of D-P-B-S [2-CU].
3.7.1. Talent collects the supernatant from the tube. TEXT: 10,000 x g, 4 °C, 60 min
3.7.2. Talent removes the supernatant and adds DPBS to the pellet. 
3.8. After this, mix the E-V suspension with 300 microliters of 50% iodixanol (Pronunciation: i-o-di-xa-nol) working solution [1-CU]… and transfer it to a 15-milliliter ultracentrifuge tube [2-CU]. Then, add buffer solution according to the text protocol to create a buoyant density gradient [3-CU] and centrifuge it at 100,000 g’s for 3 hours and 50 minutes [3.8.4].
3.8.1. Talent adds working solution to the EV suspension. 
3.8.2. Talent transfers the suspension to an ultracentrifuge tube. 
3.8.3. Talent adds buffer to the ultracentrifuge tube.
3.8.4. Use 2.3.2.
3.9. Collect the 15% and the 25% iodixanol fractions [1-CU]… and dilute them in D-P-B-S to bring the volume up to 15 milliliters [2-CU].
3.9.1. Talent collects the 15% and 25% fractions from the buoyant density gradient. 
3.9.2. Talent adds DPBS to the fractions. 
3.10. Transfer the fractions to a new ultracentrifuge tube and centrifuge at 100,000 g’s at 4 degrees Celsius for 60 minutes [1-CU].
3.10.1. Talent transfers the fractions to a new tube and places the tube in the centrifuge. 
3.11. Discard the supernatant and resuspend the E-V pellets in 50 microliters of sterile D-P-B-S [1-CU].
3.11.1. Talent removes the supernatant from the tube and adds DPBS to the pellet. 
4. Extracellular Vesicle Quantification 
4.1. To begin nanoparticle tracking analysis, dilute the E-V sample in 1 milliliter of D-P-B-S [1-CU]… and load the sample into an insulin syringe [2-CU].
4.1.1. Talent adds DPBS to the EV sample. 
4.1.2. Talent loads the sample into a syringe. 
4.2. After this, attach the syringe to a syringe pump and measure the particle numbers and size [1-CU]. Set the camera level to 14 and the detection threshold to 1 [2-CU-TXT].
4.2.1. Talent attaches the syringe with the sample to a syringe pump. 
4.2.2. Talent adjusts the camera settings. TEXT: 1,500 fps x 30 s; 20s between readings
4.3. Next, use a plate reader to quantify the amount of protein in the E-V sample via colorimetric detection [1-MED].
4.3.1. Talent places the EV sample into the plate reader. 
5. Detection of BALF-Derived Extracellular Vesicles
5.1. Dissolve an equal amount of E-V proteins from each sample with a blotting loading buffer and D-T-T [1-CU]. Then, heat the samples at 70 degrees Celsius for 10 minutes [2-CU].
5.1.1. Talent adds EV proteins, loading buffer, and DTT to a 1.6-mL tube. 
5.1.2. Talent heats the tube with a heat block/hot water bath. 
5.2. Load the samples into a Bis-Tris Plus acrylamide gel and run electrophoresis for 35 minutes [1-CU-TXT]. Then, transfer the proteins to a nitrocellulose membrane using a dry transfer method [2-CU].
5.2.1. Talent loads the sample into a gel and starts the gel run. TEXT: 150 V, 35 mA
5.2.2. Talent transfers the EV proteins to a membrane.
5.3. After this, block the membrane with 5% skimmed milk for 60 minutes with gentle rocking [1-CU]. Incubate the membrane with an antibody to an E-V surface protein marker at 4 degrees Celsius with gently rocking overnight [2-MED].
5.3.1. Talent adds milk to the membrane and places the membrane on a shaker at room temperature. 
5.3.2. Talent adds the antibody to the membrane and places it on a rocker in an incubator. 
5.4. The next day, wash the membrane for 10 minutes, 3 times, in T-B-S-T buffer [1-CU]. Develop the membrane with chemiluminescent H-R-P antibody detection reagent before proceeding to imaging [2-CU].
5.4.1. Talent washes the membrane once. 
5.4.2. Talent adds the chemiluminescent HRP antibody detection reagent to the membrane. 
5.5. To begin flow cytometry, dilute BAL fluid-derived E-Vs in 49 microliters of P-E-B staining buffer [1-CU]. Then, add 3 antibodies to each of the samples [2-CU-TXT]… before incubating the samples at 4 degrees Celsius with rocking for 60 minutes in the dark [3-MED]. 
5.5.1. Talent adds PEB staining buffer to the EVs. 
5.5.2. Talent adds the 3 antibodies to a sample. TEXT: 1. Rat anti-mouse PE CD63 antibody; 2. Rat anti-mouse PE CD81; 3. Rat anti-mouse FITC CD9
5.6. Finally, dilute the samples with 40 microliters of membrane-filtered P-E-B staining buffer and perform flow cytometry analysis [1-MED].
5.6.1. Talent adds PEB staining buffer to 1-2 of the samples. 

6. Results: UFC Method Demonstrates Higher Total Particle Counts and Protein Recover 
6.1. In this protocol, E-Vs were isolated from mouse BAL fluid using U-F-C and U-C-D-G-C methods. BAL fluid-derived E-Vs from normal mice isolated via the U-F-C method displayed smaller sizes and more uniform size distribution [1-LM]… than the U-C-D-G-C E-Vs [2-LM].
6.1.1. Figure 1A: The nanoparticle tracking illustration particle size distribution of the UFC.
6.1.2. Figure 1B: The nanoparticle tracking illustration particle size distribution results of the UCD-GC.
6.2. The U-F-C technique also had significantly higher total particle counts when compared to the U-C-D-G-C technique [1-LM]. 
6.2.1. Figure 1C: Video editor: This bar graph showed that EV particle counts are significantly higher than UCD-GC.
6.3. The total protein recovery, measured in micrograms, of the U-F-C E-Vs was also higher than that of the U-C-D-G-C E-Vs, indicating that the U-F-C technique is more time- and effort-efficient [1-LM].
6.3.1. Figure 1D: This bar graph showed that total proteins of EV retentates of UFC are significantly higher than UCD-GC. 
6.4. Finally, the BAL fluid-derived E-Vs were also further characterized via flow cytometry. The U-F-C E-Vs and U-C-D-G-C E-Vs both expressed C-D-63 [1-LM], C-D-9 [2-LM], and C-D-81 [3-LM].
6.4.1. Figures 2b and 2c: CD-63 expression.
6.4.2. Figures 2e and 2f: CD-9 expression.
6.4.3. Figures 2h and 2i: CD-81 expression.

7. Conclusion (said by authors on camera)

7.1. Tanyalak Parimon Norman E. Garrett III: While attempting this procedure, it’s important to remember to to rehydrate the ultrafiltration unit membrane with DPBS. Once the membrane is hydrated, the unit needs to be kept wet at all time until being used [1-MED].
7.1.1. Named author states the above, looking slightly off to the side. 
7.2. Tanyalak Parimon Norman E. Garrett III: Retrieving EV retentate from the filter unit can be challenging, make sure that the pipette tip is swept side to side to recover most of EVs from the filter unit [1-MED].
7.2.1. Named author states the above, looking slightly off to the side.
7.3. [bookmark: _GoBack]Tanyalak Parimon Norman E. Garrett III: After its development, this technique paved the way for researchers in the field of extracellular vesicle isolation to explore the biological functions of bronchoalveolar lavage-derived extracellular vesicles in both normal or pathological conditions in small animals [1-MED]. 
7.3.1. Named author states the above, looking slightly off to the side. 
Authors: These statements were revised to conform with JoVE length restrictions. Please let me know if you have any questions. 
   

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.
Authors: If you want to submit different images for your results section, please do two things. 1. Upload the new files to your project page (linked here). 2. List only the file names of those new files here. This way the video editor knows which files to use in your 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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