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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (NO)_________  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (No.  ) If yes, we will need you to record using to QuickTime X 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. Steps 2.3 – 2.4 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document._ Step 7.5).
E.  Will the filming need to take place in multiple locations? (No) _______ If yes, how far apart are the locations?   
______________________________________________

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 extracellular vesicles using a paper-based platform. (Intro)
This is accomplished by first laminating with two polystyrene sheets… with circular cellulose paper cutouts aligned on an array of registered through-holes. (P1:  When the words “laminating with two polystyrene sheets” are spoken, make the 2 blue sheets with alignment holes in Panel P1 appear.  Then, when the words “circular cellulose paper” are spoken, make the array of spotted white circular pieces appear.  Finally, when the words “on an array of registered through-holes” are spoken, bring the 2 blue sheets together, thereby sandwiching the white circular pieces between them.)
The second step is to chemically conjugate molecules that would bind extracellular vesicles to the paper test zone. (P2:  When the words “chemically conjugate” are spoken, make the small vertical linkers at each white spot appear in Panel P2.  Immediately afterwards, make the Y-shaped antibodies appear.  Keep all resulting items on screen for the next set of animations.)
Next, the biological sample can be pipetted directly onto the paper test zone, and extracellular vesicles are isolated after the rinse step. (P3:  When the words “biological sample can be pipetted” are spoken, first make the pipette in Panel P3 appear, and then make the pipette dispense a large drop of orange liquid that represents the biological sample of interest.  Then, when the words “extracellular vesicles” are spoken, make the pipette disappear and have all the orange extracellular vesicles appear right on either side of Y-shaped antibodies.)
The final step is to characterize captured extracellular vesicles using electron microscopy, ELISA (pronounced “E-LI-sa”), or transcriptomic analysis.  Ultimately, subsets of extracellular vesicles from as small as 10 (L serum samples can be purified and concentrated.  (P4:  When the words “ELISA” is spoken, make both the upside-down “Y”HRP secondary antibodies and then, immediately make the snow flake-shaped white and blue chromogenic substrates appear)
P1:  LABMEDIA:  JoVE schematic overview.cdr (Equivalent of Panel A of Figure 1).

P2:  LABMEDIA:  JoVE schematic overview.cdr (Equivalent of Panel B of Figure 1).
P3:  LABMEDIA:  JoVE schematic overview.cdr (Equivalent of Panel C of Figure 1).

P4:  LABMEDIA:  JoVE schematic overview.cdr (Equivalent of Panel D of Figure 1).
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Chihchen Chen: The main advantage of this technique over existing methods, like ultracentrifugation, is that it is much gentler on the sample and simpler to perform.   

1.2. Chia-Hsien Hsu: The implications of this technique extend toward point-of-care diagnosis, because paper-based platforms meet the “ASSURED” criteria: affordable, sensitive, specific, user friendly, rapid, equipment-free and delivered.  

1.3. Chihchen Chen: Demonstrating the procedure will be Yi-Hsing Hsiao, a grad student 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. Fabrication of Paper Devices
2.1. Starting with two sheets of polystyrene…, create an array of circular cut-outs, each exhibiting a diameter of less than 5 millimeters, with either a manual hole punch or CAD-automated (pronounced “cad automated”) cutter plotter.  In addition, cut out a series of 5 millimeter diameter chromatography paper discs with a hole punch.  

2.1.1a Added shot WIDE
2.1.1. MED:  The shot should begin with a quick, 
2.1.1b CU: 1 to 2 second of still frame with 2 sheets of polystyrene laying on the lab bench, each with an array of circular patterns either drawn or laser-printed onto them.  Additionally, there should also be one sheet of white chromatography paper laying right beside the 2 polystyrene sheets.  Then, the talent picks up one of the polystyrene sheets and starts punching holes on the circular patterns with a hole punch.  (Videographer:  The chromatography paper is there to foreshadow what’s going to happen next).
2.1.2. MED:  The shot should also begin with a quick,
2.1.2b CU: 1 to 2 second of still frame with the same 2 sheets of polystyrene (but now with all the holes already punched out) and the sheet of white chromatography paper.  Then, the talent picks up the white chromatography paper and starts making circular cut-outs with a hole punch of a different diameter.
2.2. Place one polystyrene sheet on the bench, and overlay a single paper disc on top of each corresponding through-hole.  Sandwich the paper discs by registering and overlaying the second sheet of polystyrene.  Check the overall alignment before bonding the sandwich in a thermal laminator.
2.2.1. MED:  The talent lays the first sheet of polystyrene, complete with an array of hole-punched through-holes, on the lab bench.  Then, the talent starts placing the circular chromatography paper discs over each of the through-holes.

2.2.2. MED:  With all the through-holes covered with the white paper discs, the talent aligns and overlays the second sheet of pre-hole-punched polystyrene on top of the white paper discs.
2.2.3a WIDE: CU  The talent feeds the pre-aligned, polystyrene - paper disc – polystyrene into a thermal laminator.

2.3. Next, begin chemical surface modifications on the paper discs by inserting the laminated device into a plasma chamber.  Briefly activate the paper surface with oxygen plasma.  Upon release of chamber vacuum…, immediately transfer the paper device into the silane solution and incubate for 30 minutes at room temperature.
2.3.1. WIDE:  The talent takes the laminate polystyrene sandwich over to a pre-vented plasma chamber and inserts the sheets into the chamber.  Then, the talent closes the plasma chamber door and pushes the “start” button on the chamber vacuum pump.
2.3.2. MED / CU:  This shot should contain either the white or purplish glow inside the plasma chamber.  Depending on the size and viewing angle the viewing port of the chamber, this could either be a close-up shot or a medium-perspective shot.  (TEXT:  Power = 100 mW;  flow = 1% oxygen at 5 sccm, 30 sec)
2.3.2b CU: plasma chamber
2.3.3. MED:  The talent opens the lid of the plasma chamber and takes the laminated polystyrene sheets out. 
2.3.4. MED: Then, the talent immerses the laminated sheets into a container filled with the silanizing solution.  (TEXT: 4% (v/v) of (3-mercaptopropy)ltrimethoxysilane in 200-proof ethanol)
2.3.4a (Take 2) Added shot CU: sheet going in.
2.4. Remove excess silanes by rinsing the device with 5 mL of 200-proof ethanol.  Then, incubate the device with a GMBS (pronounced G-M-B-S) linker solution for 15 minutes at room temperature.  Remove excess linker molecule with copious amounts of ethanol rinses.
2.4.1. MED:  The talent transfers the laminated sheets from the silane solution to a container filled with 5 mL of ethanol.  Then, the talent mechanically agitates the container a few times to promote flow of ethanol on top the laminated sheets.  (Videographer:  For ease in visually identifying the different types of subsequent washes and buffers, please keep the same ethanol wash container for shot 2.4.3).
2.4.2. MED:  The talent then transfers the laminated sheets into a container filled with the GMBS linker solution.  (Videographer:  It would be great if this container can be visually-differentiated from the silane container in shot 2.3.5 in either form of color).  (TEXT:  10 M GMBS ( N-(-maleimidobutyyloxy)succinimide )  in ethanol)
2.4.3. MED:  The talent then transfers the laminated sheets from the GMBS container into a container filled with 5 mL of ethanol.  Then, the talent mechanically agitates the container a few times to swirl the ethanol solution across the laminated sheets.  (Videographer:  For visual discrimination / continuity purposes, it would be great if container can look exactly like the ethanol wash container in shot 2.4.1).
2.5. Next, incubate the device with avidin for 1 hour at 4oC..., and remove unbound avidin with a 5 mL PBS wash.  The device can then proceed to either the antibody-binding step, or be stored at 4oC for 4 weeks if needed.
2.5.1. MED:  The talent transfers the laminated sheets from the ethanol-wash container into a bath containing avidin and PBS.  (TEXT:  10 g/mL avidin in PBS)

2.5.2. MED:  The talent transfers the laminated sheets from the avidin container into a fresh container filled with 5 mL PBS.  Then, the talent mechanical agitates the container a few times to swirl the PBS solution across the laminated sheets.
2.5.3. Added shot a+b WIDE:  With the PBS container in hand (with the laminated polystyrene sheets in it), the talent walks over to a 4oC refrigerator and places the container inside the fridge. 

2.5.4. Added shot CU: series CUs to show labels
2.6. Upon avidin attachment, pipette 10 L of blocking solution onto the exposed paper disc regions… and incubate the paper for 10 minutes at room temperature.  Repeat the addition of 10 L of blocking solution and the 10 minute room temperature incubation two more times.
2.6.1. MED:  The talent takes the laminated sheets out of the PBS container and places the sheets on the bench.  Then, the talent pipettes 10 L of the blocking solution onto 2 or 3 of the exposed white paper discs on the laminated sheet.  (TEXT:  Blocking solution = 1% (w/v) BSA in PBS)

2.6.1a. Added shot CU: 
2.6.2. MED:  The talent picks up the laminated sheets from the benchtop and lays them on top of a drying rack.
2.6.3. MED:  The talent takes the laminated sheets off of the drying rack and onto the lab bench.  Then, the talent pipettes 10 L of the blocking solution onto 2 or 3 of the exposed white paper discs.
2.7. To complete the bio-functionalization of the exposed paper substrate, pipette 10 L of the biotinylated capturing molecules onto the discs and incubate for 10 minutes at room temperature.  For extracellular vesicles, the capturing molecules of choice can be either anti-CD63 (pronounced “C-D-63”) antibodies or annexin V (pronounced “annexin-five”).  Repeat the 10 L pipetting and the 10 minute incubation processes two more times.  
2.7.1. MED:  The talent is finishing up pipetting 10 L of the biotinylated capturing molecule onto the last 2 or 3 paper discs.  Then, the talent transfers the laminated sheets onto the drying rack.  (TEXT:  CD63 antibody @ 20 g/mL in PBS + 1% BSA; annexin V @ 1:20 dilution in binding buffer)

2.7.2. CU:  The shot frame should be focused on 1 or 2 paper disc that’s on the laminated sheet.  From an off-camera position, a pipette tip filled with 10 L of the capturing molecule comes into the shot frame and hovers over one of the exposed paper discs.  Then, the talent dispenses the 10 L of fluid onto the disc.  The shot should clearly see the moisture seeping into the paper disc.
2.8. After capture molecule attachment, wash off excess moieties by pipetting 10 L of the appropriate wash buffer onto each paper disc.  Incubate the wash for 1 minute at room temperature, and repeat the 10 L wash and 1 minute incubation steps two more times.  The fully-functionalized paper device is now ready for isolating extracellular vesicles from serum or aqueous humor.
2.8.1. MED:  The talent takes the laminated sheets off the drying rack, places the sheets on the lab bench, and pipettes 10 L of the wash buffer onto 2 or 3 paper discs.  (TEXT:  Wash buffers for:  (a) CD63 antibody:  PBS + 1% BSA,  (b) annexin V:  binding buffer)

2.8.2. [combined with 2.8.1] MED:  The talent places the laminated sheets on the drying rack, and then presses start on a lab timer.  The time should then start counting down from the 1-minute mark.
2.8.3. MED:  This should be a still shot of the laminated sheet laying on the lab bench. 

3. Serum and Aqueous Humor Sample Collection and Processing
3.1. For serum processing, collect 10 mL of peripheral blood in a vacutainer tube and gently invert the tube 5 times.  Place the tube in a vertical position and wait for 30 minutes at room temperature.
3.1.1. MED:  Holding a vacutainer with 10 mL of blood, the talent mixes the blood by inverting the tube a couple of times.  Then, the talent places the tube onto a tube rack.

3.1.2. CU:  The shot should be focused coagulated blood within the vacutainer tube.  (Videographer:  If possible, it would be great to show the morphology change from the liquid form blood from shot 3.1.1 to the semi-solid form in this shot).

3.2. Centrifuge the blood sample for 15 minutes at room temperature.  Transfer the top, clear serum layer to a clean plastic tube, and discard the lower semi-solid phase.  
3.2.1. MED / OVER THE SHOULDER:  The talent places the vacutainer tube into a centrifuge, closes the centrifuge door, and presses the start button on the centrifuge (TEXT:  Spin speed = 1,200 x g).
3.2.2. CU:  While the talent holding the tube up in mid-air, the shot frame should be focused on the vacutainer tube itself, showing the biphasic separation of the top, clear yellow serum fraction from the coagulated semi-solids at the bottom.  Then, from an off-camera position, a pipette tip descends into the vacutainer tube and the talent starts drawing the top serum fraction out of the tube.

3.3. Clarify the serum at a higher centrifugation speed for 30 minutes at room temperature.  Transfer the supernatant into a fresh tube, and remove fine particulates by passing the supernatant through a 0.8 m filter.  The resulting filtered serum can be used immediately or be stored at -80oC.

3.3.1. MED:  The talent opens up the centrifuge and takes out the tube containing the pure serum fraction.  (TEXT:  Spin speed = 3,000 x g)
3.3.2. MED:  The talent pours the post-centrifuged serum into a syringe that’s pre-fitted with a 0.8 m syringe filter.  Then, the talent inserts the plunger into the syringe and pushes the plunger, of which the filtered serum elutate will be collected in a fresh 15 mL or a 50 mL conical tube.
3.3.2b. Added shot CU.
3.4. If the extracellular vesicles are to be extracted from humor, collect aqueous humor from patients directly through invasive procedures and store the samples at -80oC until use.  No filtration or clarification steps are needed for vitreous humor samples.
3.4.1. MED:  The talent is in the process of aliquoting a tube of humor samples into smaller 1.5 mL tubes.

3.4.1b. Added shot CU.
3.4.2. WIDE:  With a box of 1.5 mL tubes in hand, the talent walks over to the -80oC freezer and places the box inside the freezer.

4. Isolation of Extracellular Vesicles
4.1. To isolate extracellular vesicles from either serum or aqueous humor, spot-pipette 5 L the biological sample onto each bio-functionalized paper substrate disc.  Incubate the spot for 1 minute at room temperature, and repeat the 5 L pipetting and the 1 minute incubation processes two more times.  
4.1.1. CU:  The shot frame should be focused on 1 or 2 paper disc that’s on the laminated sheet.  From an off-camera position, a pipette tip filled with 5 L of the biological sample comes into the shot frame, travels over to one of the exposed paper discs, and the talent dispenses the 5 L of fluid onto the disc.  The shot should clearly see the serum seeping into the paper disc.  (Videographer:  This shot might theoretically look different than the close-up shot in 2.7.2 because the pale yellow serum would stain the white paper discs). The color change is not visible
4.1.2. [combined with 4.1.1] MED CU:  The talent places the laminated sheets onto the drying rack and starts a lab timer.  The timer should then start to count down from the 1-miunte mark.

4.2. After affinity binding, rinse off unbound vesicles by first pipetting 10 L of the appropriate wash buffer.  
4.2.1. MED:  The talent takes the laminated paper off of the drying rack and places it onto the lab bench (the paper discs should theoretically exhibit a slight yellow tint from the serum).  Then, the talent pipettes 10 L of the wash buffer onto 2 or 3 paper disc regions.   (TEXT:  Wash buffers for:  (a) CD63 antibody:  PBS + 1% BSA,  (b) annexin V:  binding buffer)

4.3. Incubate the buffer for 1 minute at room temperature, and repeat the 10 L wash and the subsequent incubation step two more times.  The captured extracellular vesicles are now ready for the following downstream assays.
4.3.1. [combined with 4.2.1] MED:  The talent places the laminated sheets back onto the drying rack and starts a lab timer.

4.3.2. CU:  This should be a still frame that focuses on 1 or 2 paper disc regions after the last drying step.  These paper discs should exhibit a slight yellow tint and should appear to be dry.

Close-up of pipetting on different / unslated background
5. Downstream Assay Example 1:  Scanning Electron Microscopy
5.1. To fix the captured vesicles onto the functionalized paper support, pipette 10 L of 0.5X Karnovsky’s fixative onto each paper disc.  Let the crosslinking reaction proceed at room temperature for 10 minutes, and rinse all discs with copious amounts of PBS for 5 minutes.
5.1.1. MED:  The talent pipettes 10 L of the fixative solution onto 2 or 3 paper disc regions.  Then, the talent places the laminated sheets onto the drying rack and starts a lab timer.  The lab timer should then start the countdown from the 10-minute mark.
5.1.2. MED:  The talent transfers the laminated sheets from the drying rack to a container filled with 5 to 10 mL of PBS.  The talent then places the container onto a mechanical rocker and presses the start button. 
5.2. Next, dehydrate the paper substrates by applying the following washes, in order:  One 35% ethanol incubation, two 50% ethanol incubations, two 70% ethanol incubations, two 95% ethanol incubations, and four 100% ethanol incubations.  For each individual wash, let the ethanol solution incubate on top of the paper discs at room temperature for 10 minutes.
5.2.1. MED:  The talent takes the PBS wash container off of the mechanical rocker.

5.2.2. MED:  The shot frame should initially contain 5 containers, each filled with different concentrations of ethanol.  The outside of these containers should be labeled as:  “35% ethanol,” “50% ethanol,” “70% ethanol,” “95% ethanol,” and “100% ethanol.”  The talent then takes the laminated sheets out of the PBS container and immerses it inside the 35% ethanol container.  Then, the talent seals the container and places it on a mechanical rocker.
5.2.3. MED:  The talent takes the laminated sheets out of the 100% ethanol container and places it on the drying rack.

5.3. When the paper device is bone-dry, sputter-coat the samples with an 18 nanometer layer of palladium-gold in a metal sputterer.  Insert the sample into a scanning electron microscope…, and perform microscopy at 5 kilovolts to prevent excess charging of the biological sample.

5.3.1. CU:  The shot should be focused on the paper sample already mounted and silver-paint glued onto a small scanning electron microscopy sample stand.  

5.3.2. LABMEIDA:  Figure 5.  (Video Editor:  When the words “perform microscopy at 5 kilovolts” are spoken, show the following text box).  (TEXT:  SEM operating voltage ~ 5 kV)
6. Downstream Assay Example 2:  Paper-based ELISA
6.1. To detect captured vesicles via immunoassays, start by adding 5 L of anti-CD9 (pronounced “C-D-9”) primary antibody onto each paper disc… and incubate at room temperature for 1 minute.
6.1.1. MED:  The talent pipettes 5 L of the primary antibody onto 2 or 3 paper disc regions.  Then, the talent places the laminated sheets onto the drying rack and starts a lab timer.  (Videographer:  The paper disc areas might be tinted slightly yellow due to staining from the serum.  Staining not visible(TEXT:  Primary antibody stock = 1:1000 dilution in PBS)
6.2. Remove all unbound antibodies by washing the paper device with 30 mL of room-temperature PBS via mechanical agitation.

6.2.1. MED WIDE:  Multiple shots of the talent transfering the laminated sheets from the drying rack into a container filled with 30 mL of PBS.  The talent then places the container on an orbital shaker and turns the shaker on.  This shot will be reused once.  (TEXT:  Shaker speed = 100 rpm, duration = 30 sec).

6.2.1b. Added shot CU.

6.2.1c. Added shot MED. + shaker detail
6.3. Next, pipette 5 L of horseradish peroxidase-conjugated secondary antibody onto each paper disc… and incubate at room temperature for 1 minute.  Wash the device with 30 mL of PBS via mechanical agitation to remove unbound secondary antibodies.
6.3.1. MED:  The talent takes the laminated sheets out of the PBS container lays it out on the lab bench.  Then, the talent pipettes 5 L of the secondary antibody onto 2 or 3 paper disc regions. (TEXT:  Secondary antibody stock = 1:1000 dilution in PBS)

6.3.2. Use shot 6.2.1.
6.4. Finally, add 5 L of colorimetric substrate mixture onto each paper disc.  Incubate the reaction at room temperature for 20 to 30 minutes, and scan the resulting change in spot color intensity using a desktop scanner.
6.4.1. MED:  With the 2 separate bottles of chemicals required (the peroxide and the TMB) for the colorimetric assay visible in the background, the talent pipettes 5 L of the pre-mixed substrates onto 2 or 3 paper disc regions.  Then, the talent places the laminated sheets onto the drying rack.   (TEXT:  Substrate mixtures = 1:1 hydrogen peroxide to TMB (3,3’, 5,5’-tetramentylbenzidine) )
6.4.1b. Added shot CU: blue color

6.4.2. MED:  With the paper discs region changing into a different tint (from the chromogenic reactions), the talent places the laminated sheets into a flatbed scanner and scans to show blue discs.
7. Downstream Assay Example 3:  RNA Isolation
7.1. To begin, isolate individual paper discs from the bulk device by cutting away regions of excess polystyrene laminate using scissors or a razor blade.  Place each paper disc into a clean 1.5 mL microcentrifuge tube.
7.1.1. MED:  The talent uses scissors and cuts out several white paper discs from the laminated sheets.  Then, using tweezers, the talent places some paper discs into several clean 1.5 mL tubes.

7.2. Lyse the captured vesicles by adding 265 L of lysis buffer and 35 L of PVP-based (pronounced “P-V-P”) polysaccharide removal carrier to each tube.  Vortex vigorously to ensure complete vesicle lysis and dislodgement of liberated RNA molecules.
7.2.1. MED + CU:  With 265 L of lysis buffer already inside the 1.5 mL tubes, the talent adds 35 L of PVP into the sample tubes.  Then, the talent vortexes one of the tubes to mix the lysis buffer mixture.  (TEXT:  PVP = polyvinylpyrrolidone)
7.3. Add 30 L of homogenate solution to the lysate.  Vortex to mix, and incubate the tube on ice for 10 minutes.
7.3.1. MED:  The talent is in the process of pipetting 30 L of the homogenate solution into the last 1.5mL tube.  Then, the talent vortexes the tube and places the tube in an ice bucket.  (TEXT:  Homogenate solution = See Table of Materials / RNA isolation kit)

7.3.1b. Added shot WIDE: to show the tube in ice
7.4. Next, add 330 L of acid phenol-chloroform mixture to the lysate.  To ensure proper phase-specific separation of RNA from both proteins and DNA, vortex vigorously for at least 15 seconds per tube.
7.4.1. MED:  The talent pipettes 330 L of phenol-chloforom into several 1.5 mL tubes containing the sample.  Then, the talent vortexes the tube for at least 3-4 seconds (to simulate a 15-second long vortexing act).  (TEXT:  pH 4.0 Acetate-equilibrated, 125:24:1 phenol-chloroform-isoamyl alcohol mixture)
7.4.1b. Added shot: vortex
7.5. Centrifuge the tube at full speed for 5 minutes at room temperature.  Transfer the RNA-containing top aqueous phase into a fresh 1.5 mL tube, and discard the lower organic phase.  
7.5.1. MED:  The talent places several tubes containing phenol-chloroform into the microcentrifuge, closes the lid, and presses the start button on the centrifuge.  (TEXT:  Full speed > 10,000 x g)

7.5.1b. Added shot: pickup tubes 
7.5.2. CU:  While the talent is holding up the post-centrifuge tube, the shot frame should be focused on the biphasic separation between the top aqueous phase and the lower organic phase.  Then, from an off-camera position, a pipette tip is lowered into the tube and the talent begins drawing the top aqueous phase up into the pipette tip.
7.5.2b. Added shot WIDE
7.6. Add 1.25 aqueous volumes-worth of 100% ethanol to the RNA, and vortex briefly to mix.  Then, apply the mixture onto a commercial RNA solid extraction column.  Centrifuge the tube for 15 seconds at room temperature, and discard the flowthrough fraction.
7.6.1. MED:  Using a p1000 pipette, the talent pipettes ethanol into several tubes already containing the RNA from the previous shot.  Then, the talent closes all tubes and vortexes them to mix.
7.6.1b.: vortex
7.6.2. MED:  With a p1000 pipette, the talent is in the process of transferring the ethanol-RNA mixture from a 1.5 mL tube into a commercial RNA extraction column.  (TEXT:  mirVana miRNA isolation kit) 
7.6.3. MED:  The talent places several RNA extraction columns into the microcentrifuge.  Then, the talent closes the centrifuge lid and presses the start button.  (TEXT:  Spin speed = 10,000 x g).
+ CU: opening
7.7. Wash the column by adding 700 L of Working Solution #1.  Centrifuge the tube for 5 to 10 seconds and discard the flowthrough.  
7.7.1. MED:  Multiple shots of the talent pipettes 700 L of Working Wash Solution #1 into several RNA extraction columns.  This shot will be repeated once.  (Videographer:  To decrease the total number of repetitive shots, I am assuming that the bottle for Working Wash Solution #1 and #2 to look almost identical to each other). The bottles of wash solution #1 and #2/3 look different.
7.7.1b. Added shot MED
7.7.2. MED:  With a series of post-spun extraction columns already on a tube rack, the talent is in the process of taking out the last RNA extraction column – collection cup combo from the centrifuge.  Then, the talent picks up an extraction column, detaches the bottom collection cup from the top column, and decants the flowthrough fraction from the bottom collection cup.  

7.8. Next, wash the column with 500 L of Working Solution #2.  Centrifuge the tube for 5 to 10 seconds, discard the flowthrough, and repeat the wash one more time.
7.8.1. Use shot 7.7.1 MED:  The talent pipettes 500 L of Wash Solution #2/3 into several RNA extraction columns.
7.8.2. CU:  The entire shot should be focused on the LCD display of the centrifuge.  It should clearly show the spin speed and the timer countdown during the spin.
7.9. Remove any residual ethanol with a final, 1-minute spin-down at room temperature…, and transfer the dried extraction column into a fresh 1.5 mL tube.  Add 100 L of pre-heated free water…, centrifuge the tube at full speed for 5 to 10 seconds, and discard the top extraction column.  If deemed necessary, concentrate and further purify the RNA eluate using a commercial RNA cleanup kit.

7.9.1. MED:  To establish this shot, the foreground should contain a tube rack containing several clean 1.5 mL tubes, all with their lids open.  Also, to stipulate that we have already completed the final spin-down step, the centrifuge door should already be open and there should already be a series of RNA extraction columns sitting inside the centrifuge.  Then, the talent starts by picking up an extraction column – collection cup combo from the centrifuge, detaches the top extraction column from the bottom collection cup, and inserts just the top extraction column into one of the clean 1.5 mL tubes.  Then, the talent discards the bottom extraction cup.
7.9.2. MED:  With a heat block containing a tube filled with water visible in the shot frame, the talent transfers 100 L of 95oC nuclease-free water from the heated tube to the RNA extraction columns. 
+ hand CUs
7.9.3. MED:  With the centrifuge door open (and with several extraction columns and tubes visible inside the centrifuge), the talent takes out one of the extraction column – 1.5mL tube combo, detaches the top extraction column from the 1.5 mL tube, closes the lid of the tube, and places the tube onto a tube rack.  The talent then discards the top extraction column.  (TEXT:  Full speed > 10,000 x g)

8. Results:  Characterization of captured extracellular vesicles 
8.1. Using fluorescently-labeled biotin as a reporter for surface immobilization, the efficacy and specificity of the paper functionalization protocol can be seen by comparing the high fluorescence incurred on the crosslinker-modified surface over non-functionalized paper surfaces.  Moreover, when the reporter molecule is replaced by a biotinylated anti-CD63 antibody, the properly-functionalized paper substrate will facilitate a higher extracellular vesicle capture rate over a negative-control paper substrate.
8.1.1. LABMEDIA:  Figure 2 (Video Editor:  When the words “high fluorescence incurred” are spoken, highlight the “paper + crosslinker + dye” bar in Panel A.  When the words “over non-functionalized paper surfaces” are spoken, highlight the “physisorbed-dye” bar in Panel A.  When the words “properly-functionalized paper surface” are spoken, highlight Panel C.  Finally, when the words “negative-control paper surface” are spoken, highlight Panel B.
8.2. When different capturing molecules are immobilized onto paper substrates, different subgroups of extracellular vesicles appear to exhibit different size distributions.
8.2.1. LABMEDIA:  Figure 3 (Video Editor:  When the words “different capturing molecules” are spoken, highlight the “CD63” label in Panel A in blue and the “Annexin V” label in Panel B magenta.  When the words “appear to exhibit” are spoken, highlight the peak data value of the blue trace (at diameter ~ 50 nm) and the peak data value of the magenta trace (at diameter ~ 60 nm) in Panel C.

8.3. Using the paper device, one can also assay for both the intra-vesicle RNA content and the abundance of vesicle-specific surface proteins.

8.3.1. LABMEDIA:  Figure 4 (Video Editor:  When the words “intra-vesicle RNA” are spoken, highlight the graph in Panel A.  When the words “abundance of vesicle-specific” are spoken, highlight the bar graph in Panel B.\
9. Conclusion (said by the authors on camera)
9.1. Yi-Hsing Hsiao: After watching this video, you should have a good understanding of how to isolate and characterize extracellular vesicles using a paper-based device.
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.

Figure 2 – JoVE Figure 2A.tif – a bar graph and grayscale images of extracellular vesicles captured on functionalized paper devices
Figure 3 – JoVE Figure 3ABC.tif – grayscale images of extracellular vesicles captured on functionalized paper devices and size profiles 

Figure 4 – JoVE Figure 4AB.tif – a line graph and a bar graph 

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.
( 2013, Journal of Visualized Experiments


