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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y
Can you record movies/images using your own microscope camera? Y
2. Does your protocol include software usage? Y SC all uploaded 
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
2.5, 2.6, 3.1, 4.1, 4.5
4. 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. 
The most difficult aspect of this procedure is incubating surface treatments in the microfluidic device for the exact recommended times (step 3.4 in particular) and completing the flow experiments in a short amount of time (steps 4.6-4.7). This is especially crucial for VWF.  If VWF remains on the surface of the device for too long (either because it is incubated for longer than 3 minutes in step 3.4 or because step 4.6 takes too long), it may form too many biotin-streptavidin linkages and no longer unravel. One can reduce the formation of these excess biotin-streptavidin linkages by maintaining intermittent flow while looking for molecules that unravel in step 4.6. Also, with practice, one will be able to scan the entire microfluidic device to obtain data more quickly. Finally, it is often helpful to prepare multiple devices (3-4) within a day to maximize the total window of time available for optimal VWF unraveling. 
5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations?
All steps except for microfluidic device preparation will occur in one building (Mudd Building). The microfluidic device preparation will be at a location about 10 minutes away (by car) from the Mudd building.


Videographer comment:
HEADSHOTS: 
Headshot notes: I took headshots of all the principal researchers in addition to the assistants who did the speaking parts. There were six different people in all. I also took a group photo if that's helpful. 
Video notes: We shot a lot of the footage in chunks out of sequence due to equipment scheduling and lab locations. Below are notes to help navigate. The talent asked to add a couple shots that were not on the protocol, will point those out below...
MVI_5606 through MVI_5609 are the first two interviews (Megan and Yi), we shot Avani's interview at the very end of the shoot...

We started the protocol section by shooting all of section 4.
After section 4 we shot all of sections 2.1 through 2.5, EXCEPT FOR shot 2.3.1 which had to be shot at a different location later in the day.  

Here we shot Section 3 in sequence in it's entirety  (MVI_5661 through MVI_5692)
  
Video files MVI_5689 through MVI_5692 were not on the protocol but are close up images of the device with no tubing attached, after squares have been cut out of the silicon wafer and holes punched in them - (shot 2.5.3) - the talent asked me to get a shot of this to show the interior structure. It was a little difficult to get a close enough shot to get this (which she was aware of), but you can see the figure eight hair-line structure (maybe best in MVI_5691) in some of the shots, and perhaps you can blow up the shot a little bit to make it more clear if you want to use. 
File MVI_5717 is the final interview (Avani)
[bookmark: _GoBack]

Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Avani V. Pisapati: Quantifying the conformational changes of single biomolecules under shear flow is useful for understanding the function and biophysics of macromolecules like protein and DNA.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Avani V Pisapati: Fluorescence microscopy allows real-time in situ visualization of single molecules in physiological flow environments with high temporal and spatial resolution, unmatched by techniques like AFM.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Yi Wang: By characterizing the shear force under which proteins or DNA have global conformational changes, one can better design drugs that mimic these biophysical properties.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Yi Wang: This protocol can be widely applied to study the behavior of other polymers, especially biopolymers, in varying flow conditions and to investigate the rheology of complex fluids.

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.5. Megan E. Blauch: The timing of steps is critical to success. We suggest practicing the microfluidic device surface treatment and fluorescence microscopy steps many times to execute them in an efficient fashion.

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.6. Megan E. Blauch: Capturing conformational changes in biomolecules is a visual and dynamic phenomenon best viewed on film. Scientists will better understand this method after seeing the real-time protein and DNA microscopy presented in this video.

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.








Section - Protocol
2. Preparation of PDMS Microfluidic Device 
2.1. To prepare the microfluidic device, add 5 parts of silicone elastomer base to 1 part curing agent in a weigh boat [1] and stir the contents thoroughly for 1 minute to create a pre-cured PDMS solution [2]. 
2.1.1. WIDE: Establishing shot of talent combining the base with the curing agent. 
2.1.2. Talent stirring the reagents.  Videographer comment: SHOT 2.1.2 - MVI_5639 is shot 2.1.2 take 2.
2.2. Place the master silicon wafer in a plastic Petri dish [1] and pour the PDMS solution over the wafer to create a 5-millimeter layer [2]. Cover the dish and leave it in a desiccator under vacuum for 1 hour to remove air bubbles [3]. 
2.2.1. Petri dish with silicon wafer in it. Videographer comment: SHOT 2.2.1 - Talent wanted to make sure that the channels on the silicone wafer in the petri dish were visible so I took two takes, the second  closer than the other...
2.2.2. Talent pouring the PDMS over the wafer.  Videographer comment: Shot 2.2.2 - (MVI_5643) - initially the talents hands were blocking the petri dish somewhat, I asked her to move it at about 22 seconds into the video which gives a clearer shot...(MVI_5644) is take 2 and just a shot of the petri dish with the PDMS in it covering the silicone wafer...
2.2.3. Talent putting the covered dish in the desiccator. Videographer comment: Shot 2.2.3 - Takes 2 and 3 are shots of the bubbling that happens in the petri dish while it's in the desiccator. Take 2 was with the cover on the desiccator, take 3 was with the cover taken off.
2.3. Then, incubate the covered Petri dish at 60 degrees Celsius overnight to cure the PDMS into a flexible solid, which will result in microfluidic channels being molded into the PDMS at the PDMS-wafer interface [1]. 
2.3.1. Talent putting the covered dish in the incubator. Videographer comment: MVI_5693 is shot 2.3.1

2.4. On the next day, use a razor to cut 20 by 10-millimeter rectangles around each microfluidic channel in the PDMS [1] and remove the rectangular blocks with tweezers [2]. 

2.4.1. Talent cutting rectangles in the PDMS. Videographer comment: Shots 2.4.1 and 2.4.2 (Files MVI_5648 through MVI_5652)...we did multiple takes of each shot, but they came one after the other  (ie. shot 2.4.1 take one, following shot 2.4.2 take 1, followed by shot 2.4.1 take 2, followed by shot 2.4.2 take 2).
2.4.2. Talent removing the rectangular blocks. 

2.5. Use a 25-gauge blunt end needle with sharpened edges to punch a 0.5-millimeter diameter hole at one end of the channel, making sure that the hole goes completely through the PDMS block [1]. Use a thin needle to punch the PDMS out of the hole [2] and repeat the process at the other end of the channel [3]. Videographer: This step is important!

2.5.1. Talent punching the hole. 
2.5.2. Talent using a thin needle to punch the PDMS out of the hole. 
2.5.3. Talent punching another hole on the other end of the channel. 

Videographer comment: FILES MVI_5694 through MVI_5710 are sections 2.6 through 2.8.
2.6. Place the PDMS block with the channel side up and the coverslip into the chamber of a plasma bonding machine [1] and start the treatment [2]. When treatment is complete, quickly place the PDMS block on a coverslip so that the channel is in contact with the slip [3]. Videographer: This step is important!

2.6.1. Talent placing the PDMS block into the plasma bonding machine. 
2.6.2. Talent starting treatment. 
2.6.3. Talent placing the PDMS block on a coverslip.  Videographer comment: MVI_5699 is a take of 2.6.3 that we didn't have time to slate because she pulled it out of the machine as it was actually happening, and we didn't have time to set up the shot. Shots MVI_5700 through MVI_5704 are staged shots of this same procedure.

2.7. Apply pressure to the edges of the block [1], then place the coverslip-PDMS assembly on a hot plate at 115 degrees Celsius for 15 minutes to reinforce the permanent bond [2]. 

2.7.1. Talent applying pressure to the edges of the block. 
2.7.2. Talent placing the coverslip-PDMS on a hot plate. 

2.8. Finally, insert a 10-centimeter long, 0.25-millimeter inner diameter tube into the outlet hole at the top of the PDMS block to allow fluid to easily flow out of the channel [1]. 

2.8.1. Talent inserting the tubing. 

3. Microfluidic Device Surface Treatment
3.1. For von Willebrand factor, or VWF, experiments, inject up to 10 microliters of 10 microgram per milliliter BSA-biotin dissolved in sterile 1 X PBS into the inlet of the microfluidic device [1-TXT]. Withhold a few microliters of BSA-biotin in the pipette tip after injection and allow the tip to remain embedded in the inlet [2-TXT]. Videographer: This step is important!
3.1.1. Talent injecting the BSA-biotin into the inlet. TEXT: Use 1 mg / mL BSA-biotin for Lambda DNA experiments
3.1.2. The pipette tip embedded in the inlet, with the droplet of water visible (if possible). TEXT: Keep a droplet of DI water around the tip Videographer: Obtain multiple reusable takes of this shot because it may be reused in 3.2.1. and will be reused in 3.3.1. 
3.2. Allow the BSA-biotin to incubate in the device for 2 hours, which will result in BSA nonspecifically binding the coverslip surface [1]. Then, remove the pipette tip [2] and inject up to 10 microliters of casein blocking solution into the channel [3]. 
3.2.1. Device with pipette embedded. Can reuse 3.1.2 if necessary. Video Editor: Use Figure 3 A as an inset here, label the purple circles “BSA-biotin”. 
3.2.2. Talent removing the pipette tip. Videographer: Obtain multiple reusable takes of this shot because it will be reused in 3.4.2.
3.2.3. Talent injecting casein into the device. Video Editor: Use Figure 3 B as an inset here, label the yellow squares “casein”.
3.3. Allow the casein solution to incubate for 30 minutes so it can block any free sites and reduce nonspecific binding of the biomolecules to the surface [1]. Remove the tip and inject up to 10 microliters of streptavidin in sterile PBS into the channel, which will bind to the biotin groups of the BSA-biotin [2-TXT]. 
3.3.1. Use 3.1.2.
3.3.2. Talent injecting streptavidin into the device. TEXT: 10 µg / mL for VWF experiments ; 100 µg / mL for Lambda DNA experiments Video Editor: Use Figure 3 C as an inset here, label the streptavidin. 
3.4. Next, inject up to 10 microliters of detergent solution to wash away excess streptavidin [1], remove the tip [2], and inject either VWF in casein solution or lambda DNA [3]. Incubate VWF for 3 minutes or lambda DNA for 45 minutes, then inject 5 millimolar free biotin to block the excess streptavidin binding sites [4]. Videographer: This step is difficult!
3.4.1. Talent injecting detergent solution. 
3.4.2. Use 3.2.2. 
3.4.3. Talent injecting the VWF or DNA and leaving the tip in the device. Video Editor: Use Figure 3 D as an inset here, label the VWF/lambda DNA. 
3.4.4. Talent injecting free biotin into the device. Video Editor: Use Figure 3 E as an inset here, label the biotin.

4. Fluorescence Microscopy
4.1. Load 1 milliliter of casein blocking solution into a syringe [1] and secure it in a syringe pump [2]. Then, attach one end of tubing to the syringe needle [3-TXT] and flow in the solution to remove air bubbles [4]. Approximately 3 minutes after the free biotin injection, attach the other end of the tube to the inlet of the microfluidic device [5]. Videographer: This step is important!
4.1.1. Talent loading the syringe. Videographer comment: For the initial shot, Shot 4.1.1 take 3 is a wide shot in case you'd like to use that.
4.1.2. Talent securing the syringe in the pump. 
4.1.3. Talent attaching tubing to the needle. TEXT: 30 cm long ; 0.25 mm inner diameter  Videographer comment: For shot 4.1.3 the talent had some difficulty getting the tubing to fit over the needle, we let the video run until she was able to do it, so the successful part will be further into the video
4.1.4. Solution flowing through tubing.  Videographer comment: For shot 4.1.4 we took multiple takes to get footage of bubbles running through tubing, again, there was some delay between when the video started and when you can see the motion. In shot 4.1.4 take 2, there's a single bubble going through at about 9 seconds in. Shot 4.1.4 take 4 is footage of solution coming out the end of the tubing in case that's more useful.
4.1.5. Talent attaching the tube to the inlet. 
4.2. Select the highest magnification objective of the TIRF (pronounce ‘tirf’) or confocal fluorescence microscope [1]. If needed, add a drop of immersion oil on the objective [2]. Place the microfluidic device on the microscope stage so that the coverslip is flush with the objective [3]. 
4.2.1. SCREEN: 60784_screenshot_1. 0:52 – 0:57. Highest magnification selected. 
4.2.2. Talent adding a drop of oil. 
4.2.3. Talent positioning the microfluidic device on the stage. Videographer comment: Shot 4.2.3 take 1, is the talent placing the device on the microscope and shot 4.2.3 take 2 is the talent moving the device around the viewing area.
4.3. Start brightfield microscopy and adjust focus so that features such as debris and bubbles are visible [1], then adjust the stage in the X and Y direction until the edge of the microfluidic channel is visible and bisects the frame [2]. 
4.3.1. SCREEN: 60784_screenshot_2. 0:02 – 0:20. Microscopy started and features coming into focus. 
4.3.2. SCREEN: 60784_screenshot_2. 0:20 – 0:40. Position of the stage adjusted until the edge of the microfluidic device becomes visible. 

4.4. Switch to the FITC channel and adjust the Z-level and TIRF angle as needed until the individual green, globular molecules can be distinguished [1]. Adjust laser intensity and exposure time to visualize fluorescent molecules without photobleaching them too quickly, then adjust the contrast to better visualize the molecules [2]. 

4.4.1. SCREEN: 60784_screenshot_2. 0:40 – 1:40. Switch to FITC channel and Z-level adjusted until the molecules come into focus. 
4.4.2. SCREEN: 60784_screenshot_3. 0:14 – 0:31. Laser intensity and exposure adjusted, then contrast adjusted. 

4.5. Exactly 5 minutes after free biotin injection, start and stop flow from the syringe pump to observe the changes in molecular conformation, using flow rates between 5,000 and 30,000 microliters per hour [1-TXT]. Videographer: This step is important!

4.5.1. SCREEN: 60784_screenshot_4. 0:42 – 1:07. Flow started and stopped. TEXT: 25,000 µL/h flow ; 166,667 /s shear Video Editor: Emphasize the bright green dots that extend and contract. 

4.6. Megan E. Blauch: With VWF, it is critical to apply at least a small amount of flow, such as 30 seconds of 10,000 µL/h flow, exactly 5 minutes after free biotin injection. This step takes priority over other steps and can occur out of order if needed.

4.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

4.7. Repeat this throughout various areas of the microfluidic device and locate molecules that can extend and relax upon multiple cycles of starting and stopping flow [1-TXT]. 

4.7.1. SCREEN: 60784_screenshot_5. 1:35 – 1:56. Molecule extending and relaxing in response to flow. TEXT: 25,000 µL/h flow ; 166,667 /s shear

4.8. Note how long it takes for molecules to reach maximum extension and complete relaxation [1] and record videos of the continuous behavior of molecules under shear flow [2-TXT]. Videographer: This step is difficult!

4.8.1. Talent starting a stopwatch or looking at their wristwatch. Videographer comment: Use shot 4.8.1 takes 3 or 4 as they show the talent sitting at the computer, which is what she preferred because she'd be there normally
4.8.2. SCREEN: 60784_screenshot_6. 0:19 – 0:40. Molecule experiencing shear flow. TEXT: 25,000 µL/h flow ; 166,667 /s shear
 






Section – Results
5. Results: Extension and Relaxation of VWF and Lambda DNA Molecules due to Shear Flow
5.1. The flexibility of a molecule to change conformation is often demonstrated by its ability to lengthen as higher shear rates are applied due to increasing flow [1]. The extension versus shear rate curve of a von Willebrand factor molecule is useful for characterizing the biomechanical properties of the protein [2].
5.1.1. LAB MEDIA: Video 1. Video Editor: If resolution is not high enough to show the video full screen, show Figure 4 and add this video as an inset. 
5.1.2. LAB MEIDA: Figure 4. Video Editor: Emphasize the curve. 
5.2. Fluorescence microscopy images of lambda DNA similarly show increased extension upon higher shear rates at 30 seconds and gradual relaxation over 2 minutes after flow is stopped [1]. 
5.2.1. LAB MEDIA: Figure 5, Video 2 and Video 3. Video Editor: Show the figure with the 2 videos as insets, emphasizing that Video 2 corresponds to the 33,000 s-1 curve and Video 3 to the 66,667 s-1 curve. Perhaps slow down the videos to emphasize that the molecule extends at 30 seconds and recoils thereafter. 







Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Avani V. Pisapati: When working with VWF, remember to incubate it for only 3 minutes and free biotin for 5 minutes before starting flow. This is critical for forming the optimal number of biotin-streptavidin linkages needed for reversible unraveling.

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.4.3 
6.2. Yi Wang: This method can be adapted to visualize real-time interactions between multiple biomolecules and characterize their functions. For example, one could better understand platelet plug formation by observing VWF unraveling under high shear and its binding to the platelet adhesion molecule GPIbα with this method.

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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