many of the perfusion shots were all very similar. Therefore, within each perfusion shot I gave multiple angles and degrees of CU/MED/WIDE and many can be used interchangeably with other perfusion shots
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1. Brief Questionnaire:
A.
ii) Can you can record video of the microscope’s field of view using your own camera? (Y/N) _Y_

iii) Is the microscope’s field of view shown on a computer? (Y/N) _Y_  

iv) Some actions you demonstrate may contain a lot of small detail but not ordinarily require the use a microscope.  Under such circumstance do you think it would be advantageous to film such actions via a low magnification stereoscope? (Y/N) _Y_


__Disccusion line 452 bubble removing, this can be done with stereoscope___
B.
Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) __Y__ 


(If yes, we will need you to record using screen recording software to 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?  
Italicized text.
D.
What is the single most difficult aspect of this procedure and what do you do to ensure success?
Underlined text.
E.
i) Will the filming need to take place in multiple locations? (Y/N) _No
1. Introduction
A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to develop a microfluidic device that allows endothelial cells to grow under physiologically relevant shear flow and measure the agonist-induced changes in their calcium and nitric oxide production. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Pingnian He: This method can help advance the field of microvascular research by validating the in vitro microvessel model and bridging the gaps between in vivo and in vitro studies.

1.2. Pingnian He: The main advantages of this technique are the versatile design of the microchannels to mimic various vasculature and the improved cell culture environment that is closer to in vivo than the conventional static 2D cultures.
The optional interview statements need to be spoken by other authors. Not the same author as the above two statement.  Thus, they have been omitted.  Sulei or Xiang, could had spoken two of them, for instance.  It is fine to leave things as they are now.
1.3. Pingnian He: Demonstrating the procedure will be Sulei and Xiang, post docs from my laboratory.
no shots were listed in the script to film the post-docs that were introduced by Dr. he so i slated them as 1.3.1a and 1.3.1b
Protocol (read by voice talent at JoVE):
2. Preparing the Microchannel Device for Cell Seeding
2.1.a  Before beginning, use standard photolithography [2.1.a.1-LM] to create a master mold [2.1.a.2-LM/2.1.a.3-LM]…, and soft lithography to fabricate [2.1.a.4-LM] the PDMS microchannel devices as described in the text protocol [2.1.a.5-LM/2.1.a.6–LM–TXT].

2.1.a.1 Use 2.1.a.1.mov only where the photoresist is poured onto the wafer

2.1.a.2 Use 2.1.a.2A.mov putting in the developer

2.1.a.3. Use 2.1.a.2B.mov then putting in the second solution

2.1.a.4 Use 2.1.a.3.mov Casting PDMS onto the master mold

2.1.a.5 Use 2.1.a.4A.mov placing the device in the plasma cleaner

2.1.a.6 Use 2.1.a.4B.mov briefly showing the assembled device TEXT: See text protocol for PDMS microchannel device fabrication with supplementary video.
(Video editor – Authors wanted to give a brief summary of the device synthesis. If there are too many clips here, feel free to drop 2.1.a.2 and just show them transferring from one solution to the next in 2.1.a.3; also, you could drop 2.1.a.5 easily. –Alycia)
2.1. To prepare the microchannel devices [2.1.1-WID], first cover the inlet and outlet with a thin piece of PDMS [2.1.2-CU] and place the device inside a Petri dish with a wet tissue. [2.1.3-MED]
2.1.1. Establishing shot of talent placing device on benchtop or similar, in preparation for 2.1.2.
2.1.2. film as written

2.1.3. film as written 

2.2. Then, wrap the dish with Parafilm [2.2.1-CU] and sterilize the device under UV light for at least three hours. [2.2.2-WID]

2.2.1. film as written 

2.2.2. setting up the dish under UV, closing protective barrier and turning on UV
2.3. The next step is to apply the fibronectin. First, place a drop of 30 to 50 µL of PBS at the inlet. [2.3.1-CU] Create a vacuum at the outlet to rinse the device. [2.3.2-CU] 
2.3.1. taking PBS solution and depositing it on device
2.3.2. starting suction from outlet end and observing the result

2.4. Next, place a drop of 100 µg per mL fibronectin at the inlet. [2.4.1-CU] Create a vacuum at the outlet to load the fibronectin solution. [2.4.2-ECU] Next, cover the inlet and outlet,… [2.4.3-CU] wrap the dish with Parafilm again… [2.4.4-CU] and incubate the device overnight in at 4 °C. [2.4.5-WID/TEXT]
2.4.1. taking aliquot of fibronectin and depositing it on device 

2.4.2. starting suction from outlet end and observing the result
2.4.3. film as written
2.4.4. film as written

2.4.5. place the dish into fridge, TEXT: O/N, 4 ºC
2.5. The next day, manually rinse the device with PBS, three times. [2.5.1/TEXT] Then, load it with 30 to 50 µL of cell culture media [2.5.2-MED] and warm up the device in an incubator at 37 °C for at least 15 minutes. [2.5.3-MED]
2.5.1. performing a PBS rinse, TEXT: Rinse 3X
2.5.2. adding media to device 

2.5.3. Place the dish into incubator
3. Endothelial Cell Seeding and Long-term Perfusion
3.1. Begin by mixing HUVECs into HUVEC culture media with 8% dextran at two to four million cells per mL. [3.1.1-MED] The dextran is needed to increase the viscosity and, thus, improve the cell seeding. [3.1.2-ECU]

3.1.1. taking HUVEC media with dextran and adding it to the cells

3.1.2. detail of mixed up cells suspension flowing around vial 
3.2. Next, put 10 to 20 µL of cells over the inlet [3.2.1-MED] and introduce them using gravity or by using capillary action from a glass Pasteur pipette at the outlet. [3.2.2-CU/TEXT]
3.2.1. adding cells to inlet 

3.2.2. placing pipette at outlet and detail of capillary flow; TEXT: Control the flow rate less than 1mm/sec in the smallest channels.
3.3. Next, incubate the device for 15 to 20 minutes [3.3.1-WID], then, check the seeding status under a microscope. [3.3.2-MED] If necessary, load more cells to achieve a desired cell density. [3.3.3-MED]
3.3.1. removing the device from the incubator and follow talent to microscope

3.3.2. setting device on microscope stage and focusing microscope 
3.3.3. adding more cells
3.4. Once enough cells are loaded, gently rinse the device with normal, [3.4.1-MED] warm, cell culture medium to remove the dextran. [3.4.2-MED]

3.4.1. film as written, applying media 

3.4.2. film as written, removing media

3.5. Then, culture the device without any media perfusion for 6 hours. [WID]

3.5.1. setting device into incubator and closing incubator
3.6. Next, set up the tubing connections for the long-term perfusion. Tape the device to a petri dish [3.6.1-CU] and then connect the inlet tubing to a syringe with a needle [3.7.1-CU].  Insert tubing into both the inlet and the outlet of the device. [3.6.2-CU]
3.6.1. film as written 
3.7.1
[moved] film as written
3.6.2. film as written
3.7. [3.7.1-CU] Connect the outlet tubing to a waste collector. [3.7.2-MED] 
3.7.1. [moved] film as written 

3.7.2. film as written 
3.8. Now, place the dish and waste container in an incubator [3.8.1-MED]. Connect the syringe with the long inlet tube to an external perfusion pump [3.8.2-MED] that passes through the incubator door. [3.8.3-CU]

3.8.1. placing dish and container in incubator

3.8.2. connecting the syringe with the long tubing to the perfusion pump

3.8.3. showing how that tube is passed through the incubator door, then close the incubator door
3.9. Then, set the perfusion rate according to the experimental design. [CU/TEXT]

3.9.1. programming the pump, TEXT: See the text protocol for suggestions.
3.10. Xiang Li: With a well-controlled perfusion, the cultured microvessel network can be maintained up to two weeks. Therefore, it can be extended to longer term studies, mimicking the cellular and hemodynamic environment under different physiological and pathological conditions. [WID]

3.10.1. Interview at incubator/pump
4. Immunofluorescent Staining and Imaging Calcium Concentration or Nitric Oxide Production
4.1. To begin, fix the cells [4.1.1-WID] by perfusing with 2% paraformaldehyde for 30 minutes at 4 ºC. [4.1.2-MED/TEXT]
4.1.1. establish talent with device outside of incubator

4.1.2. changing the perfusate to PFA and starting a 30 min timer, show how this is done at 4 ºC, TEXT: Always set the flow to be the same as the cell culture conditions. split into two separate shots. other shot is slated as 4.1.2b
4.2. After a series of perfusions to block, [4.2.1-MED] permeabilize, and stain with antibodies, keep the device at 4 °C until the cells are imaged.  [4.2.2-MED/TEXT]

4.2.1. Changing the perfusate to blocking 

4.2.2. Changing the perfusate to antibodies, TEXT: See the text protocol for details.

4.3. To image the calcium concentrations in the cells, [4.3.1-MED] perfuse the device with 10 mg per mL of albumin in Ringer’s solution for 15 minutes at 37 °C. [4.3.2-MED]

4.3.1. preparing the albumin/Ringer's

4.3.2. flowing new solution through device, starting 15 min timer
4.4. Next, perfuse the device with 5 µM fluo-4 AM for 40 minutes at 37 °C. [MED]

4.4.1. changing the perfusion solution from albumin/Ringer's to fluo-4 AM, starting timer 40 min
4.5. Then, wash out the lumen-bound fluo-4 AM with albumin-Ringer’s for 15 minutes at 37 °C. [MED]

4.5.1. changing the perfusion solution from fluo-4 AM to albumin-Ringer's, starting timer for 15 min
4.6. Next, start up the confocal system for intercellular-calcium level imaging with fluo-4 AM. [WID/TEXT]
4.6.1. preparing to use the confocal microscope, setting up the preparation on the stage and focusing, TEXT: See the text protocol for imaging settings.
4.7. Acquire images of the fluo-4 loaded microvessels. Collect the baseline images for 10 minutes. [LM]

4.7.1. to be provided by authors, SCREEN CAPTURE of the confocal control software being used to collect baseline image
4.8. Then, perfuse the device continuously with 10 µM ATP [4.8.1-MED] and record the changes of fluorescence intensity for 20 minutes.[4.8.2-LM]

4.8.1. starting the perfusion of device with 10 µM ATP, while it is on the confocal stage 
4.8.2. to be provided by authors, SCREEN CAPTURE of the confocal control software imaging the change in fluorescence with ATP perfusion
4.9. To image nitric oxide production in the cells, [4.3.1] perfuse the device with albumin-Ringer’s for 15 minutes at 37 °C. [4.3.2]

4.10. Then, perfuse the cells with 5 µM DAF-2 DA for about 35 to 40 minute at 37 °C. [MED/TEXT]

4.10.1. changing the perfusate from albumin/Ringer's to DAF-2 DA, flasks should be clearly labeled, then starting timer, TEXT: DAF-2 DA must now remain in the perfusate throughout the experiment.
4.11. Next, set up the fluorescence imaging system to measure ATP-induced nitric oxide production. [MED]

4.11.1. preparing system to image NO changes

4.12. Record the baseline for 5 minutes, [4.7.1/TEXT]  then, perfuse the device with 10 µM ATP [4.8.1] and collect the images for 30 minutes at 1 minute intervals. [4.8.2]
TEXT: See the text protocol for imaging settings
5. Data Analysis
5.1. Sulei Xu: For the endothelial NO measurement, it is important to understand that the detected DAF-2 fluorescence intensity profile represents a cumulative NO production with time.and not the NO concentration. [WID]

5.1.1. interview shot

5.2. Manually select the region of interests from the collected images at the individual cell level. Each ROI covers the area of one individual cell which can be indicated by the fluorescence outline. [LM]
5.2.1. to be provided by authors, SCREEN CAPTURE of the above software-based actions
5.3. Quantify the ATP-induced changes in endothelial calcium and NO by calculating the changes in the fluorescence intensity of Fluo-4 less the tissue background. [LM] Two VO takes for this pronunciation
5.3.1. to be provided by authors, SCREEN CAPTURE of the above software-based actions
5.4. Quantify the nitrous oxide production rate by conducting the first differential conversion of the fluorescence intensity of DAF-2 over time. [LM]
5.4.1. to be provided by authors, SCREEN CAPTURE of the above software-based actions
6. Results: Sheer Stressed Endothelial Cell Culture
6.1. The microchannel pattern in the device has a three level branching network.
6.1.1. Fig 1A -show briefly
6.2. A 3D numerical simulation was performed to estimate the shear stress distributions under the flow rate of 0.35 µL per minute.

6.2.1. Fig 1B
6.3. Endothelial cells were seeding into the network as described. Then, F-actin and nuclei were labeled. 
6.3.1. Fig 2 A – show briefly
6.3.2. Fig 2 B1C1D1+ B2C2D2
6.4. Similarly, VE-cadherin was also stained.

6.4.1. Fig 3 A – show briefly

6.4.2. Fig 3 BCD1D2

6.5. The results were similar to the VE-cadherin expression in an intact venule.

6.5.1. Fig 3F
6.6. Next, ATP-induced increases in intracellular calcium and nitric oxide production were examined. Calcium levels were examined using Fluo-4 AM, as described in the protocol section.

6.6.1. Fig 4A

6.7. Nitric oxide production was monitored using DAF2-DA, as described in the protocol section. The results were comparable to those derived with individually perfused intact venules.

6.7.1. Fig 5A
7. Conclusion (said by authors on camera)
7.1. Xiang Li: Advanced microfluidic technologies enable the recapitulation of functional microvasculature in vitro with easily and tightly controlled biological conditions and dynamic fluidic environments, which would not have been possible with conventional macroscale techniques.

7.2. Sulei Xu: After watching this video, you should have a good understanding of how to fabricate the device, culture the cells within the microchannel, and perform endothelial calcium and NO measurements.

7.3. Pingnian He: After its development, this technique paved the way for researchers not only to investigate endothelial cell signaling mechanisms underlying agonist-induced increases in microvascular permeability, but also to open broader applications for biomedical research.
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.  
Please prepare and list files that have just the isolated panel used in the results section, e.g. Fig1A.
Insert your media filenames here.

5.2.1_ROI_selection SCREEN CAPTURE mp4 file region of interest selection
5.3.1_background SCREEN CAPTURE mp4 file of the intensity measurement, background substraction, 
5.4.1_dfdt SCREEN CAPTURE mp4 file NO production rate calculation
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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