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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? 
2.1., 2.10.-2.12., 2.16., 4.2.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.16. It is important to flush at an appropriate rate in the direction of flow and confirm that the cells remain adherent using microscopy before exposing them to laminar flow. 
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 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. Philip A. Marsden: This method can help answer key questions in the field of endothelial biology, such as why do blood vessels have regional differences in the development of atherosclerosis?
1.2. H.S. Jeffrey Man: The main advantage of this technique is that it allows the simultaneous study of multiple conditions under shear stress or of multiple shear stress conditions .   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Aravin N. Sukumar: The implications of this technique extend toward understanding endothelial gene regulation in both the arterial and the venous systems, because various flow rates and patterns can be used.
1.4. Noeline Subramaniam: While here we demonstrate a system that uses a steady laminar flow, the setup can be adapted for other flow patterns, including disturbed flow.

1.5. Michelle K. Dubinsky: Generally, individuals new to this method will struggle to maintain a continuous monolayer of cells throughout the duration of the experiment and to obtain consistent results between experiments.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Assay Setup
2.1. Twenty-four hours before the analysis, count the human endothelial cells at an early passage [1-WIDE] and seed approximately 1 x 106 cells in 1 mL of medium onto one fibronectin-coated glass slide per well of a 4-well cell culture plate [2-MED-over the shoulder-TXT].

2.1.1. Talent counting cells (Author Comment: NOTE: Two different frames of the same step were taken and slated as “Take 1” and “Take 2”. “Take 1” is a wider angle of Talent operating the cell counter.  “Take 2” is close-up of the computer monitor showing cells being counted.)
2.1.2. Talent adding cells to slide (TEXT: See text for cell/slide/medium preparation details)
2.2. Allow the cells adhere to the slide for 15 minutes at 37 °C [1-MED].
2.2.1. Talent placing slide at 37 °C 

2.3. Then cover each slide with 3 mL of medium [1-CU] and place the plate in a cell culture incubator at 37 °C and 5% CO2 for 24 hours [2-MED].
2.3.1. Medium being added to well, with medium container label visible in frame

2.3.2. Talent placing plate into incubator
2.4. On the day of the experiment, fill the water tray of a large, heated Built-in Environment with Adjustable CO2 and Heat, or BEACH (beach), incubator with multiple shelves, internal electricity access, and glass doors [1-MED] and confirm that adequate carbon dioxide is available for the experiment [2-MED] and that the CO2 monitor is functional [3-CU]. 
2.4.1. Talent adding water to tray (NOTE: Two shots were taken: 2.4.1A was a wider shot which shows the BEACH in its entirety – we note that the voice talent is describing the BEACH, so we took this shot to illustrate the description; 2.4.1B shows talent adding water to tray.) (Editor: With this in mind, I’d suggest using both shots if possible, depending on what looks best, to provide the best visual)
2.4.2. Talent checking CO2 tank

2.4.3. Shot of function CO2 monitor
2.5. To set up the flow chamber, insert a 1/8-inch female Luer into one end of a #16 soft tube [1-MED] and attach a 4-way stopcock to the Luer [2-CU].
2.5.1. Talent inserting Luer into tube

2.5.2. Stopcock being attached to luer

2.6. Attach the free end of the tube to the inflow side of the top plate [1-MED] and insert a 1/8-inch male Luer into one end of a second #16 soft tube [2-CU].
2.6.1. Talent attaching tube to right side of top plate

2.6.2. Luer being inserted
2.7. Attach a 4-way stopcock to the male Luer [1-MED] and attach the free end of the tube to the outflow side of the top plate [2-CU].
2.7.1. Talent attaching stopcock

2.7.2. Free end being attached to left side of plate 

2.8. Insert a 1/8-inch male Luer and a 1/8-inch female Luer into each end of a third #16 soft tube [1-MED] and attach the tubing to a bubble trap via the 1/8-inch male Luer [2-CU].
2.8.1. Talent inserting female Luer into tube, with male Luer already inserted in other end visible in frame

2.8.2. Male Luer being attached to bubble trap

2.9.  Then attach a 4-way stopcock to the other end of the tubing via the female Luer [1-MED].
2.9.1. Talent attaching stopcock 

2.10. Using sterile tweezers, transfer one cell-seeded glass slide to the recess on the bottom plate cell-seeded side up [1-CU].
2.10.1.  Slide being placed into recess 

2.11. Use a 10-mL syringe to add 10 mL of warm medium to the bottom plate within the red gasket line around the plate [1-MED], allowing the medium to flow through the slide and cover the cells [2-CU-TXT].
2.11.1.  Talent adding medium to plate [Shots 2.11.1 and 2.11.2 combined] (Author Comment: Medium is added to various points on the plate and flows over the cells while talent continues to add more medium.)
2.11.2.  Medium flowing through slide/covering cells (TEXT: Do not add medium directly onto slide)

2.12. Gently place the top plate onto the bottom plate, taking care to align the sides [1-MED-TXT], and screw the plates together tightly [2-CU]. 
2.12.1.  Talent placing top plate onto bottom plate (TEXT: Caution: Avoid bubbles)

2.12.2.  At least one screw being tightened (Author Comment: NOTE: This shot shows talent tightening the first four screws in a sequence on opposite corners, which my be helpful for viewers.)
2.13. To remove air bubbles from the bubble trap, first open the inflow and bubble trap stopcocks [1-MED] and close the outflow stopcock [2-CU].

2.13.1.  Talent opening stopcock(s)

2.13.2.  Outflow stopcock being closed

2.14. Then use a 30-mL syringe to gently flush 20 mL of warm medium through the plate [1-CU-TXT]. 
2.14.1.  Medium being flushed through plate (TEXT: Discard flushed medium)

2.15. To remove bubbles from the chamber, close the bubble trap stopcock [1-MED] and open the outflow stopcock [2-CU].

2.15.1.  Talent closing bubble trap stopcock

2.15.2.  Outflow stopcock being opened

2.16. Elevate the outflow side of the chamber to a 45° angle [1-MED] and use the 30-mL syringe to gently flush 20 mL of warm medium from the inflow side of the chamber [2-CU-TXT].

2.16.1.  Talent elevating outflow side

2.16.2.  Medium being flushed through chamber (TEXT: Discard flushed medium)

2.17. Kyung Ha (Kay) Ku: It is important to flush at an appropriate rate in the direction of the flow and to use microscopy to confirm that a confluent monolayer of cells remains before exposing the cells to the laminar flow. [1-MED-interview style]
2.17.1.  Kyung Ha (Kay) Ku,speaking the above interview style (looking just off-camera)
2.18. Then close the stopcocks on both sides of the chamber and cap [1-MED] and confirm that the cells are still attached to the slide under a light microscope [2-MED].
2.18.1.  Talent closing stopcock(s)

2.18.2.  Talent placing slide onto microscope stage

3. Flow Assay
3.1. Place the flow chamber and a previously-assembled flow loop system into the BEACH [1-WIDE-TXT] and slowly decrease the pump speed of the flow loop assembly before pausing the pump all together [2-MED].

3.1.1. Talent placing chamber and/or loop system into incubator (TEXT: See text for flow loop assembly details)

3.1.2. Talent decreasing pump speed and/or pausing pump

3.2. Close the stopcocks on the flow loop system to prevent leakage [1-CU] and connect the chamber and loop system together via stopcocks [2-MED].
3.2.1. Stopcock(s) being closed

3.2.2. Talent connecting at least one stopcock

3.3. When all of the loops have been connected, re-open all of the stopcocks [1-CU] and slowly increase the pump speed while monitoring the setup for any leakage or blockage [2-CU-TXT].
3.3.1. Stopcock(s) being opened (Author Comment: NOTE: Two shots were slated because the stopcocks were separated in space enough that a re-framing was necessary. 3.3.1A shows the inflow stopcock being opened. 3.3.1B shows the outflow stopcock being opened.) (Editor: I suggest either using whichever shot looks best, or using both in a side-by-side. Since showing one would get the point across, I don’t believe both absolutely need to be shown, though a side-by-side might sit better with the authors)
3.3.1A. [Added Shot]: the inflow stopcock being opened

3.3.1B. [Added Shot]: outflow stopcock being opened
3.3.2. Pump speed being increased/medium entering system (TEXT: Medium should circulate in one direction/return to reservoir)

3.4. Place the flow sensor on the chamber bridge tubing on the inflow side of the chamber with the sensor oriented in the direction of flow [1-MED] and adjust the pump speed to obtain the flow rate for the shear stress rate of interest [2-CU-TXT].
3.4.1. Talent placing sensor onto chamber bridge tubing

3.4.2. Pump speed being adjusted (TEXT: See text for shear stress flow rate calculation details) (Author Comment: NOTE: A new shot was added. 3.4.3 was added to view the flow meter readout of the flow rate change as the pump speed is adjusted. The flow meter is separated from the pump and flow sensor enough that a re-framing was necessary.) (Editor: I’d suggest showing 3.4.2 and 3.4.3 together as a side-by-side if the footage allows for that)
3.4.3. [Added Shot]: Shot of flow rate changing as seen on the flow meter.

3.5. Then turn on the CO2 tank to achieve a 5% CO2 concentration [1-MED].
3.5.1. Talent turning on tank

4. Cell Harvest and RNA Extraction 

4.1. Once the experimental flow period is complete, slowly decrease the peristaltic pump speed to 0 [1-WIDE] and turn off the power [2-CU].
4.1.1. Talent decreasing pump speed

4.1.2. Power being set to off

4.2. Quickly close all of the open stopcocks [1-CU] and transfer the chamber and the attached tubing with a stopcock on each end to a clean benchtop [2-MED].
4.2.1. Stopcock(s) being closed

4.2.2. Talent placing chamber and tubing onto benchtop
4.3. Carefully unscrew all of the screws to remove the top plate [1-MED-over the shoulder] and use needle-nose tweezers to transfer the glass slide from the bottom plate to a 10-mm2 tissue culture dish [2-CU].
4.3.1. Talent unscrewing screw

4.3.2. Slide being placed into dish, with flow chamber assembly visible in frame
4.4. Wash the slide in 10 mL of cold PBS [1-MED] and check the cells under a microscope to confirm cell adherence and alignment in the direction of flow [2-MED].
4.4.1. Talent adding PBS to slide

4.4.2. Talent at microscope checking slide 
4.5. After aspirating the PBS [1-CU], transfer the slide to a clean 10-mm2 dish [2-MED] and add 350 microliters of lysis buffer supplemented with 1/100 of beta-mercaptoethanol from an RNA extraction kit to the slide [3-CU].
4.5.1. PBS being aspirated

4.5.2. Talent placing slide into dish

4.5.3. Lysis buffer being added to dish, with lysis buffer and beta-mercaptoethanol container labels visible in frame 

4.6. Use a polyethylene-bladed cell scraper to scrape the cells off of the slide [1-MED-over the shoulder] and tilt the tissue culture dish to allow the buffer to pool at the bottom [2-MED].

4.6.1. Talent scraping slide
4.6.2. Talent tilting dish
4.7. Use forceps to remove the slide [1-CU] and pipette the cell lysate into a 1.5-mL tube on ice [2-MED].
4.7.1. Slide being removed

4.7.2. Talent adding lysate to tube on ice 

4.8. Then add 10 microliters of diluted luciferase RNA to the cell lysate for downstream RNA isolation and analysis according to standard protocols [1-CU-TXT].
4.8.1. Luciferase RNA being added to tube, with luciferase RNA container label visible in frame (TEXT: See text for luciferase RNA dilution details)
5. Results: Representative KLF2 Loss-of-Function Analysis in Human Endothelial Cells in Response to Shear Stress
5.1. A successful linearization of the luciferase plasmid using restriction enzymes can be confirmed by running the digested products on an agarose gel [1-LM] and the size of the linearized product can be confirmed with DNA ladders [2-LM] and by comparison with an uncut plasmid [3-LM].
5.1.1. Figure 1 final.ai: Video Editor: please emphasize supercoiled lane
5.1.2. Figure 1 final.ai: Video Editor: please emphasize 1kb + ladder lane

5.1.3. Figure 1 final.ai: Video Editor: please emphasize uncut lane
5.2. Manufacturing processes can lead to small variations in the chamber height [1-LM]. Thus, the flow rate must be calculated for each chamber to achieve the same shear stress [2-LM].
5.2.1. Table 1.pdf: Video Editor: please emphasize Chamber Height data column
5.2.2. Table 1.pdf: Video Editor: please emphasize Flow Rate data column
5.3. For experiments incorporating laminar shear stress in mammalian endothelial cells, firefly luciferase RNA can be used as an exogenous RNA spike-in [1-LM].
5.3.1. Authors: please upload the table from Figure 4A through the submission link as its own .ai or .psd file without the A label: Video Editor: please emphasize Luciferase data column
5.4. Normalization to the endogenous reference gene [1-LM], the exogenous reference gene [2-LM], and both endogenous and exogenous reference genes together yields similar results [3-LM].
5.4.1. Authors: please upload the graphs from Figure 4B through the submission link together in a new .ai or .psd file without the B label: Video Editor: please emphasize black data bars in Flow+Ctl2si cluster in each graph
5.4.2. Figure 4B: Video Editor: please emphasize dotted data bars in Flow+Ctl2si cluster in each graph
5.4.3. Video Editor: please emphasize black light grey bars in Flow+Ctl2si cluster in each graph
5.5. Of note, in these representative experiments using two simultaneously running flow chambers with shear stress at 1 Pascal for each experiment [1-LM], Kruppel-like factor 2 knockdown via siRNA yielded a similar knockdown efficiency between the tested biological samples [2-LM].
5.5.1. Figure 4B: no animation
5.5.2. Figure 4B: Video Editor: please emphasize Flow+KLF2 data clusters in each graph
6. Conclusion (said by authors on camera):
6.1. Aravin Sukumar: While attempting this procedure, it’s important to remember to establish an even monolayer of cells on the slide and to perfuse the flow loop prior to attaching the flow chamber.
6.2. Jeffrey Man: Following this procedure, other methods, like RNA sequencing, can be used to assess genome-wide RNA expression and other readouts, such as DNA or protein, can be used for further molecular analysis.
6.3. Philip A. Marsden: After its development, this technique paved the way for researchers in the field of endothelial biology to explore the relationship between shear stress and angiogenic potential in human endothelial cells.
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. 
5.1.1.-5.1.3. Figure1(1).ai – image of agarose gel electrophoresis for cut and uncut luciferase plasmid
5.2.1.-5.2.2. Table1.pdf – table of flow rates for individual flow chambers
5.3.1. Figure 4A.ai – table of exogenous reference RNA for 3 separate experiments
5.4.1.-5.4.2. Figure 4B.ai – experimental results for three separate KLF2 knockdown experiments with shear stress
5.5.1-5.5.2 Figure 4B.ai – experimental results for three separate KLF2 knockdown experiments with shear stress
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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