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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? 2.1, 2.9, 2.11, 3.3, 3.4, 3.6
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  3.3, 3.4 
E.  Will the filming need to take place in multiple locations? N 

(Editor: The authors put Shot next to each shot that was filmed – I’ve made notes accordingly)
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. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this experiment is to observe the diffusion of passive tracers in capillary tubes of various geometric cross-sections. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dr. Roberto Camassa: This method can help answer key questions in the small-scale fluid dynamics field, such as characterizing chemical spreading in laminar flow in capillary tubes.  Shot
1.2. Dr. Richard M. McLaughlin: The main advantage of this technique is that it is simple and cheap to manufacture and is suitable for capillary tubes of an arbitrary cross-section.  Shot
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Francesca Bernardi: Though this method can provide insight into small scale laminar flow dynamics, it can also be applied to other systems, such as microfluidic-scale experiments thanks to dynamic similarities.  Shot
1.4. Dr. Daniel M. Harris: We first attempted these experiments after a theoretical result and numerical simulations suggested the relation between asymmetries in solute spreading and pipes’ cross-sectional geometries.  Shot
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) N/A
E.  Ethics title card: N/A
Protocol: (read by voice talent at JoVE)
2. The Experimental Setup
2.1. Construct the experimental setup on a bench. [1-WIDE] Some components of the system are 3-D printed, including the reservoir, and the injector post, equipped with an injection needle. [2-CU-TXT]  There are also a hexagonal connector and pipes in which the flow takes place. [3-CU]
2.1.1. Talent at bench with the reservoir, injector post, connector and pipes Shot
2.1.2. The reservoir and injector post [TEXT: See text protocol for details on printing and preparation.] Shot
2.1.3. The hexagonal connector and pipes (without end-plates) Shot
2.2. The pipe geometry is a variable in the experiment. [1-MED] These are two sample cross-sections used in this experiment. The ratio of the short to long side of the cross-section is what varies. [2-CU-TXT] Each pipe has two 3D-printed plates to support it in the setup. [3-CU]
2.2.1. Talent picking up the pipes to show in next shot Shot
2.2.2. The pipes held by talent to show the cross sections [TEXT: Pipe length: ~30 cm] Shot
2.2.3. Two pairs of end-plates, one for the ‘thin’ pipes and another for the ‘thick’ ones Shot
2.3. The experiment requires two syringe pumps, one programmable. [1-MED] For fluids, have a fluorescein dye solution ready and a source of distilled water. [2-CU-TXT] To set up the programmable pump, fill a 12 milliliter plastic syringe with distilled water. [3-MED]
2.3.1. Talent calling attention to the syringe pumps. If possible, fluids for the experiment should be in the shot Shot
2.3.2. The fluids in clearly labeled containers [TEXT: Dye: 0.80 g/L fluorescein in distilled water] Shot
2.3.3. Talent drawing water into a syringe Shot
2.4. Next, insert a plastic dispensing tip on the syringe. [1-CU] Then mount the syringe in the syringe pump and connect a 30 centimeter long hose to its tip. [2-CU-TXT]
2.4.1. Syringe filled with water as a dispensing tip is inserted. Include several seconds of the final result Shot
2.4.2. Syringe as it is mounted on the pump. After a pause, the tube being connected. Include several seconds of the final result [TEXT: Hose inner diameter 3.30 mm] Shot
2.5. Move on to set up the injector. [1-MED]  Fill a 3 milliliter plastic syringe with the fluorescein dye solution. [2-CU]  When done, insert a plastic dispensing tip. [3-CU] (recorded redo)
2.5.1. Talent clearing space to work with the injector Shot
2.5.2. Syringe as talent draws fluorescein solution into it Shot
2.5.3. Syringe with fluorescein solution equipped with a dispensing tip Shot
2.6. Attach the tube connected to the back of the injector to the syringe. Then hold the injector horizontally so the tube hangs below it. [1-MED] Manually push the syringe plunger to fill the injector post’s internal chamber. [2-CU] Stop when the injector is completely full and there is no air trapped inside. [3-CU] (recorded redo)
2.6.1. Talent lifting tube from the injector and attaching the syringe before holding injector horizontally Shot
2.6.2. The syringe and chamber as the fluid is transferred. If it isn’t possible to show both, focus on the chamber Shot
2.6.3. The final state of the chamber Shot
2.7. Then mount the syringe into a second syringe pump. [1-MED] Next, clamp the injector post to the lab bench so that tube remains connected to the syringe. [2-MED] Insert four long screws with washers in the four holes surrounding the injector’s dispensing needle. [3-CU]
2.7.1. Talent mounting syringe on the second pump Shot
2.7.2. Talent clamping post to bench Shot
2.7.3. The four screws around the injector’s needle Shot
2.8. The next step is to work with the hexagonal connector. [1-MED] Identify the circular cutout on one side of the connector and place two O-rings into it.  Install O-rings on the other side, too. [2-CU] Then take the hexagonal connector to the injector post. [3-MED] (recorded redo)
2.8.1. Talent getting hexagonal connector to work with (Editor: I don’t know if this was shot. The fact that the authors put “Shot” next to every other shot suggests that it wasn't. I’ll have the VO recorded in case this shot was filmed. If it was not, this VO can either play over 2.8.2 or be omitted – whichever works better)
2.8.2. Prepare for the shot by having the O-rings installed on one side. Begin the shot with the connector as talent inserts O-rings on the other side. When done have talent rotate connector to show the other side’s O-rings in place. (Video editor: Please use segments as needed to go with the two sentences.) Shot
2.8.3. Talent with connector at the injector post Shot
2.9. Orient it so its larger hole faces the injector post. Align its holes with the four screws, and insert the screws. [1-CU] When done, ensure the O-rings have not moved out of place. [2-CU] Get the tube from the syringe pump. [3-MED-TXT] Attach it to the fitting on the bottom of the hexagonal connector. [4-CU]
2.9.1. The connector properly oriented in front of the injector post. After a pause, the connecter being placed onto the screws Shot
2.9.2. A different view of the connector on the screws that shows position of the O-rings. Please consult the authors Shot
2.9.3. Talent getting tube from the syringe pump [TEXT: Tube connected to 12 mL syringe with distilled water] Shot
2.9.4. The hexagonal connector as tube is attached. Include several seconds of the final result Shot
2.10. Next, select the pipe geometry for the experiment. [1-MED] The pipe in this case is a tube with a 1 millimeter by 10 millimeter rectangular cross-section. [2-CU] At the hexagonal connector, use an end-plate with the pipe and ensure the injection needle will enter the pipe. Then insert the screws that extend from the connector into end-plate. [3-CU-TXT]
2.10.1. Talent getting pipe for display in next shot Shot
2.10.2. The cross-section of the pipe Shot
2.10.3. The end-plate and pipe properly oriented in front of the connector. Ideally it would be clear that the needle will enter the pipe. After a pause, the end-plate being place onto the screws. Please include several seconds of the result. [TEXT: Seal pipe and end-plate with RTV rubber sealant] Shot
2.11. Secure the four screws with nuts to compress together the injector, hexagonal connector, and the pipe plate. [1-MED]  When done, ensure that the O-rings have not moved out of place. [2-CU] Now, get the reservoir. [3-MED] It should have its O-rings in place. [4-CU] (recorded redo)
2.11.1. Talent securing the screws Shot
2.11.2. The assembly ready for the next steps Shot
2.11.3. Talent getting reservoir and holding it to display in the next shot Shot
2.11.4. The reservoir and its O-rings Shot
2.12. Place it at the other end of the pipe and [1-MED] attach the pipe to the reservoir using an end-plate, screws, and washers. [1-MED] [2.12.1B] Again, make sure the O-rings remain in their correct position. [2-CU] Align the reservoir with the injector post and clamp it to the table. [3-MED] (recorded redo)
2.12.1. A) Talent putting reservoir in place. Shot
2.12.1.
B) [Added Shot]:  Talent securing the pipe to it. Shot
2.12.2. The pipe, end-plate, reservoir ready for the next steps Shot
2.12.3. Talent clamping the reservoir to the table Shot
2.13. Now work to extract air from the system. [1-WIDE] At the hexagonal connector, insert a plastic dispensing tip into the tube at its top. Then attach a 3 milliliter syringe to the tip. [2-CU] (recorded redo)
2.13.1. Talent getting a dispensing tip and getting into position at the connector Shot
2.13.2. Tube as talent puts dispensing tip into it. Ideally the hexagonal connector would be identifiable in the shot. After a pause, talent attaching a syringe to the tip. Shot
2.14. For data gathering, place two 61 centimeter long UV-A tube lights on either side of the pipe. [1-MED] Arrange for a camera above the pipe to take a photo of the pipe every second. [2-MED-TXT]
2.14.1. Talent completing placement of tube lights Shot
2.14.2. Talent arranging a camera above the pipe [TEXT: 5.6f, exposure time 1/5”, ISO 200] Shot
3. Running the Experiment
3.1. Begin by filling the reservoir with distilled water. [1-WIDE] It should be filled to slightly above the pipe.  [2-CU] Next, push on the 12 milliliter distilled water syringe. [3-MED] This will fill the pipe with water. [4-MED] Turn on the UV-A tube lights and darken the room. [5-MED-TXT]
3.1.1. Talent filling the reservoir Shot
3.1.2. The reservoir with the water at the correct level Shot
3.1.3. Talent pushing the syringe plunger. This might have to be staged. It may be easier to take shot 3.1.4 first Shot
3.1.4. The pipe as water fills it. Shot
3.1.5. Talent turning on UV-A light. If possible, suggest the darkening of the room, too [TEXT: Experiment should be conducted in darkened room] (Editor: I don’t know if this was shot. The fact that the authors put “Shot” next to every other shot suggests that it wasn't. I’ll have the VO recorded in case this shot was filmed. If it was not, this VO with the text overlay should play over 3.14.4) 
3.2. Flush the pipe with the syringe pump before taking a single reference image of the pipe filled with pure distilled water. [1-LM][2-CU] Then set up the programmable pump to inject water at a slow rate, but do not run it.  [3-MED]
3.2.1. LAB MEDIA: (Authors: Please provide a camera reference image consistent with the experiment being depicted) (Video editor: Please select between 3.2.1 and 3.2.2 if both are available)  Uploaded
3.2.2. The pipe after it is flushed with water, from the vantage of the camera in the experiment.  Shot
3.2.3. Talent setting up programmable pump [TEXT:  Thin pipe flow rate: 1.93 mL/h] Shot
3.3. Push the plunger of the dye syringe. [1-MED] This injects a dollop of the solution approximately 3 millimeters thick. [2-CU] Then run the programmable syringe pump for 5 minutes. [3-MED] After this, the bolus is away from the needle. [4-CU] (recorded redo)
3.3.1. Talent moving to and pushing the dye syringe plunger. This might have to be staged. It is probably best to shoot 3.3.2 first.  Shot
3.3.2. The dye as it enters the pipe.  Shot
3.3.3. Talent starting the syringe pump Shot
3.3.4. The pipe after 5 minutes with the dye away from the needle. Ideally the viewer would be able to understand the relation between this shot and 3.3.2.  Shot  
(Author Comment: we shot a time-lapse video of the dye moving away from the needle. The trailing of dye from the needle is not acceptable in an experimental run so we shot it multiple times until it looked right (the only time-lapse long enough it the correct one).
3.4. Now, manually pull the dye syringe plunger backwards. [1-MED] This draws in water to ensure the dye does not reach the needle. [2-CU] Wait for the dye bolus to diffuse across the cross-section of the pipe. For this thin pipe, the wait-time is more than 12 hours. [4-LM] (recorded redo)
3.4.1. Talent pulling plunger back. This may have to be staged. It may be better to shoot 3.4.2 first, if there is a shot.  Shot
3.4.2. If possible, something to reflect the action of pulling the plunger back. Please consult the authors.  Shot
3.4.3. LAB MEDIA: (Authors: Please provide an image of the established initial condition consistent with the experiment being depicted. This could be the first frame of the sequence asked for in 3.6.2)  Uploaded 
3.5. Francesca Bernardi: The dye solution needs to be injected and then pulled back with great care. These are the most delicate steps in the protocol. If an error occurs, start the procedure again. Practice makes it easier and more repeatable. 
3.5.1. Interview style: Author saying the above Shot
3.6. With the initial conditions established, study flow using a slow pump rate. [1-WIDE-TXT] Start the pump and camera simultaneously. Allow them both to run for 5 minutes. The frames of this sequence are from one run of the experiment. [2-LM] When done, hold a metric ruler next to the pipe and take a calibration image. [3-LM]  (recorded redo)
3.6.1. Talent at the apparatus, preparing for the flow experiment [TEXT: Thin tube programmable pump rate: 19.3 mL/h] Shot
3.6.2. LAB MEDIA: (Authors: Please use the 300 images from an experiment consistent with what is being described to create a time-lapse movie of the flow. Start at the initial condition. All of the frames may not be shown in the JoVE video. JoVE video editors may alter the playback speed.) (Video editor: Please show this for the sentences in this shot. Adjust the length and speed as needed)  Uploaded
3.6.3. LAB MEDIA: (Authors: Please submit a calibration shot taken for an experiment consistent with the one being described.)  Uploaded
4. Results: Comparison of Experiment and Monte Carlo Simulations of the Diffusion of Passive Tracers in Laminar Shear Flow
4.1. The images from the experiment are above the inferred concentration curves at three different non-dimensional times during the experiment. [1-LM] These data are for a “thin” pipe for which the ratio of short to long sides of the pipe cross-section is small. The shape of the distribution changes as the dye bolus moves downstream. [2-LM] The initial Gaussian-like symmetry in the longitudinal direction is quickly broken. (recorded redo)
4.1.1. LAB MEDIA: Fig2.eps (Video editor: Please highlight the photos above the plots during “images from the experiment”. Change the highlighting to the plots during “the inferred concentration curves”.) 
4.1.2. LAB MEDIA: Fig2.eps 
4.1.3. LAB MEDIA: Fig2.eps (Video editor: Please highlight the first plot during “The initial Gaussian-like symmetry”. Remove the highlighting for the remainder of the sentence.)
4.2. Monte Carlo simulations with a matching initial distribution and flow rate confirm the experimental results at two different dimensionless times. [1-LM] The solid lines are experimental data and the dashed lines are simulation results. This comparison is for a “thin” pipe with a small ratio of short to long sides of the cross-section. [2-LM]
4.2.1. LAB MEDIA: “Fig3B” (Authors: Please provide panel B of Figure 3 without the panel label. Use the filename “Fig3B”) (Video editor: Please point to the labels “=0.15” and “=0.30” during “two different dimensionless times”)  Uploaded
4.2.2. LAB MEDIA: “Fig3B”
4.3. Monte Carlo simulations also provide confirmation in the case of a “thick” pipe, where the ratio of cross-sectional lengths is near 1. [1-LM] Note the difference in the evolution of the concentration between the “thin” and “thick” pipes. [2-LM] Over time, the “thin” pipe has solute with a sharp front and a tapering tail. [3-LM] The “thick” pipe has the opposite profile. [4-LM]
4.3.1. LAB MEDIA: “Fig3B”, “Fig3A” (Authors: Please provide panel A of Figure 3 without the panel label. If possible, label the horizontal axis. Use the filename “Fig3A”) (Video editor: Please show these simultaneously, with Fig3B above Fig3A and their axes aligned)  Uploaded
4.3.2. LAB MEDIA: “Fig3B”, “Fig3A”
4.3.3. LAB MEDIA: “Fig3B”, “Fig3A” (Video editor: Please point to the region of the curve labeled “=0.30” that is beyond about the value 200 on the horizontal axis during “sharp front”. Remove that and point to the region of the same curve before about 100 on the horizontal axis.)
4.3.4. LAB MEDIA: “Fig3B”, “Fig3A”
5. Conclusion (said by authors on camera)
5.1. Dr. Daniel M. Harris: Once mastered, this technique can be done in about 1 hour, if it is performed properly. This is excluding the wait time for the dye concentration to diffuse across the cross-section. Shot
5.2. Dr. Roberto Camassa: While attempting this procedure, it’s important to remember to flush the pipe thoroughly before starting the experimental run and be extremely careful when creating the initial condition. Shot
5.3. Dr. Richard M. McLaughlin: After watching this video, you should have a good understanding of how to observe the diffusion of solute in laminar flow through capillary pipes of various cross-sections. Shot
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.  
Uploaded files names:

3.2.1  -  reference_image.pdf, reference_image.tiff  –  reference image from our experimental run
3.4.3  -  initial_condition.pdf, initial_condition.tiff  –  established initial condition of the experimental run

3.6.2  -  flow.avi  -  time-lapse movie of the flow in the experimental run

3.6.3  -  calibration_shot.pdf, calibration_shot.tiff  -  calibration shot taken for the experimental run

4.2.1  -  Fig3B.eps  -  panel B of Figure 3 from the manuscript

4.3.1  -  Fig3A.eps  -  panel A of Figure 3 from the manuscript
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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