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Questionnaire:
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __2.4 2.5 2.6 2.8 2.9 2.10_________________________________________

D.  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. (Please do not list entire sections.) __2.4 The syringe barrel should be filed properly so that no air bubbles are trapped between it and the PDMS. It is best to hold the barrel to the light and inspect for inhomogeneity of texture. _________________________

E.  Will the filming need to take place in multiple locations? (Y/N) ___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. Experimental Goal (read by voice talent at JoVE): 
The overall goal of this model system is to mimic the geometry and breathing motion of the pulmonary acinus for studying acinar air-flow patterns and airborne micro-particle trajectories. 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Rami Fishler: This method can help answer key questions in the field of acinar transport phenomena, such as the effects of gravity, drag and diffusion on particle deposition outcomes. 
1.2. Rami Fishler: The main advantage of this technique is that experiments are done inside a one-to-one scale rather than a scaled-up model. This allows for accurate observation of particle Brownian motion.  
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Rami Fishler: The implications of this technique extend toward inhalation therapy because a better understanding of aerosolized drug deposition can be achieved.   
Protocol (read by voice talent at JoVE):  
2. Preparation of the Microfluidic Device
2.1. To begin, use deep reactive ion etching of a silicon on insulator wafer to fabricate a master silicon wafer as described previously.  [2.1.1 - LM - TXT]
2.1.1. Figure 1 (Video Editor: Show Figure 1a, then switch to Figure 1b half way through) (TEXT: Pihl et al.  Anal. Chem., vol. 77, no. 13, pp. 3897–3903, (2005)  & Fishler et al.  J. Biomech., vol. 46, no. 16, pp. 2817–2823, (2013))  
2.2. Next, mix the PDMS and curing agent at a 10:1 weight ratio inside a clean small container. [2.2.1 - MED] Degas the mixture in a desiccator under vacuum until all of the air bubbles are removed. [2.2.2 - MED]
2.2.1. *Film as written

2.2.2. *Film as written

2.3. Place the master wafer into a petri dish and pour the degassed PDMS mixture to a height of approximately 1 mm above the master wafer. [2.3.1 - CU] Degas the poured PDMS once again for at least 40 minutes [2.3.2 - MED] until all air bubbles are removed above the wafer and bubbles below the wafer are minimized. [2.3.2 - CU]
2.3.1. *Film as written

2.3.2. *Film as written

2.3.3. Close-up showing sample with no air bubbles.

2.4. Make sure that the wafer is as close as possible to the bottom of the plate. If necessary, press the wafer gently to the bottom using 2 stirring sticks and degas once again. [2.4.1 - CU] Then, bake the PDMS at 65°C for 20 minutes in a natural convection oven. [2.4.2 - MED]
2.4.1. Talent uses 2 sticks to place the wafer at the bottom of the plate.

2.4.2. *Film as written

2.5. While the PDMS is baking, file the barrel section of a plastic 2 ml syringe using a fine grit sand paper to improve its adherence to PDMS. [2.5.1 - CU] In addition, use the sandpaper to flatten the base of the syringe barrel by placing the sandpaper on a flat surface and sliding the base of the syringe barrel on top of it. [2.5.2 - CU]
2.5.1. *Film as written

2.5.2. *Film as written

2.6. Clean off any debris from the syringe using pressurized air [2.6.1 - CU] and then place the barrel section of the syringe on top of the first PDMS layer with the large opening facing the surface of the PDMS.  [2.6.2 - MED]
2.6.1. *Film as written

2.6.2. *Film as written

2.7. Pour a second layer of PDMS on top of the first one to a height of about 5 mm, while ensuring that the PDMS does not enter the barrel of the syringe. [2.7.1 - CU] Then, degas the PDMS once again. [2.7.2 - MED]
2.7.1. *Film as written

2.7.2. *Film as written

2.8. Bake the entire setup at 65°C [2.8.1 - MED] for at least 2 hours in a natural convection oven to harden the PDMS. [2.8.2 – MED] 
2.8.1. Talent sets the setup in the oven set to 65 degrees and then sets a timer for 2 hours. 
2.8.2. Added Shot- Talent puts device in oven.
2.9. Cut through the PDMS mold around the patterned region of the master wafer using a scalpel. While cutting, the scalpel should weakly touch the surface of the wafer. [2.9.1 - CU/ECU]
2.9.1. *Film as written

2.10. Then, gently insert a thin tool such as wafer forceps in the notch created by the scalpel, and peel off the PDMS cast from the master wafer. [2.10.1 - CU]
2.10.1. *Film as written

2.11. Place the cast on a soft surface covered with aluminum foil so that the patterned side faces up and punch a hole in the PDMS at the chamber inlet and channel inlet using a 1 mm biopsy punch. [2.11.1 - CU]
2.11.1. *Film as written

2.12. Next, add some of the PDMS with curing agent to a clean glass slide and spin-coat a thin layer at 3000 rpms for 30 seconds.  [2.12.1 - CU] Then, bake the slide at 65°C for at least 1 hour. [2.12.2 - MED]. Clean the slide and PDMS cast using Scotch tape [2.12.3] 
2.12.1. *Film as written

2.12.2. *Film as written

2.12.3. Added shot: film as written

2.13. Treat the surfaces of the coated glass slide and the molded PDMS with oxygen plasma using a Corona treater. Note that each surface should be treated for at least 1 minute. [2.13.1 - CU]  Then, gently press the surfaces together [2.13.2 - CU] and bake them overnight at 65 °C. [2.13.3 - MED]
2.13.1. *Film as written

2.13.2. *Film as written

2.13.3. Talent places the sample in the oven and closes the door.

3. Device Filling and Actuation

3.1. Mix water suspended fluorescent polystyrene particles with water and glycerol in a glass vial to obtain a 64 to 36 volume to volume ratio of glycerol to water containing 0.25% particles by weight. [3.1.1 - CU]
3.1.1. *Film as written

3.2. Next, place a drop of the glycerol solution on top of the channel inlet and a drop of DI water on the chamber inlet.  [3.2.1 - CU] Then, set the apparatus inside a desiccator and pull a vacuum for about 5 minutes. [3.2.2 - MED]
3.2.1. *Film as written

3.2.2. *Film as written 

3.3. Before releasing the vacuum, wait for the bubbles that form in the drops of glycerol solution and DI water to pop. [3.3.1 - CU] Upon vacuum release the liquids are drawn into the voids inside the device. [3.3.2 - ECU]
3.3.1. *Film as written

3.3.2. If possible, show the liquid being drawn in, otherwise, show the sample being removed from the vacuum chamber.

3.4. If residual air remains inside the channels, eliminate it by applying external pressure on the fluids using a syringe and allowing the air to diffuse into the PDMS. [3.4.1 - CU]
3.4.1. *Film as written

3.5. Next, inject about 2 ml of deionized water into the top chamber until it is fully filled with water. Then cover the top chamber with a 19 gauge blunt syringe tip. [3.5.1 - CU]
3.5.1. *Film as written

3.6. Cut the tip of another blunt 19 gauge syringe tip and insert this tip to the side chamber inlet. [3.6.1 - CU] Connect both syringe tips to a 1 ml syringe using thin Teflon tubing and a T-shaped connector. [3.6.2 - CU]
3.6.1. *Film as written

3.6.2. *Film as written

3.7. Make sure that the 1 ml syringe, Teflon tubing, T-shaped connector and top chamber are all filled with water, without any bubbles. [3.7.1 - CU]
3.7.1. Talent fills the items with water so that there aren’t any bubbles.

3.8. Then, connect the 1 ml syringe to a syringe pump and program it to mimic a quiet tidal breathing cycle as described in the accompanying text protocol. [3.8.1 - CU]
3.8.1. *Film as written

4. Micro-particle Image Velocimetry

4.1. In order to obtain micro-particle velocimetry images, place the device onto the stage of an inverted microscope.  [4.1.1 - MED] Then, turn on the double pulsed Nd-YAG laser and load the image analysis software on the computer. [4.1.2 - Med Over the Shoulder]
4.1.1. *Film as written

4.1.2. *Film as written (only turning on the laser was filmed without loading the software)
4.2. While the device is being actuated, obtain a series of 9 to 12 phase-locked, double-frame images of the particle-seeded flow using a micro-particle image velocimetry system in accordance with the manufacturer’s specifications. [4.2.1 – SCREEN MED]
4.2.1. Screen capture video of the particles being imaged in real time. Film the system at work (green laser pulsing)
4.3. To achieve phase-locked double frame images, acquire a double frame series at 10 Hz.  Then, reorganize the data so that all frame pairs that are separated by a full cycle time form a new time series. [4.3.1 - SCREEN LM]
4.3.1. Screen capture video as talent reorganizes the data as described. Figures 2 and 3. (Video editor – alternate back and forth between Figures 2 and 3, with a pause of about 0.5 a second on each figure. This would create a simple animation demonstrating the difference between the two images. Note that figure numbering in this document relates to the figures attached to this revision and not to figure numbering in the article.)
4.4. Use a sum-of-correlation algorithm to compute phase-locked velocity vector maps of the resulting flow field from the image series. [4.4.1 – SCREEN LM]
4.4.1. Screen capture as talent computes the flow field from the image series. Figure 4
4.5. Repeat this process several times with varying lag times between the first and second frames of each frame pair for resolving different flow regions inside the alveolar cavity. [4.5.1 – SCREEN LM]
4.5.1. Screen capture video as talent alters lag time and reprocesses the images. Figures 4, 5 and 6. (Video editor- alternate between figures 4, 5 and 6 sequentially with a pause of about 1 second for each figure. Repeat the cycle (4, 5, 6) several times until the text reading is finished.
4.6. Next, use a data analysis program to stitch together the individual flow maps into a complete and high-detailed map of flow patterns by averaging overlapping data points. [4.6.1 – SCREEN LM]
4.6.1. Screen capture video as talent uses data analysis program to stitch together the flow maps. Figure 7
5. Results: Imaging of Physiologically Realistic Flow Profiles
5.1. A critical feature of the microfluidic acinar platform presented here is its ability to reproduce physiologically-realistic breathing motions that give rise to physiological flow profiles and velocities within acinar ducts and within alveoli. [5.1.1 - LM] Flow velocity profiles across the width of the channels show a steady drop of flow rates towards deeper acinar generations.[5.1.2 - LM]
5.1.1. Figure 3 and Figure 1b (Video Editor: Show the figures side by side.  Match up the numbers (1-5) in Figure 1b with the Gen1-Gen5 labels in Figure 3 by color coding them the same. Figure 8 (we edited the original figure ourselves)
5.1.2. Figure 3 and Figure 1b (Video Editor: Add an arrow pointing from 1 -> 5 in Figure 1b and down the middle of the graph from the black line to the blue line.) Figure 9 (Figure 9 is the same as figure 8 with added arrows. Alternatively the video editor can use figure 8 and add different arrows, possibly with an animation of a growing arrow)
5.2. Flow profiles near and within alveolar cavities show that flow magnitudes drop steeply along the opening of alveoli, resulting in flow velocities that are two to three orders of magnitude slower inside alveoli compared to the ducts. [5.2.1 - LM] In addition, flow patterns change considerably with increasing acinar generation. [5.2.2 - LM]
5.2.1. Figure 10 (Video Editor: Label the images as “Alveolar Velocity Profiles”. With the words “flow magnitudes drop steeply along the opening of alveoli” add arrows from the bottom of each image up into the “alveoli” (the round region). Point to the dark blue regions in the images with the words “flow velocities that are two to three orders of magnitude slower inside alveoli compared to the ducts “inside alveoli” then point to the lightest color- red or yellow- with the word "ducts". )
5.2.2. Figure 10 (Video Editor: Label the images as “Alveolar Velocity Profiles”. Highlight the left image, Gen 1, with the word “recirculating” and the Gen5 image with the last 3 words. Add an arrow below the figure from left to right annotated "increasing acinar generation" with the words "increasing acinar generation")
5.3. While generation 1 features a recirculation zone which roughly coincides with the center of the alveolus [5.3.1 - LM] generation 3 is characterized by a recirculation zone which is shifted towards the proximal side of the alveolus with a more open streamline pattern. [5.3.2 - LM] Finally, radial streamlines with no recirculation zone are observed in device generation 5. [5.3.3 - LM]
5.3.1. Figure 10 (Video Editor: Highlight the left image, Add an arrow below the figure from left to right annotated "increasing acinar generation")

5.3.2. Figure 10 (Video Editor: Highlight the center image, Add an arrow below the figure from left to right annotated "increasing acinar generation")

5.3.3. Figure 10 (Video Editor: Highlight the right image, Add an arrow below the figure from left to right annotated "increasing acinar generation") 
6. Conclusion (said by authors on camera) 
6.1. Rami Fishler: Once mastered, this technique can be done in a few hours if it is performed properly.
6.2. Rami Fishler: Following this procedure, which enables flow visualization in acinar geometries, the platform can be used to track single airborne particles in order to explore the dynamics and deposition of inhaled particles. 
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.

2.1 – Fig_1.tif – CAD design and photos with symbols
4.2 – Fig_2.tif – raw image of fluorescent particles - 1
4.2 – Fig_3.tif – raw image of fluorescent particles – 2

4.4 – Fig_4.tif – velocity field – 1
4.5 – Fig_5.tif – velocity field – 2 

4.5 – Fig_6.tif – velocity field – 3 

4.6 – Fig_7.tif – velocity field – combined 

5.1 – Fig_8.tif – velocity profiles – 1
5.1 – Fig_9.tif – velocity profiles – 2 

5.2 – Fig_10.tif – Alveolar flow patterns – 1 

5.3 – Fig_11.tif - Alveolar flow patterns – 2
5.3 – Fig_12.tif - Alveolar flow patterns – 3

5.3 – Fig_13.tif - Alveolar flow patterns – 4

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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