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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.
Author’s NOTE: Will upload screen captures after filming occurs.

3. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? Within the same research complex, in separate buildings – approximately a 5 minute walk from one location to the other (from the lab to the confocal microscope room).


Current Protocol Length

Number of Steps:  30
Number of Shots:  52

Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 


REQUIRED: 
1.1. Eshan Damle: This protocol serves to lower a barrier to entry for cell culture experimentation and enables researchers to evaluate and characterize adherent cell monolayers cultured in dynamic microfluidic environments.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: LAB MEDIA: Figure 6

1.2. Eshan Damle: The primary advantage of this technique is that it enables both qualitative and quantitative evaluation of cell monolayer characteristics to serve as a basis for further monolayer-dependent experimentation.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: LAB MEDIA: Figure 9

OPTIONAL:
1.3. Donald Gaver: This method enables the recapitulation of an alveolar epithelium in-vitro, permitting exploration of the dynamic responses occurring during Acute Respiratory Distress Syndrome as well as Ventilator-Induced Lung Injury.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.2.1 and 3.2.2

Videographer: Obtain headshots for all authors. 
1.1. 

Protocol
2. Microfluidic Channel Fabrication and Pre-Treatment
2.1. To begin, obtain a single-channel flow array [1] and separate the upper portion from the polycarbonate base plate [2].
2.1.1. WIDE: Talent bringing/placing single channel flow array on the workbench.
2.1.2. Talent separating the upper portion from the polycarbonate base.

2.2. Clean the cover glass surfaces in an ultrasonic bath [1]. Treat one side with Poly-D-Lysine at room temperature for 5 minutes [2]. Then, dry it at 60 degrees Celsius for 30 minutes [3].
2.2.1. Talent placing a cover glass in an ultrasonic bath.
2.2.2. Talent adding Poly-D-Lysine on one side of cover glass and placing it aside.
2.2.3. Talent placing the treated cover glass at 60 °C.

2.3. Next, affix 0.13-millimeter-thick double-sided adhesive to the cover glass [1] and laser cut as described in the manuscript, ensuring that the channel cut-outs are precisely aligned [2]. Then affix a mylar spacer of 0.1-millimeter thickness and repeat the process [3] until the desired channel height is achieved [4].
2.3.1. Talent affixing double-sided adhesive to the cover glass. 
2.3.2. Talent showing/pointing at the aligned channel cut-outs.
2.3.3. Talent affixing thick mylar space to the cover glass. 
2.3.4. Shot of channel cut-outs with desired height.

2.4. Affix a rectangular cover glass to the bottom-most adhesive strip with the Poly-D-Lysine-treated side facing the adhesive [1]. After assembly is complete, apply firm and equal pressure to the top and bottom of the construction and hold for 1 minute [2]. Videographer: Important step!
2.4.1. Talent affixing cover glass to the bottom-most adhesive strip.
2.4.2. Talent applying pressure to the front and bottom of the construction.

2.5. Using a syringe filled with deionized water, rinse the channel [1-TXT]. Sterilize the channel enclosure in an ultraviolet sterilizer for 30 minutes [2].
2.5.1. Talent placing the syringe filled with deionized water over the channel and pushing the plunger TXT: Check for leaks simultaneously
2.5.2. Talent placing the channel enclosure in UV sterilizer.

2.6. Using a sterile technique, treat the channel with human fibronectin solution prepared in PBS [1] and incubate for at least 30 minutes at 37 degrees Celsius [2].
2.6.1. Talent adding human fibronectin solution to the inside of the channel enclosure using a micropipette.
2.6.2. Talent placing the channel in the incubator.

3. Cell Culture in the Microfluidic Channel 
3.1. In the sterile laminar flow hood, prepare NCI-H441 (N-C-I H-four-four-one) cell suspension using RPMI 1640 (R-P-M-I sixteen-forty) medium with 10 percent FBS [1-TXT] 
3.1.1. Talent adding RPMI 1640 to a vial containing NCI-H441 cells and pipetting up and down. TXT: Cell concentration: 2.5 x 106 cells/mL	Comment by Swati Madhu: Authors: Please check if this is how cell suspension is prepared.	Comment by Damle, Eshan B: The preceding steps of trypsinizing cells, counting, spinning them down to produce a cell pellet, and diluting to the appropriate concentration are implied, so we can just have a visual of this last step, where I add media to produce the requisite concentration.

3.2. Use 0.25 milliliters of this cell suspension to fill each channel and a portion of the ports [1-TXT]. Using brightfield microscopy, verify that cells have been distributed evenly within the channels [2]. Videographer: Important step!
3.2.1. Talent filling the channel and portion of ports using a micropipette. TXT: Generated surface density: 150,000 cells/cm2
3.2.2. Shot of evenly distributed cells within the channels.  	Comment by Swati Madhu: Authors: Is it possible for you to provide image of cells distributed evenly? If yes, please send it to me via email. If not, let me know.	Comment by Damle, Eshan B: I don’t have such an image, but we can potentially just have a shot of me looking into the brightfield microscope - this step is mostly to check that there aren’t any obvious issues such as large clumps of cells or lack of cells entirely (before proceeding to the next steps)

3.3. After 10 minutes of cell seeding, begin culturing the channels at 37 degrees Celsius with 5 percent carbon dioxide [1-TXT]. Use a programmable syringe pump to draw spent media out from the channel [2] and add fresh media into the channel from a sterile media reservoir attached to the channel inlet [3-TXT]. Videographer: Important step!
3.3.1. Talent placing the channels in the incubator. TXT: Culture one channel for 24 h and another for 48 h
3.3.2. Shot of programmable syringe pump drawing spent media out from the channel.  	Comment by Swati Madhu: Authors: Is it possible to film these 2 shots?	Comment by Damle, Eshan B: The apparatus is one continuous system, so these two parts can either be filmed together (focusing on the pump and then either moving or shifting focus to view the reservoir) or separately (as two static shots). The pump doesn’t move fast enough for the motion of the media to be visible, so that should be taken into consideration when deciding what kind of shot it should be.
3.3.3. Shot of fresh media being added in the channel from a sterile media reservoir. TXT: Flow rate: 0.2 μL/min, ramp up to 10 μL/min across 4 h, and maintain it thereafter

4. Cell Fixation 
4.1. In a chemical fume hood, prepare two 4-milliliter portions of 4 percent formaldehyde in PBS [1]. Dilute one portion to 1 percent and the second portion to 2 percent concentration using DPBS (D-P-B-S) as the diluent [2]. 
4.1.1. Talent making two 4 mL portions of 4 % formaldehyde.
4.1.2. Talent adding DPBS in second portion with diluted first portion kept in the rack next to it. Authors: IF possible, please label the portions.	Comment by Damle, Eshan B: All preparations (in tubes, syringes, etc) will be appropriately labeled, both for filming purposes as well as to help me keep track as I go.

4.2. Transfer the formaldehyde solutions to separate labeled 5-milliliter syringes [1]. Draw up 20 milliliters of DPBS into a separate 20-milliliter syringe [2].
4.2.1. Talent transferring formaldehyde solution to a labeled syringe and placing it next to an already filled labeled syringe. 
4.2.2. Talent drawing 20 mL DPBS solution into a 20 mL syringe.

4.3. Next, remove microfluidic channels from the culture apparatus [1] and place them into the chemical fume hood [2].
4.3.1. Talent removing the microfluidic channel from the culture apparatus.
4.3.2. Talent placing the microfluidic channel into the chemical fume hood.

4.4. To assemble the fixation and staining apparatus, attach a 10-centimeter segment of transfer tubing to the side port of a three-way stopcock via a male Luer lock to hose barb adapter [1], then connect the stopcock to the inlet port of the flow array [2]. 	Comment by Swati Madhu: Authors: Are these tools used to fix the tube to stopcock? I am asking this to understand and write a proper shot description.	Comment by Damle, Eshan B: The adapter is used to connect the tubing to the stopcock (the adapter is a separate plastic piece that has a hose barb on one end and a male Luer lock fitting on the other end). The stopcock is to allow for control between flushing solution and treating solution (whether that be formaldehyde, stains, or DPBS) as they travel into the channel with the cells.
4.4.1. Talent attaching segment of transfer tubing to the side port of a three-way stopcock.
4.4.2. Talent connecting stopcock to the inlet port of the flow array.

4.5. Attach another 10-centimeter segment of transfer tubing to the outlet port of the flow array using the same type of hose barb adapter [1]. Finally, secure the free ends of both transfer tubes, now designated as waste lines, into a chemical and biohazard-appropriate waste container [2].
4.5.1. Talent attaching transfer tubing to the outlet port of the flow array.
4.5.2. Talent placing the free ends of the transfer tubes into 50 mL conical tube and securing them.

4.6. Turn the stopcock to block off the flow array inlet port [1] and flush the waste line with DPBS [2]. Then, turn the stopcock to block off the waste line [3] and slowly wash cells with 2 milliliters of DPBS [4-TXT]. Videographer: Important step!
4.6.1. Talent turning the stopcock to block off the flow array inlet port.
4.6.2. Shot of waste lines flushed with DPBS.	Comment by Swati Madhu: Authors: Is it possible to get this filmed? 	Comment by Damle, Eshan B: Yes, we can either use a close-up or macro shot to film the DPBS exiting the channel enclosure or use a regular shot to show the whole system and my hands flushing the enclosure with DPBS from the syringe.
4.6.3. Talent turning the stopcock to block off the waste line.	Comment by Swati Madhu: Authors: Would it appear different then what is being shown in 4.7.1? 	Comment by Damle, Eshan B: The alternation between blocking off the waste line and blocking off the channel line occurs at every step. In order to ensure that air does not enter the channel enclosure, a small amount must be flushed through the stopcock and into the waste line before the stopcock can be turned to allow the new solution to enter the channel enclosure. Otherwise, every time a syringe was removed, air would enter the system and could potentially damage/alter the cell morphology.
4.6.4. Talent washing the cells with DPBS. TXT: Flush when introducing new solutions to avoid bubble formation	Comment by Swati Madhu: Authors: How exactly is it done? 
Do you release DBS in channel using any knob or stopcock? 
If so, would it be possible to film DPBS being transferred via some pipe and then getting added in channel? 
If its some other way, please let me know so I can correctly write shot description.
This will be helpful for all shots where different solutions are being added/passed through channels.	Comment by Damle, Eshan B: Please see above comment - the DPBS is simply run through the system via the syringe-tubing-stopcock-enclosure assembly and allowed to sit for a few minutes to remove any media/fixative/stain for all the relevant steps. All new solutions are added via a syringe and all steps involve flushing the waste line to clear air and then slowly pushing the solution over the cells in the channel (and then the solution ends up in the waste tube after it has traveled through the length of the channel).

4.7. Slowly push 2 milliliters of 1 percent fixative through the channel, let it sit for 5 minutes, and repeat it with 2 percent fixative [1]. Wash cells three times by slowly introducing 2 milliliters of fresh DPBS to the channel [2].
4.7.1. Talent pushing 1 percent fixative solution through the channel.	Comment by Swati Madhu: Authors: What exactly talent will do to push the fixative through channel?	Comment by Damle, Eshan B: I will use the syringe to push the fixative through the tubing, the stopcock, and the channel (over the cells)
4.7.2. Talent washing the cells with DPBS. 

5. Cell Staining and Mounting 
5.1. Prepare 0.1% saponin solution as described in the manuscript [1]. Draw up at least 8 mL of DPBS into a 20-milliliter syringe for use in the washing steps [2].	Comment by Swati Madhu: Authors: Is this part of preparing 0.1 % saponin?	Comment by Damle, Eshan B: No, it is separate - this is to be used for the washing steps.
5.1.1. Talent drawing up saponin into labeled 5 mL syringe.
5.1.2. Talent drawing DPBS into a 20 mL syringe.

5.2. Add a filamentous-actin-staining phalloidin reagent and a nucleus-staining Hoechst (hookst (with the “oo” sounding close to “uh” or “oe”)) reagent to the 0.1 percent saponin solution [1]. Cover the prepared staining and permeabilizing solution with aluminum foil to protect it from light [2]. Videographer: Important step!
5.2.1. Talent transferring filamentous-actin-staining phalloidin reagent to saponin solution containing vial.
5.2.2. Talent covering the vial with aluminum foil.

5.3. Flush the waste line with a small amount of permeabilizing and staining solution [1]. Then introduce 2 milliliters of the solution to the microfluidic channel [2]. Cover the channel with aluminum foil to block light [3]. After 30 minutes, flush out the permeabilizing solution with 2 milliliters of DPBS twice for 5 minutes each [4].	Comment by Swati Madhu: Authors: Do you mean waste line here?	Comment by Damle, Eshan B: Yes, have amended
5.3.1. Talent flushing the line with a permeabilizing solution. 
5.3.2. Talent adding a permeabilizing solution to the microfluidic channel.
5.3.3. Talent covering the channel with aluminum foil and placing it aside.
5.3.4. Talent adding DPBS and the permeabilizing solution is being flushed out.

5.4. Using a micropipette, introduce a minimal amount of a soft-set antifade mountant to each port of the microfluidic channel, ensuring to cover the bottom surface completely [1-TXT]. Then seal the ends of the channel [2]. Using a brightfield microscope, verify cell layer integrity [3].
5.4.1. Talent introducing antifade mountant to ports of microfluidic channel using micropipette. TXT: Avoid bubbles in the imaging area
5.4.2. Talent sealing the ends of the channel.
5.4.3. Talent at the microscope observing the cell layer OR Shot of properly integrated cell layer.	Comment by Swati Madhu: Authors: Is it possible for you to provide an image for this? If yes, please send via email. It would make video more impactful.	Comment by Damle, Eshan B: If desired, we could take a picture on the brightfield microscope on the day of filming - I usually don’t capture pictures of this because this layer should just look the same as it did when the cells were first taken out of the incubator (just checking to ensure that the fixation/staining protocol did not damage/remove all the cells or introduce any other issue that the researcher should be aware of prior to taking the sample to the confocal microscope).

6. Cell Imagining 
6.1. Test imaging location by taking reference scans as well as Z-stacks until desired image parameters and conditions have been met [1]. Dial-in parameters at sequentially higher-magnification objectives until the 40x oil-immersion objective has been reached and optimized [2].	Comment by Swati Madhu: Authors: What exactly is being done here? 
Is it separate from previous line or are these instructions for obtaining reference scan and Z stacks? 
As of now, I added a shot but its not very clear what we want here. 	Comment by Damle, Eshan B: This is just further instruction on how to get to the end-goal of properly optimized imaging at 40x magnification. In order to do so, the imaging parameters must be dialed in at sequentially higher magnifications (they cannot just jump straight to 40x or the laser, scanning, pinhole, focus, region, etc settings/parameters will be difficult to adjust to capture high-quality images).
6.1.1. SCREEN: Reference scans and Z stacks are being obtained.
6.1.2. SCREEN: Parameters are being dialed in at higher-magnification objectives until the 40x oil-immersion objective has been reached and optimized 
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://www.jove.com/account/file-uploader?src=19313258

6.2. Using the flow array base plate as a reference, construct Z-stacks at various locations along the length of the channel [1-TXT].
6.2.1. SCREEN: Z-stacks are being constructed. 

6.3. Finally, analyze cross-sectional data, depth map data, and any other relevant characteristics to evaluate cell monolayer properties [1].	Comment by Swati Madhu: Authors: Would it be possible for you to provide 10-15 second representative screen capture video showing data analysis. We do not have room for long video. The length of VO narration and video should match each other. 	Comment by Damle, Eshan B: The data can be analyzed in a variety of ways, including morphology, confluence, surface properties, multilayering, etc - the protocol in general is more about how to get to this point. However, if desired, I can discuss the utility of the cross-sectional data in comparing culture durations as relating to monolayer/multilayer formation (Figures 4 and 5) - though I believe this will be redundant to the part that follows?
6.3.1. SCREEN: Shot of cross-sectional data and depth map data is being analyzed. 

Results
7. Results: Culture Duration Effects on Monolayer Production 
7.1. The successful use of the technique is demonstrated in the microfluidic dynamic-culture environment through image acquisition 1 centimeter from the inlet and the outlet [1]. 
7.1.1. LAB MEDIA: Figure 4 

7.2. Successful monolayer production was observed when the layers were cultured for 24 hours [1]. However, when cultured for 48 hours, undesirable multilayer formation was seen [2].
7.2.1. LAB MEDIA: Figure 4 Video editor: Please emphasize figures A and B
7.2.2. LAB MEDIA: Figure 4 Video editor: Please emphasize figures C and D

7.3. The data collected from three samples from each of the five microfluidic channel imaging locations [1] reveals the relationship between increased culture duration and increased cross-sectional area, suggestive of uneven layer formation or overgrowth [2]. 	Comment by Swati Madhu: Authors: It is always preferrable to show outcome or significance in the result section instead of mentioning this is shown or that is shown. Please check if this is correct. 	Comment by Damle, Eshan B: I have amended the narration - please let me know if this is any better
7.3.1. LAB MEDIA: Figure 5
7.3.2. LAB MEDIA: Figure 5 Video editor: Please emphasize green bars of ‘48 h’

7.4. The depth map of a central location within the microfluidic channel cultured for 24 hours was obtained, which can be useful for the subjective evaluation of layer characteristics [1].
7.4.1. LAB MEDIA: Figure 7



Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

8.1. Eshan Damle: The three most crucial aspects of this protocol are proper channel construction, accurate culture and media flow conditions, and careful use of the fixation and staining apparatus.
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.6 (for VO “proper channel construction”), 3.3 (For VO “accurate culture and media flow conditions”), and 5.3 (For VO “careful use of the fixation and staining apparatus”)

8.2. Donald Gaver: Following this procedure, other methods may be used in parallel to validate the experimental viability of the produced cell monolayers, such as Electric Cell-substrate Impedance Sensing or Trans-Epithelial Electrical Resistance.
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
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