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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  
If Yes, can you record movies/images using your own microscope camera?
N/A  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.

N/A

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.
(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).

To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  30
Number of Shots:  47

Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
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.

REQUIRED: What is the main advantage of this technique?
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.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.1. Donald Gaver, PhD: 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.
1.2. 

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.
N/A
1.4. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.4.1. INTERVIEW: Author saying the above. 
1.4.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.
1.5. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Cell Culture in the Microfluidic Channel
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. Talent obtaining single channel flow array.
2.1.2. Talent separating the upper portion from the polycarbonate base.
2.2. Obtain a rectangular cover glass and clean the surfaces of the cover glass in an ultrasonic bath [1]. and tTreat one side with a 0.1 milligrams per milliliter solution of Poly-D-Lysine at room temperature for 5 minutes, before drying at 60 degrees Celsius for 30 minutes [2].
2.2.1. Talent cleaning a cover glass in an ultrasonic bath.
2.2.2. Talent treating cover glass with Lysine solution.
2.3. Affix a 0.13 millimeters thick, double-sided adhesive [1], laser-cut to accommodate the dimensions of the flow array top and the flow channel, to the flow array top, taking care to precisely align the channel cut-outs [2].
2.3.1. Talent affixing double-sided adhesive to the cover glass.
2.3.2. Talent laser cutting the cover glass ensuring that the channel cut-outs are aligned.	Comment by Damle, Eshan B: Laser cutter is located on another campus and filming the adhesive and spacers being cut would be impractical.
2.4. Affix a 0.1-millimeters thick mylar spacer [1], laser-cut to accommodate the dimensions of the flow array top and the flow channel, to the adhesive strip, taking care to precisely align the channel cut-outs. Repeat the steps until the desired channel height is achieved [2].
2.4.1. Talent affixing thick mylar space to the cover glass.
2.4.2. Talent laser cutting to accommodate dimensions of the flow array repeating steps until desired channel height is achieved.
2.5. 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]. 
2.5.1. Talent affixing cover glass to the bottom-most adhesive strip.
2.5.2. Talent applying pressure to the front and bottom of the construction.
2.6. Rinse the channel with de-ionized water using a syringe, simultaneously checking for leaks [1]. Sterilize the channel enclosure in an ultraviolet sterilizer for 30 minutes [2].
2.6.1. Talent rinsing the channel with DI water.
2.6.2. Talent sterilizing the channel enclosure with UV sterilizer.
2.7. Using a sterile technique, treat the channel with a 2.0 micrograms per milliliter solution of human fibronectin in phosphate-buffered saline,  PBS, and incubate for at least 30 minutes at 37 degrees Celsius [1].
2.7.1. Talent treating the channel with human fibronectin in PBS saline buffer.
2.8. Next, proceed to the sterile laminar flow hood. and u Using a micropipette, transfer an even suspension of NCI-H441 cells in RPMI 1640 medium with 10 percent fetal bovine serum to prepare a 2.5 x 106 cells per milliliter suspension.seed two microfluidic channels, each with cells at a surface density of 150,000 cells per centimeter squared [1]. (NCI-H441 should be pronounced as “NCI-[very short pause]-H-four-four-one”. RPMI 1640 should be pronounced as “RPMI-[very short pause]-sixteen-forty”).Authors: How would you like the voice-over artist to pronounce ‘NCI-H441’, and ‘RPMI 1640’?
2.8.1. Talent transferring suspension in microfluidic channelspreparing suspension with desired concentration.
2.9. Use 0.25 milliliters of thea 2.5 x 106 cells per milliliter suspension to fill each channel, as well as a portion of the ports, generating a surface density of approximately 150,000 cells per centimeter squared. Verify that cells have been distributed evenly within the channels using a brightfield microscope [1].
2.9.1. Talent filling each channel using a micropipette.
2.10. Culture the two channels for 24 hours and 48 hours respectively at 37 degrees Celsius with 5 percent Carbon dioxide, using a programmable syringe pump to, drawing spent media out from the channel and fresh media into the channel from a sterile media reservoir attached to the channel inlet [1].
2.10.1. Talent culturing the channels while exchanging media from the channel.
2.11. After a 10 minutes waiting period following cell seeding, introduce and pump fresh media from the reservoir through the channel at a variable flow rate beginning at 0.2 microliters per minute and ramping up to 10 microliters per minute for over 4 hours, maintaining flow at that rate thereafter [1].
2.11.1. Talent introducing fresh media to the channel setting up channel pump.
2.12. To perform cell fixation inside the microfluidic channel, prepare formaldehyde solutions by using 4 percent formaldehyde in PBS to create two 4 milliliter portions [1], diluting the first to a concentration of 1 percent formaldehyde and the second to 2 percent formaldehyde using Dulbecco's phosphate buffered saline,  DPBS, as the diluent [1]. 
2.12.1. Talent preparing formaldehyde solution and making two portions of it.
2.12.2. Talent diluting both solutions.
2.13. Transfer the formaldehyde solutions to separate 5-milliliter syringes and label accordingly [1]. Draw up 20 milliliters of DPBS into a separate 20-milliliter syringe [2].
2.13.1. Talent transferring formaldehyde solution to a syringe.
2.13.2. Talent drawing DPBS solution into a syringe.
2.14. Remove microfluidic channels from the culture apparatus [1] and place them into the chemical fume hood [2].
2.14.1. Talent removing the microfluidic channel from the culture apparatus.
2.14.2. Talent placing the microfluidic channel into the chemical fume hood.
2.15. 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]. 
2.15.1. Talent attaching segment of transfer tubing to the stopcock.
2.15.2. Talent connecting stopcock to the inlet port of the flow array.
2.16. Next, 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]. 
2.16.1. Talent attaching transfer tubing to the outlet port of the flow array.
2.17. Finally, secure the free ends of both transfer tubes, now designated as waste lines, into a chemical and biohazard-appropriate waste container, such as a labeled empty 50-milliliter conical centrifuge tube [1].   
2.17.1. Talent securing the free ends of the transfer tubes.
2.18. 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. Repeat the flushing step using with the new solution every time a new solution is introduced to the channel to avoid introducing air bubbles into the system [4].
2.18.1. Talent turning the stopcock to block off the flow array inlet port.
2.18.2. Talent flushing the waste line with DPBS.
2.18.3. Talent turning the stopcock to block off the waste line.
2.18.4. Talent washing the cells with DPBS.
2.19. Slowly push 2 milliliters of 1 percent fixative solution through the channel and then allow to sit for 5 minutes. Repeat the step with 2 percent fixative solution [1].
2.19.1. Talent pushing 1 percent fixative solution through the channel.
2.20. Wash cells by slowly introducing 2 milliliters of fresh DPBS to the channel in three separate instances [1].
2.20.1. Talent washing the cells by with DPBS. 
2.20.2. Stain [1], permeabilize [2], and add mounting media to the cells in the microfluidic channel [3].
2.20.3. Talent staining the cells.
2.20.4. Talent permeabilizing the cells.
2.20.5. Talent adding mounting media to the cells.
2.21. To prepare permeabilization and staining solution,Prepare 0.1 percent saponin solution by adding  add 1 milligram of saponin per milliliter of DPBS to produce 4 milliliters of 0.1 percent saponin solution [1] and gently vortex to mix [2]. Draw up 8 milliliters of DPBS into a 20-milliliters syringe [3].
2.21.1. Talent preparing saponin solution.
2.21.2. Talent vortexing the solution.
2.21.3. Talent drawing DPBS into a syringe.
2.22. Add an F- filamentous-actin-staining phalloidin reagent and a nucleus-staining Hoechst reagent to the 0.1 percent saponin solution. Keep prepared staining and /permeabilizing solution away protected from light by covering it with aluminum foil [1]. (Hoechst is pronounced “hookst”, with the “oo” sounding close to “uh” or “oe”)
2.22.1. Talent adding reagents to saponin solution.
2.23. Flush the line with a small amount of permeabilizing and staining solution [1], then introduce 2 milliliters of the solution to the microfluidic channel and cover the channel with aluminum foil to block light before allowing it to sit at room temperature for 30 minutes [2].
2.23.1. Talent flushing the line with a permeabilizing solution. 
2.23.2. Talent introducing a permeabilizing solution to the microfluidic channel.
2.24. Flush out the permeabilizing solution twice with 2 milliliters of DPBS for 5 minutes per flush [1]. For better image quality, add suitable mounting media into the channel [2]. 
2.24.1. Talent using DPBS to flush out the permeabilizing solution.
2.24.2. Talent adding mounting media to the channel.
2.25. Using a micropipette, introduce a minimal amount of a soft-set antifade mountant to each port of the microfluidic channel, ensuring that the bottom surface is completely covered and no bubbles are trapped within the desired imaging area [1].
2.25.1. Talent introducing antifade mountant to ports of microfluidic channel using micropipette. 
2.26. Seal the ends of the channel and verify cell layer integrity by observing under a brightfield microscope. Repeat the steps for both microfluidic channels in parallel. [1].
2.26.1. Talent sealing the ends of the channel.
2.27. To Image cells in the microfluidic channel, start with by testing imaging location by taking reference scans as well as Z-stacks until desired image parameters and conditions have been met. Dial-in parameters at sequentially higher-magnification objectives until the 40x oil-immersion objective has been reached and optimized [1].
2.27.1. SCREEN: Reference scans are being obtained and parameters are being set.
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
2.28. Using the flow array base plate as a reference, construct Z-stacks at various locations along the length of the channel, keeping in mind that regions closest to the ports will have non-representative multilayering. five locations, at the would-be location of the first electrode on the inlet side, halfway between the center and the previous location, the center, halfway between the center and the location of the last electrode, and at the last electrode [1].
2.28.1. SCREEN: Z-stacks are being constructed.
2.29. Finally, analyze cross-sectional data, depth map data, and any other relevant characteristics to evaluate cell monolayer properties.


Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.2.5, 2.9, 2.10, 2.11, 2.18, 2.22

2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).

[bookmark: Text2]Click here to list microscope shots, using the shot numbers from the protocol section of the video script.N/A     



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 88. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

3. Results: NCI-H441 Cell Layers Cultured in the Microfluidic Channel
3.1. The successful use of the technique is demonstrated, in the context of a microfluidic dynamic-culture environment and through image acquisition at locations 1 centimeter from the inlet and the outlet of two microfluidic devices [1]. The images provide two examples each of layers cultured for 24 hours [2] and 48 hours [3], with the 24 hour example demonstrating successful monolayer production and the 48 hour example demonstrating undesirable multilayer formation.
3.1.1. LAB MEDIA: Figure 4 
3.1.2. LAB MEDIA: Figure 4 A and B
3.1.3. LAB MEDIA: Figure 4 C and D
3.2. The Here, data collected from the microfluidic channel experiment is visualized, incorporatesing three samples from each of the five microfluidic channel imaging locations [1]
3.2.1. LAB MEDIA: Figure 5
3.3. Displayed is a depth map of a central location within the microfluidic channel cultured for 24 hours. Depth maps like this can be useful for the subjective evaluation of layer characteristics.
3.3.1. LAB MEDIA: Figure 7
3.4. The quantitative data collected from the eight-well chambered cover glass experiment, including samples from three locations in each density-duration match-up [1]
3.4.1. LAB MEDIA: Figure 9



Conclusion
4. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
4.1. Eshan Damle: (2.1-2.6, 2.10-2.11, 2.18-2.24) 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.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
4.2. Donald Gaver, PhD: 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 (ECIS) or Trans-Epithelial Electrical Resistance (TEER).
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
4.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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