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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.2., 3.15., 5.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.15. Addition of 3 µL of dyes to the apical surface. To ensure success and prevent damage to the epithelium, the pipet, held in the right hand is guided slowly above the epithelial cell surface with the left index
5. Will the filming need to take place in multiple locations (> walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Vinciane Saint-Criq: Our protocol is the first that allows the dynamic measurement of airway surface liquid, or ASL, pH in real time under both resting conditions and after agonist or inhibitor treatment [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Michael A. Gray: Compared to previously published methods, this new technique is relatively simple to perform, requires less specialized equipment, and measures the ASL pH simultaneously in many cultures while maintaining air-liquid interface or thin-film conditions [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Michael A. Gray: Importantly,his in vitro technique has the potential to assess the effect of new therapeutics on pH homeostasis not only in Cystic Fibrosis but also other chronic airway diseases, such as asthma and COPD [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Vinciane Saint-Criq: This method helps to identify ion channels or transporters involved in extracellular pH regulation and could be applied to other cell systems in which this is important, such as cancer [1]. 

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Section - Protocol
2. Primary Human Airway Epithelial Cell (hAEC) Preparation
2.1. After at least 28 days of culture, wash the apical surface of a human airway epithelial cell culture [1-TXT] with 150 microliters of bicarbonate containing Krebs buffer solution for 20 minutes in the cell culture incubator [2-TXT].
2.1.1. WIDE: Talent washing cells, with HCO3- KRB solution container visible in frame TEXT: See text for hAEC culture preparation details
2.1.2. MED: Talent placing culture in incubator TEXT: See text for all solution/reagent preparation details
2.2. At the end of the incubation, use a sterile glass pipette with a sterile P200 pipette tip linked to an aspiration pump to carefully aspirate the wash without disrupting the epithelium [1]. There should be as little liquid remaining on the apical surface as possible to restore the air-liquid interface [2].
2.2.1. CU: Wash being aspirated
2.2.2. CU: Shot of culture after wash has been aspirated to show little liquid on apical surface
2.3. Then return the cells to the cell culture incubator for 30 minutes [1].
2.3.1. MED: Talent placing culture into incubator
3. Background Measurement
3.1. To perform a background measurement, turn on the plate reader and the computer [1].
3.1.1. WIDE: Talent turning on plate reader and/or computer
3.2. After opening the dashboard, click Spark 10M [1] and set the temperature control to 37 degrees Celsius [2].
3.2.1. MED-over the shoulder: Talent opening dashboard and/or clicking Spark 10M, with monitor visible in frame
3.2.2. SCREEN: To be provided by Authors: Temperature control being opened and being set
3.3. Then open the gas control and set the carbon dioxide to 5% [1].
3.3.1. SCREEN: To be provided by Authors: Gas control being opened/CO2 being set
3.4. When the temperature and gas have reached their targets, open the plate reader drawer [1] and insert a humidity cassette filled with 6 milliliters of distilled water on each side into the reader [2].
3.4.1. MED: Talent opening drawer
3.4.2. CU: Cassette being inserted
3.5. Confirm that the lid and bottom of the cell culture plate are clean [1-TXT] and place the plate in the humidity cassette, put the lid back on and close the drawer [2].
3.5.1. CU: Shot of clean lid and plate bottom TEXT: Clean w/ 70% EtOH as necessary
3.5.2. MED: Talent placing plate into cassette, putting the lid back on and closing the drawer
3.6. Open the Spark Method editor, select the appropriate plate template [1] and select the wells that be monitored during the experiment [2].
3.6.1. MED: Talent selecting plate template, with monitor visible in frame
3.6.2. SCREEN: To be provided by Authors: Well(s) being selected
3.7. Add a temperature and carbon dioxide control panel and set the panels to 37 degrees Celsius and 5%, respectively. Then tick the wait for temperature-gas boxes [1].
3.7.1. SCREEN: To be provided by Authors: Temperature and/or CO2 panels being added, temp and gas being set, then boxes being checked
3.8. Add a kinetic loop panel and select the duration as the loop type. 
3.8.1. SCREEN: To be provided by Authors: Kinetic loop panel being added, then duration 
3.9. Set the duration to 5 minutes and set the interval type of the experiment to “not defined” to obtain a continuous reading [1].
3.9.1. SCREEN: To be provided by Authors: Duration being set, then interval type being set
3.10. Within the kinetic loop, use the drag and drop function to add two Fluorescence intensity panels that will be individually set for the pH-sensitive and the pH-insensitive fluorescent dyes [1].
3.10.1. SCREEN: To be provided by Authors: Panel(s) being added
3.11. Set the excitation and emission wavelengths to 560 and 590 nanometers, respectively, for the pH-sensitive dye and 495 and 520 nanometers, respectively, for the pH-insensitive dye [1].
3.11.1. SCREEN: To be provided by Authors: Wavelength(s) being set 
3.12. Set the number of flashes to 30 and the z-position to 33200 for each fluorophore [1].
3.12.1. SCREEN: To be provided by Authors: Number of flashes being set, then z-position being set
3.13. Set the multiple read per well to “user-defined” as a 3 × 3 circle with a border of 4750 micrometers [1].
3.13.1. SCREEN: To be provided by Authors: Multiple read per well being set to user-defined, 3 x 3 circle size, w/ 4750 micrometer border
3.14. Click Start to initiate the background measurement reading and click OK to confirm that the lid of the humidity cassette is in place [1].
3.14.1. SCREEN: To be provided by Authors start and OK being clicked
3.15. At the end of the measurement, transfer the plate from the plate reader to a tissue culture safety cabinet [1] and add 3 microliters of freshly-prepared, dextran-coupled fluorescent dye solution to the apical surface of the cells [2]. 
3.15.1. MED: Talent placing plate into safety cabinet
3.15.2. CU: Dye being added to well(s)
3.16. Then return the plate to the cell culture incubator overnight [1].
3.16.1. MED: Talent placing plate into incubator
4. Kinetics Measurement
4.1. For the kinetics measurement, open the method file used for the background measurements [1]. 
4.1.1. MED-OS: Talent opening method file, with monitor visible in frame
4.2. When all of the parameters have been set, open the plate reader drawer [1] and insert the humidity cassette [2].
4.2.1.  Drawer being opened
4.2.2. CU: Cassette being inserted
4.3. Place the clean plate in the humidity cassette with its cover [1] and click Start to initiate the fluorescence readings [2].
4.3.1. CU: Plate being placed
4.3.2. MED: Talent clicking start, with monitor visible in frame
4.4. Then click OK to confirm that the lid of the humidity cassette is in place [1].
4.4.1. SCREEN: To be provided by Authors: OK being clicked
4.5. After a minimum of 12 cycles, click Pause to interrupt the experiment [1] and remove the plate to basolaterally apply any drugs or agonists to the appropriate samples [2-TXT].
4.5.1. SCREEN: To be provided by Authors: Pause being clicked
4.5.2. MED: Talent adding treatment to plate TEXT: Cell removal induces increase in ASL pH that reverses w/in 10-15 min after returning cells to reader
4.6. Return the plate to the humidity cassette on the tray [1] and reposition the humidity cassette lid [2] before clicking Continue to further record the ASL pH and to monitor the effect of the treatment [3].
4.6.1. MED: Talent placing plate onto tray
4.6.2. CU: Lid being repositioned
4.6.3. SCREEN: To be provided by Authors: Continue being clicked/ ASL pH being recorded
5. In situ pH Calibration 
5.1. For in situ pH calibration, remove the plate from the plate reader [1] and aspirate the basolateral solution [2].
5.1.1. WIDE: Talent removing plate
5.1.2. CU: Solution being aspirated
5.2. Add 750 microliters of highly buffered standard curve solution to the basolateral compartment [1] and 1 microliter of solution to the apical surface [2].
5.2.1. CU: Solution being added to basolateral compartment
5.2.2. CU: Solution being added to apical surface
5.3. Switch off the carbon dioxide on the plate reader [1-TXT] and return the plate to the humidity cassette [2].
5.3.1. MED: Talent switching off CO2 TEXT: Alternative: Set CO2 to 0.1%
5.3.2. MED: Talent placing plate back into cassette Author comment: SLATED AS 5.4.1
5.4. Then set the plate reader with the same parameters as demonstrated but with no carbon dioxide [1] and start the fluorescence readings every 5 minutes for 1-1.5 hours [2].
5.4.1. MED: Talent setting parameters, with monitor visible in frame
5.4.2. SCREEN: To be provided by Authors: Readings being started
6. Data Analysis
6.1. For data analysis, select all of the mean data for each sample and/or condition for both wavelengths in the background file [1] and copy and paste to the data into a new file [2].
6.1.1. WIDE: Talent selecting data, with monitor visible in frame
6.1.2. SCREEN: To be provided by Authors: Data being copied and/or pasted into new file
6.2. Then calculate the mean background for each well and each wavelength [1].
6.2.1. SCREEN: To be provided by Authors: Mean background(s) being calculated
6.3. After copying and pasting the calibration and kinetic data in the same manner [1], subtract the background from each data point for each wavelength [2].
6.3.1. SCREEN: To be provided by Authors: Mean calibration and/or kinetic data being copied and pasted
6.3.2. SCREEN: To be provided by Authors: Background being subtracted from wavelength(s)
6.4. For each time point and every sample, calculate the ratio between the pH-sensitive and pH-insensitive fluorescence [1].
6.4.1. SCREEN: To be provided by Authors: Ratio being calculated for at least one time point and/or sample
6.5. 
6.6. For each time point, generate a standard curve from the ratios and plot the known pH values on the x-axis and the ratios on the y-axis [1].
6.6.1. SCREEN: To be provided by Authors: Standard curve being generated, then known pH values being plotted against ratios
6.7. Determine the time point at which the ratios are stable, fit a linear regression line, and obtain the equation for this line [1].
6.7.1. SCREEN: To be provided by Authors: Shot of time point at which ratios are stable, the linear regression line being fit, then equation being obtained
6.8. Then, calculate the pH for each time point and plot the pH on the y-axis and the time on the x-axis [1].
6.8.1. SCREEN: To be provided by Authors: pH being calculated, then pH being plotted against time

Section – Results
7. Results: Representative pH Calibration in Primary hAECs In Situ

7.1. In this representative preliminary experiment without cells, at the same pH and same concentration, the pH-sensitive [1] and pH-insensitive emission ratios differed depending on the volume of the dye [2].

7.1.1. LAB MEDIA: Figure 2A: JoVE Video Editor please emphasize red line
7.1.2. LAB MEDIA: Figure 2A: JoVE Video Editor please emphasize green line

7.2. Additionally, at the same pH and the same volume [1], different dye concentrations provided different ratio values [2], indicating that changes in the volume or dye concentration affects the absolute value of the pH calculated from the emission ratio [3].

7.2.1. LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize red line
7.2.2. LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize blue line
7.2.3. LAB MEDIA: Figure 2B

7.3. In addition, the time required for temperature equilibration is approximately 15-20 minutes, regardless of dye volume or concentration [1].

7.3.1. LAB MEDIA: Figure 2C: JoVE Video Editor please sequentially add/emphasize data lines from yellow to blue

7.4. ASL pH values obtained from a single global standard curve demonstrate a significant difference between non-cystic fibrosis and cystic fibrosis cultures [1], whereas the ASL pH is not significantly different between cystic fibrosis and non-cystic fibrosis human airway epithelial cells when the pH is calculated from independent standard curves [2].

7.4.1. LAB MEDIA: Figures 3A and 3C: JoVE Video Editor please add/emphasize bracket over Global data bars in Figure 3C
7.4.2. LAB MEDIA: Figures 3B and 3C: JoVE Video Editor please add/emphasize bracket over Independent data bars in Figure 3C

7.5. Therefore, it is important to generate independent calibration curves for each experiment and within each experiment for each donor sample [1] as, when the calibration curves are averaged together, higher pH-sensitive-pH-insensitive ratio values are found in cystic fibrosis cultures, indicating a more acidic pH [2]. 

7.5.1. LAB MEDIA: Figure 3C
7.5.2. LAB MEDIA: Figure 3C: JoVE Video Editor please emphasize yellow CF data bars

7.6. As expected, the addition of basolateral forskolin significantly increases the ASL pH in non-cystic fibrosis cultures only [1].

7.6.1. LAB MEDIA: Figure 4A: JoVE Video Editor please emphasize blue data line


Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Michael A. Gray: It is important to perform the background measurement as well as the pH calibration for each set of samples to reduce inter-donor variability and to improve accuracy (Step: 5.2.) [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.2. Vinciane Saint-Criq: As these cells have been kept under sterile conditions, they can be washed, re-fed, and used a few days later for future experiments [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.3. Vinciane Saint-Criq: All biological human specimens should be regarded as potentially hazardous, so be sure to use the appropriate level of confinement and personal protective equipment depending on your samples [1].
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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