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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of your protocol will viewers benefit most from having filmed? 
2.1.-2.3., 3.2., 4.2.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.1., 4.2. proper placement of the catheter to ensure accurate and most polarized location in the nare. 
E. Will the filming need to take place in multiple locations? No
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 goals of this procedure are to observe and measure the coordinated function of cystic fibrosis transmembrane conductance regulator, or CFTR, and epithelial sodium channel activity in the respiratory epithelium for cystic fibrosis diagnosis and treatment-response monitoring. (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Marty Solomon: This method can help answer key questions in the CF and ion transport fields about whether CF patients can mount a meaningful response to activation or restoration of CFTR function. 
1.2. Marty Solomon: The main advantage of this technique is that it measures the coordinated activity of the CFTR and the epithelial sodium channel in the airway epithelium.  
C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.3. Isabelle Sermet: Although this method can provide insight into cystic fibrosis, it can also be applied to other disease systems, such as genetic disorders of hyperactive epithelial sodium channel function.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Isabelle Sermet: Demonstrating the procedure will be Tau and Aurélie Hatton, technicians from my laboratory.  
1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
E. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving human subjects have been approved by the appropriate, individual, local ethics review board for each institute participating in the study.
Protocol: (read by voice talent at JoVE)
2. Materials Setup 
2.1. To prepare the exploring bridge for a calomel-agar system, fill a 10-mL syringe with warm 3% agar [1-WIDE-TXT] and connect the syringe to the yellow marked Luer lock of a double-lumen Marquat catheter [2-MED-TXT].

2.1.1. Talent filling syringe with agar (TEXT: See text for all reagent preparation details) (take 2)
2.1.2. Talent connecting syringe to Luer lock (Author note: with 2.1.1 take 2)
2.2. Alternatively, the syringe can be filled with electrocardiogram cream solution [1-CU-TXT].

2.2.1. ECG cream being mixed with solution A, with both container labels visible in frame (TEXT: See text for full AgCl/ECG cream system preparation/NPD measurement details)
2.3. Inject the liquid agar until the solution appears at the side “measuring hole” of the lumen [1-ECU], topping off the Luer lock with extra agar until the entire lumen is filled [2-CU].

2.3.1. Agar appearing at side hole

2.3.2. Luer lock being topped off (Author note: end of 2.1.1 take 2)
2.4. To prepare the skin bridge, fill a butterfly needle and any necessary connecting tubing with agar until the solution appears at the needle tip [1-ECU], topping off the Luer lock with extra agar until the entire needle is filled [2-CU].
2.4.1. Agar appearing at needle tip
2.4.2. Luer lock being topped off (Author note: end of 2.1.1 take 1)
2.5. Allow the agar to cool, confirming that the catheter is fully-filled without visible bubbles within the tubing [1-CU].
2.5.1. Shot of tubing without bubbles
2.6. One hour before beginning the procedure, thaw the perfusion solutions [1-WIDE] and connect the extension line to the stopcock closest to the catheter [2-MED].
2.6.1. Talent placing solutions on bench/in water bath/to thaw
2.6.2. Talent connecting extension line to stopcock (Author note: take 2)
2.7. Then switch on all of the pumps [1-CU] and completely flush the Marquat catheter with solution A until the stopcocks and connection tubing are clear of bubbles [2-CU]. 
2.7.1. Pump(s) being switched on
2.7.2. Catheter/bubbles being flushed, with solution A container label visible in frame if possible 
2.7.3.  Added shot Pointing out the Luer Lock with the yellow mark being twined with the measuring electrode

3. Measurement Electrode Placement
3.1. When the system is ready, have the Study Subject take a seat facing the nasal membrane transepithelial potential difference, or NPD, operator [1-WIDE] and their head on the orthoptic chin rest [3-CU].
3.1.1. Talent indicating Subject should be seated/Subject sitting down

3.1.2. Subject’s feet on mat/placing feet onto mat

3.1.3. Subject’s head on chin rest/placing head on chin rest

3.2. Before beginning the NPD measurement, confirm that the offset of the circuit is near zero [1-MED] by placing the Marquat catheter and butterfly need into 50-mL of  solution A [1-CU-TXT].
3.2.1. Talent place Marquat catheter and butterfly need into 50-mL of solution A
3.2.2. Shot of offset value (TEXT: Check closed loop offset)
3.3. If offsets are encountered within the allowed range, adjust with the voltmeter [1-CU] and check the electrode offset again [2-MED].
3.3.1. Shot of voltmeter minimal tubing being exposed/tubing exposure being minimized
3.3.2. Talent checking electrode offsets
3.4. If the potential difference offset is not within the allowed range does not read 0, check that there is an adequate volume of potassium chloride in the calomel holders [1-CU] and that potassium chloride crystals are visible within the solution [2-ECU].
3.4.1. Shot of KCl in at least one holder
3.4.2. Shot of crystals in at least one holder
3.5. If holders are in good standing, check for bubbles within the Marquat catheter [1-CU] and within the reference skin bridge [2-CU].
3.5.1. Shot of no bubbles in catheter
3.5.2. Shot of no bubbles in skin bridge
3.6. If there are bubbles, check and replace the Marquat catheter or skin bridge as necessary [1-MED].
3.6.1. Talent checking bridge
3.7. Finally, confirm that the bioamplifier is powered on [1-CU] and recording while performing the “Headstage Offset” maneuver [2-MED]. 
3.7.1. Shot of “on” switch in correct position/”on” indicator
3.7.2. Representative shot of Talent performing “Headstage Offset” maneuver (Author note: see  3.3)
3.8. If the circuit remains open, an electrode may be defective [1-MED]. 
3.8.1. Talent replacing electrode
3.9. Connect the ground lead electrode to the electrocardiogram pad on the Subject’s arm [1-MED-TXT] and insert the butterfly needle into the dorsal forearm [2-CU].
3.9.1. Talent connecting electrode to pad (TEXT: See text for full Study Subject preparation details)
3.9.2. Needle being inserted 
3.10. Measure the potential difference with the skin to check the connection to the subcutaneous space [1-CU-TXT] and have the Subject pinch the catheter between the tip of their thumb and index finger to close the measuring hole [2-CU].
3.10.1.  Finger PD being measured (TEXT: If Finger PD > -30 mV, check butterfly needle insertion/repeat abrasion/check bridges) (Author note: slated  3.10.2)
3.10.2.  Catheter being pinched (Author note: slated  3.10.1)
3.11. Then initiate the Ringers A solution perfusion at 80 mL/h into the right nostril [1-CU] and measure the finger potential difference as a steady negative voltage [2-ECU-TXT].

3.11.1.  Perfusion being started into right nostril
3.11.2.  Finger PD being measured (TEXT: typical range -40 to -80 mV)
3.12 EXTRA ECG method


3.12.1
CU Tip of the electrode with ECG


3.12.2
Closed loop offset

3.12.3 screen with 0 mV level set

3.12.4
abrasion of the skin and ECG electrode being placed

3.12.5
reading of the level, should be < -30 mV

3.12.6
Finger PD being measured

3.12.7
Closed loop being checked

4. Basal Potential Difference (PD) Measurement
4.1. To measure the basal potential difference, use an illuminating rhinoscope or equivalent [1-WIDE] to insert the nasal catheter into the right nostril for visualization of the inferior turbinate [2-ECU].
4.1.1. Talent approaching Subject with rhinoscope
4.1.2. Scope being inserted 
4.2. Using the anterior tip as a landmark, advance the catheter [1-CU], targeting the inferior side of the anterior turbinate on the respiratory mucosa [2-LM-TXT].
4.2.1. Catheter being advanced (Author note: no take number)
4.2.2. *To be provided by Authors: Shot of inferior site of anterior turbinate (TEXT: Catheter rigid enough to be guided by Operator)
4.3. Measure the potential difference at the anterior turbinate [1-LM/ECU], taking care that the measuring hole of the catheter is closed by its placement against the mucosa of the inferior turbinate [2-CU-TXT].
4.3.1. *To be provided by Authors: Anterior turbinate PD being measured OR Shot of anterior turbinate PD
4.3.2. Measuring hole being placed against mucosa (TEXT: i.e. mark Right Basal AT) (Author note: use 4.2.1)
4.4. Then measure the potential difference at 3-, 2-, 1.5-, 1-, and 0.5-cm distances within the inferior meatus from the inferior turbinate [1-LM/CU] for approximately 5 seconds per measurement to ensure a steady reading within 1 mV and to facilitate an accurate interpretation of the basal potential difference values [2-LM-CU-TXT].
4.4.1. *To be provided by Authors: Catheter position being adjusted OR Catheter position being adjusted
4.4.2. *To be provided by Authors: Catheter being held/shot of PD measurement OR Catheter being held/shot of PD measurement (TEXT: i.e. mark Right Basal PD)
4.5. After repeating the same measurements for the left nostril [1-MED], use the basal potential difference measurements as a guide for inserting the nasal catheter probe to the site of the most negative signal up to 3 cm from the anterior tip of the inferior nasal turbinate of the right nostril [2-CU].
4.5.1. Talent measuring PD with catheter in left nostril visible in frame
4.5.2. Catheter being inserted to site of most negative signal
4.6. Then use enough tape to secure the catheter to the tip of the nose to ensure a consistent and accurate negative reading [1-ECU].
4.6.1. Catheter being taped (Author note: take 2, don’t show the insertion)
5. Nasal Membrane Transepithelial Potential Difference (NPD) Tracing Sequential Perfusions 
5.1. For NPD tracing sequential perfusions of the right nostril, verify that Ringers A solution is dripping from the Subject’s nose [1-WIDE] and have the Subject assume a comfortable head-down position [2-MED-TXT].
5.1.1. Talent checking Subject’s nose for drips
5.1.2. Subject moving to head down position (TEXT: No Subject movement/nose touching/tube touching/talking) (Author note: end of it)
5.2. Set the solution A syringe pump to 5 mL/min [1-MED] and record until a stable value is obtained [2-CU-TXT].
5.2.1. Talent setting pump speed
5.2.2. Shot of stable value (TEXT: i.e. <1 mV change/30 s)
5.3. Then stop the solution A perfusion [1-MED] and begin perfusing with amiloride [2-CU].
5.3.1. Talent stopping syringe pump (Author note: take 2)
5.3.2. Amiloride being perfused (Author note: with 5.3.1 , CU at the end)
5.4. Record the NPD for a minimum of 3 minutes [1-LM/ECU-TXT] and begin the zero chloride perfusion [2-CU]. (Author note: use 5.4.2 first and then 5.4.1)
5.4.1. *To be provided by Authors: Shot of NPD OR Shot of NPD (TEXT: If plateau voltage in doubt, record ≤5 min total)
5.4.2. Zero chloride being perfused
5.5. Record the NPD for a minimum of 3 minutes [1-LM/ECU-TXT] and begin the isoproterenol perfusion [2-CU-TXT]. 
5.5.1. Isoproterenol being perfused

5.5.2. *To be provided by Authors: Shot of NPD OR Shot of NPD (TEXT: If plateau voltage not stable, record ≤5 min total)
5.6. Record the NPD for a minimum of 3 min [1-LM/ECU] and begin the ATP perfusion [2-CU]. (Author note: use 5.6.2 first and then 5.6.1)
5.6.1. *To be provided by Authors: Shot of NPD OR Shot of NPD 
5.6.2. ATP being perfused
5.7. Then flush the catheter with solution A for 30 seconds [2-CU] and repeat the sequential perfusions for the next nostril [3-MED].
5.7.1. *To be provided by Authors: Shot of NPD OR Shot of NPD
5.7.2. Catheter being flushed with solution A
5.7.3. Talent inserting catheter into  other nostril
5.8. After the last perfusion, re-check and record the Finger potential difference for 5 seconds [1-MED] and remove the subject’s cutaneous bridge [2-CU] and the bandage from the insertion site [3-CU].
5.8.1. Talent checking/recording Finger PD
5.8.2. Bridge being removed
5.8.3. Bandage being removed  (Author note: Filmed with 5.8.2)
5.9. To record the “Final Closed Loop Offset” voltage, confirm that the circuit is closed [1-CU] and replace the nasal catheter in the electrode bath [2-MED].
5.9.1. Shot of closed circuit
5.9.2. Talent replacing nasal catheter
5.10. Check that the closed loop offset reads near 0 mV [1-CU] 
5.10.1.  Approximately 0 mV readout
5.10.2.  Knob being adjusted

5.11. During the experiment you can mark all interventions … with the Function key [1-MED];  press the “Start” button to stop the data acquisition [2-CU-TXT].
5.11.1.  Talent pressing Function key (Author note: slated 5.11.2)
5.11.2.  Start being pressed (TEXT: Superfusion solutions marked sequentially) (Author note: slated 5.11.1)
6. Results: Representative CF and Healthy Subject Tracings 
6.1. In normal airway epithelia, sodium absorption is the primary ion transport activity, which results in a negative airway surface potential difference with regard to the interstitium, corresponding to the electrical signals observed in the tracings [1-LM].
6.1.1. FIG8_18thApril2018V2_TIFF.tiff: please emphasize data line from 0 to S1 on left graph
6.2. Perfusion of the epithelial sodium channel blocker amiloride leads to a less negative potential difference [1-LM], while superfusion of a chlorine-free solution creates a chemical gradient for chlorine, creating a more negative potential difference and activating all of the chlorine transporters, including CFTR [2-LM].
6.2.1. FIG8_18thApril2018V2_TIFF.tiff: please emphasize data line from S1 to S2 and add delta amiloride text on left graph as in original Figure 8A
6.2.2. FIG8_18thApril2018V2_TIFF.tiff: please emphasize data line from S2 to S3 and add 0Cl- text on left graph as in original Figure 8A
6.3. Isoproterenol, which increases intracellular cyclic adenosine monophosphate, further increases chlorine secretion by specifically activating the CFTR and increasing the potential difference [1-LM].
6.3.1. FIG8_18thApril2018V2_TIFF.tiff: please emphasize data line from S3 to S4 and add Iso text on left graph as in original Figure 8A
6.4. By contrast, in cystic fibrosis subjects, an absent or dysfunctional CFTR results in an increased epithelial sodium channel-mediated sodium absorption, resulting in a more negative baseline potential difference [1-LM].
6.4.1. FIG8_18thApril2018V2_TIFF.tiff: please emphasize data line from 0 to S1 on right graph
6.5. The depolarization observed in cystic fibrosis subjects when amiloride is applied is larger [1-LM], whereas there is minimal or no change in the potential difference upon the stimulation of chlorine secretion through CFTR-dependent pathways [2-LM].
6.5.1. FIG8_18thApril2018V2_TIFF.tiff: please emphasize data line from S1 to S2 and add delta amiloride text on right graph as in original Figure 8B
6.5.2. FIG8_18thApril2018V2_TIFF.tiff: please emphasize data line from S2 to S4 and add 0Cl-/Iso text on right graph as in original Figure 8B
7. Conclusion (said by authors on camera):
7.1. Inez Bronsveld: Once mastered, the NPD measurement technique can be completed in 2 hours, including setup and performance [1-MED].
7.1.1. Use 2.1.2. Talent connecting syringe to Luer lock

7.2. Inez Bronsveld: While attempting this procedure, it’s important to remember to accurately place and affix the catheter to ensure appropriate measurements of the CFTR and ENaC functions.
7.3. Marty Solomon: Following this procedure, other assays, like measurement of the lower airway potential difference, can be performed to answer additional questions about normal CFTR function in the lower airways.
7.4. Paola Melotti: After its development, this technique paved the way for researchers in the field of CFTR biology to explore the response to CFTR modulators and gene therapy in humans [1-LM].
7.4.1. Use FIG8_18thApril2018V2_TIFF.tiff for transition as necessary
7.5. Paola Melotti: After watching this video, you should have a good understanding of how to set up and perform nasal potential difference measurements.
7.6. Marty Solomon: Don't forget that preparing agar may result in burns, and therefore, the appropriate precautions should always be taken when working with this reagent.  
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
FIG8_18thApril2018V2_TIFF.tiff
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 in the email accompanying the finalized script.
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