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

2. Software: Does the part of your protocol being filmed demonstrate software usage? YES

3. Interview statements: Please select one.
☒ 	Interviewees self-record interview statements. 


3. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 05/23/2022
When you are ready to submit your video files, please contact our Content Engineer, Devon Halley. 


Protocol Length
Number of Steps: 19
Number of Shots: 36

 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Jérémy Patarin: Muco-obstructive diseases are characterized by abnormal viscosity of the airway mucus. The protocol shows how to use rheology to quantify mucus viscosity and analyze data to test mucus-targeting treatments. [1].

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


1.2. Jérémy Patarin: Mucus rheology provides specific quantitative biomarkers. Using a benchtop device greatly simplifies the logistics of measuring these biomarkers in clinical specimens like human sputum samples. [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Suggested B-roll: 4.1.1. or 4.1.2.

OPTIONAL: 
1.3. Matthieu Robert de Saint Vincent: Using mucus rheology as a diagnosis tool for muco-obstructive diseases is still a challenge. However, aAn increasing body of evidence shows a strong correlation between rheological properties, inflammation, and bacterial infection. [1].

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


1.4. Matthieu Robert de Saint Vincent: Mucus is always present at the body interface,  where it lubricates and plays a protective role. Mucus rheology can be applied to other systems like the gastrointestinal and genital tracts. [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Suggested B-roll: 2.2.1


1.5. Jason A. Wykoff: Rheology requires particular attention when preparing and setting biological samples in place. Due to the adhesive properties of mucus, sample deposition can be challenging and improved with practice. [1].

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


1.6. Jason A. Wykoff: To acquire accurate measurements, correct handling and placement of the sample is critical. A visual demonstration can enhance the precision of this assay. [1].

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Suggested B-roll: 5.1.1. or 5.1.2.
[bookmark: _GoBack]

Introduction of Demonstrator on Camera


1.7. Jason A. Wykoff: Demonstrating the procedure will be Kendall Shaffer, a research technician from the Ehre laboratory [1][2].

1.7.1. INTERVIEW: Author saying the above
1.7.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera

Ethics Title Card

1.8. Procedures involving human subjects have been approved by the UNC Institutional Review Board and samples were collected during a clinically indicated bronchoscopy after obtaining informed consent.

Protocol
2. Sputum or Mucus Collection and Storage 
2.1. Begin by storing the collected airway sputum or mucus in sterile specimen cups [1]. In the case of sputum, remove excess saliva from the sample immediately upon collection [2]. Place the samples on ice for transport. Limit the transport time to less than 4 hours [3].	Comment by Microsoft Office User: While its not necessary, we typically move the sample to a 5ml conical to remove saliva. I included an alternate clip of us transferring into the 5ml conical from the specimen cup for continuity.  
2.1.1. Talent storing the samples in sterile specimen cup.
2.1.2. Excess saliva being removed.
2.1.3. Talent placing the samples on ice.

2.2. Analyze the samples at the time of collection. Homogenize the mucus by gently pipetting up and down three to five times with a positive displacement pipette [1] or pipette directly into the microcentrifuge tubes [2]. Store the samples at minus 80 degrees Celsius until processed [3]. 
2.2.1. Talent pipetting the mucus sample up and down for homogenization.
2.2.2. Talent pipetting the samples directly into the microcentrifuge tubes. 
2.2.3. Samples being placed at -80 °C.

2.3. Aliquot the samples for storage in volumes greater than or equal to 500 microliters to ensure sufficient volume for experiments [1].
2.3.1. Talent aliquoting the samples.

3. Sample Preparation
3.1. Before aliquoting, pipette fresh and frozen sputa or mucus directly or homogenize specimens [1]. Aliquot 400 to 500 microliters of the sample into separate microcentrifuge tubes. Prepare the required aliquots for repeat measurements and treatment with pharmacological reagents [2]. 
3.1.1. Talent pipetting the samples for homogenization.
3.1.2. Samples being aliquoted into separate tubes.
	Comment by Microsoft Office User: Redundant/Same as 2.2.2 as samples are already in aliquots based on how we stored them.
3.2. Incubate the aliquots to be tested at 37 degrees Celsius for at least 5 minutes prior to measurement [1].
3.2.1. Talent placing the aliquots in the incubator.

3.3. For testing pharmacological agents, use high concentrations of stock solutions to prevent sample dilution. Add between 1 to 10 percent volume of the desired reagent directly onto the sample. Make sure no drop of the compound stays on the side of the tube [1].
3.3.1. Talent adding the reagent directly to the sample. 

3.4. Incubate the samples at 37 degrees Celsius for the required length of time to allow a chemical reaction [1].
3.4.1. Samples being placed in the incubator. 	Comment by Microsoft Office User: Also provided an alterate clip of removing the samples from the incubator for continuity.
 
3.5. Mix the mucus sample and reagent by flicking the bottom of the microcentrifuge tube every 2 minutes to allow progressive penetration of the reagent into the mucus sample without compromising the mucin network. When comparing multiple drug reagents, ensure that the incubation time is similar [1].
3.5.1. Talent mixing the mucus sample by flicking the bottom of the microcentrifuge tube.

4. Instrument Initialization and Calibration

4.1. Turn on the machine and initialize the software [1]. Select New Measurement [2]. Enter the sample identification number under Measure ID and the name of the operator under Operator to continue [3]. Enter additional information or comments under Comments [4].
4.1.1. SCREEN: 63876_screenshot_1: 00:00-00:03.
4.1.2. SCREEN: 63876_screenshot_1: 00:03-00:06.
4.1.3. SCREEN: 63876_screenshot_1: 00:07-00:15.
4.1.4. SCREEN: 63876_screenshot_1: 00:16-00:21.

4.2. Select a geometry set and inspect large and small plates carefully to ensure that plates are clean and in perfect condition [1]. Insert the large plate firmly on the bottom pulpit [2]. 
4.2.1. Talent selecting and inspecting the plates.
4.2.2. Large plate being inserted into the bottom pulpit.

4.3. Insert the small plate gently on the upper pulpit [1] and lock the plate by slightly rotating until hearing a "click", which indicates that the plate is properly clamped. Note that free oscillation of the upper plate is normal [2].
4.3.1. Talent inserting the small plate on the upper pulpit.
4.3.2. Talent rotating the plate to lock it.	Comment by Microsoft Office User: These steps are combined as to insert the small plate requires locking it. Listed as shot 4.3

4.4. Wait until the temperature reaches the 37 degrees Celsius target value [1]. Then, initiate automatic calibration as prompted by the software [2].
4.4.1. Temperature reading being displayed. 	Comment by Microsoft Office User: Displayed in screen capture software
4.4.2. SCREEN: 63876_screenshot_2: 00:02-00:05, 00:44-00:45. 

5. Sample Loading

5.1. Using a positive displacement pipette, slowly pipette between 250 and 500 microliters of the sample on the center of the large bottom plate [1]. Once deposited on the plate, viscous samples will adopt a dome shape, whereas highly elastic samples may require physical severing [2].
5.1.1. Talent pipetting the sample on the center of the large bottom plate.
5.1.2. Sample being analyzed for shape and consistency using dissecting scissors.

5.2. Lower the measuring head carrying the small plate via the software and observe the sample [1]. If properly loaded on the bottom plate, the sample will make contact and be centered between the two plates [2].
5.2.1. SCREEN: 63876_screenshot_3: 00:01-00:05.
5.2.2. SCREEN: 63876_screenshot_3: 00:05-00:08,00:15-00:17.

5.3. To ensure that the sample fills the gap, use the Reduce Gap function until the sample is no longer in a biconcave shape or aligned with the plates' edge. The Reduce Gap function lowers the measuring head in 0.1-millimeter increments and is limited to seven increments [1].
5.3.1. SCREEN: 63876_screenshot_4: 00:05-00:19.

5.4. If a gap remains after seven increments, click on Redo Installation to return to the initial position and adjust the sample's position and volume [1]. If the gap is exceedingly reduced, remove the excess sample with a spatula by a circular motion along the edge of the upper plate. Trim the excess sample gently to avoid shear stress [2].
5.4.1. SCREEN: 63876_screenshot_5: 00:02-00:07,00:15-00:17.
5.4.2. Talent removing the excess sample. 

5.5. Lower the protective cover to avoid any accidental projection of contaminated fluids during oscillation [1].
5.5.1. Protective cover being lowered. 

6. Initiate Biophysical Measurement and Sample Removal
6.1. To initiate measurement, click on Start Analysis. An entire cycle will take 4 to 7 minutes. Avoid talking loudly and touching the device or the bench during the entire length of the cycle. A quiet environment is crucial for the first 2 minutes [1].
6.1.1. SCREEN: 63876_screenshot_6: 00:03-00:12,00:21-00:23,00:58-01:00, 03:09-03:11.

6.2. Once the cycle is complete, click Next to raise the measuring head and generate the sample analysis report [1]. Once the measuring head is fully retracted, raise the protective cover [2], discard the sample and carefully remove the plates [3]. Clean and disinfect the plates using warm water and soap [4].
6.2.1. SCREEN: 63876_screenshot_7: 00:03-00:06, 00:10-00:11, 00:19-00:20.
6.2.2. The protective cover being raised.
6.2.3. Talent discarding the sample and removing the plate.
6.2.4. Talent cleaning the plates with warm water and soap. 

Results
7. Results: Using Benchtop Rheometer to Monitor Changes in Mucus Viscoelasticity 
7.1. The viscoelastic characteristics of 8 megadalton PEO (P-E-O) were measured at five concentrations [1-TXT] and directly compared between the evaluated benchtop rheometer and a traditional bulk rheometer [2]. 
7.1.1. LAB MEDIA: Figure 1. Video editor: Emphasize A(i) and A(ii). TXT: PEO: Polyethylene oxide
7.1.2. LAB MEDIA: Figure 1. Video editor: Emphasize B(i) and B(ii).

7.2. In contrast with SA (S-A) mucus, PEO solutions were viscous-dominated in the entire strain range, did not exhibit crossover, and presented a solid-like behavior [1-TXT]. 
7.2.1. LAB MEDIA: Figure 1. Video editor: Emphasize C. TXT: SA: Status asthmaticus

7.3. In addition, triplicate measurements performed on 1.5 percent PEO solution and clinical SA mucus sample confirmed that linear viscoelastic characteristics were highly repeatable for the values obtained from the biological sample [1].
7.3.1. LAB MEDIA: Figure 1. Video editor: Emphasize D.

7.4. Changes were measured in the viscoelastic properties of mucus following treatment with a mucolytic agent [1]. TCEP (T-C-E-P) effects on SA mucus viscoelasticity were tested in a clinical setting using the benchtop rheometer [2-TXT]. 
7.4.1. LAB MEDIA: Figure 2.
7.4.2. LAB MEDIA: Figure 2. Video editor: Emphasize A(i) and A(ii). TXT: TCEP: tris (2-carboxylethyl) phosphine hydrochloride

7.5. Mucolytic treatment resulted in a more fluid-like sample with a decrease in the complex modulus by 4.6-fold [1], elastic modulus by 5.1-fold [2], viscous modulus by 1.9-fold [3], crossover strain by 3.3-fold [4], and crossover yield stress by 5.7-fold [5], and an increase in the damping ratio by 2.8-fold [6].
7.5.1. LAB MEDIA: Figure 2B. Video editor: Emphasize G* 
7.5.2. LAB MEDIA: Figure 2B. Video editor: Emphasize G’
7.5.3. LAB MEDIA: Figure 2B. Video editor: Emphasize G” 
7.5.4. LAB MEDIA: Figure 2B. Video editor: Emphasize γc 
7.5.5. LAB MEDIA: Figure 2B. Video editor: Emphasize σc
7.5.6. LAB MEDIA: Figure 2B. Video editor: Emphasize tan δ




Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

8.1. Camille Ehre: Measuring airway mucus viscoelasticity in a fast-paced clinical setting can help tailor patient treatment on a case-by-case basis, as well as provide a standardized protocol for testing novel pharmacological compounds [1].

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

8.2. Camille Ehre: This technique is currently used to examine the effects of highly-effective CFTR modulators on cystic fibrosis sputum and test the potency of various drugs aimed at altering mucus properties [1].   

8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  Suggested B-roll: 3.4.1. or 3.5.1.
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