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Title: 

The WinCF Model - An Inexpensive and Tractable Microcosm of a Mucus Plugged Bronchiole to Study the Microbiology of Lung Infections


Corresponding Author: Quinn, Robert A.

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _
2.1  Preparation of the artificial sputum medium 
2.4-2.5  Inoculation of artificial sputum medium with sputum samples
3.3-3.6  Filling capillary tubes with inoculated medium and incubating
4.1-4.3  Imaging tubes after incubation
4.4-4.6  Removal of media for downstream applications 

Authors: most of these sections are not highlighted in the protocol.  I’ve added in the two highlighted sections above.  Is this OK?
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
3.3 – 3.6 Inoculation of the tubes and handling the tubes.
4.5-4.6 Removal of medium from incubated tubes
Authors: these are from the steps being filmed below.  Please let indicate if they are OK here.
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___


1. Introduction (Experimental Goal and Author Interviews) 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to mimic the lung environment and grow pathogens in a manner more similar to that from which they cause disease. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Robert Quinn: This method can help answer key questions in the microbiology field, such as how diverse communities of bacteria interact in the cystic fibrosis, or CF lung.
1.2. Robert Quinn: The main advantage of this technique is that it allows for rapid analysis and easy manipulation of the experimental conditions to observe microbial changes similar to how they would occur in an actual lung bronchiole.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Robert Quinn: The implications of this technique extend toward therapy or diagnosis of cystic fibrosis, because it closely mimics the conditions found within CF lung bronchioles.  
1.4. Robert Quinn: Though this method can provide insight into cystic fibrosis, it can also be applied to other systems, such as asthma or COPD.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. ** Robert Quinn: Demonstrating the procedure will be Will Comstock, from my laboratory.
1.5.1. Interview style: Author saying the above 
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.



Protocol (read by voice talent at JoVE):

2. Preparing Medium and Artificial Sputum for Capillary Tube Loading
2.1. To prepare artificial sputum medium [1-WIDE], combine 16 ml of previously prepared mucin stock solution, 2 ml of KCl stock solution [2-CU-TXT], 2 ml of NaCl stock solution, 200 L of egg yolk emulsion [3-CU], 5.6 ml of DNA stock solution, 120 L of ferritin stock solution [4-CU], 5.78 ml of essential amino acid solution, 5.78 ml of non-essential amino acid solution, and 2.44 ml of sterile water [5-CU].
2.1.1. Talent at bench places solutions down to be used to make artificial sputum medium
2.1.2. Talent adds mucin stock solution into container then begins to add KCl (TEXT: Refer to text protocol for details)
2.1.3. Talent adds NaCl then egg yolk emulsion
2.1.4. Talent adds DNA stock solution then ferritin stock
2.1.5. Talent adds essential amino acids with non-essential amino acids and water in frame if not time to add them both with VO
2.2. Will Comstock, Step 2.1: The careful creation of sterile artificial sputum medium is extremely important, as any contamination can alter bacterial activity in the incubated capillary tubes further down the line [1-INTERVIEW]. 
2.2.1. Talent recites the above statement looking off camera
2.3. After gently shaking to mix, pipette 5 ml of the medium into eight sterile 15 ml centrifuge tubes [1-CU]. The medium can now be modified to achieve desired chemical conditions. For instance, the media shown have had their pH altered and dyes added to reflect their different acidities [2-CU].
2.3.1. Talent finishes shaking and pipettes 5 ml into 8 tubes lined up in rack on bench
2.3.2.  ADDED: Pan over pH modified artificial sputum media lined up in rack on bench to show visual differences
2.4. Next, under a sterile biohood [1-WIDE/MED], add 900 L of medium to each of eight sterile 1.5 ml microcentrifuge tubes [2-CU].
2.4.1. Talent sitting under hood begins adding medium to sterile microfuge tubes
2.4.2. Talent adds medium to 1.5 ml tubes
2.5. Homogenize previously acquired sputum samples by using a 3 ml syringe to repeatedly withdraw and eject the sputum until it is of a smooth consistency [1-CU].
2.5.1. Talent homogenizes a sample in a 3 ml syringe and it creates a smooth consistency
2.6. Add 100 L of homogenized sputum to each of the 8 microcentrifuge tubes [1-CU].  Then vortex the tubes to sufficiently mix [2-MED/CU].
2.6.1. Talent adds homogenized sputum to the 8 tubes 
2.6.2. Talent vortexes samples

3. Filling the WinCF Capillary Tubes with Inoculated Artificial Sputum Medium

3.1. Label eight more sterile 15 mL centrifuge tubes according to the microcentrifuge tubes of medium previously prepared. These will be the incubation tubes [1-CU].
3.1.1. Talent labels 15 ml tubes to be used as incubation tubes.
 
3.2. Use 70% ethanol solution to sterilize a paper towel and allow it to dry [1-CU]. Tear the towel into pieces about four square inches each. Then crumple one piece in the bottom of each incubation tube [2-CU].
3.2.1. Talent sprays 70% ethanol onto paper towel and sets it down to dry
3.2.2. Talent finishes tearing paper towel into squares and crumples a piece and places into an incubation tube
 
3.3. With one clump of paper at the bottom of each incubation tube, use 1.0 mL of sterile water to slightly dampen each clump to create a humid environment inside the tube [1-CU].
3.3.1. Talent adds 1 ml of sterile water to each tube with clump of paper
 
3.4. For each tube of medium, fill three glass capillary tubes with medium by holding one end of the tube in the medium and horizontally tilting it, allowing capillary action to guide the medium into the tube [1-CU-TXT].
3.4.1. Talent holds a capillary tube in the medium and tilts horizontally for medium to fill. Have two other filled capillaries for the same tube of medium visible (TEXT: Fill to about 5 mm below the blue marker near the top of the tube) 

3.5. Stop the filling by gently placing a gloved finger over the open end of the tube, and then seal the other end of the tube by pressing it down into a block of capillary putty sealant [1-CU].
3.5.1. Talent gently places gloved finger over one end of capillary and presses other end into block of sealant

3.6. Place each set of three capillary tubes into 15 mL incubation tubes, putty-sealed side down [1-CU]. Then cap the tubes and ensure they are labeled. These three capillary tubes are for replication of each control condition [2-MED/CU].
3.6.1. Talent places sets of three capillaries into 15 ml incubation tubes putty side down
3.6.2. Talent finishes capping tubes

3.7. [bookmark: _GoBack]When all incubation tubes are filled with their designated capillary tubes [1-MED], place the racks at 37 C such that the tubes will be incubated horizontally [2-MED/CU], so that any gas generated does not escape through the open end. Incubate the tubes for 48 hours [2-WIDE].
3.7.1. Talent places tube into holding rack
3.7.2. Talent places rack in incubator with tubes at a horizontal
3.7.3. Talent finishes positioning racks and closes incubator
4. Incubation and Imaging the Extraction

4.1. Remove the tubes from the incubator, making sure to keep them horizontal [1-WIDE/MED]. Carefully slide the capillary tubes out of the incubation tubes, keeping each set of three separate from other sets [2-MED/CU].
4.1.1. Talent removes tubes from incubator, making sure they are horizontal
4.1.2. Talent carefully slides capillaries out of incubation tubes, keeping sets of 3 together
 
4.2. Arrange the capillary tubes next to each other on a lightbox, all lined up so that the contents of the tubes are visible and illuminated from below [1-CU]. Leave a gap every three tubes to separate different chemical conditions [2-MED/CU-TXT].
4.2.1. Talent starts to arrange capillary tubes on light box, lined up
4.2.2. Talent leaves gap and starts to arrange another set (TEXT: Triplicate tubes are properly spaced for immediate imaging)
4.3. Next, focus the camera on the tubes directly above them such that all tubes are visible in the field of view and light from the light box provides sufficient contrast and visualization of the color of the tube dyes [1-MED/CU].
4.3.1. Talent arranges camera directly above tubes and focuses so that all tubes are visible and lighting and contrast is good 
4.4. To extract the contents of the tubes for downstream analysis, remove one set of triplicate capillaries from the lightbox at a time [1-MED/CU].
4.4.1. Talent removes a set of three tubes from light box
4.5. Insert a 25-gauge, 0.5-inch blunt-ended needle into the plugged end of the capillary tube to break the seal [1-CU].  Then turn the capillary tube upside down to allow the medium to drip from the top portion of the tube into a 1.5 ml microcentrifuge tube [2-CU/ECU].
4.5.1. Talent inserts 25-gauge blunt end needle into plugged end of capillary tube
4.5.2. Talent turns capillary upside down to allow medium to drip into microfuge tube  
4.6. If the medium does not drip out, use a 200 L pipette to expel the medium out of the tube by pressing down on the pipette plunger when it is inserted into the end of the capillary tube [1-CU].
4.6.1. Talent expresses medium from capillary with 200 L pipette into tube  

5. Results: Microbiological Growth in the WINCF Capillary Tubes
5.1. As shown here, when no sputum samples were added to the medium, the only change exhibited across the pH spectrum after 48 hours of incubation was a slight decrease in medium volume resulting from minor evaporation [1-LM].
5.1.1. LAB MEDIA Figure 9, use arrows to point out the differences in liquid height in sets of three tubes (Ex: sets 2, 4, 6).
5.2. Inoculated capillary tubes showed changes in volume, the appearance of gas bubbles, altered coloration, and the appearance of opaque deposits.  These results show that bacteria and other microbes contained within the added sputum are able to grow and change within the artificial medium [1-LM].
5.2.1. LAB MEDIA Figure 10, Editor, when mentioned, use arrows to point out changes in volume (Ex: set 5), air bubbles (Ex:  set 1 or 2), altered coloration (light brown tinted liquid, sets 1 – 3), and opaque deposits (brown blobs, sets 1 – 4).


6. Conclusion (said by authors on camera)

6.1. Robert Quinn: Once mastered, this technique can be done in 2.5 hours if it is performed properly.
6.2. Robert Quinn: While attempting this procedure, it’s important to remember to keep the working conditions and materials sterile.
6.3. Robert Quinn: Following this procedure, other methods like liquid chromatography mass spectrometry can be performed in order to answer additional questions like what metabolites were produced during incubation.
6.4. Robert Quinn: After its development, this technique paved the way for researchers in the field of microbiology to explore bacterial activity in the Cystic Fibrosis lung.
6.5. Robert Quinn: After watching this video, you should have a good understanding of how to create an experimental setup that mimics a plugged bronchiole using artificial sputum medium and narrow capillary tubes.
6.6. Robert Quinn: Don't forget that working with clinical sputum samples can be extremely hazardous and precautions such as the use of a sterile biohood and proper PPE should always be taken while performing this procedure.   


Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_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.  

Insert your media filenames here.

3.3 – Fig1.tif – image of capillary tube being filled with medium by tilting and using capillary action
3.6 – Fig2.tif – image of 3 filled capillary tubes in an incubation tube oriented horizontally, ready to begin incubation

5.1 – Fig9.tif – image of control capillary tubes after incubation



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 are included in the email accompanying the finalized script.
 2013, Journal of Visualized Experiments

