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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  No 

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Filming location: Will the filming need to take place in multiple locations? No
All the filming will be done in the S2 laboratory. 

Protocol Length:
22 steps, 55 shots 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Claus Michael-Lehr: Antimicrobial susceptibility depends heavily on the presence of host cells and biofilms, both of which we can now control. Moreover, we can monitor bacterial survival, epithelial barrier function, and immune response.

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

1.2. Claus Michael-Lehr: Air-interface conditions make it possible to administer drugs and delivery systems as aerosols. Because the host cells are human, we do not have to account for differences in species, which facilitates clinical translation of novel anti-infective therapies. 

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

OPTIONAL: 
1.3. Cristiane Carvalho-Wodarz: This system could give more insight to the field of infection research by shedding light on molecular and cellular events during the interaction of host cells and bacteria.  

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

1.4. Justus Horstman: When attempting this protocol for the first time, remember to check the cell medium for sterility and cell morphology and to be careful when handling the permeable supports. 

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



Protocol

2. Growth and Differentiation of Cells in Permeable Support Inserts
2.1. Cultivate CFBE41o- (pronounce ‘C-F-B-E Forty-one o minus’) cells in a T75 flask with minimum essential medium containing 10% FCS, 1% non-essential amino acids, and 600 milligrams per liter glucose at 37 degrees Celsius with 5 % carbon dioxide [1]. Add fresh medium to the cells every 2 to 3 days [2]. 
2.1.1. WIDE: Establishing shot of talent opening the incubator and taking the flask of cells out.
2.1.2. Talent adding fresh medium to the flask, with the medium container in the shot.
2.2. After the cells reach 70% confluency, wash them with 10 milliliters of PBS [0-Added] and detach with 3 milliliters of trypsin-EDTA at 37 degrees Celsius for 15 minutes [1]. Then, add 7 milliliters of fresh MEM [2] and centrifuge the cells at 300 x g for 4 minutes [3]. After discarding the supernatant, add 10 milliliters of MEM while disrupting the clumps with gentle pipetting [4].
Added shot: 2.2.0: Talent adding PBS to the flask
2.2.1. Talent adding trypsin-EDTA to the flask, with the trypsin container in the shot. 
2.2.2. Talent adding medium to the flask and transferring it into a falcon tube.
2.2.3. Talent putting the cells in the centrifuge and closing the lid.
2.2.4. Talent adding fresh medium to cells and pipetting up and down. 
2.3. Count the cells with an automated cell counter or hemocytometer chamber [1], then dilute them to a concentration of 200,000 cells per 500 microliters for seeding in 12-well plates with permeable supports [2-TXT]. 
2.3.1. Talent using the cell counter.
2.3.2. Talent diluting the cells in a falcon tube, with the 12-well plate in the shot. TEXT: Permeable support pore size: 3 μm
2.4. Add 500 microliters of the cell suspension per well to the apical side of the permeable support [1], then add 1.5 milliliters of fresh medium to the basolateral side [2]. Incubate the cells at 37 degrees Celsius and 5% carbon dioxide for 72 hours [3].
2.4.1. Talent adding cell suspension to the apical side of the support in a few wells. 
2.4.2. Talent adding medium to the basolateral side. 
2.4.3. Talent putting the plate in the incubator and closing the door. Videographer: Obtain multiple usable takes of this shot because it will be reused in 2.6.2.
2.5. On the third day after seeding, create an air-liquid interface by removing the medium from the basolateral side first, then from the apical side [1]. Add 500 microliters of fresh MEM to the basolateral side and change the medium every second day until cells form a confluent monolayer [2].
2.5.1. Talent removing medium from the basolateral and apical side. 
2.5.2. Talent adding medium to the basolateral side. 
2.6. To assess the epithelial barrier properties of the cells, add 500 microliters of cell medium to the apical side and 1.5 milliliters to the basolateral side [1-TXT] and return the plate to the incubator for 1 hour [2]. 
2.6.1. Talent adding medium to the apical and basolateral side of the cells. TEXT: Day 7
2.6.2. Use 2.4.3.
2.7. Measure the transepithelial electrical resistance, or TEER (pronounce ‘teer’), with an STX2 chopstick electrode and an epithelial volt-ohmmeter [1-TXT]. Videographer: This step is important!
2.7.1. Talent measuring TEER. TEXT: Make sure TEER ≥ 300 Ωcm²
2.8. To cultivate THP-1 cells, grow them in a T75 flask using RPMI 1640 medium supplemented with 10% FCS at 37 degrees Celsius and 5% carbon dioxide [1]. Split the cells every second day by seeding 2 million cells per milliliter in a new T75 flask [2].
2.8.1. Talent taking the THP-1 cells out of the incubator. 
2.8.2. Talent transferring cells to a new flask.
2.9. To differentiate the THP-1 cells, centrifuge the contents of the flask at 300 x g for 4 minutes [1], discard the supernatant [2], resuspend the pellet in fresh medium, and put in a new T75 flask [3]. Add 10 nanograms per milliliter PMA to the cells and return them to the incubator [4].
2.9.1. Talent putting the cells in the centrifuge and closing the lid.
2.9.2. Talent discarding the supernatant. 
2.9.3. Talent resuspending the cells and put in new T75
2.9.4. Talent adding PMA to the cells in T75
2.10. To detach the macrophage-like cells, wash them once with PBS at 37 degrees Celsius [1] and incubate them with 3 milliliters of cell detachment solution containing 0.5 millimolar EDTA for 10 minutes at room temperature [2].
2.10.1. Talent adding PBS to the cells. 
2.10.2. Talent adding cell detachment solution to the cells. 
2.11. Check for cell detachment under an inverted microscope [1]. When the cells have detached, add 7 milliliters of fresh medium [2] and centrifuge them at 300 x g for 4 minutes [3].
2.11.1. Talent checking the cells under the microscope. 
2.11.2. Talent adding medium to the cells, with the medium container in the shot and putting cells in falcon tube
2.11.3. Talent putting the cells in the centrifuge and closing the lid.
2.12. After removing the supernatant, re-suspend macrophage cells in 3 milliliters of THP-1 medium in a 15-milliliter conical tube [1], count the cells, and incubate them for a maximum of 1 hour before setting up the co-culture [2]. 
2.12.1. Talent resuspending the cells 
2.12.2. Talent placing the cells in the incubator and closing the door.
2.13. To establish an epithelial-macrophage co-culture, remove the medium from the lower chamber of the CFBE41o- monolayers [1] and carefully invert the support inside a sterile glass Petri dish [2]. Use a cell scraper to remove the cells overgrown through the membrane pores [3]. Videographer: This step is difficult and important!
2.13.1. Talent removing the medium from the CFBE41o- cells. 
2.13.2. Talent inverting the support into the Petri dish.
2.13.3. Talent scraping the membrane with the cell scraper. 
2.14. Place 200,000 THP-1 macrophages in 200 microliters of RPMI on the basolateral side of the inverted insert in each well [1], close the Petri dishes, and incubate them for 2 hours [2]. Then, place the inserts back into the 12-well microplates [3] and add 500 microliters of MEM medium to the basolateral side of the permeable insert [4]. Videographer: This step is important! 
2.14.1. Talent placing THP-1 cells on the basolateral side of the inverted insert.
2.14.2. Talent placing the dish in the incubator and closing the door.
2.14.3. Talent transferring the insert into the microplate.
2.14.4. Talent adding medium to the insert, with the medium container in the shot.
3. Infection by P. aeruginosa
3.1. Inoculate 15 milliliters of LB supplemented with 300 micrograms per milliliter ampicillin with a single colony of P. aeruginosa PAO1-GFP [1]. Incubate the bacteria for 18 hours at 37 degrees Celsius while shaking at 180 rpm [2].
3.1.1. Talent inoculating the LB in the flask. 
3.1.2. Talent putting the flask in the incubator and closing the door.
3.2. After the incubation, transfer the bacteria to a 50-milliliter conical tube [1] and centrifuge it at 3850 x g for 5 minutes [2]. Discard the supernatant and add 10 milliliters of sterile PBS that has been pre-heated to 37 degrees Celsius [3]. 
3.2.1. Talent transferring the bacteria to the conical tube.
3.2.2. Talent putting the tube in the centrifuge and closing the lid. 
3.2.3. Talent discarding the supernatant and adding PBS to the tube, then vortexing it. 
3.3. [bookmark: _Hlk29142858]Measure optical density at 600 nanometers [1] and adjust the concentration of bacteria with the cell culture medium to a final concentration of 200,000 colony forming units per milliliter, which corresponds to a multiplicity of infection of one bacterium per epithelial cell [2].
3.3.1. Talent using the spectrophotometer. 
3.3.2. Talent diluting the bacteria.
3.4. Add 100 microliters of bacterial suspension to the apical side of the permeable support [1-TXT] and incubate the plate at 37 degrees Celsius and 5% carbon dioxide for 1 hour to allow bacteria to attach to the cells [2]. Then, carefully remove apical liquid with a pipette to restore ALI conditions [3]. Videographer: This step is important!
3.4.1. Talent adding bacterial suspension to the cells. TEXT: Keep some control samples uninfected
3.4.2. Talent putting the plate in the incubator and closing the door.
3.4.3. Talent removing apical liquid. 
3.5. For experiments with drug treatment, add 500 microliters of a drug solution diluted in cell medium to the apical side [1]. Then, add 1,500 microliters of cell medium to the basolateral side [2].
3.5.1. Talent adding the drug solution to the apical side, with the drug container in the shot and labeled. 
3.5.2. Talent adding medium to the basolateral side. 

4. Measurement of Bacterial Proliferation via Colony-forming Units (CFU)
4.1. Collect 500 microliters of the apical and basolateral medium and pool them to assess CFU of non-attached bacteria [1-TXT]. To assess survival of attached or internalized bacteria, add 500 microliters of sterile deionized cold water to each compartment of the permeable support and incubate the cells for 30 minutes at room temperature [2].
4.1.1. Talent collecting and pooling the medium. TEXT: Discard any remaining medium from the wells
4.1.2. Talent adding water to a few compartments of the permeable support. 
4.2. If assessing CFU from frozen samples, thaw them at 37 degrees Celsius for 10 minutes [1]. Then, use pipette tips to scrape the membrane surface, taking care to not put too much pressure on the wells. Pipette up and down to remove all adhered content [2].  Videographer: This step is difficult and important!
4.2.1. Talent putting frozen samples to thaw. 
4.2.2. Talent scraping the membrane surface with the pipette tip, then pipetting up and down. 
4.3. With the bacterial suspension from both fractions, make a 1 to 10 serial dilution with PBS-Tween and plate the bacteria on LB agar plates [1]. Incubate the agar plates at 30 degrees Celsius for 16 to 72 hours [2], then count the colonies and calculate CFU [3].
4.3.1. Talent making the dilution, with the PBS-Tween container in the shot.
4.3.2. Talent putting the plate in the incubator. 
4.3.3. Talent counting the colonies on a plate, with the colonies visible in the shot.







Results
5. Results: Epithelial-macrophage Co-cultures Infected with P. aeruginosa 
5.1. The morphology of the resulting co-culture of human bronchial epithelial cells and macrophages on the apical and basolateral side of the permeable supports are shown here [1]. A higher TEER measurement [2] and immunostaining for the tight junction protein ZO-1 (pronounce ‘Z-o-one’) proved epithelial barrier integrity [3]. 
5.1.1. LAB MEDIA: Figure 1 A. 
5.1.2. LAB MEDIA: Figure 1 B. Video Editor: Emphasize the TEER measurement at the top.
5.1.3. LAB MEDIA: Figure 1 B. Video Editor: Emphasize the ZO-1 image.
5.2. To model a bacterial infection, P. aeruginosa was inoculated on CFBE41o- (pronounce ‘C-F-B-E Forty-one o minus’) cells. Macrophages were observed on the apical side of the co-culture 6 hours after infection [1]. The TEER dropped to 250 ohm per centimeter squared [2], indicating a compromised epithelial barrier, which was also suggested by ZO-1 staining [3]. 
5.2.1. LAB MEDIA: Figure 2 A. 
5.2.2. LAB MEDIA: Figure 2 B. Video Editor: Emphasize the TEER measurement at the top.
5.2.3. LAB MEDIA: Figure 2 B. Video Editor: Emphasize the ZO-1 image.
5.3. Macrophage transmigration through the permeable filter pores and bacteria uptake by THP-1 cells on the apical side is shown here [1]. In the THP-1 monocultures, macrophage migration occurred as early as 1 hour post infection [2]. Meanwhile, the migration was seen after 3 hours post infection in the co-culture [3]. 
5.3.1. LAB MEDIA: Figure 3. 
5.3.2. LAB MEDIA: Figure 3. Video Editor: Emphasize A – C and the white box in A.
5.3.3. LAB MEDIA: Figure 3. Video Editor: Emphasize D – F and the white box in E.
5.4. Infected co-cultures treated with tobramycin for 6 or 20 hours were imaged with confocal scanning laser microscopy [1]. Without treatment, either the epithelial cells or macrophages died after 20 hours of infection [2]. 
5.4.1. LAB MEDIA: Figure 4 A – D. Video Editor: Emphasize A and B when VO says “6 hours” and C and D when VO says “20 hours”.
5.4.2. LAB MEDIA: Figure 4 A – D. Video Editor: Emphasize C. 
5.5. Despite being seen after 6 hours of treatment in the microscopy pictures, a CFU assay demonstrated that the bacteria did not proliferate [1]. Nevertheless, the bacteria recovered their proliferation capability after the 20-hour treatment [2].
5.5.1. LAB MEDIA: Figure 4 E and F. Video Editor: Emphasize E. 
5.5.2. LAB MEDIA: Figure 4 E and F. Video Editor: Emphasize F and the blue bars. 
5.6. TEER of monocultures and co-cultures were also measured [1]. The co-culture of CFBE41o- (pronounce ‘C-F-B-E Forty-one o minus’) cells with THP-1 did not induce any change in the epithelial barrier integrity compared to the monoculture [2]. Upon infection, the TEER value dropped [3]. 
5.6.1. LAB MEDIA: Figure 5 A and B. 
5.6.2. LAB MEDIA: Figure 5, A and B. Video Editor: Emphasize the CFBE41o- + THP1 bars in both graphs. 
5.6.3. LAB MEDIA: Figure 5, A and B. 




Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Cristiane Carvalho-Wodarz: When performing this procedure, it is crucial to ensure that the cells are properly seeded and that the filter membrane is not disrupted. Therefore, the cell seeding steps need to be performed carefully.

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.14.1.

6.2. Justus Horstmann: In addition to this protocol, nebulization of antibiotics on the inserts would make it possible to see if the bacteria survival changes compared to submerse conditions. 

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Videographer: This statement is optional. If you do not have time, do not film it.
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