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1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? 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.
5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? 100 m


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


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

1.1. Sebastian Schlafer: The protocol presents an easy-to-perform method for the cultivation of cross-kingdom biofilms consisting of Streptococcus mutans and Candida albicans. Subsequent confocal microscopy-based pH ratiometry allows accurate monitoring of pH developments inside the extracellular matrix of those biofilms. 

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

1.2. Sebastian Schlafer: pH ratiometry is a rapid, precise and inexpensive method to study both horizontal and vertical pH gradients in cross-kingdom biofilms in real-time.

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. Mathilde Frost Kristensen: pH ratiometry can also be performed in purely fungal and bacterial biofilms. The method contributes to increase our understanding of microbial metabolism in biofilms.

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

1.4. Mathilde Frost Kristensen: The careful choice of image acquisition parameters is of utmost importance to obtain image data with sufficient contrast for subsequent analysis. 

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


Introduction of Demonstrator: (Said by you on camera)

1.5. Sebastian Schlafer: Demonstrating the procedure for biofilm growth will be Anette Aakjær Thomsen, a technician from my laboratory. 

1.5.1. INTERVIEW: 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.






Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.6. Procedures involving human subjects have been approved by the Ethics Committee of Aarhus County.


Section - Protocol
2. Cultivation of Cross-kingdom Biofilms 
2.1. Grow S. mutans and C. albicans on blood agar plates at 37 C under aerobic conditions [1], then transfer single colonies of each organism to test tubes filled with 5 milliliters of brain heart infusion [2] and grow them for an additional 18 hours [3]. 
2.1.1. WIDE: Establishing shot of talent walking to the incubator and taking out plates.
2.1.2. Talent transferring a single colony into a tube. 
2.1.3. Talent putting the tubes in the incubator.
2.2. On the next day, centrifuge the cultures at 1,200 x g for 5 minutes [1] and discard the supernatant [2]. Resuspend the cells in physiological saline and adjust the OD550nm (pronounce ‘O-D-550’) to 0.5 for both C. albicans and S. mutans [3-TXT], then dilute the S. mutans suspension 1 to 10 to achieve equivalent concentrations [4].
2.2.1. Talent putting tubes in centrifuge and closing it. 
2.2.2. Talent discarding supernatant. 
2.2.3. Talent resuspending cells. TEXT: C. albicans ~ 107 cells/mL ; S. mutans ~ 108 cells/mL
2.2.4. Talent diluting the S. mutans. Author comment: 2.2.4 is extra.
2.3. Pipette 50 microliters of sterile salivary solution into the wells of an optical bottom 96-well plate for microscopy [1]. Incubate the plate for 30 minutes at 37 C [2], then wash the plate 3 times with 100 microliters of sterile physiological saline [3] and empty the wells [4]. 
2.3.1. Talent pipetting salivary solution into a few wells. Author comment: 2.3.1 is 2.2.4
2.3.2. Talent putting the plate in the incubator. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
2.3.3. Talent washing the plate with saline. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
2.3.4. Talent emptying wells. 

2.4. Add 100 microliters of C. albicans suspension to each well [1], incubate the plate at 37 C for 90 minutes [2], then wash the wells 3 times with saline [3]. 

2.4.1. Talent adding C. albicans suspension into a few wells. 
2.4.2. Use 2.3.2.
2.4.3. Use 2.3.3.

2.5. Next, add 100 microliters of heat-inactivated fetal bovine serum to each well [1]. Incubate the plate for 2 hours [2], then wash it 3 times with saline [3]. Empty the wells but leave a 20-microliter reservoir to avoid excessive shear forces [4].

2.5.1. Talent adding FBS to a few wells.  
2.5.2. Use 2.3.2.
2.5.3. Use 2.3.3.
2.5.4. ECU: Talent emptying the wells with the reservoir visible, if possible.

2.6. Add 100 microliters of S. mutans suspension and 150 microliters of BHI with 5% sucrose to each well [1], then incubate the plate at 37 C for 24 hours or longer [2]. When cultivating older biofilms, replace the medium daily [3]. At the end of the cross-kingdom growth phase, wash the plate 5 times with sterile physiological saline [4]. 

2.6.1. Talent adding S. mutans and then BHI to a few wells. 
2.6.2. Use 2.3.2. Author comment: Take IV
2.6.3. Talent replacing medium. 
2.6.4. Use 2.3.3. 
3. Ratiometric pH Imaging
3.1. For ratiometric pH imaging, use an inverted confocal laser scanning microscope with a 63 X oil or water immersion lens, a 543 nm laser line, and a spectral imaging system [1]. Use an incubator to warm the microscope stage to 35 C [2]. 
3.1.1. Microscope setup. 
3.1.2. Talent setting incubator for microscope stage to 35 C. Videographer: Obtain multiple reusable takes of this because it will be reused. 
3.2. Set the detector for simultaneous detection of green fluorescence from 576 to 608 nanometers and red fluorescence from 629 to 661 nanometers [1]. Then, choose an appropriate laser power and gain to avoid over and under-exposure [2]. Video Editor: All screenshots located in Screenshots_20190813.pptx
3.2.1. LAB MEDIA: Screenshot 1. Video Editor: Zoom in on and emphasize the areas that the red arrows are pointing to. 
3.2.2. LAB MEDIA: Screenshot 2. Video Editor: Zoom in on and emphasize the Laser Power area and the Gain area that the red arrows are pointing to.

3.3. Set the pinhole size to 1 Airy Unit or an optical slice of about 0.8 micrometers [1], then set the image size to 512 by 512 pixels and the scan speed to 2 [2]. Choose a line average of 2, using the mean option [3].

3.3.1. LAB MEDIA: Screenshot 3. Video Editor: Zoom in on and emphasize the Pinhole Settings area that the red arrow is pointing to.
3.3.2. LAB MEDIA: Screenshot 4. Video Editor: Zoom in on and emphasize the Frame Size and Scan Speed areas that the red arrow is pointing to.
3.3.3. LAB MEDIA: Screenshot 5. Video Editor: Zoom in on and emphasize the Scan Average area that the red arrow is pointing to. 
3.4. Prepare 100 microliters of sterile physiological saline with 0.4% glucose, titrated to pH 7 [1]. Then, make a stock solution of C-SNARF-4 (pronounce ‘see-snarf-four’) and add the dye to a final concentration of 30 micromolar [2]. 
3.4.1. Talent preparing the saline with glucose.
3.4.2. Talent adding the dye. 

3.5. Empty one of the wells with the cross-kingdom biofilm, leaving a 20-microliter reservoir [1], and add the saline with glucose and ratiometric dye [2]. Place the plate on the microscope stage and start imaging [3]. 

3.5.1. Talent emptying one well. 
3.5.2. Talent adding the saline. 
3.5.3. Talent placing the plate on the stage and starting to image. 
4. Calibration of the Ratiometric Dye 
4.1. Prepare a series of 50 millimolar MES (pronounce ‘mes’) buffer titrated to pH 4.0 to 7.8 in increments of 0.2 pH units at 35 C [1]. Pipette 150 microliters of each buffer solution into the wells of an optical-bottom 96-well plate [2]. Add the dye to the buffer-filled wells at a concentration of 30 micromolar and let it equilibrate for 5 minutes [3]. 
4.1.1. Talent preparing the series of MES. 
4.1.2. Talent pipetting buffer into a few wells. 
4.1.3. Talent adding dye to a few wells. 
4.2. Warm the microscope stage to 35 C and choose the same settings as for ratiometric pH imaging previously described [1]. Place the 96 well plate on the microscope stage and focus on the bottom of the wells [2]. Acquire green and red channel images for all buffer solutions [3-TXT].
4.2.1. Use 3.1.5.
4.2.2. Talent placing the plate on the stage. 
4.2.3. LAB MEDIA: Screenshots 6 – 8. Video Editor: Show all three images in one shot. TEXT: 5 µm above the bottom of the well
4.3. At regular intervals, take images with the laser turned off to correct for detector offset. [1]. Perform the calibration experiment in triplicate and export all images as TIF files [2]. 
4.3.1. LAB MEDIA: Screenshot 9. 
4.3.2. LAB MEDIA: Screenshot 10. Video Editor: Zoom in on and emphasize the File Batch Export area that the red arrow is pointing to. 

4.4. Import the images into dedicated image analysis software such as ImageJ and subtract the images taken with the laser turned off from the respective images of the buffer solutions by clicking ‘Process’, ‘Image Calculator’, and ‘Subtract’ [1]. Videographer: Please film the screen as talent performs these steps. 

4.4.1. SCREEN: Images being imported and images being subtracted. 

4.5. Then, divide the green channel images through the red channel images and calculate the average fluorescence intensities in the resulting images by clicking ‘Analyze’ and ‘Histogram’ [1]. 

4.5.1. SCREEN: green channel images being divided through the red channel images and average fluorescence being calculated. 
5. Digital Image Analysis 

5.1. Store the green and red images in separate folders and rename both series of files with sequential numbers [1]. Import the images into dedicated image analysis software such as ImageJ. In the images taken with the laser off, click ‘Analyze’ and ‘Histogram’ to determine the average fluorescence intensity [2].

5.1.1. SCREEN: Images being sorted and renamed. 
5.1.2. SCREEN: Images being imported, an image taken with the laser off being opened, ‘Analyze | Histogram’ clicked.

5.2. Subtract this value from the biofilm images by clicking ‘Process’, ‘Math’, and ‘Subtract’ [1]. Then, import the two-image series into Daime and perform a threshold-based segmentation of the red channel images by clicking ‘Segment’, ‘Automatic Segmentation’, and ‘Custom Threshold’ [2].
 
5.2.1. SCREEN: Background fluorescence being subtracted. 
5.2.2. SCREEN: Images being imported into daime; ‘Segment’, ‘Automatic Segmentation’, and ‘Custom Threshold’ being clicked.

5.3. Set the low threshold above the fluorescence intensity of the fungal cytoplasm and the high threshold below the intensity of the fungal cell walls and the bacteria [1]. Then, transfer the object layer of the segmented image series to the green channel image series by clicking ‘Segment’ and ‘Transfer object layer’ [2]. 

5.3.1. SCREEN: Thresholds being set. 
5.3.2. SCREEN: Object layer being transferred. 

5.4. Delete non-object pixels in the red and green channel series [1-TXT]. Now the biofilm images are cleared from bacterial and fungal cells and can be exported as TIF files [2].

5.4.1. SCREEN: ‘Visualizer’, ‘Object editor’, ‘In all images’, and ‘delete non-object pixels’ being clicked. TEXT: Visualizer | Object editor | In all images | Delete non-object pixels
5.4.2. SCREEN: Processed biofilm images being exported. Screen capture 5.4.1.mp4 

5.5. Import the image series back into ImageJ and divide the red image series by itself [1-TXT], then multiply the result by the original image series [2-TXT]. The resulting image series is identical to the original except all 0 intensity pixels are removed [3] Repeat the process with the green image series [4]. 

5.5.1. SCREEN: Images being imported and red series being divided by itself. TEXT: Process | Image calculator | Image 1: R1; Operation: Divide; Image 2: R1
5.5.2. SCREEN: New series being multiplied by original. TEXT: Process | Image calculator | Image 1: R1; Operation: Multiply; Image 2: R2
5.5.3. SCREEN: New image series with NaN instead of 0 pixels. 
5.5.4. SCREEN: Process being repeated with green image series. 

5.6. Next, use the ‘Mean’ filter on both image series to compensate for detector noise [1] and divide the green by the red image series, which will yield the red to green ratio for all object pixels [2]. 

5.6.1. SCREEN: ‘Mean’ filter being used. TEXT: Process | Filters | Mean | Radius | 1 pixel
5.6.2. SCREEN: green image series being divided by red image series. TEXT: Process | Image calculator | Image 1: G3; Operation: Divide; Image 2: R3

5.7. Calculate the average ratio for each image by clicking ‘Analyze’ and ‘Histogram’ [1], then apply false coloring for better visual representation of the ratios by clicking ‘Image’ and ‘Lookup Tables’ [2]. Finish image analysis by converting the red to green ratios to pH values according to Manuscript Directions [3]. 

5.7.1. SCREEN: ‘Analyze’ and ‘Histogram’ being clicked. 
5.7.2. SCREEN: False coloring being applied. 
5.7.3. SCREEN: Red to green ratios being converted to pH values.  








Section – Results
6. Results: pH Ratiometry in Cross-kingdom Biofilms Exposed to Glucose 
6.1. Robust cross-kingdom biofilms developed in the well plates after 24 and 48 hours. Single cells and chains of S. mutans grouped around fungal hyphae, and large intercellular spaces indicated the presence of a voluminous matrix [1]. The pH in the extracellular space was visualized using a lookup table [2].
6.1.1. Figure 1 A. Video Editor: Emphasize a few of the yellow cells and clusters when VO says ‘single cells and chains of S. mutans’ and the some of the long, black cells when VO says ‘fungal hyphae’. 
6.1.2. Figure 1 B.
6.2. The extracellular pH in the biofilms dropped quickly in the first 5 minutes after exposure to glucose [1]. Thereafter, acidification slowed down, typically reaching values of 5.5 to 5.8 after 15 minutes [2].
6.2.1. Figure 1 C. Video Editor: Emphasize the drop in pH between 0 and 5 minutes.
6.2.2. Figure 1 C. Video Editor: Emphasize the 15-minute time point.

6.3. Due to the local pH changes, fluorescence intensity in the biofilms changed over time [1]. During image segmentation, high and low thresholds were chosen to adequately eliminate all areas covered by bacterial and fungal cells [2]. The blue and red areas were eliminated by the low and high thresholds, respectively [3].  

6.3.1. Figure 2 A and B. Video Editor: Label A ‘1 min glucose exposure’ and B ’15 min glucose exposure’.  
6.3.2. Figure 2 E. Video Editor: Emphasize the ‘set threshold’ options on the upper right. 
6.3.3. Figure 2 E. Video Editor: Emphasize the image with the blue and red cells.

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

7.1. Sebastian Schlafer: The careful choice of image acquisition parameters is crucial to obtain a good contrast between bacterial cells, fungal cells and the biofilm matrix. 

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.3.1. 
7.2. [bookmark: _GoBack]Mathilde Frost Kristensen: If cross-kingdom biofilms are grown in flow cells, pH developments can be monitored under flow conditions mimicking those in the oral cavity.

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.3. Sebastian Schlafer: pH ratiometry has been employed to identify local areas in dental biofilms with particularly low pH, so-called acidogenic hot spots.

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




 2019, Journal of Visualized Experiments	Page 11 of 11
image1.png




