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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)_____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.

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.) _4.5, 4.6, 5.4 – 5.6
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.) _____5.3 
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) – 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 goal of this confocal microscopy based ratiometric imaging technique is to determine and visualize extracellular pH in bacterial biofilms in real-time. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Sebastian Schlafer: This method can help answer key questions in the biofilms field, such as where exactly acid production in biofilms occurs and how microenvironments with distinct pH levels develop. 

1.2. Sebastian Schlafer: The main advantage of this technique is that extracellular pH in biofilms can be recorded in real-time with high spatial resolution in all three dimensions.   

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

1.9. Procedures involving human subjects have been approved by the Ethics Committee of Aarhus County (M-20100032).
Protocol (read by voice talent at JoVE):

(Authors: For the SCREEN/LM shots, would you be able to provide video screen captures for all of these shots in sections 2 and 4, including the screen shot images listed below from the SW guide.  We would ideally like to show how these steps are actually carried out in the software.)
2. Confocal Microscopic Calibration of the Ratiometric Dye 

2.1. To carry out confocal microscopic calibration of the ratiometric dye, use an inverted confocal microscope equipped with an incubator [2.1.1-WIDE/MED], a 63X/1.2-numeric aperture water immersion objective [2.1.2-CU], a 543-nm laser line and a META detector [2.1.3-MED/CU].
2.1.1. Talent approaches microscope and points out incubator

2.1.2. Shot of objective in position

2.1.3. Talent points out 543 laser line and META detector

2.2. Prepare HEPES buffer stock solutions adjusted to pH 4.5 – 8.5 in steps of 0.1 pH units [2.2.1-MED/CU-TXT].   Then pipette 100 µl of each solution into the wells of a clear-bottom 96-well plate for fluorescent microscopy [2.2.2-CU].
2.2.1. Talent places a HEPES buffer on bench next to other HEPES buffers of other pH levels (TEXT: 50 mM adjusted to pH 4.5 – 8.5 in steps of 0.1 pH units)
2.2.2. Film as written
2.3. While wearing nitrile gloves [2.3.1-CU], [2.3.2-CU] add 5 µl of a 1mM stock solution of C-SNARF-4 in dimethyl sulfoxide to each well of HEPES buffer [2.3.3-CU].  Then place the 96-well plate on the microscope [2.3.4-MED/CU].
2.3.1. Talent is wearing a single glove and puts on second glove

2.3.2. Talent adds C-SNARF-4 to dimethyl sulfoxide (have DMSO visible in background)

2.3.3. Film as written

2.3.4. Film as written

2.4. Next, turn on the microscope and open the microscope software [2.4.1-MED OVER SHOULDER].  Click on the following panels:  Acquire →Laser; Acquire → Micro; Acquire → Config; Acquire → Scan; and Acquire → Stage [2.4.2-SCREEN/LM].  Then warm up the incubator to 37°C [2.4.3-MED/CU].
I’m not really sure what to do with these squares.  Are they like the > for file>save?
2.4.1. Talent at computer opens software

2.4.2. LAB MEDIA Screen shot 1, Editor, point out each panel as it is mentioned

2.4.3. Talent turns on incubator

2.5. In the laser control window, turn on the 543 nm laser line by clicking the ‘On’ button [2.5.1-SCREEN/LM].  Then in the ‘Microscope Control’ window, choose the 63X/1.2 numerical aperture water immersion objective [2.5.2-SCREEN/LM].
2.5.1.   LAB MEDIA Screen shot 1, Editor, point out the ‘on’ button in the laser control window.
2.5.2. LAB MEDIA Screen shot 2, Editor, in the microscope control window, add in the red arrow as shown in the 53622_R1_SW final document.
2.6. Under ‘Configuration Control” → ‘ChS,’ set the META detector to simultaneously monitor fluorescence within the 576 to 608 nm, or green, and 629 to 661 nm, or red intervals [2.6.1-SCREEN/LM].
2.6.1. LAB MEDIA Screen shot 3, Editor, add in the red arrow as shown in the 53622_R1_SW final document
2.7. Under ‘Configuration Control’ → ‘Excitation’, adjust the laser power.  Then under ‘Scan Control’ → ‘Pinhole’, set the pinhole to yield an optical slice thickness of 1.6 µm [2.7.1-SCREEN/LM].
2.7.1. LAB MEDIA Screen shot 4, Editor, add in each red arrow when the panel is mentioned.
2.8. Acquire an image of each HEPES buffer solution, 5 µm above the glass bottom of the 96-well plate [2.8.1-SCREEN/LM].  After every third image, set the laser power to zero and take an image for background subtraction [2.8.2-SCREEN/LM].
2.8.1. LAB MEDIA Screen shots 5, 6, 7, Editor, bring these up one at a time, overlapping and staggering them

2.8.2. LAB MEDIA Screen shot 8

2.9. After performing the calibration experiment in triplicate, determine average fluorescent intensities and standard deviations and plot calculated ratios for each pH value from the three replicate experiments according to the text protocol [2.9.1-LM].
2.9.1. LAB MEDIA 53622_Calibration_Screenshot.pptx

3. Collection of in situ-Grown Dental Biofilm Samples

3.1. To prepare the acrylic splints for collecting in situ grown dental biofilm samples, use dental acrylic burs to drill recessions at least 1.5 mm in depth (TEXT: width and length may vary) in the buccal flanges of the acrylic splint to allow insertion of glass slabs [3.1.1-CU-TXT].
3.1.1. Talent uses dental acrylic burs to drill recessions of acrylic splint
3.2. For biofilms collection, use custom-made non-fluorescent glass slabs with a surface roughness of 1200 grit in order to mimic the colonization pattern on natural enamel [3.2.1-CU/ECU-TXT].
3.2.1. Talent holds up glass slab for the camera (TEXT: 4 x 4 x 1 mm)
3.3. After sterilizing the glass slabs by autoclaving [3.1.1-MED], use sticky wax to mount them in the depressions in the buccal flanges of each side slightly recessed to the acrylic surface to protect the biofilms from shear forces exerted by movement of the cheeks [3.3.2-CU/ECU].
3.3.1. Talent removes slabs from autoclave

3.3.2. Film as written

3.4. Next, insert the appliance in the mouth of a previously selected volunteer [3.4.1-CU-TXT].  Then instruct the volunteer to retain the appliance intra-orally throughout the experimental period [3.4.2-MED]. 

3.4.1. Talent inserts appliance into volunteer’s mouth  (TEXT: refer to text protocol for details)

3.4.2. Talent instructs volunteer to wear the appliance throughout the experimental period

3.5. During tooth brushing and intake of food and beverages other than water, instruct the volunteer to store the appliance in an orthodontic retainer container with a piece of wet paper tissue at room temperature [3.5.1-CU].
3.5.1. Talent opens container and places a wet piece of paper tissue inside to show volunteer  

3.6. Also instruct the volunteer to not touch the buccal acrylic flanges with the glass slabs while placing and removing the appliance [3.6.1-CU].  

3.6.1. Volunteer reinserts appliance and talent shows volunteer not to touch buccal flanges

3.7. At the end of the experimental period, carefully remove the glass slabs from the appliance [3.7.1-CU].  Use a knife to remove the sticky wax around the slabs [3.7.2-ECU] and use a pair of tweezers to transfer them to a sealable container containing wet paper tissue, with the biofilm facing upward until microscopic analysis [3.7.3-CU/ECU].
3.7.1. Film as written

3.7.2. Film as written

3.7.3. Talent transfers glass slabs to container with wet tissue paper and closes
4. Biofilm pH Imaging
4.1. Within a few hours after biofilm collection, after preparing a salivary solution according to the text protocol, titrate the solution to pH 7.0 [4.1.1-MED/CU] and add glucose to a concentration of 0.4% [4.1.2-CU-TXT].
4.1.1. Talent places salivary solution onto bench and titrates to pH 7.0

4.1.2. Film as written, have glucose container labeled and salivary solution bottle labeled  to show 0.4% glucose (TEXT: wt/vol)

4.2. Pipette 100 µl of solution per biofilm to be analyzed into a glass bottom 96-well plate for microscopy [4.2.1-CU].  Add 5 µl of the ratiometric dye per well [4.2.2-CU].
4.2.1. Film as written

4.2.2. Film as written
4.3. Place the 96-well plate on the microscope stage [4.3.1-MED/CU]. Then turn on the microscope and the 543 laser line [4.3.2-SCREEN/LM].  Warm up the incubator to 37°C [4.3.3-LM-TXT].  Use the same microscope settings as for the calibration of the dye [4.3.4-SCREEN/LM].
4.3.1. Film as written

4.3.2. LAB MEDIA Screen shot 1

4.3.3. LAB MEDIA Img2 (TEXT: wait 30 minutes for plate to reach temp)

4.3.4. LAB MEDIA Screen shots 2, 3, and 4, Editor, bring in the screen shots one at a time, layering them if necessary.

4.4. Next, with a slim pair of tweezers, pick up one or more glass slabs and place them in the saliva-filled wells, one slab per well, with the biofilms facing downward [4.4.1-CU/ECU].

4.4.1. Film as written

4.5. Under ‘Scan Control’ → ‘Single’, acquire single images [4.5.1-SCREEN/LM].  Or, to acquire z-stacks, under ‘Scan Control’  → ‘Z Settings’ → ‘Num Slices’, choose the number of slices to be imaged and use “Mark First”; “Mark Last” to mark the first and last slice [4.5.2-SCREEN/LM].
4.5.1. LAB MEDIA Screen shot 11
4.5.2. LAB MEDIA Screen shot 20, Editor, add in the red arrow for num slices and then mark first, mark last when mentioned.
4.6. To follow pH changes in a microscopic field of view over time, under ‘Stage and Focus Control’ → ‘Mark Pos’ to mark the x-y position [4.6.1-SCREEN/LM] and take repeated images at consecutive time points [4.6.2-SCREEN/LM-TXT].
4.6.1. LAB MEDIA Screen shot 9, Editor, add in the red arrow when mark pos mentioned.
4.6.2. LAB MEDIA Screen shots 11-17 (TEXT: regularly take background subtraction images), Editor, bring in each image one at a time, staggering them and layering them over one another. 
5. Digital Image Analysis
5.1. To export the images as TIF files [5.1.1-MED OVER SHOULDER], use Macro ( “File Batch Export, from the microscope software. Mark the files to be exported and save red and green channel images in separate folders as TIF files [5.1.2-SCREEN/LM].  Then rename the files in both folders to give them sequential numbers [5.1.3-SCREEN/LM].
5.1.1. Talent sitting at computer exporting images

5.1.2. LAB MEDIA Screen shot 35, Editor, add in the red arrow for ‘file batch export’ then add in the blue and green arrows for marking the files to be exported and the export.

5.1.3. Talent begins to rename files From 0:00 to 1:29
5.2. After importing the red and green image series into software such as daime, under Segment ( Automatic segmentation ( Custom threshold, segment the green channel images with individually chosen brightness thresholds [5.2.1-SCREEN/LM].
5.2.1.  Record as written From 1:29 to 2:14
How is daime pronounced? 
5.3. Choose the brightness thresholds with care so that all bacteria, but not the matrix will be recognized as objects during segmentation.  Verify visually that the areas recognized as objects correspond well to the bacterial biomass [5.3.1-SCREEN/LM].
5.3.1. Talent verifies brightness thresholds and uses mouse to point out areas recognized as objects that are bacterial biomass From 2:14 to 2:45
5.4. Sebastian Schlafer, For step 5.3:  It is crucial to select brightness thresholds that differentiate accurately between cells and extracellular matrix, and to verify visually that all bacterial cells are removed during image processing [5.4.1-INTERVIEW].
5.4.1. Talent reciting the above looking away from camera

5.5. Under ‘Segment ( Transfer object layer,’ transfer the object layer of the segmented green channel images to the corresponding red channel images [5.5.1-SCREEN/LM].
5.5.1. Film as written From 2:50 to 2:58
5.6. Use the object editor function to reject and delete all objects in the red and green channel images so that only the extracellular matrix is left in the biofilm images [5.6.1-SCREEN/LM].  [5.6.2-SCREEN/LM].
5.6.1. Record as written From 3:04 to 3:46
5.6.2. Record as written
5.7. Next, import the background images into ImageJ, and use ‘Analyze ( Histogram to determine the average fluorescence intensity in the background images taken with the laser turned off [5.7.1-SCREEN/LM-TXT].
5.7.1. Record as written (TEXT: http://rsb.info.nih.gov/ij; v.1.47) From 3:51 to 4:34
5.8. Now, import the biofilm images into ImageJ. Under ‘Process ( Math ( Subtract,’ subtract the appropriate background from the red and green images.  Then use ‘Process ( Image calculator’ to divide the green image series, G1, by itself [5.8.1-SCREEN/LM].  
5.8.1. Record as written From 4:39 to 5:45 and 6:16 to 6:33
5.9. Now, multiply the resulting image series, G2 with the green image series, G1. This will yield an image series, G3, where NaN (NaN is pronounced “En a en’ and stands for ’not a number’.) is assigned to all pixels belonging to areas that were recognized as objects in daime [5.9.1-SCREEN/LM].  Proceed in the same way with the red image series [5.9.2-SCREEN/LM-TXT]. 
5.9.1. Record as written From 6:33 to 6:50
5.9.2. Record as written (TEXT: R1/R1=R2; R2*R1=R3) From 6:50 to 7:10
5.10. Under ‘Process ( Filters ( Mean; radius: 1 pixel’, apply the ‘Mean’ filter to compensate for detector noise [5.10.1-SCREEN/LM].  Then divide the green image series by the red image series.  This results in a green/red ratio for every remaining pixel in the extracellular space of the images [5.10.2-SCREEN/LM].
5.10.1. Record as written From 7:44 to 8:09
5.10.2. Record as written From 8:43 to 9:07
5.11. From ‘Image ( Lookup Tables,’ use false coloring for graphic representation of the ratios in the images [5.11.1-SCREEN/LM].  Then use ‘Analyze ( Histogram to calculate the mean ratio for each image [5.11.2-SCREEN/LM].  Finally, convert the green/ratios to pH values according to the text protocol [5.11.3-SCREEN/LM].
5.11.1. Record as written From 9:13 to 9:29
5.11.2. Record as written From 9:29 to 10:10
5.11.3. Talent converts green/ratios to pH values From 10:20 to 10:50
6. Results: Ratiometric Measuring of Extracellular pH in Dental Biofilms 
6.1. When pH in biofilms drops, e.g. after the addition of glucose, bacterial cells become visible within a short time as the concentration of the ratiometric dye increases in the cells. Before acid production in the biofilms starts, no difference can be seen between extra- and intracellular fluorescence [6.1.1-LM].

6.1.1. LAB MEDIA Figure 2A, Editor, for bacterial cells become visible, point out the red or yellow centers of the biomass.

6.2. As shown here, this image exported into the software daime has been segmented with a carefully chosen brightness threshold in order to obtain a good congruence between the bacterial biomass and the objects recognized by the program [6.2.1-LM].
6.2.1. LAB MEDIA Figure 2B, Editor, place next to 2A
6.3. As demonstrated in this figure, if segmented appropriately, deletion of objects in daime removes all fluorescent signals that derive from bacterial cells [6.3.1-LM].

6.3.1. LAB MEDIA Figure 2C, Editor, place under A and B and for ‘removes fluorescent signals…’ point out the large black space in the middle.
6.4. Image processing in ImageJ results in green/red ratios for pixels in the extracellular space of the images. Using the calibration curve, these ratios were converted to pH values and visualized with false coloring for graphic representation [6.4.1-LM].

6.4.1. LAB MEDIA Figure 2D, Editor, place next to C and point out the calibration curve/pH values on the right when mentioned.  
6.5. This graph illustrates that for each processed image, the average pH was calculated and the pH development was followed over time [6.5.1-LM].
6.5.1. LAB MEDIA Figure 2E
6.6. When segmenting the images in daime, it is crucial to choose brightness thresholds that recognize all bacterial cells and, if present, human epithelial cells as objects [6.6.1-LM].  
6.6.1.  LAB MEDIA Figure 3C, Editor, when human epithelial cells as objects are mentioned, add in the arrows as shown in the figure.  Authors provided panel without arrows.
7. Conclusion (said by authors on camera)
7.1. Sebastian Schlafer: Once mastered, image acquisition with this technique can be done in minutes to hours, depending on the time scale of the experiment. Subsequent image processing, however, will take several working days or weeks, depending on the amount of images taken. 

7.2. Sebastian Schlafer: By modifying this procedure, pH recordings can be performed under flow conditions, which will provide additional insight into the dynamic development of pH microenvironments in biofilms.
7.3. Sebastian Schlafer: This technique has been developed recently, and it can pave the way for biofilm researchers to accurately monitor extracellular pH in a variety of biofilms in real-time.

7.4. Sebastian Schlafer: After watching this video, you should have a good understanding of how to visualize pH landscapes in biofilms with ratiometric imaging.
*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
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.

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.
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