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

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

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

4. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? 5-minute walk



Current Protocol Length

Number of Steps:  25
Number of Shots:  57

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Carolina Tropini: Microbes that are host-associated make up really complex ecosystems that require imaging to be studied. Through this protocol users will be able to stain individual bacterial species as well as host landmarks [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-Roll: 2.2.2., 5.2.3., and 5.3.1. 

1.2. Katharine Ng: Understanding the biology of host-associated bacteria requires an understanding of their spatial context within microenvironments, and this technique enables the visualization of the localization of individual taxa within the context of host tissues, as well as in the context of other bacteria [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-Roll: 7.1.2., 7.3., and 7.5.
  
OPTIONAL: 
1.3. Carolina Tropini: Through this technique it is possible to measure penetration of specific bacteria into host tissue as well as determine whether different barriers may be depleted, such as in the case of intestinal mucus [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-Roll: 7.6.

Ethics Title Card
1.4. All animal experiments and tissue collection described in this protocol were performed in compliance with the Canadian Council on Animal Care (CCAC) guidelines and were approved by the Animal Care Committee at the University of British Columbia.

Protocol
2. Tissue Sample Collection and Fixation
2.1. Prepare fresh methacarn in a compatible container with 60% absolute methanol, 30% chloroform, and 10% glacial acetic acid [1]. Videographer: This step is important!
2.1.1. Talent adding the components in a container to prepare methacarn solution.

2.2. Using sharp and clean tools, cut intestinal segments from germ-free Swiss Webster mice for imaging [1]. Minimize disturbing the sample as much as possible and handle the sections by their edges to avoid affecting the imaging area [2]. 
2.2.1. Talent cutting intestinal segments of mice using sharp tools.
2.2.2. Talent handling the tissue sections by their edges.


2.3. Fix the sample as soon as possible after dissection to prevent degradation. Place the intestinal sections in histology cassettes by delicately holding an edge of the tissue with tweezers [1]. Close the cassette [2] and completely submerge it in fresh methacarn solution ensuring that the solution is not older than a few hours upon immersion of the cassettes [3]. Videographer: This step is important!
2.3.1. Talent placing the intestinal sections in histology cassettes.
2.3.2. Talent closing the cassettes.
2.3.3. Talent submerging the section in fresh methacarn solution.

2.4. For clinical samples that will be collected in a clinical suite without access to a fume hood, use a polyethylene storage container with a flap cut into the lid that will permit the passage of the histology cassettes [1]. Tape this flap shut when not passing samples to prevent the escape of toxic fumes [2].
2.4.1. Talent showing the polyethylene storage container with flap.
2.4.2. Talent taping the flap shut.

3. Paraffin Infiltration and Embedding
3.1. Place the paraffin in a heat-resistant container [1] and melt it in an oven at 60 degrees Celsius overnight [2]. Wash the tissue by pouring out the liquid in the appropriate waste receptacle and incubating it sequentially in absolute methanol, absolute ethanol, and xylene as described in the text manuscript [3].
3.1.1. Talent placing the paraffin in a heat-resistant container.
3.1.2. Talent melting the paraffin in oven.
3.1.3. Talent washing the tissue in methanol, ethanol, or xylene.

3.2. Open the cassettes slightly to allow the paraffin to enter without losing the tissue segments using double gloves or tweezers [1].
3.2.1. Talent slightly opening the cassette using double gloves or tweezers.

3.3. Submerge and close the cassettes in the container of melted paraffin [1]. Place the container back into the 60-degree Celsius oven, ensuring that the cassettes are filled with paraffin and no large air bubbles remain [2]. Videographer: This step is important!
3.3.1. Talent submerging and closing the cassette.
3.3.2. Talent placing the container in oven.

3.4. After incubation for 2 hours, remove the container from the oven [1]. Using forceps, carefully remove the cassettes [2].
3.4.1. Talent removing the container.
3.4.2. Talent removing the cassettes.

4. Preparation of Slides for Staining and Host Features
4.1. Heat the oven to 60 degrees Celsius [1] and pre-warm a Coplin jar [2]. Add enough volume of xylene in a glass bottle to cover the glass slides in the jar twice [2] and place parafilm around the lid to prevent evaporation of the xylenes [3]. Allow the temperature of the xylenes to reach 60 degree Celsius [4].
4.1.1. Talent heating the oven.
4.1.2. Talent pre-warming the Coplin jar.
4.1.3. Talent applying parafilm around the lid of the xylene glass bottle.
4.1.4. Talent heating the oven at 60 degrees.

4.2. Prepare the FISH hybridization solution as mentioned in the text manuscript [1-TXT].
4.2.1. Talent preparing the FISH solution. TEXT: FISH-Fluorescence in situ hybridization.

4.3. Place the slides in the Coplin jar, ensuring that the sections do not come in contact with other slides or the jar [1], and bake the slides at 60 degrees Celsius for 10 minutes [2].
4.3.1. Talent placing the slides in the Coplin jar.
4.3.2. Talent placing the jar with the slides in oven.

4.4. In the fume hood, fill the Coplin jar with pre-warmed xylenes from the oven, taking care not to pour directly on top of the samples and potentially dislodge the tissues [1]. Place the Coplin jar back in the 60-degree oven [2].
4.4.1. Talent filling xylene in Coplin jar.
4.4.2. Talent placing the jar in the oven.

4.5. Pour the used xylenes into a proper waste container, taking care not to disturb the tissue sections on the glass slides and using a pair of forceps to keep the slides from falling out of the Coplin jar [1]. Replenish the Coplin jar with the remaining xylenes [2] and incubate for 10 minutes at room temperature in the fume hood [3].
4.5.1. Talent pouring the used xylene in waste container while holding the slides with forceps.
4.5.2. Talent adding remaining xylene into the jar.
4.5.3. Talent incubating the jar in fume hood.

4.6. Incubate the sections in 99.5% ethanol for 5 minutes at room temperature [1]. After incubation, remove the slides from the Coplin jar [2], wipe the back of the slides on a laboratory wipe or paper towel [3], and briefly air-dry until the ethanol droplets are gone [4].
4.6.1. Talent incubating the sections in 99.5% ethanol.
4.6.2. Talent removing the slides form the jar.
4.6.3. Talent wiping the back of the slides with wipes or paper towels.
4.6.4. Talent air drying the slides.

5. Bacterial Staining with FISH
5.1. Create very close circles around each tissue section using a liquid blocker or PAP pen to limit the area of expansion needed to be covered by the hybridization solution, avoiding ink contact with the section [1]. Videographer: This step is important!
5.1.1. Talent making circles around each tissue section. 

5.2. Prepare the hybridization solution [1] and add 0.5 micrograms of probe for every 50 microliters of the solution used [2]. Pipette the solution onto the sections on the slide [3-TXT]. Videographer: This step is important!
5.2.1. Talent preparing hybridization solution.
5.2.2. Talent adding probe in the solution.
5.2.3. Talent pipetting the solution onto the sections. TEXT: Avoid light exposure

5.3. Overlay the section with flexible plastic coverslips, ensuring that the volume of liquid used covers the entire section [1]. Create a humid chamber with a pipette tip box with wipes or paper towels that have been soaked with excess hybridization solution or PBS to provide humidity [2]. Videographer: This step is important!
5.3.1. Talent placing plastic coverslips on the section.
5.3.2. Talent preparing humid chamber with pipette tip box.

5.4. Incubate the slide in the humid chamber at 45 to 50 degrees Celsius for less than 3 hours, depending on the probe set, to reduce evaporation [1]. 
5.4.1. Talent incubating the slide in humid chamber.

5.5. Remove the plastic coverslips [1] and incubate the slides in FISH washing buffer pre-warmed to 50 degree Celsius by placing the Coplin jar back into the 50-degree Celsius oven for 10 to 20 minutes [2]. 
5.5.1. Talent removing the plastic coverslips.
5.5.2. Talent incubating the slides in FISH washing buffer.

5.6. Remove the FISH washing buffer [1] and replace it with PBS in the Coplin jar [2]. Immediately after refilling the Coplin jar with PBS, decant the PBS [3].
5.6.1. Talent removing the FISH washing buffer.
5.6.2. Talent replacing the jar with PBS.
5.6.3. Talent decanting the PBS.

5.7. Remove the slides from the jar [1] and pipette the counterstain on top of the entire section while making sure to not touch the tissue with the pipette tip [2]. Incubate at 4 degrees Celsius for 45 minutes [3]. Wash the stains 3 times quickly with fresh PBS [4]. Videographer: This step is important!
5.7.1. Talent removing the slides from the jar.
5.7.2. Talent pipetting the counterstain on top of the section.
5.7.3. Talent incubating the slide at 4 degrees.
5.7.4. Talent washing the stains with PBS.

5.8. Wipe the back of the slides against a wipe or paper towel and let most of the PBS evaporate off the sections, aided by a vacuum line connected to a pipette tip [1-TXT].
5.8.1. Talent wiping the back of the slides. TEXT: Avoid touching the section

5.9. Mount the sections using a mounting medium [1]. Affix the coverslips to the slide by painting along the edges of the coverslip with clear nail polish, taking care to stay away from the edge of the slide [2-TXT]. Let it set at room temperature.
5.9.1. Talent mounting the sections using mounting medium.
5.9.2. Talent affixing coverslips on the slide with nail polish at the edges. TEXT: Ensure coverslips are flat without air bubbles

6. Imaging and Imaging Analysis
6.1. Adjust the imaging settings. To visualize the bacterial DAPI stain, increase the laser power and gain to the point where the DAPI signal from epithelial cells is oversaturated or blown out [1].
6.1.1. Talent adjusting image settings.

6.2. Acquire tile scans to obtain quantitative data on mucus thickness and spatial distribution of microbes within the lumen as described in the text manuscript [1].
6.2.1. Talent acquiring tile scans.





Results
7. Analysis of the Localization of Muribaculum intestinale Relative to Mucus in a Gnotobiotic Mouse Model and Some Common Imaging Problems
7.1. [bookmark: _Hlk72775540]Images of distal colon of mouse mono-colonized with Muribaculum intestinale [1] and the one bi-colonized with Muribaculum intestinale and Bacteroides thetaiotaomicron are shown here [2].
7.1.1. LAB MEDIA: Figure 2A.
7.1.2. LAB MEDIA: Figure 2B.

7.2. These samples were stained with a FISH probe, 3’ (three-prime) Cy3 (Cyanine 3) tagged, specific for Muribaculum isolate [1] and also counterstained with the Rhodamine-bound lectin UEA-1 (spell out) [2] and DAPI (spell out) [3].
7.2.1. LAB MEDIA: Figure 2A and 2B. Video editor highlight the blue stained cells.
7.2.2. LAB MEDIA: Figure 2A and 2B. Video editor highlight the red stained cells.
7.2.3. LAB MEDIA: Figure 2A and 2B. Video editor highlight the green stained cells.

7.3. The images of sections stained with Cy3-FISH [1], DAPI [2], and combined Cy3-FISH and DAPI channels show the localization of Muribaculum intestinale [3].
7.3.1. LAB MEDIA: Figure 2C and 2D. Video editor focus on the left image of red stained cells.
7.3.2. LAB MEDIA: Figure 2C and 2D. Video editor focus on the middle image of blue stained cells.
7.3.3. LAB MEDIA: Figure 2C and 2D. Video editor focus on the right image of both red and blue stained cells.

7.4. All bacteria-shaped and bacteria-sized DAPI signals are labeled with Cy3 in the mono-colonization state [1]. In the bi-colonization state, in addition to these Cy3- and DAPI-double-positive cells, there are DAPI-stained bacterial cells that are Cy3-negative, as expected [2].
7.4.1. LAB MEDIA: Figure 2C. Video editor focus on the right image at the single arrowheads.
7.4.2. LAB MEDIA: Figure 2D. Video editor focus on the right image at the double arrowheads.

7.5. With the exception of longer filamentous bacteria, larger DAPI-positive structures are plant material or nuclei from host cells [1].
7.5.1. LAB MEDIA: 2C and 2D. Video editor focus on the right image at the blunt arrowheads.

7.6. An intestinal segment that has been sectioned at a depth that provides a view of the lumen as well as longitudinal views of the epithelium [1] and a shallow sectioned segment, revealing only cross-sections of crypts and no constant mucus layer or bacteria, proves that shallow sectioning will not provide luminal slices of the intestine [2].
7.6.1. LAB MEDIA: Figure 3A. Video editor focus on the left image.
7.6.2. LAB MEDIA: Figure 3A. Video editor focus on the right image.

7.7. Uneven tissue or coverslip coverage results in blurry and unevenly illuminated tile-scans [1]. An example of normal background [2] and high background are also shown here [3].
7.7.1. LAB MEDIA: Figure 3B.
7.7.2. LAB MEDIA: Figure 3C. Video editor focus on the left image.
7.7.3. LAB MEDIA: Figure 3C. Video editor focus on the right image.





Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

8.1. Carolina Tropini: This technique allowed for great discoveries by our and the Sonnenburg research groups, such as lack of fiber in the diet reduces mucus thickness and increases the risk of infection or that osmotic diarrhea leads to direct contact between the microbiota and the host tissue [1].

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-Roll: 7.6.2.
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