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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
Can you record movies/images using your own microscope camera? Y

2. Does your protocol include software usage? N

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)

Steps 2.3 and 2.4 during cell preparation. Fragments that are too large will not adhere properly to the coated filter and will instead re-form into 3D organoids. Fragments that are too small will also not form monolayers. Like Goldilocks, the fragment sizes have to be 'just right' to adhere and spread on the coated filters but also not re-form into 3D organoids.


4. 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.)
2.3 and 2.4. This continues from Q3, fragmenting the organoids so that the fragment size is not too large or too small. Unfortunately, trituration can vary from person to person (i.e. fragments formed when Person A triturates the organoids 30x are likely to be a different size from Person B's fragments that were also triturated 30x). We recommend the enzymatic digestion procedure for beginner users as this will ensure higher success in plating organoid fragments to monolayers. It will take practice and troubleshooting from person to person to determine the number of optimal triturations to obtain appropriately sized organoid fragments.


5. Will the filming need to take place in multiple locations? N


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

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

1.1. Elizabeth Clarke: 3D intestinal organoid culture limits the study of host epithelial-pathogen interaction because the lumen is not directly accessible to bacteria or virulence factors. Additionally, secreted materials such as small molecules, proteins, or mucus cannot be easily sampled from 3D culture for downstream analysis. To address these limitations, we present a modified protocol for converting 3D human enteroids or colonoids to a monolayer [1]. 
1.1.1. INTERVIEW

1.2. Elizabeth Clarke: Colonoid monolayers secrete a thick apical mucus layer, allowing for ex vivo studies of pathogen-mucus interaction. This method aims to provide a tractable model to study the earliest intestinal host-pathogen interactions upon infection [1]. 
1.2.1. INTERVIEW

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

1.3. Julie In: Colonoid monolayers will allow for a new way to study mucus biology, which is important in host-pathogen interaction, microbiome studies, and inflammatory bowel disease. This method can be applied to other mucus-secreting organs, such as the upper GI tract, respiratory system, and female reproductive system [1]. 
1.3.1. INTERVIEW

1.4. Julie In: Visual demonstration will help the user with mucus preservation during monolayer growth and during fixation for Immunostaining [1].
1.4.1. INTERVIEW


Introduction of Demonstrator: (Said by you on camera)

1.5. Julie In: Demonstrating the procedure will be Karol Dokladny, a staff scientist from my laboratory [1][2]. 
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.


Section - Protocol
This protocol is based on studies previously published by the authors. The following steps should be carried out in a sterile biosafety cabinet using proper aseptic techniques. All methods involving human specimens have been approved by the Institutional Review Board of Johns Hopkins University School of Medicine (IRB NA_00038329).
2. Isolation and Dissociation of Enteroids/Colonoids from 3D Culture
2.1. After incubating the coated cell culture [1], aspirate the culture medium from the 24-well plate [2] and replace with 1 milliliter ice-cold harvesting solution per well [3-TXT].
2.1.1. CU: Shot of the well plate. Videographer: Take multiple shots, as this will be used later.
2.1.2. CU: Talent aspirates the culture medium. Close up of the plate.
2.1.3. MED: Talent adds solution into well. TEXT: See Table of Materials for all media preparation.
2.2. Use a mini cell scraper to dislodge and break-up the basement membrane matrix pellet [1], paying particular attention to any material near the well edges [2]. Then, agitate the plate on an orbital shaker at approximately 200 revolutions per minute, and 4 degrees Celsius for 30 to 45 minutes [3-TXT].
2.2.1. CU: Talent breaks up pellet.
2.2.2. ECU: Talent attends to material near the edges.
2.2.3. MED: Talent transfers plate to shaker. TEXT: 200 rpm, 4 °C
2.3. Use a P200 (pronounce as P-two-hundred) single channel pipette fitted with sterile filter tips to triturate the cell suspension [1]. Deliver the cell suspension in a 15-milliter conical vial [2]. Use multiple vials if total suspension volume is greater than 6 milliliters [3]. 
2.3.1. MED: Talent uses single channel pipette to break cell suspension.
2.3.2. CU: Talent transfers cell suspension to vial.
2.3.3. MED: Talent transfers to another vial.
2.4. After that, add into the vial an equal volume of advanced DMEM/F12 (pronounce as D-M-E-M-F-12) medium containing 10 millimolar HEPES (pronounce as Hep-Ease), L-alanyl-L-glutamine (pronounce as L-al-en-ell-L-glue-ta-meen) dipeptide, and penicillin-streptomycin which is wash medium [1]. Invert the vial 3-4 times to mix [2]. Centrifuge at 300 times g for 10 minutes at 4 degrees Celsius [3-TXT].
2.4.1. MED: Talent adds solution into the vial.
2.4.2. MED: Talent inverts the tube.
2.4.3. MED: Talent put the vials in centrifuge. TEXT: 300 x g, 4 °C
3. Plating the Enteroid/Colonoid Suspension
3.1. Prior to cell plating, equilibrate the coated inserts in tissue culture incubator for at least 30 minutes [1-TXT]. For each insert to be plated, warm 1 milliliter of expansion medium in a 37 degrees Celsius water bath [2] and add two inhibitors [3-TXT]. Then, add the mixture into wells [4].
3.1.1. MED: Talent places well inserts in incubator. TEXT: 37 °C/5% CO2
3.1.2. MED: Talent prepares warm medium.
3.1.3. CU: Talent adds inhibitor. TEXT: 10 μM Y-27632 and 10 μM CHIR 99021
3.1.4. MED: Talent adds solution to wells.
3.2. Aspirate the wash medium from the tube containing the cell pellet [1] and replace with expansion medium with a volume sufficient to yield at least 100 microliters per insert, and resuspend [2]. 
3.2.1. CU: Talent removes wash medium from tube.
3.2.2. CU: Talent adds medium and resuspends.
3.3. Then, aspirate the collagen four solution from each insert [1] and wash twice with 150 microliters of the wash medium per insert [2]. Pipet 600 microliters of expansion medium into the space beneath each insert [3].
3.3.1. MED: Talent aspirates from each insert.
3.3.2. MED: Talent dispenses and draws wash medium in the insert.
3.3.3. CU: Talent adds medium beneath insert.
3.4. Pipet 100 microliters of cell suspension from the vial into each insert [1]. Return the plate to the tissue culture incubator and leave undisturbed for at least 12 hours. Avoid shaking or sharply tilting the plate [2]. 
3.4.1. CU: Talent adds cell suspension to each insert.
3.4.2. MED: Talent places the plate in incubator.
3.5. After incubating, place the plate on a phase-contrast light microscope with a 2.5 times to 10 times objective lens [1] to monitor the cell attachment and spreading and the formed confluent monolayer [2]. After 1-2 days, most fragments should adhere to the collagen matrix [3].
3.5.1. MED: Talent operates on the microscope.
3.5.2. SCOPE: Talent observes plate under microscope.
3.5.3. SCOPE: Microscope observation of fragments adhering to collagen matrix.
3.6. Refresh with culture medium without inhibitors to discontinue inhibition treatment. Continue to refresh the medium every 2-3 days until confluent [1]. Confluency is generally reached in 7-10 days [2].
3.6.1. MED: Talent replaces culture medium. 
3.6.2. SCOPE: Microscope observation of plate with surface completely covered by cells.
4. Fixation to Preserve and Immunostain Mucus
4.1. Lift the cell culture inserts from the 24-well plate with fine-tip forceps/tweezers [1], carefully invert on a laboratory tissue paper to remove the apical medium [2], and wipe away external liquid clinging to the insert [3].
4.1.1. CU: Talent lifts inserts from plate.
4.1.2. CU: Talent inverts inserts on tissue paper.
4.1.3. CU: Talent wipes away liquid.
4.2. In a new 24-well plate, immerse the inserts in a 1 to 3 solution of glacial acetic acid in absolute ethanol for 10 minutes at room temperature [1]. Then, on the bench, invert the insert onto tissue paper to remove the fixative [2]. 
4.2.1. MED: Talent puts inserts in a new well plate.
4.2.2. CU: Talent inverts the insert.
4.3. Place the inserts in a plastic container filled with 1 times PBS (pronounce as P-B-S) for 10 minutes to rehydrate the cells before proceeding with standard immunostaining protocols [1].
4.3.1. MED: Talent places inserts in PBS solution.
4.4. To preserve, use a razor blade to cut around the perimeter of the insert membrane [1]. Using forceps, transfer the membrane to a glass microscope slide [2]. Then, add the mounting medium and affix a coverglass on top [3].
4.4.1. CU: Talent cuts membrane of the insert.
4.4.2. CU: Talent transfers membrane to glass slide. Close up of the membrane.
4.4.3. CU: Talent adds mounting medium and puts a coverglass on top.




Section – Results
5. Results: Establishment and Evaluation of Human Enteroid/Colonoid Monolayers
5.1. In this experiment, human enteroid and colonoid cultures are grown as 3D structures [1], then dissociated and fragmented for plating on [2] human collagen four-coated cell culture inserts [3]. 
5.1.1. Use 2.1.1
5.1.2. Figure 1A
5.1.3. Figure 1B
5.2. The progress of monolayer formation is monitored on a daily basis via bright field microscopy, and immunofluorescence staining [1]. Colonoid fragments seeded onto human collagen IV-coated filters form multiple monolayer islands 2-4 days post-seeding [2].
5.2.1. Figure 1CDEFGH- video editor: show Figure 1CDEFGH at the same time.
5.2.2. Figure 1C&D- video editor: show Figure 1C&D at the same time.
5.3. Both maximum intensity projection [1] and confocal optical Z-section with the corresponding orthogonal projections [2] show that cell-free areas are identifiable [3] by the absence of both nuclear [4] and apical F-actin staining [5].
5.3.1. Figure 1C&D- video editor: emphasize Figure 1C.
5.3.2. Figure 1C&D- video editor: emphasize Figure 1D.
5.3.3. Figure 1C&D- video editor: emphasize the asterisk. If possible put asterisk on figure 1D to indicate black areas.
5.3.4. Figure 1C&D- video editor: emphasize blue areas in both figures.
5.3.5. Figure 1C&D- video editor: emphasize green areas in both figures.
5.4. A confluent colonoid monolayer with continuous apical surface was detected by F-actin (pronounce as F-actin) immunostaining approximately 1-week post-seeding [1]. 
5.4.1. Figure 1E&F- video editor: show Figure 1E&F at the same time.
5.5. High magnification of a representative maximum intensity projection [1] and confocal optical section with the corresponding orthogonal projections [2] show that cells in confluent colonoid monolayers form the F-actin perijunctional rings [3] and an immature apical brush border [4].
5.5.1. Figure 1G&H- video editor: show Figure 1G&H at the same time. Emphasize figure 1G
5.5.2. Figure 1G&H- video editor: show Figure 1G&H at the same time. Emphasize figure 1H
5.5.3. Figure 1G&H- video editor: show Figure 1G&H at the same time. Emphasize the rings pointed by the white arrowhead
5.5.4. Figure 1G&H- video editor: show Figure 1G&H at the same time. Emphasize the borders pointed by the yellow arrowhead
5.6. EdU (pronounce as E-D-U) incorporation demonstrates a progressive loss of proliferation during jejunal monolayer differentiation [1]. Undifferentiated jejunal monolayers have broader, shorter cells and a less-mature apical actin-based brush border [2] compared with jejunal monolayers after 5 days of differentiation [3].
5.6.1. Figure 2A- video editor: Emphasize the red from the first figure to the last, one by one
5.6.2. Figure 2C- video editor: Emphasize the UD image
5.6.3. Figure 2C- video editor: Emphasize the DF5 image




Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Elizabeth Clarke: fragmenting the colonoids is critical. If the fragments are too large, they will not attach to the coated filter but will instead re-form into a 3D colonoid [1][2].
6.1.1. Use 2.3.1
6.1.2. INTERVIEW
6.2. Elizabeth Clarke: We presented a modified method to study mucus biology on colonoid monolayers. Other host-pathogen studies can be performed to look at the interaction between the pathogen and the intestinal apical surface [1].
6.2.1. INTERVIEW
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