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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
2.6., 2.7.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.6., 3.5.
5. Will the filming need to take place in multiple locations (greater than walking distance)? 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. Philipp Tripal: With the aim of investigating intestinal barrier breakdown, we developed a method for measuring the integrity of the intestinal barrier in 3-dimensional small intestinal mouse organoids [1]. 

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

1.2. Marco Bardenbacher: In contrast to hitherto used monolayer cell cultures, our assay is based on 3-dimensional small intestinal organoids; adapting the 2-dimensional assay to our model was essential for its practicality [1].

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. Philipp Tripal: The assay is based on organoids cultured in vitro and its application will help to define inducers and inhibitors of the intestinal barrier integrity [1]. 

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

1.4. Marco Bardenbacher: The regulation of tight junction proteins is an important feature of all epithelial cells. Our assay enables the functional analysis of the epithelial barrier integrity [1].

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

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

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Friedrich-Alexander-Universität (FAU) Erlangen-Nürnberg.


Section - Protocol
2. Barrier Integrity Measurement Preparation
2.1. To measure the barrier integrity of organoids isolated from mouse intestinal tissue [1], first precoat all of the centrifugation tubes that will be used for storing the organoids during the plating process with enough 0.1% BSA (B-S-A) in PBS to cover all of the plastic surfaces [2-TXT].
2.1.1. WIDE: Talent placing tubes onto bench, with PBS + BSA container in frame
2.1.2. Talent adding PBS + BSA to container to tubes, with PBS plus BSA container visible in frame TEXT: BSA: bovine serum albumin
2.2. Immediately remove the BSA solution [1] and place the tubes on ice [2].
2.2.1. BSA being removed
2.2.2. Talent placing tube(s) on ice
2.3. Next, thaw the cell matrix solution and organoid culture medium on ice [1] and carefully remove the culture medium from each well of a 48-well organoid culture plate on ice [2-TXT].
2.3.1. Talent placing containers on ice
2.3.2. Medium being removed TEXT: See text for organoid isolation and plating details
2.4. Wash each well with 1 milliliter of cold PBS [1] before vigorously pipetting to dissolve the cell matrices [2].
2.4.1. Well being washed, with PBS container visible in frame
2.4.2. Well being pipetted (Author Comment: was integrated in shot 2.4.1) (Editor: I’m assuming this means that shot 2.4.1 and 2.4.2 were combined. The comment in 2.5.1 makes it look like that shot might’ve been combined as well)
2.5. When relatively homogenous cell suspensions have been obtained [1], wash the organoids with fresh PBS two times by centrifugation [2-TXT] and resuspend each organoid culture in 40 microliters of cold medium [3-TXT].
2.5.1. Suspension being aspirated or added to conical tube (Comment: was filmed in as 2.4.2, see videographer log)
2.5.2. Talent placing tube(s) into centrifuge TEXT: 5 min, 300 x g, 4 °C, x2
2.5.3. Shot of pellet if visible, then medium being added to tube, with medium container visible in frame TEXT: See text for all medium and solution preparation details
2.6. Dissociate the large organoid structures through a 10-microliter pipette tip 5 times to collect structures with a 40-60-micrometer size [1] and mix each organoid suspension with 40 microliters of freshly prepared cell matrix solution [2].
2.6.1. Organoids being pipetted Videographer: Important/difficult step
2.6.2. Cell matrix solution being added to tube, with cell matrix container visible in frame Videographer: Difficult step
2.7. Add each organoid-cell matrix solution suspension into the center of individual wells of an 8-well chambered coverslip [1] and place the slide on an ice pack for 5 minutes [2].
2.7.1. Suspension being added to well Videographer: Important step
2.7.2. Slide being placed onto ice Videographer: Important step
2.8. At the end of the incubation, place the slide at 37 degrees Celsius and 5% carbon dioxide for 20 minutes to enable polymerization of the organoid-cell matrix structure [1] before adding 150 microliters of organoid culture medium to each well for a 24-hour incubation in the cell culture incubator [2].
2.8.1. Talent placing slide into incubator
2.8.2. Medium being added to well(s), with medium container visible in frame
2.9. At the end of the incubation, treat the positive control wells with 10 nanograms/milliliter of recombinant murine interferon-gamma for 48 hours [1].
2.9.1. IFN-gamma being added to well, with IFN-gamma container visible in frame
3. Organoid Permeability Assay
3.1. To perform a permeability assay, transfer the chambered coverslip to the 37-degree Celsius-warmed incubation chamber of an inverted confocal microscope [1] and set the carbon dioxide of the chamber to 5% [2].
3.1.1. WIDE: Talent placing chamber onto microscope
3.1.2. Talent setting CO2
3.2. Lock the coverslip tightly onto the microscope stage [1] and adjust the imaging settings of the microscope to visualize the organoids in one well of the chamber [2].
3.2.1. Coverslip being locked
3.2.2. Talent adjusting microscope settings, with monitor visible in frame
3.3. Then add 3 microliters of freshly prepared 100-millimolar lucifer yellow in 150 microliters of medium to one well for 1-hour incubation in the microscope chamber [1].
3.3.1. Talent adding LY to well (Author Comment: At this step lucifer yellow is added to just one well. This well is needed to adjust the microscope/laser settings (steps 3.4/3.5). The well is not used for the actual permeability measurement – see 3.8) (Editor: I’m not sure if this note is purely informational, or if the authors want the VO to be changed as well)
3.4. At the end of the incubation, adjust the focus to visualize the lumen of the reference organoid and define the required laser energy for lucifer yellow excitation and the respective detection sensitivity of the instrument to image the lucifer yellow signal at 30-40% of the available dynamic range of the instrument [1].
3.4.1. Talent adjusting focus, with monitor visible in frame
3.4.2. SCREEN: screenshot_1: 00:07-00:28 Video Editor: can speed up
3.5. Alternatively, the signal intensity can be modified by changing the exposure time [1].
3.5.1. SCREEN: screenshot_1: 00:29-00:50 Video Editor: please speed up
3.6. Define the positions of about 10 organoids with a spherical structure close to the coverslip surface per well by differential interference contrast live imaging, capturing organoids with comparable diameters and focusing on the central slice of the organoids to image the lumens [1-TXT].
3.6.1. SCREEN: screenshot_2: 00:02-00:26 Video Editor: can speed up TEXT: e.g., image 80 plus or minus 30-micrometer organoids
3.7. Record the differential interference contrast and the lucifer yellow fluorescence of every position to document the shape and autofluorescence of each organoid [1-TXT].
3.7.1. SCREEN: screenshot_3: 00:02-00:23 Video Editor: can speed up TEXT: Exclude organoids with high autofluorescence
3.8. When all of the organoids have been imaged, add 150 microliters of medium including lucifer yellow to the lucifer yellow-treatment wells [1] and image all of the wells every 5 minutes for 70 minutes [2].
3.8.1. LY being added to well(s) (Author Comment: lucifer yellow is now added to the experimental wells, not the well used in 3.3.1. Therefore it is not additionally added. Lucifer yellow is not added to the well which was used in 3.3.1. In the filming process lucifer yellow was added to just one well, this is repeated for all wells except the one used in 3.3.1). (Editor: I’m not sure if this note is purely informational, or if the authors want the VO to be changed as well)
3.8.2. SCREEN: screenshot_4: 00:02-00:24 Video Editor: can speed up
3.9. At the end of the imaging session, add 4 microliters of freshly prepared EGTA (E-G-T-A) to 100 microliters of medium [1-TXT] add the diluted EGTA to the appropriate wells [2]. 
3.9.1. EGTA being added to medium, with medium container visible in frame TEXT: EGTA: ethylene glycol-bis(beta-aminoethyl ether)-N,N,N′,N′-tetraacetic acid
3.9.2. Talent adding diluted EGTA to well(s), with diluted EGTA container visible in frame(Comment: see 3.8.1 adding EGTA was filmed for just one well, this is also reapeted for all wells except the one used in 3.3.1). 
3.10. Then record the fluorescence of the organoids in each well every 5 minutes for 30 minutes [1].
3.10.1. SCREEN: screenshot_5: 00:02-00:17 Video Editor: can speed up
3.11. Philipp Tripal: Be sure to practice the handling and culture of the organoids in advance, as the viability and integrity of the cells is a prerequisite to the success of the experiment [1]. 

3.11.1. [bookmark: _GoBack]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Section – Results
4. Results: Representative Intestinal Organoid Barrier Integrity Analysis

4.1. In this representative experiment, after 70 minutes of treatment with lucifer yellow, intraluminal lucifer yellow fluorescence was only visible in organoids from wild type animals treated with interferon-gamma [1].

4.1.1. LAB MEDIA: Figure 1 Video Editor: please emphasize green signal in center of middle bottom row image

4.2. Neither unstimulated controls [1] nor organoids derived from interferon-gamma receptor two knock out animals showed intra-luminal lucifer yellow fluorescence at the end of the treatment period [2].

4.2.1.  LAB MEDIA: Figure 1 Video Editor: please emphasize lack of green signal in center of middle 3rd row image
4.2.2. LAB MEDIA: Figure 1 Video Editor: please emphasize green signal in center of middle 2nd row image

4.3. The addition of EGTA caused an unspecific breakdown of the intestinal barrier integrity by sequestering tight junction cofactors [1], resulting lucifer yellow take up and expression in all organoids, regardless of origin or treatment conditions [2].

4.3.1. LAB MEDIA: Figure 1
4.3.2. LAB MEDIA: Figure 1 Video Editor: please emphasize EGTA column of images/signal in center of images in EGTA column

4.4. The relative intensity values for the lucifer yellow fluorescence level within the organoid lumen and outside of each organoid can also be quantified [1].

4.4.1. LAB MEDIA: Figure 2B


Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Marco Bardenbacher: Be sure to select organoids with a comparable size and a round configuration and to select the z-axis so that you can image the central lumen [1]. 
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 3.5.1.)
5.2. Philipp Tripal: In addition to using substances to induce intestinal barrier breakdown, we can also investigate strategies for inhibiting intestinal barrier destruction [1].
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
5.3. Marco Bardenbacher: As this methodology is based on primary cells from a single animal, it can be used for many assays, reducing the number of animals required for each experiment [1]. 
5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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