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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y
Can you record movies/images using your own microscope camera? Y
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Zeiss Axiovert 200M
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
4.4.3 / 4.6.1 / 4.6.2 / 5.7.2 / 5.8.1
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
5.8.1 – Ensuring that your needle is situated in the lumen of the organoid before injecting. This can be achieved through practicing with the microinjection system prior to carrying out one’s experiment.
5. Will the filming need to take place in multiple locations? Y
2 different labs about 10 metres apart


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

1. REQUIRED Interview Statements: (Said by you on camera)  

1.1. Emily Lees:  This protocol demonstrates the utility of the stem cell-derived intestinal organoid model for modeling epithelial invasion by enteric pathogens, and modification of this process using cytokines [1].

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

1.2. Emily Lees: Microinjection allows the pathogen of interest to be delivered directly to the luminal cavity of the organoid, replicating more closely the process of infection in vivo [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) 

1.3. Leanne Kane: This method could be applied to the study of different enteric pathogens, or alternative cytokines of interest [1]. 

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

1.4. Leanne Kane: I would suggest completing a trial run of the procedure with Phenol red only, in order to master the microinjection technique prior to using pathogens [1]. 

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


Section - Protocol
2. Differentiation from iPSCs to the Hindgut
2.1. On day 2, begin the differentiation by changing the media to 10 milliliters of stem cell culture medium supplemented with the growth factors [1-TXT].
2.1.1. MED: Talent changes the media. TEXT: See manuscript for media composition.Video editor: Please show text overlay when VO says, “supplemented with the growth factors”.
2.2. On day 6, change the media to 10 milliliters of RPMI/B27 (pronounced: “r·p·m·i·​b·twenty·seven”) media supplemented with 6 micromolar CHIR99021 (pronounced: “c·h·i·r·nine·nine·zero·two·one”) plus 3 micromolar retinoic acid [1-TXT] … to begin patterning the posterior endoderm to the hindgut [2].
2.2.1. MED: Talent changes the media. TEXT: See the manuscript for media composition Video editor: Please show text overlay when VO says, “RPMI/B27 media”.
2.2.2. LM: Figure 1_2nd figure from the left (Differentiation day 6).
3. Embedding of the Hindgut in Basement Membrane Matrix 
3.1. On differentiation day 10, embed the hindgut in the basement membrane matrix. First, remove the media from the hindgut plate and wash the plate with calcium-magnesium-free DPBS once [1]. Add 5 milliliters of the collagenase solution to the plate [2] and incubate at 37 °C for 5 minutes [3]. 
3.1.1. MED: Talent removes the media and washes the plate with DPBS (without Ca or Mg) once.
3.1.2. MED: Talent adds 5 ml of the collagenase solution to the plate.
3.1.3. MED: Talent transfers the plate to an incubator. 
3.2. Next, inactivate the collagenase by adding 5 milliliters of the organoid base growth media to the plate [1-TXT]. The hindgut cells should be floating at this point; collect the hindgut suspension in a 15-milliliter conical tube [2]. Then, centrifuge at 240 x g for 1 minute [3]. 
3.2.1. MED: Talent adds organoids base growth media to the plate. TEXT: iHOs: Human intestinal organoids; See the manuscript for media composition Video editor: Please show text overlay when VO says, “iHO base growth media”.
3.2.2. CU: Talent uses a cell scraper to scrapes off the hindgut cells and collects them in a 15-ml tube.
3.2.3. MED: Talent closes the centrifuge lid and presses the start button. Videographer: Please obtain multiple takes, this is repeated.
3.3. After centrifugation, pipette off the supernatant, add 10 milliliters of the organoid base growth media [1], break up the hindgut into smaller pieces by gently pipetting [2], and centrifuge again at 95 x g for 1 minute [3].
3.3.1. CU: Talent pipettes off the supernatant and adds 10 ml of the media. 
3.3.2. ECU: Talent pipettes up and down few times. Show the hindgut pieces.
3.3.3. Reuse 3.2.3.
3.4. Wash the cells in the organoid base growth media twice [1]. Resuspend the cells in 300 to 500 microliters of the base growth medium [2] and add approximately 100 microliters of this solution to 1.5 milliliters of the basement membrane matrix [3].
3.4.1. CU: Talent washes the cells in the growth media once. 
3.4.2. MED: Talent adds the base growth medium and pipettes up and down few times.
3.4.3. MED: Talent adds 100 μL of the solution to 1.5 ml of the basement membrane matrix.
3.5. Set up a 24-well plate on a plate heater at 37 °C [1] and spot out 60 microliters of the hindgut cell-matrix mixture into one well of the 24-well plate [2]. Allow it to set briefly and check the density under a microscope [3-TXT]. 
3.5.1. MED: Talent puts the plate on a plate heater. 
3.5.2. ECU: Talent spots out 60 μL of the hindgut cell-matrix mixture  into one well. 
3.5.3. MED: Talent places sample onto the stage of EVOS microscope in the hood and focuses on embedded hindgut to demonstrate density. TEXT: Add more hindgut solution to the matrix until the desired density is reached
3.6. After spotting out the rest of the matrix into a 24-well plate, incubate the plate at 37 °C for 10 minutes [1]. Then, add 800 microliters of the base growth media containing growth factors to each well of the 24-well plate [2-TXT].
3.6.1. MED: Talent transfers the plate to an incubator.
3.6.2. CU: Talent adds 800 μL of the base growth media to few wells of the 24-well plate. TEXT: 500 ng/mL R-spondin-1, 100 ng/mL Noggin, 100 ng/mL EGF: epidermal growth factor, 3 μM CHIR99021, 2.5 μM prostaglandin E2, and 10 μM ROCK inhibitor: Y-27632 dihydrochloride monohydrate
4. Maintenance, Passage, and Pre-stimulation of iHOs with rhIL-22
4.1. To passage organoids, first remove the media from them and replace it with 500 microliters per well of the cell-lifting solution [1-TXT]. Incubate at 4 °C for 40 to 50 minutes, at which point the organoids should be floating in the solution [2] [3].
4.1.1. CU: Talent removes the media from few wells and adds the cell-lifting solution. Show organoids if it is possible. TEXT: See manuscript for more detail
4.1.2. MED: Talent transfers the plate to a fridge. 
4.1.3. ECU: Show the cells floating in the solution.
4.2. Gently pipette the organoids-cell lifting solution suspension into 15-milliter conical tubes, trying not to break up the organoids [1]. After allowing the organoids to settle for 3 to 5 minutes, remove the supernatant and the single cells [2].
4.2.1. CU: Talent gently pipettes organoid-cell lifting solution into a 15-ml tube.
4.2.2. CU: Talent removes the supernatant and the single cells.
4.3. Resuspend the organoids in 5 milliliters of the base growth medium and pipette them gently to wash [1]. Centrifuge at 95 x g for 2 minutes [2].
4.3.1. CU: Talent adds 5 ml of the base growth medium and pipettes up and down few times. 
4.3.2. Talent closes centrifuge lid and presses the start button. Author comment: New shot produced since different demonstrator completing this technique versus the embedding hindgut section of the video.
4.4. Next, set up a 24-well plate on a plate heater at 37 °C within the hood [1], and remove the supernatant from the organoid pellet [2]. Then, using a P1000 pipette, resuspend the organoids in 300 to 500 microliters of the base growth media to break up the organoids into smaller chunks [3].
4.4.1. MED: Talent puts the plate on a plate heater under a hood. 
4.4.2. MED: Talent removes the supernatant. 
4.4.3. ECU: Talent adds the base growth media and pipettes up and down to break up the organoids into smaller chunks.
4.5. Place approximately 100 microliters of the organoids into 1.5 milliliters of the basement membrane matrix and pipette briefly to mix [1].
4.5.1. MED: Talent places the organoids into the basement membrane matrix and pipettes briefly to mix. TEXT: Volume is dependent on the density of the solution Video editor: Please show text overlay when VO says, “approximately 100 microliters”.
4.6. Spot out 60 microliters of the basement membrane matrix into one well of the 24-well plate [1]. After leaving it to solidify for 30 seconds, check the density under the microscope [2-TXT]. 
4.6.1. CU: Talent adds the basement membrane matrix into one well of the 24-well plate.
4.6.2. MED: Talent places sample onto the stage of EVOS microscope in the hood and focuses on embedded iHO to demonstrate density. TEXT: Add more iHOs to the matrix until the desired density is reached
4.7. After spotting out the rest of the matrix into a 24-well plate, place the plate in an incubator at 37 °C for 10 minutes [1] and, then, overlay it with 800 microliters of the base growth medium with growth factors, according to the manuscript [2]. 
4.7.1. MED: Talent transfers the plate to an incubator.
4.7.2. CU: Talent adds 800 μL of the base growth media to few wells of the 24-well plate. 
4.8. Add rhIL-22 (pronounced: “recombinant·human·i·l·​twenty·two”) to the culture media to a final concentration of 100 nanograms per milliliter [1].
4.8.1. MED: Talent adds rhIL-22 to culture media.
5. Microinjection of iHOs and Intracellular Invasion Assays
5.1. Load the microinjection dish containing organoids [1] onto the microscope stage, remove the lid, and bring the organoids into focus, ready for the injection to begin [2]. 
5.1.1. LM: Figure 1_last figure (Budded iHO in culture).
5.1.2. MED: Talent places the dish on the stage, removes the lid, adjusts the magnification level, and looks through the eyepiece. 
5.2. Turn the injector and the arm control stations on [1]. Ensure the injector is set to a pressure of 600 kilopascals and an injection time of 0.5 second [2]. If it is not already backed away from the microscope stage, rotate the injection arm to make sure it is [3], and remove its grip head [4].
5.2.1. MED: Talent turns on the injector and the arm control stations.
5.2.2. ECU: Show the time and pressure adjustments on the display. 
5.2.3. CU: Talent rotates the injection arm.
5.2.4. MED: Talent removes the grip head from the injecting arm.  
5.3. Load the drill tip with 10 microliters of the inoculum, gripping the drill tip gently at its blunt end [1]. Place the drill tip into the grip head and reattach it to the microinjection arm [2].
5.3.1. CU: Talent grips the blunt end of the drill tip to load it with the inoculum. 
5.3.2. CU: Talent places the drill tip into the grip head and reattaches it to the microinjection arm. 
5.4. Gently move the arm into a position that the needle is situated 1 to 2 centimeters above the microinjection dish [1]. Use the arm control to position the needle tip in the center of the dish and lower it until it is just over the surface of the media [2]. 
5.4.1. ECU: Talent moves the arm until the needle is situated 1-2 cm above the microinjection dish.
5.4.2. ECU: Talent position the needle tip in the center of the dish and lowers it until it is above the surface of the media.
5.5. Program the arm control station to return the needle to this point after all injections [1].
5.5.1. MED: Talent does few actions to program the arm control.
5.6. Focus the microscope on the organoids and select the target to inject [1]. Position the needle just above and to the right of the organoid to be injected and move the needle downward and laterally into the organoid lumen [2]. 
5.6.1. SCOPE: Show the focused organoids.
5.6.2. SCOPE: Show the needle moving downward and laterally to inject. Author comment: Shots 5.6.1, 5.6.2 and 5.7.2 have been uploaded to the JoVE site for this paper
5.7. Press the inject button on the microinjector to let the phenol-stained bacterial mixture emerges from the needle [1] and inject each organoid three times [2]. 
5.7.1. CU: Talent presses the inject button. 
5.7.2. SCOPE: Show the injection process. TEXT: Inject at least 30 iHOs per condition
5.8. When all required organoids are injected, remove the microinjection plate from the stage, replace the lid [1], and incubate the plate at 37 °C for 90 minutes [2]. 
5.8.1. MED: Talent removes the plate and replaces the lid.
5.8.2. MED: Talent transfers the plate to an incubator. 
5.9. After the incubation, aspirate the growth media and replace it with 3 milliliters of cell lifting solution [1]. Then, incubate at 4 °C for 45 minutes [2].
5.9.1. MED: Talent aspirates the media and replaces it with the lifting solution.
5.9.2. MED: Talent transfers the plate to a fridge.
5.10. Next, gently move the organoids/cell lifting solution to a 15-milliliter conical tube containing 5 milliliters of DPBS [1-TXT]. Centrifuge at 370 x g for 3 minutes [2]. 
5.10.1. MED: Talent adds 5 ml of DPBS to a 15 ml tube and transfers the organoids-cell lifting solution to it. TEXT: Rinse with 1 mL DPBS to remove all injected iHOs 
5.10.2. Talent closes centrifuge lid and presses the start button. Author comment: New shot produced since medium in this shot would be clear as opposed to pink in shot 3.2.3
5.11. Remove the supernatant and add 1 milliliter of the base growth media containing 0.1 milligrams per milliliter gentamicin [1]. Next, with a P1000, pipette up and down approximately 50 times to break up the organoids [2]. Add 4 milliliters more media [3] and incubate at 37 °C for 1 hour to kill extracellular bacteria [4]. 
5.11.1. MED: Talent removes the supernatant and adds 1 ml of the media.
5.11.2. CU: Talent pipettes up and down few times. 
5.11.3. MED: Talent adds 4 ml media.
5.11.4. Talent transfers the tube to an incubator. 
5.12. Next, centrifuge the organoids at 370 x g for 3 minutes [1]. Aspirate the supernatant, leaving as little as possible [2]. Wash the organoids with DPBS once [3] and centrifuge again [4]. 
5.12.1. Reuse 3.2.3. 
5.12.2. CU: Talent aspirates the supernatant.
5.12.3. MED: Talent washes the organoids with DPBS once.
5.12.4. Reuse 5.10.2. 
5.13. Add 500 microliters of the lysis buffer and pipette up and down approximately 50 times to manually dissociate the human intestinal organoids [1-TXT]. 
5.13.1. MED: Talent adds the lysis buffer to the tube and pipettes up and down few times. Then, leaves the tube on a tube rack at RT. TEXT: See manuscript for more detail Video editor: Please show text overlay when VO says, “the lysis buffer”.
5.14. After incubating at room temperature for 5 minutes, serially dilute the resulting solution 10-fold in DPBS [1-TXT]. Pipette three 20-micron droplets of the neat and diluted solutions onto prewarmed LB agar plates [2]. Finally, incubate at 37 °C overnight, and proceed with colony counting [3].
5.14.1. MED: Talent makes serial dilutions. TEXT: 10-1, 10-2, 10-3 concentrations
5.14.2. ECU: Talent pipettes 3 droplets on one of the prewarmed LB agars. 
5.14.3. MED: Talent transfers the LB agars to the incubator. 

Section – Results
6. Results: Studying Epithelial Cell Protection Against Pathogens using hiPSC-derived iHOs 
6.1. The human intestinal organoids [1] were microinjected with the phenol red/bacterial solution, retention of this red color by the organoids [2] prevents duplicate injections. 
6.1.1. LM: Figure 2B
6.1.2. LM: Figure 2C.
6.2. Pretreatment of the human intestinal organoids… derived from the Kolf2 (pronounced: “kolf·two”) cell line with rhIL-22 … restricts the invasion of S. Typhimurium (pronounced: “tie·phee·myurr·ee·um”) SL1344 (pronounced: “s·l·one·three·four·four”) into intestinal epithelial cells [1]. Infected organoids were processed for immunostaining [2], or transmission electron microscopy [3], in order to facilitate the visualization of host IEC (pronounced: “i·e·c”)-bacterial interactions.
6.2.1. LM: Figure 3. Video editor: Please emphasize the purple bar.
6.2.2. LM: Figure 4A. Video editor: Please emphasize the “green” bacteria.
6.2.3. LM: Figure 4B.



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) 
7.1. Emily Lees: The most important thing to remember is to ensure you have had enough practice using the microinjector to be able to complete your injections rapidly and efficiently for consistent results [1] [2]. 
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.1.2. Use 5.8.1.
7.2. Emily Lees: RNA can be extracted from the injected iHO to look at transcriptomic response to infection. Fluorescence and electron microscopy can also be used to observe host-pathogen interactions in more detail [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.3. Emily Lees: This technique allows for IEC-pathogen interactions to be studied in previously unobtainable detail. This infection model will be of particular use to those studying human-restricted pathogens [1]. 
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.4. Emily Lees: The microinjection drill tips have a fine, sharp point and care should be taken when loading and unloading them from the microinjector [1]. 
7.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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