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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?  Yes  
If Yes, can you record movies/images using your own microscope camera?
No  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Leica DMIL LED Inverted microscope
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.2.8.3
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   NO
If Yes, how far apart are the locations? Click to enter distance between locations.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  21
Number of Shots:  47

Interviews 
1. Video 1: Author Spotlight: Title (Filled by scriptwriter during script finalization)

Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) at Midwestern University College of Veterinary Medicine, Glendale

Videographer: Obtain headshots for all authors. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer at least 3 of the questions below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 50 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

What is the scope of your research? What questions are you trying to answer? 
1.1. Deborah Molehin: Our work focuses on investigate host-pathogen interactions and the subsequent immune cell dynamics that occur following infection. By using the robust cell culture model described here we hope to mirror more closely the complex interactions occurring in vivo at a tissue level.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.

What significant findings have you established in your field?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.

What research gap are you addressing with your protocol?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Deborah Molehin: Some of the published literature describing enteroid generation in cattle lacks the necessary detail for the protocol to be easily reproducible, making its application by inexperienced researcher challenging. The benefit of our model is that we provide an extremely detailed protocol that can be used successfully by novice researchers. 
How will your findings advance research in your field?
1.8. Deborah Molehin: , Generating monolayers on transwell inserts will permit co-culture with relevant immune cells. By studying tissue cellular responses in concert with immune cells, while maintaining in vivo cellular organization, will provide insight into the molecular and cellular interactions of pathogens with their host. This model can be applied to countless diseases impacting cattle health—at a level of complexity that is lost with single cell models.
1.9. 
What new scientific questions have your results paved the way for?
1.10. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
What research questions will your laboratory focus on in the future?
1.11. Deborah Molehin: Using this model, our laboratory will investigate immune profiles that contribute to the susceptibility to cryptosporidium infection. This protocol will allow us to compare responses in adult cattle and calves using a model that retains the architecture and function of both the tissue and the immune microenvironment with findings that can directly translate to people.

Videographer: Obtain headshots for all authors.

Protocol Videos 
Each video will include a section of your protocol and accompanying results, if applicable. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration. Professional voiceover artists will narrate the video. 
· Red and italics are pronunciation guides (how the word will be spoken). 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product from that step in advance.
Protocol:
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Representative Results: 
· The three-digit numbers (e.g., 2.3.1., 2.3.2.) are the figures/tables from your manuscript. These will not be recorded by the videographer.
· Please review the result section to make sure it logically follows the video.
· Please note that the video cannot include voiceover without an accompanying visual.


IMPORTANT! Continuous shots: Please list the shots that need to be performed continuously without any interruptions. This information will help the videographer during filming. 
2.6.1, 2.6.2, 2.6.3, 2.7.1, 2.7.2, 2.8.1, 2.8.2, 2.8.3, 2.9.1, 2.9.2, 2.10.1, 2.10.2, 2.11.1, 2.11.2, 2.12.1, 2.12.2, 2.13.1, 2.13.2, 2.14.1, 2.14.2, 2.15.1

2. Video 2: Establishment of 2D Monolayers from 3D Bovine Ileal Enteroids
Demonstrator: Deborah Molehin
Ethics Title Card
Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Midwestern University College of Veterinary Medicine, Glendale
Protocol
2.1. To begin, place inserts into a 24 well tissue culture adapter plate and pre-coat the apical side of 24-well cell culture inserts with 100 microliters of basement membrane extracellular matrix in Enteroid Growth Media [1-TXT]. Coat an extra insert for use as a control during barrier integrity measurements [2].
2.1.1. WIDE: Talent pipettes 100 µL of BME in Enteroid Growth Media into the apical side of 24-well cell culture inserts. TXT: BME in Enteroid Growth Media (1:15 Dilution) 	Video editor: This is a ratio.
2.1.2. Talent coats the control insert with BME in Enteroid Growth Media. 

2.2. Next, place the coated insert in a 24-well tissue culture adapter plate in the incubator [1]. Polymerize the culture inserts at 37 degrees Celsius, under 5% carbon dioxide for one hour [2]. Once incubation is complete, aspirate the 3D enteroid culture medium [3]. 
2.2.1. Talent places the coated insert in a 24-well tissue culture adapter plate in the incubator. 
2.2.2. Shot of the culture inserts in an incubator. 
2.2.3. Talent pipettes out the 3D enteroid culture medium from the plate. 

2.3. Next, harvest the bovine ileal enteroids in 1 milliliter of ice-cold Wash Media [1-TXT]. Use a cell scraper to detach the domes [2] and collect them into a 15-milliliter conical tube [3]. 
2.3.1. [bookmark: _Hlk132034341]Talent pipettes 1 mL ice-cold wash buffer to the enteroids. TXT: Wash Buffer supplemented with 10 μM Y-27632
2.3.2. Shot of cell domes being scraped.
2.3.3. Shot of cell domes being collected into a 15 mL conical tube. 

2.4. With a one-milliliter pipette tip, triturate 30 times to generate enteroid fragments [1]. Next use a 200-microliter pipette tip to further triturate about 40 times to break up the enteroid fragments [2]. 
2.4.1. Talent pipettes the enteroids up and down multiple times with 1 mL tip to create fragments.
2.4.2. Shot of enteroid fragments being pipetted up and down multiple times with 200 µL tip. 
2.5. Make up the volume of the tube with the enteroid fragments to 10 milliliters with ice-cold Wash Media [1]. Then centrifuge the tube at 300 g for 5 minutes at room temperature [2]. Carefully aspirate the supernatant including the BME (B-M-E) layer [3].
2.5.1. Talent makes up tube volume to 10 mL by adding ice-cold Wash Media. 
2.5.2. Talent places the tube in a centrifuge. 
2.5.3. Shot of supernatant being pipetted out.

2.6. Next, for every four domes, resuspend the pellet in one milliliter of pre-warmed TrypLE (Trip-L-E) express enzyme [1-TXT]. Transfer the mixture to a 24-well plate [2] and incubate at 37 degrees Celsius under 5% carbon dioxide for 10 minutes [3]. 
2.6.1. Talent resuspends the pellet in pre-warmed TrypLE express enzyme. TXT: TrypLE express enzyme supplemented with 10 μM of Y-27632
2.6.2. Shot of mixture being pipetted into a 24-well plate. 
2.6.3. Talent places the plate in the incubator. 


2.7. Gently pipette the mixture with a one-milliliter pipette to further break down the enteroids [1]. Then pipette the mixture with a 200-microliter pipette to break the fragments into single cells [2].
2.7.1. Shot of mixture being pipetted up and down multiple times with a 1 mL pipette tip. 
2.7.2. Shot of mixture being pipetted with a 200 µL pipette tip.

2.8. Use a 5-milliliter syringe fitted with a sterile 22-gauge needle [1] to aspirate and dispense the cell suspension four times to achieve a single cell suspension [2]. With a microscope, monitor cell dissociation until 80% of the enteroids are broken down into single cells [3].
2.8.1. Talent fixes a 22G needle on a 5 mL syringe. 
2.8.2. Shot of syringe being used to aspirate and dispense the cell suspension. 
2.8.3. Talent views the cell suspension under a microscope to confirm dissociation.

2.9. Now add four volumes of Wash Media supplemented with 10% fetal bovine serum to quench the reaction [1]. Collect this cell suspension into a 15-milliliter conical tube [2].
2.9.1. Shot of 4x volume wash media being added to the suspension. 
2.9.2. Shot of suspension being transferred to a 15 mL conical tube. 

2.10. Then, filter the enteroids through a pre-coated 40-micrometer cell strainer twice, into a 50-milliliter conical tube [1]. Centrifuge the suspension at 300 g for 5 minutes to pellet out the cells [2]. 
2.10.1. Talent filters the suspension through a pre-coated 40 µm cell strainer, into a 50 mL conical tube, 
2.10.2. Talent removes the tube from the centrifuge. Videographer: Please pan to the cell pellet formed.
2D Monolayer Seeding on Transwell Inserts
2.11.  Decant the supernatant of a centrifuged tube of dissociated bovine ileal enteroid cell suspension [1]. Resuspend the pellet in a small volume of organoid growth media [2-TXT]. 
2.11.1. Talent decants the supernatant out of a centrifuged tube of dissociated enteroid suspension. 
2.11.2. Shot of pellet being resuspended in organoid growth media. TXT: Organoid Growth Media supplemented with 10% FBS

2.12. Next, use the Trypan Blue dye exclusion method and a hemocytometer to determine the cell viability [1]. Carefully remove any excess coating solution from the cell culture insert [2]. 
2.12.1. Talent adds Trypan Blue stained cell suspension onto a hemocytometer. 
2.12.2. Shot of excess coating solution being pipetted from the cell culture insert. 

2.13. Seed 200 microliters of the single cell suspension on the apical surface of a pre-coated culture insert [1-TXT]. Now add 700 microliters of FBS(F-B-S)-complete media to the basolateral side of the insert [2]. 
2.13.1. Shot of 200 µL single cell suspension being pipetted on the apical surface of a pre-coated culture insert. TXT: Cell density: 1 x 105 cells/200 µL
2.13.2. Talent pipettes 700 µL of FBS-complete media to the basolateral side of the insert. 
2.14. Move the plate about 10 times in the shape of the number eight, to evenly distribute the cells over the insert [1]. Then place the plate on the plate warmer, in the biosafety cabinet for ten minutes [2].
2.14.1. Talent moves the plate in the shape of the number 8. 
2.14.2. Shot of plate being placed on a plate warmer, in a biosafety cabinet. 

2.15. Incubate the plate at 37 degrees Celsius, under 5% carbon dioxide for 48 hours [1]. After incubation, replace the media on the apical and basal compartments with fresh enteroid growth media [2-TXT].
2.15.1. Talent places the plate in an incubator. 
2.15.2. Shot of media being replaced with FBS-supplemented enteroid growth media. TXT: Enteroid Growth Media: Supplemented with 20% FBS and inhibitors

2.16. The next day, remove the media from the apical and basolateral compartments [1]. Carefully wash the insert with PBS (P-B-S) [2] and replace it with enteroid differentiation media supplemented only with inhibitors [3-TXT].
2.16.1. Talent pipettes out the media from the apical and basolateral compartments. 
2.16.2. Shot of PBS being pipetted over the insert. 
2.16.3. Talent adds enteroid differentiation media with inhibitors, to the plate. TXT: Replace media every 3 days
Representative Results
2.17. Enterosphere formation was observed a few hours after culture of the plated bovine crypts [1]. After 2 days, the lumen of the spheres were well defined [2]  with budding structures observed at day 4 [3]. 
2.17.1. LAB MEDIA: Figure 2 B
2.17.2. LAB MEDIA: Figure 2 C
2.17.3. LAB MEDIA: Figure 2 D
2.18. Mature enteroids were observed by day 7 [1]. Immunostaining of the 7-day old 3D enteroids showed the presence of different cell lineages [2]. E-cadherin protein was localized at the adherens junction [3]. The enteroids were positive for enteroendocrine cells and lysozyme producing Paneth cells [4]. 
2.18.1. LAB MEDIA: Figure 2 E
2.18.2. LAB MEDIA: Figure 3
2.18.3. LAB MEDIA: Figure 3 	Video Editor: Please emphasize the E-cad image
2.18.4. LAB MEDIA: Figure 3	Video Editor: Please emphasize the Chr-A and Lyz image
2.19. Confluent 2D monolayers were observed in less than 1 week of culture [1]. 
2.19.1. LAB MEDIA: Figure 4 B-D

3. Video 3: Quantitative Measurement of Epithelial Barrier Integrity and Confluency of 2D Bovine Ileal Enteroid-Derived Monolayer
Demonstrator: Deborah Molehin

Ethics Title Card
Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Midwestern University College of Veterinary Medicine, Glendale

Protocol
3.1. To begin, remove the transwell culture plate containing the 2D bovine ileal enteroid monolayer, from the incubator [1]. Allow the plate to equilibrate at room temperature in the biosafety cabinet, for a few minutes [2]. 
3.1.1. WIDE: Talent removes the transwell culture plate from the incubator. 
3.1.2. Shot of the plate being placed in the biosafety cabinet. 

3.2. Ensure the STX2 (S-T-X-Two) electrodes have been pre-conditioned [1] and the voltohmmeter (Volt-Om-meter) calibrated to 1000 ohms as per the manufacturer's instructions [2]. 
3.2.1. Talent checks the STX2 electrodes to make sure they have been pre-conditioned. 
3.2.2. Shot of the calibrated voltohmmeter. 

3.3. Insert the longer end of the probe into the basolateral compartment [1], and the shorter end into the apical compartment of the transwell epithelial cell culture [2-TXT].
3.3.1. Shot of the longer probe end being inserted carefully into the basolateral compartment of the cell culture insert. 
3.3.2. Shot of the shorter probe end being inserted into the apical compartment of the cell culture insert. TXT: Be careful to not disrupt the monolayer

3.4. [bookmark: _Hlk129806323]With the setup stabilized, make three trans-epithelial electrical resistance measurements per transwell insert, including the insert devoid of cells [1]. Compute the average of the measurements for each respective insert [2]. 
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=20099853
3.4.1. SCREEN: 3 TEER measurements per insert are being taken. 
3.4.2. SCREEN: Average of the TEER measurements per insert is being seen. 

3.5. Subtract the average measurement of the experimental blank wells from the blank experimental well, then multiply it by the surface area of the insert to determine the resistance of the epithelial barrier [1].
3.5.1. [bookmark: _Hlk146706904]TEXT ON PLAIN BACKGROUND: TEER [Ω.cm2] = [Rcell layer – Rblank] × Area 
SCREEN: The Corrected TEER Values are being seen in an excel sheet
Video Editor: Please play both shots side by side
Representative Results
3.6. Confluent 2D monolayers were observed in less than 1 week of culture [1]. TEER measurements showed a steady increase in values over 7 days [2], before declining on day 12 [3]. 
3.6.1. LAB MEDIA: Figure 4 B-D
3.6.2. LAB MEDIA: Figure 5 B	Video Editor: Please emphasize the ascending part of the graph till day 7
3.6.3. LAB MEDIA: Figure 5 B	Video Editor: Please emphasize the descending part of the graph till day 12
3.7. Confocal microscopy of the stained 2D monolayer demonstrates localization of DAPI (dah-pee) nuclear stain, E-cadherin, and F-actin staining [1]. The cells appeared to be differentiated with eneteroendocrineenteroendocrine cells, Paneth cells and enterocyte cell lineages [2]. 
3.7.1. LAB MEDIA: Figure 6 A-D	Video Editor: Please sequentially highlight the images from A to D
3.7.2. LAB MEDIA: Figure 6 F, G and J	Video Editor: Please sequentially highlight the images F, G and J
3.8. Apical stimulation of the monolayer resulted in increased cytokine production [1]. 
3.8.1. LAB MEDIA: Figure 7 A and B
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