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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

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 2.1.; 2.2.; 2.6.; 3.1.; 4.3.

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.)
Step 2.1. It is important to remove and stretch the intestine very gently, to be able to separate the proximal from the distal small intestine if you opt to obtain region specific cultures.

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.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

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

1.1. Vanesa Muncan: This protocol describes a culture of mouse fetal intestinal cells that is best suited to achieve maturation to adult stage in vitro [1]. 
1.1.1. INTERVIEW

1.2. Vanesa Muncan: This in vitro approach can be used to study molecular mechanisms of the suckling-to-weaning transition as well as modulators of this process and achieve more efficient use of animals [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. Tânia Garcia: It is essential for this in vitro model of gut maturation to use primary intestinal cells from late developmental stage, between embryonic day 18 and 20. 
1.3.1. INTERVIEW


Section - Protocol
This study was conducted in accordance with institutional guidelines for the care and use of laboratory animals established by the Ethic Committee for Animal Experimentation of the University of Amsterdam in full compliance to the national legislation on animal research following the European directive 2010/63/EU for the use of animals for scientific purposes (ALC312).
2. Isolation of Fetal Small Intestinal Organoids 
2.1. With two small forceps, stretch the intestine. Using the stomach and the appendix as guides, cut apart the proximal and distal part of the small intestine. Using the appendix as a guide, cut the colon apart [1]. 
2.1.1. CU: Talent stretches the intestine, and cuts apart. Important Step Author comment: Please use take 10 for 2.1.1.
2.2. To make the intestine open longitudinally, place a razor blade lengthwise along the intestine and pull the intestine by sliding forceps along the razor blade. Subsequently, cut the opened intestine in 1-centimeter pieces [1].  
2.2.1. CU: Talent cuts the intestine longitudinally, and then cut it into pieces. Important Step
2.3. Prepare three 50-milliliter tubes with 10 milliliters of ice cold PBS. Transfer the proximal and distal part of the small intestine, and the colon separately to the tubes [1]. Keep the tubes on ice while dissecting the intestines of additional mice [2]. Collect all intestinal parts of one litter together in the same tube [3]. 
2.3.1. Talent prepares tubes and places the intestine pieces into the tubes.
2.3.2. Talent places the tubes on ice.
2.3.3. Talent collects intestines of other fetuses in the tubes.
2.4. After washing the intestinal pieces with ice-cold PBS, incubate with 2 millimolar EDTA for 30 minutes [1].
2.4.1. Talent removes buffer from the tubes and adds another solution.
2.5. To dissociate crypts from the tissue, harshly wash the pieces with ice cold PBS and 10% fetal calf serum [1], and filter through a 70-micron cell strainer into a new tube [2]. Repeat washing the tissue two additional times, and combine the filtered solution [3].
2.5.1. Talent removes buffer from the tubes and adds another solution to pipet up and down the intestinal pieces.
2.5.2. Talent filters the sample into a new tube.
2.5.3. Talent adds buffer into the tube to wash the intestinal pieces again. Author comment: Please use both shots.
2.6. Centrifuge the filtered solution containing the crypts at 150 times g for 5 minutes at 4 degrees Celsius [1] to collect the crypts as a pellet [2]. Transfer the crypts into a 15-milliliter tube and centrifuge again [new step]. To plate wells, add the total amount of extracellular matrix gel needed into the tube and dissolve the pellet. Add 20 microliters of the dissolved crypts in each well of a warm 48-well plate [3-TXT].
2.6.1. Talent places the samples into a centrifuge.
2.6.2. CU: Talent shows the pellet. Author comment: Between 2.6.2. and 2.6.3. a new step was added and filmed: Talent transfers pellet to smaller tube.
2.6.3. CU: Talent adds gel into the tube to mix, and trasfers 20 microliters into wells. TEXT: One litter of 6 to 10 fetuses can yield 4 to 8 wells with crypts. Important Step
2.7. After platting the first well, look under the microscope to confirm the density around 250 to 300 organoids per well [1]. Place the plate in a 37-degree Celsius incubator for 10 minutes to let the extracellular matrix gel solidify [2].
2.7.1. SCOPE: Microscopy footage of platted crypts showing ideal density. Author comment: This file will be uploaded to JoVE website on the 11th October.
2.7.2. Talent places the plate into an incubator.
2.8. Then, prepare ENR (pronounce as E-N-R) medium [1-TXT]. Add 250 microliters of the ENR medium into each well onto the gel [2].
2.8.1. Talent shows the prepared medium. TEXT: See manuscript for all media preparation.
2.8.2. CU: Talent adds medium into wells.
3. Culturing of Fetal Organoids and Maturation Analysis at RNA and Protein Level 
3.1. Change the medium 3 times per week and passage the organoids once a week [1-TXT]. For one month, every 3 days after each passage, analyze the culture [2-LM].
3.1.1. Talent removes medium and adds new medium. TEXT: See manuscript for passaging instructions. 
3.1.2. Figure 3 Important Step
3.2. 3 days after each passage, isolate RNA from one well by adding 200 microliters of RNA lysis buffer supplemented with 2 microliters of β-mercaptoethanol (pronounce as beta-mercaptoethanol) to the well [1]. Then, transfer the sample from the well into a RNAase-free (pronounce as R-N-ase-free) 1,5-milliliter tube [2-TXT].
3.2.1. Talent adds solution to one well.
3.2.2. Talent transfers from well into a tube. Text: See manuscript for fetal and adult markers analysis at RNA level.
3.3. Tânia Garcia: In our in vitro experiments, we have used dexamethasone as an example of an extrinsic factor that is shown to accelerate intestinal maturation in vivo [1].
3.3.1. INTERVIEW
3.4. To isolate protein, add 250 microliters of ice-cold cell recovery solution per well to 5 wells of organoids and collect them all in a 15-milliliter tube [1]. Incubate for at least 30 minutes on ice to dissolve the extracellular matrix gel [2].
3.4.1. Talent adds solution to wells and transfers from wells into a tube.
3.4.2. Talent places the tube on ice, and starts a timer.
3.5. Wash with ice-cold PBS [1], add 250 microliters of cell lysis buffer and store at -80 degrees Celsius [2]. 
3.5.1. Talent removes the buffer.
3.5.2. Talent adds another buffer and places into a freezer.
4. Enzyme activity analysis
4.1. To analyze enzyme activity, first prepare 0.625 molar maleic-buffer at pH 6 and 0.05 molar solutions of lactose, sucrose, maltose and trehalase, and store them on ice [1-TXT]. Prepare assay standards by diluting 5.56 molar glucose solution with ultrapure water to obtain solutions with five different concentrations [2-TXT].
4.1.1. Talent shows the five buffers on ice. TEXT: The buffer can be kept for 5 days at 4 °C. Author comment: The five solutions are important to show so five tubes on ice were filmed.
4.1.2. Talent dilutes solution to several concentrations. TEXT: 0.125 M; 0.1 M; 0.075 M; 0.05 M and 0.025 M
4.2. Then, into in a 96-well plate, add 8 different groups of organoid lysate with their respective substrates including standards and control according to the manuscript [1]. Incubate for 60 minutes at 37 degrees Celsius [2].
4.2.1. CU: Talent adds solution into a plate.
4.2.2. Talent places the plate into an incubator.
4.3. To determine the amount of glucose produced by the enzymes present in the organoid lysate, add quickly 200 microliters of freshly prepared PGO (pronounce as P-G-O)-color solution [1] and measure absorbance on a spectrophotometer at 450 nanometers every 5 minutes for 30 minutes at 37 degrees Celsius [2].
4.3.1. Talent adds color solution into wells.
4.3.2. Talent measures absorbance.
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Section – Results
5. Results: Fetal Organoid Culture
5.1. In this protocol, proximal and distal intestine were isolated from E18-E20 (pronounce as E-eighteen to E-twenty) mouse fetuses [1].
5.1.1. Figure 1
5.2. Upon isolation, epithelial cells were seeded in extracellular matrix gel domes [1]. After approximately 28-30 days of culture [2], fetal organoids were developed to the mature adult state [3].
5.2.1. Movie 1
5.2.2. Figure 2
5.2.3. Figure 2 – Video editor: Emphasize the two images at Day 28.
5.3. Proximal markers Onecut2 (pronounce as One-cut-two) and Gata4 (pronounce as gata-four) were mainly expressed in the proximal organoid culture [1], while distal markers Fabp6 (pronounce as Fab-p-six) and Guca2a (pronounce as Gu-ca-two-a) were mostly expressed in the distal organoid culture [2]. 
5.3.1. Figure 4 – Video editor: Emphasize Figure 4A.
5.3.2. Figure 4 – Video editor: Emphasize Figure 4B.
5.4. Fetal markers Lct (pronounce as lactase), Ass1(pronounce as a-s-s-one), Blimp-1 (pronounce as blimp-one) and FcRn (pronounce as neonatal-F-c-receptor) decreased in their relative expression [1] and adult markers Sis (pronounce as sucrase-isomaltase), Arg2 (pronounce as arginase-two), Treh (pronounce as trehalase) and Lyz (pronounce as lysozyme) increased over time [2] in both proximal and distal organoid cultures [3].
5.4.1. Figure 4 – Video editor: Emphasize Figure 4C.
5.4.2. Figure 4 – Video editor: Emphasize Figure 4D.
5.4.3. Figure 4 – Figure 4C&D.
5.5. The effects of extrinsic factors do not necessarily ought to be genomic [1]. Gene expression of fetal marker Blimp-1 (pronounce as blimp-one) was decreased at day 12 for the dexamethasone treated organoids [2] compared to the control organoids [3]. However, both gene expression and enzyme activity of adult marker sucrase-isomaltase were increased [4].
5.5.1. Figure 5
5.5.2. Figure 5 – Video editor: emphasize Figure 5A and the right bar.
5.5.3. Figure 5 – Video editor: emphasize Figure 5A and the left bar.
5.5.4. Figure 5 – Video editor: emphasize Figure 5B first, then 5C. Then emphasize their right bars.



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

6.1. Vanesa Muncan: When using this protocol it is important to realize that only late fetal stage organoids are capable of transiting to adult organoids in vitro [1].
6.1.1. INTERVIEW – Video editor: B-roll suggestion: Shot 2.1.1.
6.2. Vanesa Muncan: The number of 6 to 10 fetuses as a start of the culture can be further reduced if whole intestine is used to investigate the overall maturation [1].
6.2.1. INTERVIEW
6.3. Vanesa Muncan: The translational value of this model lies in the possibility of high throughput screens of factors capable to modulate intestinal maturation, a process conserved within suckling mammals [1].
6.3.1. INTERVIEW
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