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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 3.1., 3.5.-3.7.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 6.9, 6.10. Equal seeding of organoids in a 96 well plate can be difficult, but adequate counting and making the mixture as homogeneous as possible helps ensure success. 

E.  Will the filming need to take place in multiple locations? Y, same floor different rooms 
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to measure the effects of pathogenic challenge on small intestinal organoids with an emphasis on normalization techniques against the total cell number.  (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Daniel Rothschild: This method can help answer key questions in the innate and mucosal immunology fields, by providing a means to investigate host-pathogen interactions of bacteria with intestinal epithelial cells in vitro.
1.2. Daniel Rothschild: Essential to the procedure is the method for normalization against the total cell number, a necessity when measuring organoid secreted proteins via techniques such as ELISA.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Virginia Tech.
Protocol (read by voice talent at JoVE):

2. Mus musculus small intestinal crypt harvest
2.1. To harvest mouse small intestinal crypts for organoid culture, begin by using a sterile glass slide [2.1.1.-WIDE] to gently scrape away the villi from the luminal surface of the small intestine [2.1.2.-CU-TXT].
2.1.1. Few seconds Talent at bench, scraping villi with slide
2.1.2. Few seconds villi being scraped with slide (TEXT: See text for mouse small bowel harvest details)
2.2. Next, use dissecting scissors to cut the tissue into 1-2 cm length strips [2.2.1.-CU] and place the strips into a 50 ml conical tube containing 10 ml of ice cold PBS [2.2.2.-CU].
2.2.1. Few seconds one strip being cut, with another already cut visible in frame if possible
2.2.2. At least one strip being placed into tube, with another strip already in tube visible if possible
2.3. Mix the contents by gentle inversion [2.3.1.-CU] and allow the tissue contents to settle to the bottom of the tube [2.3.2.-CU].
2.3.1. Few seconds tube being inverted

2.3.2. Tube being placed for contents to settle/few seconds shot of contents settling 
2.4. Then aspirate the PBS [2.4.1.-CU] and wash the strips three more times in 10 ml of fresh PBS each time in the same manner [2.4.2.-MED].
2.4.1. Few seconds PBS being aspirated

2.4.2. Few seconds Talent inverting tube 
2.5. At the end of the final wash, place the tube on ice for 10 minutes [2.5.1.-MED]. Then replace the PBS with 25 ml of PBS supplemented with 2mM EDTA in an ice bucket on a rocking platform for 45 minutes [2.5.2.-CU-TXT].
2.5.1. Talent placing tube on ice

2.5.2. Tubes being placed into bucket, then seconds tube in bucket on rocking platform, with PBS+EDTA container label visible in frame if possible (Video Editor: only as much action as necessary for narrative) (TEXT: See text for all medium/reagent preparation details)

2.6. At the end of the incubation, allow the tissue strips to settle to the bottom of the tube [2.6.1.-MED] and replace the PBS-EDTA with 10 ml of PBS supplemented with 10% FBS [2.6.2.-CU].

2.6.1. Talent placing tissue strip tube to settle

2.6.2. Few seconds PBS+FBS being added to tube, with PBS-FBS container label visible in frame

2.7. Shake the tube vigorously by hand 10 times [2.7.1.-CU].

2.7.1. Few seconds tube being shaken vigorously

2.8. Then allow the tissue to settle to the bottom of the tube [2.8.1.-CU] and transfer the supernatant to a 15 ml conical tube labeled “fraction 1” [2.8.2.-CU].

2.8.1. Tube being placed to settle

2.8.2. Supernatant being added to tube 1, with empty strip tube visible in frame

2.9. Agitate the tissues in PBS plus FBS five more times [2.9.1.-MED], transferring the supernatant into a new “fraction” tube each time [2.9.2.-CU].

2.9.1. Few seconds Talent shaking tube

2.9.2. Supernatant being added to 5th or 6th tube, with supernatants and labels visible in previous tubes
2.10. After the last agitation, centrifuge all of the samples [2.10.1.-MED-TXT] and resuspend the pellets in 5 ml of pre-warmed DMEM-F-12 with no added growth factors [2.10.2.-CU].
2.10.1. Talent placing tube(s) into centrifuge (TEXT 5 min, 125 x g, 4°C)

2.10.2. Shot of pellet(s) if visible, then few seconds one pellet being resuspended in medium, with medium container label visible in frame

2.11. Now spin down the samples again [2.11.1.-CU-TXT] and aspirate 4 ml of the supernatant from each tube [2.11.2.-CU].

2.11.1. Tube(s) being placed into centrifuge bucket (TEXT 2 min, 78 x g, 4°C)

2.11.2. Few seconds supernatant being aspirated from one tube, with at least one other tube with 4 ml already aspirated visible in frame

2.12. Resuspend the pellets in the last ml of remaining medium [2.12.1.-CU] and use 20 microliter aliquots from each fraction to visualize the crypts and the debris on glass slides [2.12.2.-LM].
2.12.1. Few seconds at least one pellet being resuspended

2.12.2. *To be provided by Authors

2.13. After pooling the appropriate fractions to achieve the greatest percentage of crypt to debris ratio [2.13.1.-MED-TXT], centrifuge the pooled fractions [2.13.2.-CU] and aspirate all but the last 50-100 microliters of the supernatants [2.13.3.-CU].

2.13.1. Few seconds Talent pooling at least one pair of supernatants (TEXT: e.g. Fractions 3+ 4 and 5+6 typically pooled)

2.13.2. Tube(s) being placed into centrifuge

2.13.3. Shot of pellet(s) if visible, then last few seconds supernatant being aspirated

2.14. Keeping the tubes on ice, add 1 ml of protein matrix to the pooled fractions [2.14.1.-CU], pipetting up and down slowly to prevent the addition of air bubbles [2.14.2.-CU].
2.14.1. Protein matrix being added to at least one tube on ice, with protein matrix container label visible in frame if possible (Videographer: Combine 2.14.1. and 2.14.2. as appropriate)
2.14.2. Few seconds solution being pipetted (Videographer: Combine 2.14.1. and 2.14.2. as appropriate)
2.15. Then add 50 microliters of the protein matrix-crypt suspension into the middle of each well of 37°C pre-warmed 24 well plates [2.15.1.-CU] and place the plates in a 37°C incubator for 10 minutes to allow the protein matrix drop to solidify [2.15.1.-MED]. 

2.15.1. Few seconds cell solution being added to at least one well, with 1-2 other wells with suspension visible in frame
2.15.2. Talent placing plate into incubator

2.16. Then add 450 microliters of freshly prepared organoid growth medium [2.16.1.-MED-over the shoulder] and 50 microliters of R-spondin1 (Pronounce: R-spon [rhymes with “pawn”] - din [rhymes with “tin”]-one)-conditioned medium per well for culture at 37°C and 5% CO2 [2.16.2.-CU].

2.16.1. Talent adding growth medium to at least one well, with medium container visible in frame

2.16.2. R-spondin1-conditioned medium being added to at least one well, with medium container label visible in frame

3. Organoid plating for pathogen associated molecular patterns (PAMP) and L. monocytogenes challenge

3.1. On day 14 of culture, collect the medium from 3-4 wells of the organoid culture in a 10 ml pipette [3.1.1.-WIDE] and use the medium to dislodge the protein matrix drops from each well of the plate [3.1.2.-MED], gently scraping the bottom of the wells with the pipette as necessary to detach the drops [3.1.3.-CU].

3.1.1. Few seconds Talent aspirating medium from at least one well

3.1.2. Few seconds Talent pipetting medium against drop to dislodge it 
3.1.3. Few seconds pipette being scraped on bottom of well 
3.2. Pool the drops in a 15 ml conical tube as they are harvested [3.2.1.-CU], incubating the tube for 10 minutes on ice after all of the protein matrix drops have been collected [3.2.2.-MED].

3.2.1. At least one drop being added to tube

3.2.2. Talent placing tube on ice
3.3. At the end of the incubation, spin down the samples [3.3.1.-MED-TXT].  A white pellet should be visible at the bottom of the tube [3.3.2.-CU].

3.3.1. Talent adding tube(s) to centrifuge (TEXT: 10 min, 125 x g, 4°C)

3.3.2. Shot of pellet

3.4. Then carefully aspirate all but the last 100 microliters of supernatant [3.4.1.-CU] and resuspend the organoid pellet in 5 ml of ice cold PBS [3.4.2.-CU].

3.4.1. Last few seconds supernatant being aspirated

3.4.2. Few seconds pellet being resuspended

3.5. Using a 10 microliter aliquot of suspension, count the organoids [3.5.1.-CU-TXT]. Then dilute the suspension to the appropriate volume for seeding an adequate number of organoids for the pathogen challenge [3.5.2.-MED-TXT].

3.5.1. Organoids being added to hemocytometer, then cover slip being overlaid (TEXT: Add organoids then overlay coverslip) (Video Editor: skip coverslip overlay as necessary)

3.5.2. Few seconds Talent add solution to organoids, with solution container visible in frame Few seconds of Talent removing an aliquot of organoids from the 5 ml (PBS+organoid) suspension and adding the aliquot to a new 15ml tube to obtain the desired number of organoids after counting in a hemocytometer. (TEXT: e.g. 40-100 organoids)

3.6. After centrifugation, resuspend the pellet in 500 microliters of protein matrix per well taking care not to generate air bubbles [3.6.1.-CU].

3.6.1. Shot of pellet if visible, then few seconds pellet being resuspended, with protein matrix container label visible in frame if possible 
3.7. Then add 50 microliters of the protein matrix organoid suspension to each well of a pre-warmed 96 well black-walled tissue culture plate [3.7.1.-CU-TXT] and place the plate at 37°C for 10 minutes [3.7.2.-CU].
3.7.1. Few seconds suspension being added to at least one well (TEXT: Save 2 columns for Caco-2 cell standard curve generation)

3.7.2. Plate being placed into incubator
3.8. When the protein matrix has solidified, incubate the organoids in 100 microliters per well of organoid growth medium without N-acetyl-cysteine per well in the cell culture incubator [3.8.1.-MED].

3.8.1. Talent adding medium to at least one well, with medium container visible in frame

3.9. After 1 hour, add 100 microliters of 2x PAMPs (Pronounce: pamps [rhymes with “camps”]) [3.9.1.-CU-TXT] or live L. monocytogenes to the appropriate treatment condition wells [3.9.2.-CU] and return the plate to the incubator for 24 hours [3.9.3.-MED].
3.9.1. PAMPs being added to at least one well, with PAMPs container label visible in frame

3.9.2. L. monocytogenes being added to at least one well, with L. monocytogenes container label visible in frame
3.9.3. Talent placing plate into incubator
3.10. The next day, set up serial dilutions of Caco-2 (Pronounce: KAY-koh-two) cells in protein matrix [3.10.1.-MED-TXT] and add 50 microliters of each dilution to the appropriate standard curve wells [3.10.2.-MED-over the shoulder].
3.10.1. Talent adding cells to at least one tube, with serial dilution tubes visible in frame (TEXT: e.g. 6x104 to 2.5x103 cells) 
3.10.2. Few seconds Talent adding at least one dilution to at least one well 
3.11. Solidify the protein matrix in the Caco-2 wells at 37°C [3.11.1.-MED-TXT]. Then collect the organoid cell culture supernatants [3.11.2.-CU].

3.11.1. Talent placing plate into incubator (TEXT: Growth medium does not need to be added to solidified Caco-2 cell wells)

3.11.2. Few seconds one supernatant being collected

3.12. Now place the supernatants on ice [3.12.1.-MED] and wash the wells three times with PBS [3.12.2.-CU].

3.12.1. Talent placing tube(s) on ice

3.12.2. Few seconds one well being washed, with PBS container label visible in frame (Shot will be used again)

3.13. Fix the cells with 100 microliters of 100% methanol per well at 4°C for 20-30 minutes [3.37.1.-CU-TXT] and wash all of the wells three times with ice cold PBS [3.13.2.-CU].

3.13.1. Few seconds methanol being added to at least one well, with methanol container label visible in frame (TEXT: Add MetOH directly to Caco-2 wells w/o washing)

3.13.2. Use 3.12.2. one well being washed

3.14. Store the plate at 4°C for up to 1-2 weeks [3.14.1.-MED]. Then incubate the samples in 1 microgram/ml of nuclear staining dye overnight at 4°C protected from light [3.14.2.-CU].

3.14.1. Talent placing plate at 4°C

3.14.2. Few seconds dye being added to at least one well, with dye container label visible in frame

3.15. Finally, measure the nuclear staining dye excitation and emission on a microplate reader [3.15.1.-MED-TXT], normalizing each organoid well to the Caco-2 cell standard curve [3.15.2.-LM].
3.15.1. Few seconds Talent loading plate onto plate reader (TEXT: i.e. 350nm/461nm respectively)
3.15.2. Figure 4.pdf: please add/outline/highlight standard curve line
4. Results: Representative mouse intestinal organoid culture and stimulation
4.1. The daily addition of R-spondin1 conditioned-medium initiates the growth and budding of the organoids, as illustrated in these representative intestinal organoids on days 1 [4.1.1.-LM], 2 [4.1.2.-LM], 4 [4.1.3.-LM], 5 [4.1.4.-LM], 6 [4.1.5.-LM] and 14 of culture [4.1.6.-LM]. 
4.1.1. Figure 1.pdf: please add “1” to the top right corner of the second top left image

4.1.2. Figure 1.pdf: please add “2” to the top right corner of the second top right image

4.1.3. Figure 1.pdf: please add “4” to the top right corner of the second middle left image

4.1.4. Figure 1.pdf: please add “5” to the top right corner of the second middle right image

4.1.5. Figure 1.pdf: please add “6” to the top right corner of the second bottom left image

4.1.6. Figure 1.pdf: please add “14” to the top right corner of the second bottom right image
4.2. In this experiment, the day 14 organoids demonstrated non-homogeneous growth characteristics [4.2.1.-LM]. 
4.2.1. Figure 1.pdf: please highlight bottom right images
4.3. RT-PCR of day 14 organoids challenged for 24 hours with heat killed L. monocytogenes [4.3.1.-LM] or the PAMP flagellin [4.3.2.-LM] reveals the mRNA expression of inflammatory cytokines, such as IL-18, IL-6, and TNF-alpha, by the intestinal crypt cells after pathogenic exposure [4.3.3.-LM].
4.3.1. Figure 2.pdf: please add/highlight full Listeria x-axis text on at least one graph
4.3.2. Figure 2.pdf: please add/highlight flagellin x-axis text on at least one graph
4.3.3. Figure 2.pdf: please add/indicate flagellin and listeria data bars on all 3 graphs
4.4. Here the relative nuclear labeling of the intestinal organoids in the resident protein matrix following fixation with a minimal background of debris fluorescence can be observed [4.4.1.-LM].
4.4.1. Figure 3.pdf: please highlight/indicate bottom left image

4.5. This method of fixation and staining can be applied for normalization of the challenge assay results to account for the differing cell numbers in each well, as demonstrated by this representative standard curve for stained and fixed serial dilutions of Caco-2 cells plated in protein matrix [4.5.1.-LM].
4.5.1. Figure 4.pdf: please add/indicate/trace standard curve line
5. Conclusion (said by authors on camera)
5.1. Daniel Rothschild: Once mastered, this technique can be completed in a few weeks if it is performed properly.

5.2. Daniel Rothschild: While attempting this procedure, it’s important to remember to continuously add the R-spondin1 conditioned medium to ensure the growth of the small intestinal organoids.
5.3. Daniel Rothschild: Following this procedure, downstream analyses, like immunofluorescence microscopy, can be performed to answer additional questions pertaining to the intracellular host-pathogen interactions between the organoids and bacterial pathogens.
5.4. Daniel Rothschild: After its development, this technique paved the way for researchers in the field of mucosal immunology to explore host-pathogen interactions in mouse small intestinal organoids.

5.5. Daniel Rothschild: After watching this video, you should have a good understanding of how to grow, re-plate, and treat mouse small intestinal organoids, as well as how to normalize against the total cell number.
5.6. Daniel Rothschild: Don't forget that working with live bacterial pathogens, such as Listeria spp., can be extremely hazardous and that precautions, such as wearing adequate PPE and using proper handling and disposal techniques, should always be taken while performing this procedure.   

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  
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General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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