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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Y If yes, please list make and model of your microscope: Nikon SMZ800

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.6, 3.3, 4.2, 5.3
D.  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.) 
Technically the hardest step is 2.6 (Removal of muscle layer). 
However, steps 3.3, 4.2 (shaking steps during tissue digestion and adjusting vigor of the shake accordingly) are key to a successful preparation. Monitoring the digest products at each stage help the experimenter gauge the strength of shake to use. Both skills can be improved by practice/experience. 
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? Same building, but on two different floors.
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 method is to isolate and culture mixed murine intestinal cells to enable the study of gut peptide secretion and live cell imaging of enteroendocrine cells (Intro).
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Frank Reimann: We originally developed this method to enable the in vitro characterization of enteroendocrine cells [1-MED].
1.1.1. Frank speaks toward the camera, interview style.

1.2. Frank Reimann: Enteroendocrine cells monitor intestinal contents and modulate body homeostasis, but have been difficult to study, as they are scattered throughout the intestinal epithelium [1-MED].
1.2.1. Frank speaks toward the camera, interview style.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Frank Reimann: The cultures described here are particularly useful when combined with genetic fluorescent tagging of enteroendocrine cells, as this enables the use of single cell electrophysiological and live-cell imaging techniques.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Frank Reimann: Demonstrating the procedure will be Cheryl Brighton, a post doc in our laboratory [1-MED].

1.4.1. Franks speaks toward camera, interview style. Editors, please use as audio as 1.4.2 is shown.
1.4.2. Cheryl looks up from workbench or desk and acknowledges the camera.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the Home Office and the University of Cambridge Animal Welfare and Ethical Review Body and conform to the Animals (Scientific Procedures) Act 1986 Amendment Regulations (SI 2012/3039). 
Protocol (read by voice talent at JoVE):

2. Tissue Preparation
2.1. To begin, transfer an isolated mouse duodenum to a 10-cm petri dish filled with PBS [1-WIDE-TXT]. 
2.1.1. Talent places a dish/tube with the isolated tissue on a bench and transfers it to a petri dish filled with PBS, TEXT: See text protocol for details on tissue isolation.
2.2. Using forceps, carefully seize one end of the intestinal fragment and introduce the tip of a Pasteur pipette into its lumen [1-CU]. Then, rinse out the intestinal contents with chilled PBS. Repeat for both intestinal ends until the majority of the contents are removed [2-MED-over the shoulder].
2.2.1. Show how the pipette tip is introduced to the intestinal lumen. Includes 2.2.2
2.2.2. Show how Talent flushes the intestinal contents out. Included in 2.2.1
2.3. Transfer the rinsed intestine to a clean petri dish filled with fresh chilled PBS [1-MED].
2.3.1. *Film as written.
2.4. Under a dissecting microscope, remove any adipose tissue and mesentery from the intestine fragment while preventing the muscle layer from pulling off [1-SCOPE].
2.4.1. Show how the adipose tissue and mesentery are being removed. Author note: “End when large lump of fat comes off”
2.5. Next, identify a flap of the muscle layer at the proximal end of the tissue [1-SCOPE]. Then, using two sets of fine forceps, gently pull away a small amount of the layer all the way around the intestine [2-SCOPE].
2.5.1. Have Talent point at the flap of the muscle layer. 
2.5.2. Show how the layer is pulled away.
2.6. Grasp the intestine and as much of the muscle flap as possible [1-SCOPE]. Then gently pull the layers apart and start peeling off the muscle layer from around the intestine [2-SCOPE]. Keep the forceps close together to prevent the muscle layer and epithelium from tearing [3-SCOPE].
2.6.1. Show how the two layers are being seized with forceps. Includes 2.6.2, 2.6.3, and 2.7.1. A descriptive audio was included to help the editor.
2.6.2. Show how the layers are separated. In 2.6.1
2.6.3. Show the position of the instruments being adjusted. In 2.6.1
2.7. Remove the muscle layer from the entire length of the intestinal fragment [1-SCOPE].
2.7.1. Show the muscle layer being removed. In 2.6.1
2.8. Afterward, open the intestine by cutting it longitudinally [1-SCOPE] and transfer it to a clean petri dish containing fresh chilled PBS [2-MED]. Agitate the tissue to wash it of any remaining chyme or mucus [3-CU-TXT].
2.8.1. Show how the intestine is cut open.
2.8.2. Talent transfers the tissue to a clean petri dish filled with PBS.
2.8.3. Show the stirred tissue, TEXT: Repeat washes if necessary.
2.9. Once it is washed, cut the tissue with a surgical scalpel blade to obtain squares of approximately 1 to 2 square mm [1-MED-over the shoulder]. 
2.9.1. Show Talent cutting the tissue.
2.10. Then, using a pre-wetted Pasteur pipette with a pre-cut tip, transfer the obtained fragments to a 50-mL centrifuge tube filled with approximately 20 mL of chilled PBS [1-CU]. 
2.10.1. Show how the tissue fragment is transferred to a tube. Please make sure that the fragment is in focus.
2.11. Gently shake the tube to additionally wash the tissue fragments and let the tissue sediment [1-MED]. Once the tissue has settled, aspirate most of the PBS and wash the sample with fresh PBS one more time [2-MED-over the shoulder-TXT].
2.11.1. Talent shakes the tube and leaves it in a tube rack on the bench.
2.11.2. Talent aspirated the PBS. TEXT: Repeat until PBS looks clear.
3. Removal of Cell Debris and Single Cells
(Note: This section will occur in the culture room, working in a hood.)
3.1. To digest the intestine, use a 10-mL serological pipette to transfer the tissue fragments to a sterile 50-mL centrifuge tube containing chilled sterile DMEM [1-MED], swirl the suspension, and then remove the medium [2-CU]. 
3.1.1. Show Talent transferring fragments into a 50 mL tube pre-filled with medium.
3.1.2. Show the medium being aspirated.

3.2. Add 7 mL of the digestion medium to the tissue fragments and swirl the suspension [1-MED-TXT]. Incubate the suspension in a water bath at 37 °C for 5 min [2-MED-over the shoulder-TXT].
3.2.1. Talent adds the medium to the tube and swirls the suspension, TEXT: See text protocol for details on digestion medium composition. 
3.2.2. Talent places the tube in a water bath. Please show the water bath settings if possible, TEXT: 37 °C, 5 min Use take 2
3.3. After incubation, gently shake the tube for approximately 3 s [1-CU]. 
3.3.1. Shot the suspension being shaken Use take 3
3.4. Sediment the undigested tissue and transfer the digestion medium to a 15 mL centrifuge tube [1-MED].

3.4.1. Show Talent pipetting the medium into a 15 mL tube.
3.5. Allow any accidentally collected tissue to settle [1-MED-over the shoulder], and using a 10 mL serological pipette, transfer it back to the 50 mL centrifuge tube containing the undigested tissue [2-CU]. 
3.5.1. Show Talent holding the tube with the sedimenting tissue fragments, please make sure the tube is in focus. Use take 3, do NOT use take 2 as it was incorrect
3.5.2. Show the fragment being aspirated with the pipette.
3.6. Preserve a small volume of the digestion medium for the microscopic observation and discard the remains [2-MED]. 
3.6.1. Talent collects small aliquot of the medium and transfers it to a separate dish.

3.7. Monitor the contents of the digestion medium under the light microscope [1-MED] to ensure that the suspension does not contain many crypts [2-LM].
3.7.1. Talent looks through a microscope.
3.7.2. Figure 1A, 55687_Reimann_Figure1A.eps 
3.8. Next, add 7 mL of fresh digestion medium and perform the digestion procedure one more time [1-MED]. 
3.8.1. Talent adds the digestion medium to the tube containing tissue fragments. 
3.9. Arianna Psichas: Remember that collagenase solutions are harmful and precautions such use of an appropriate PPE and avoiding aersol generation should always be taken while performing this procedure [1-MED].

3.9.1. Arianna speaks toward camera, interview style.

4. Collection of Crypt Fragments
4.1. To prepare crypt fragment suspension, add 7 mL of fresh digestion medium to the intestine fragments [1-MED]. 

4.1.1. Talent adds the digestion medium to the tube containing tissue fragments. Use take 2
4.2. Incubate the tissue in a water bath at 37 °C for 10 min [1-MED-over the shoulder], shaking the sample every 5 min [2-CU].
4.2.1. Show Talent placing the tube in a water bath.

4.2.2. Show how the sample is shaken. Make sure the shaking intensity is visible. 
4.3. Sediment the undigested tissue and transfer the digestion medium to a 15 mL centrifuge tube [1-MED]. 
4.3.1. Show Talent transferring medium to a new 15 ml tube. 
4.4. Allow any accidentally collected tissue to settle [1-ECU], and using a 10 mL serological pipette, transfer it back to the 50-mL centrifuge tube containing the undigested tissue [2-MED-over the shoulder].
4.4.1. Show tissue fragments on the bottom of the tube.
4.4.2. Talent transfers the fragment to a 50 mL tube with a serological pipette.
4.5. Add 7 mL of fresh digestion medium to the intestine fragments and start the next digest [1-CU].

4.5.1. Show medium being added to the tissue fragments.
4.6. Then, centrifuge the medium collected from the previous digest at 100 × g at room temperature for 3 min [1-MED-TXT].
4.6.1. Talent places the tube in a centrifuge. Please show centrifuge setting if possible, TEXT: 100 × g, RT, 3 min Use take 3
4.7. After discarding the supernatant, resuspend the cell pellet in 5 mL of the pre-warmed culture medium by gentle pipetting [1-CU]. Then, set the sample aside and collect a small aliquot of the cell suspension [2-MED-over the shoulder]. Under the light microscope confirm that the sample contains isolated crypts [3-LM]. 
4.7.1. Show cell pellet being resuspended in medium.

4.7.2. Talent transfers an aliquot to a new dish.

4.7.3. Figure 1D, 55687_Reimann_Figure1D.eps; Show figure 1D.
4.8. Repeat digestion of the tissue an additional two to three times or until the majority of the tissue has been digested [1-MED-TXT]. 
4.8.1. Talent adds the medium to the tube containing intestine fragments, TEXT: Six digestions in total may be required. Use take 3
4.9. Once the digest supernatants have been collected, combine all of them [1-MED-over the shoulder] and centrifuge the sample at 100 × g at room temperature for 3 min [2-MED-TXT].
4.9.1. Talent combines the supernatants.
4.9.2. Talent places the sample in a centrifuge, TEXT: 100 × g, RT, 3 min
4.10. Discard the supernatant and resuspend the pellet [1A] by gently pipetting, until no clumps are visible, in 5 mL pre-warmed culture medium supplemented with 10 μM of Y-27632 (pronounced: Y 2 7 6 3 2) that prevents anoikis [1B-CU].
4.10.1. A) Show pellet    
B)  Show the pellet being resuspended. Author note: “Cut before Talent puts the tube down to give the impression that the resuspending is carrying on.”
4.11. Finally, filter the cell suspension through a 100-μm filter to remove any undigested tissue [1-CU]. Wash the filter with an additional 2 mL of the pre-warmed culture medium supplemented with Y-27632 [2-MED].
4.11.1. Show how the suspension is filtered.
4.11.2. Talent washes the filter with medium. 
5. Intestinal Culture Plating
5.1. Prior to seeding the cells, remove the plate coated with basement membrane matrix from the incubator [1-MED-TXT]. 
5.1.1. Show the Talent removing the plate from the incubator, TEXT: See text protocol for details on plate coating. 
5.2. Remove the excess basement membrane matrix solution from the plate [1-CU], and add 250 μL of the pre-warmed culture medium, supplemented with 10 μM Y-27632, to each well [2-MED-over the shoulder].
5.2.1. Show medium being aspirated from one well.
5.2.2. Talent adds medium do the empty wells of a plate.
5.3. Seed 250 μL of the cell suspension per well of the 24-well plate by drop-wise pipetting carried out in a slow ‘zig-zag’ motion [1-ECU]. Incubate the plate overnight at 37 °C and 5% CO2 [2-MED-TXT].
5.3.1. Show how the cells are seeded in a well. Please make sure you cover the entire procedure carried out in one well. Use take 2
5.3.2. Talent places the plate in an incubator, TEXT: 37 °C, 5% CO2, overnight
Authors, there is not sufficient room in the script to cover the seeding procedure for alternative analysis. 
6. Results: Secretion Capacity of Primary Small Intestinal Cells 
6.1. Presented here are the microscope images of the monolayers of the primary small intestinal cells taken after 18 to 24 hours of culture [1-LM]. 
6.1.1. 55687_Reimann_Figure 2A .eps
6.2. Primary small intestinal cells that were cultured in vitro responded to stimuli that elevate intracellular calcium or cyclic AMP (pronounced: cyclic A-M-P) [1-LM], resulting in a 2-fold increase in glucagon-like peptide 1 release when the cells were treated with bombesin…[2-LM] and 11-fold secretion enhancement when stimulated simultaneously with forskolin and IBMX [3-LM].
6.2.1. 55687_Reimann_Figure2C.eps: Show Figure 2C. 
6.2.2. 55687_Reimann_Figure2C.eps: Emphasize BBS bar.

6.2.3. 55687_Reimann_Figure2C.eps: Emphasize F/I bar.
6.3. Finally, using cultures generated from transgenic mice expressing GCaMP3 (pronounced: G camp 3) under the control of the proglucagon promoter [1-LM], it was shown that primary small intestinal L-cells [2-LM] respond to bombesin and potassium chloride stimulation with an increase in cytosolic calcium, as demonstrated by the enhanced fluorescence [3-LM].
6.3.1. 55687_Reimann_Figure2B.eps & 55687_Reimann_Figure2D.eps: Show both figures.

6.3.2.  55687_Reimann_Figure2B.eps & 55687_Reimann_Figure2D.eps: Point at the green signal with an arrow.

6.3.3. 55687_Reimann_Figure2B.eps & 55687_Reimann_Figure2D.eps: Highlight peaks in Fig. 2D.
7. Conclusion (said by authors on camera)
7.1. Cheryl Brighton: The demonstrated procedure is focused on the culture of small intestinal cells, which many labs have found challenging [1-MED].
7.1.1. Cheryl speaks toward the camera, interview style.
7.2. Cheryl Brighton: We regularly use a similar protocol for the culture of other intestinal segments, of both murine and human origin [1-MED]. 
7.3. Cheryl Brighton: Once mastered, this technique can be done in 4 hours, if performed properly [1-MED].
7.3.1. Cheryl speaks toward the camera, interview style.
7.4. Cheryl Brighton: No two preparations are the same, so it’s important to remember to inspect aliquots of each digest under the microscope. This allows you to assess progress, and tailor the intensity of the shaking, and the number of digests accordingly [1-MED].
7.4.1. Cheryl speaks toward the camera, interview style. (Video Editor: Shot 3.7.1 could be used in place of video of the author here.)
7.5. Cheryl Brighton: Best of luck with your experiments. [1-MED].
7.5.1. Cheryl speaks toward the camera, interview style. Authors suggest we may want to omit. Your call, Mr or Ms Editor (
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.  

3.7.2
55687_Reimann_Figure1A.eps
Light microscopy image of 1st digestion at x20

4.7.3
55687_Reimann_Figure1D.eps
Light microscopy image of crypt fragment preparation at x20

6.1
55687_Reimann_Figure2A.eps
Light microscopy image of intestinal culture at x4

6.2
55687_Reimann_Figure2C.eps
GLP-1 secretion from intestinal cultures

6.3
55687_Reimann_Figure2B.eps
Dual brightfield and fluorescence image of intestinal culture at x40


55687_Reimann_Figure2D.eps
Representative GCaMP3 fluorescence trace

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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