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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. _2.4, 2.5, 2.7, 2.12, 

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 to be filmed by their protocol numbers. (Please do not list an entire section.) 

2.5:  the success of this step really relies on attention to detail and removing even miniscule pieces of fat

2.12: continue to mince until the solution has a homogenous appearance and the intestine does not stick to the scissors______________________

E.  Will the filming need to take place in multiple locations? (Y/N) _maybe?______ If yes, how far apart are the locations?

We cannot bring mice back to our lab, though intestinal segments are OK. Therefore, the initial highlighted steps (2.3–2.4) would have to be filmed in our animal facility. Most of the rest of the protocol could also be done in the animal facility, though we don’t have a 37 degree incubator (needed for steps 2.11 and 2.17) or centrifuge (needed for steps 2.19, 2.22, and 3.4). If those steps can be “staged” for the video without the actual equipment, we could do everything in the animal facility (or skip steps 2.3–2.4 and do everything in our lab). If it’s better to use both locations (lab and animal facility), they are ~1/2 block apart.
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 isolate single cell populations from different small-intestinal compartments that can subsequently be used for flow cytometric analysis or an alternate means of characterization. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Cheryn: This method can help answer key questions in mucosal immunology, such as how the microbiota impacts development of the intestinal immune system. 
1.2. Cheryn: The main advantage of this technique is that it is rapid, reproducible, and does not require laborious Percoll gradients.   
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 Institutional Animal Care and Use Committee (IACUC) at Harvard Medical School.
Protocol (read by voice talent at JoVE):

2. Preparation of a Single Cell Suspension from the Small-Intestinal Intraepithelial Layer and Lamina Propria
2.1. To begin this procedure, place the mouse dorsal side down and spray the abdomen with 70% ethanol [2.1.1-MED-over the shoulder].  Perform a laparotomy by sequentially cutting the skin and then peritoneal fascia along the ventral midline from the pubic symphysis to the xiphoid (pronounce ZIE-foid) process, thus exposing the peritoneal cavity [2.1.2-CU].
2.1.1. Talent sprays the animal’s abdomen with 70% ethanol
2.1.2. *Film as written
2.2. Next, separate the small intestine from the stomach by transecting the pyloric sphincter [2.2.1-CU]. Gently remove the small intestine from the peritoneum [2.2.2-CU], and tease away the mesenteric fat [2.2.3-CU]. 
2.2.1. CU the animal’s abdomen as the small intestine is separated from the stomach by transecting the pyloric sphincter If possible, please add text/graphic to highlight the stomach (the white part just right of the cut) and the small intestine (just left of the cut).
2.2.2. *Film as written
2.2.3. [combined with 2.2.3] *Film as written
2.3. To fully remove the small intestine, make a second cut at the ileo-cecal junction [2.3.1-CU]. Place the isolated small intestine into 4 °C RPMI (pronounce R-P-M-I) medium containing 10% FBS (pronounce F-B-S) to maximize the cell viability [2.3.2-MED-over the shoulder].  Gently remove large pieces of fat using curved forceps, and use caution to avoid tearing the intestinal tissue itself during the process [2.3.3-CU]. 
2.3.1. *Film as written
2.3.2. *Film as written. 
2.3.3. CU the intestine as large pieces of fat are removed
2.4. To remove the intestinal contents, cannulate the proximal end of the small intestine with an 18 Gauge feeding needle affixed to a syringe [2.4.1.1-CU] and gently flush the intestine with 15-20 mL of cold PBS [2.4.1-MED-over the shoulder and 2.4.1.2-CU].  Use scissors to excise Peyer’s (pronounce PIE-yers) patches, which are located on the antimesenteric side of the small intestine and appear as a multi-lobulated white mass [2.4.2-CU].  Then, place them into cold RPMI medium containing 5% FBS [2.4.3-MED-over the shoulder-TXT]. 
2.4.1.1 Added shot: CU: needle cannulating the small intestine
2.4.1. *Film as written
2.4.1.2 Added shot: CU: seeing intestinal contents come out of the intestine

2.4.2. *Film as written. 
2.4.3. *Film as written. Text: A mouse typically has 8–12 PPs
2.5. Next, cut the small intestine into 3-4 inch segments [2.5.1-MED-over the shoulder].  Remove the residual fat by rolling each small-intestinal segment on a paper towel moistened with RPMI [2.5.2-CU], and use a dull scalpel to tease the fat away from the tissue [2.5.3-CU]. 
2.5.1. *Film as written
2.5.2. CU a small-intestinal segment as it is rolled on a paper towel moistened with RPMI
2.5.3. [combined with 2.5.2]  *Film as written
2.6. Cheryn: Paying strict attention to the complete removal of mesenteric fat is critical to ensuring viability of lymphocytes as even minute pieces of fat can cause cells to die [2.6.1-MED].
2.6.1. Interview style
2.7. After that, turn the tissue inside out by grasping the distal end of the tissue and cannulating the intestinal segments with curved forceps [2.7.1-CU].  Then use a pair of straight forceps to gently remove the tissue segment from the proximal end, resulting in the tissue being inverted [2.7.2-CU]. 
2.7.1. *Film as written
2.7.2. [combined with 2.7.1] *Film as written
2.8. Place the tissue segments in a cup containing 30 mL of extraction media and a stir bar [2.8.1-MED]. Secure the lid on the cup and stir for 15 min at 37 °C; stirring should be vigorous but not turbulent [2.8.2-MED-over the shoulder-TXT and 2.8.3-CU]. 
2.8.1. *Film as written
2.8.2. Talent places the cup in the stirrer and turns it on.  Text: Stir at 500 rpm for 15 min at 37 °C
2.8.3. Added shot: CU: tissue segments spinning in cup

2.9. After 15 min, use a steel strainer to separate the tissue pieces from the epithelium-containing supernatant [2.9.1-MED-over the shoulder], which should appear cloudy [2.9.2-CU].  Manually agitate the tissue pieces in RPMI medium to wash away the residual extraction media [2.9.3-CU]. 
2.9.1. *Film as written
2.9.2. CU the cloudy epithelium-containing supernatant
2.9.3. *Film as written
2.10. Then, place the tissue on a dry paper towel [2.10.1-MED-over the shoulder] and flip it several times to facilitate the removal of residual mucus that was not liberated by the extraction medium [2.10.2-CU].  Subsequently, place the tissue fragments in a 1.5 mL tube with 600 µL of digestion medium [2.10.3-MED-over the shoulder].
2.10.1. *Film as written
2.10.2. *Film as written
2.10.3. *Film as written 
2.11. Mince the tissue [2.11.1-MED-over the shoulder] until the pieces no longer stick to the scissors and the solution appears homogenous.  This step is critical to ensure complete enzymatic digestion of the tissue [2.11.2-CU].
2.11.1. Talent minces the tissue
2.11.2. CU the tissue as until the pieces no longer stick to the scissors and the solution appears homogenous
2.12. Cheryn: Mincing the tissue until the pieces no longer stick to the scissors and the homogenous appearance of the solution are critical to both maximizing cellular yield and ensuring reproducibility of results [2.12.1-MED].
2.12.1. Interview style
2.13. Then, add the minced small intestine to a cup containing 25 mL of digestion media [2.13.1-MED-over the shoulder], and stir for 30 min at 37 °C [2.13.2-CU-TXT].  Halfway through the digestion, pipet up and down with a serological pipet to help break down any large chunks of tissue [2.13.3-CU].
2.13.1. *Film as written
2.13.2. *Film as written. Text: Stir at 500 rpm for 30 min at 37 °C
2.13.3. *Film as written
2.14. Next, filter the digested tissue through a 100 µm cell strainer into a 50 mL tube [2.14.1-CU]. Rinse the strainer with 20 mL of RPMI medium containing 10% FBS [2.14.2-CU].  Afterward, centrifuge the filtered solution for 10 min at 4 °C [2.14.3-CU-TXT]. 
2.14.1. CU the digested tissue as it is filtered through a 100 µm cell strainer into a 50 mL tube
2.14.2. *Film as written
2.14.3. CU the filtered solution as it is placed in the centrifuge.  Text: Centrifuge at 500 x g for 10 min at 4 °C
2.15. Carefully decant the supernatant and resuspend the pellet in 1 mL of RPMI medium containing 10% FBS [2.15.1-MED-over the shoulder].  Filter the resuspended cells through a 40 µm cell strainer into a 50 mL tube [2.15.2-CU].  Rinse the strainer with 20 mL of RPMI containing 10% FBS [2.15.3- MED-over the shoulder]. 
2.15.1. *Film as written
2.15.2. *Film as written
2.15.3. *Film as written
2.16. Subsequently, centrifuge the filtered solution for 10 min at 4 °C [2.16.1-MED-TXT].  Carefully decant the supernatant and resuspend the pellet in 1 mL of RPMI medium containing 2% FBS [2.16.2-MED].
2.16.1. Talent places the filtered solution in the centrifuge.  Text: Centrifuge at 500 x g for 10 min at 4 °C
2.16.2. *Film as written
3. Preparation of a Single Cell Suspension from Peyer's Patches
3.1. In this procedure, transfer the excised Peyer’s patches to a cup with 25 mL of digestion media and a stir bar [3.1.1-MED-over the shoulder].  Secure the lid and spin for 10 min at 37 °C [3.1.2-CU-TXT] 
3.1.1. *Film as written
3.1.2. CU the cup as the lid is secured in the spinner. Text: Spin at 500 rpm for 10 min at 37 °C
3.2. Afterward, filter the digested Peyer’s patches through a 40 µm cell strainer into a 50 mL tube [3.2.1-MED-over the shoulder].  If any clumps remain, press them through the strainer using the flat end of the plunger from a 1 mL syringe [3.2.2-CU].    
3.2.1. *Film as written
3.2.2. CU the strainer as clumps are pressed through it
3.3. Then, rinse the strainer with 10 mL of RPMI medium containing 10% FBS [3.3.1-MED-over the shoulder].  Centrifuge the filtered solution for 10 min at 4 °C [3.3.2-CU-TXT].  Then, carefully decant the supernatant, and resuspend the pellet in 1 mL of RPMI medium containing 2% FBS [3.3.3-MED].
3.3.1. *Film as written
3.3.2. CU the filtered solution as it is placed in the centrifuge.  Text: Centrifuge at 500 x g for 10 min at 4 °C
3.3.3. *Film as written
4. Results: Intestinal lymphocytes have FSC and SSC characteristics similar to splenocytes 
4.1. Flow cytometric analysis of single cell suspensions of small-intestinal lymphocytes [4.1.1-LM] should yield a discrete population of cells that have similar forward and side scatter characteristics as splenocytes [4.1.2-LM]. 
4.1.1. Fig 1B.pdf: Show graph

4.1.2. Fig 1A.pdf: Show graph
4.2. The lymphocytes may begin to die if the tissue is not maintained at 4 (C during the initial stages of the isolation, resulting in the lymphocyte population having a lower forward scatter and being more difficult to separate from other epithelial and dead cells [4.1.3-LM]. 
4.2.1. Fig 1C.pdf: Show graph
4.3. Moreover, if the mesenteric fat is not completely removed from the small-intestinal tissue, there will be a virtually complete loss of lymphocytes [4.1.4-LM].
4.3.1. Fig 1D.pdf: Show graph  
4.4. Typically, an 80% viability for small-intestinal LP lymphocytes is obtained [4.1.5-LM].
4.4.1. Fig 1E.pdf: Show graph
5. Conclusion (said by authors on camera)

5.1. Cheryn: Once mastered, one can process 4 mice and have single cell suspensions ready for staining less than 4 hours. 
5.2. Cheryn: While attempting this procedure, it’s important to remember to completely remove all mesenteric fat and to thoroughly mince the tissue to allow for complete digestion.
5.3. Cheryn: Following this procedure, the single cell suspensions can be used for purposes other than flow cytometry, such as in vitro experiments, gene expression analysis, or adoptive transfer, to better characterize the function of these cells.
5.4. Cheryn: After its development, this technique paved the way for researchers in the field of mucosal immunology to explore the ontology and functional implications of the intestinal immune system in mice.

5.5. Cheryn: After watching this video, you should have a good understanding of how to isolate single cell populations from different small-intestinal compartments by cleaning the mesenteric fat, extracting the epithelial layer, and digesting the tissue with collagenase. 

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.  

Insert your media filenames here.

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.

( 2013, Journal of Visualized Experiments


