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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N_____ 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______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__3.8-3.9, 3.12-3.13, 3.14-3.18________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Remove strips of LMMP (3.14-3.18), success is ensure through practice and the strip coming away from the underlying circular muscle on its own.
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to isolate functionally viable neurons and glia from the adult mouse myenteric plexus. (Intro)
This is accomplished by first coating the sterile cell culture surface with poly-D-lysine and laminin. (P1)
Video editor, please use P1 cartoon for P1.

The second step is to prepare solutions and surgical area for myenteric plexus isolation. (P2)
Video editor, please use “P2 &P3.2” cartoon for P2.

Next, (Video editor, please use cartoon labeled with “1. Remove gastrointestinal tract from mouse” of P3 here) remove the gastrointestinal tract and (Video editor, please use cartoon labeled with “2. Isolate desired section of gastrointestinal tract” of P3 here) isolate the desired section to (Video editor, please use cartoon labeled with “3. Create LMMP preparation” of P3 here) create longitudinal muscle/ myenteric plexus (Text overlay: LMMP: longitudinal muscle/ myenteric plexus) preparation. (P3)
The final step is to (Video editor, please use the cartoons in yellow labeled with “Snip LMMP into tiny pieces” and “Sequentially digest with collagenase and trypsin” of P4 here) sequentially digest the LMMP in collagenase and trypsin followed by (Video editor, please use the cartoon labeled with “Plate cells” of P4 here) plating the cells on the pre-coated cell culture surfaces. Ultimately, electrophysiology, immunocytochemistry, and single-cell PCR can be used to study the effects of enteric neurons, glia, or the interaction between these two cell types. (P4)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Hamid:  Demonstrating the procedure will be Tricia Hardt Smith, a Postdoctoral fellow from my laboratory.  Assisting her will be Joy Ngwainmbi, a PhD candidate from my laboratory.   

1.1.1. Interview style: Author saying the above 

1.1.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
1.2. Tricia:  The main advantage of this technique over existing methods is that enteric neurons and glia can be studied from the adult mice.   

1.3. Joy:  Though this method can provide insight into electrical properties of neurons, it can also be applied to other methodologies, such as immunocytochemistry, single-cell PCR, real time calcium imaging.

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Longitudinal muscle/myenteric plexus harvesting
2.1. Begin this procedure by placing an euthanized mouse in dorsal recumbence on the surgical surface.  Next, clean the abdominal skin with 70% EtOH.  Then, lift it with a pair of forceps and open the abdominal cavity with scissors to reveal the internal digestive organs. 
2.1.1. MED-over the shoulder:  Talent places an euthanized mouse in dorsal recumbence on surgical surface.
2.1.2. CU:  The mouse as its abdominal skin is cleaned with 70% EtOH.

2.1.3. CU:  The mouse as it is lifted and the abdominal cavity is opened to reveal the internal digestive organs.

2.2. After that, lift a section of ileum to reveal the mesentery.  Remove the gastrointestinal tract, and snip through the mesentery with scissors.    
2.2.1. CU:  The mouse as a section of ileum is lifted to reveal the mesentery.

2.2.2. MED-over the shoulder:  Talent removes the gastrointestinal tract.

2.2.3. CU:  The mouse as the mesentery is snipped through with scissors.
2.3. Then, gently remove and unravel the ileum and colon; be careful not to pull the mesentery from the ileum and colon.  After the full length intestine is unraveled, remove the ileum by cutting through the intestine distal to the stomach and proximal to the cecum; this procedure can also be performed with the colonic tissue by removing the colon from the distal to the cecum to the proximal to the anus.  
2.3.1. CU:  The mouse as the ileum and colon are unraveled. 
2.3.2. CU:  The mouse as the ileum is removed by cutting through the intestine distal to the stomach and proximal to the cecum.
2.4. Next, section the ileum into three or more large pieces.  Gently run Krebs solution through the gut section until all fecal matter is removed into a separate waste container.  Place the cleaned section into the container of Krebs labeled ‘clean’; and repeat the procedures until the entire ileum is cleaned.

2.4.1. MED-over the shoulder:  Talent sections the ileum into three or more large pieces.

2.4.2. CU:  The gut section as Krebs solution runs through it gently to remove the fecal matter.

2.4.3. CU:  The cleaned gut section as it is placed into the container of Krebs labeled ‘clean’. 
2.5. To remove the LMMP, cut the ileum into 2-4 cm small segments.  Afterward, place a segment of ileum on a plastic or glass rod; ileum should fit snuggly but not loose or taut.  Prevent the GI (Text overlay: GI: gastrointestinal) tract from rotating around the rod by gently pinning the tube to the rod with the thumb.  Then, gently remove bits of mesentery that are still attached to the GI tract with forceps.  
2.5.1. MED-over the shoulder:  Talent cuts the ileum into 2-4 cm small segments.

2.5.2. CU:  The segment of ileum as it is placed on a plastic or glass rod.

2.5.3. CU:  The rod as the tube is gently pinned to it with the thumb.  Text overlay: GI: gastrointestinal.
2.5.4. CU:  The gastrointestinal tract as bits of mesentery are removed with forceps.
2.6. After that, separate the LMMP from the underlying circular muscle by first gently rubbing the edge of the forceps along the entire line where the mesentery was attached, from top to bottom of the segment.  Subsequently, gently create a gap in the longitudinal muscle.    
2.6.1. MED-over the shoulder:  Talent separates the LMMP from the underlying circular muscle by first gently rubbing the edge of the forceps along the entire line where the mesentery was attached, from top to bottom of the segment.
2.6.2. CU:  The longitudinal muscle as a gap is gently created in it.

2.7. Then, gently tease away the longitudinal muscle using a cotton swab wetted with Krebs beginning at the top of the gap; using the lightest horizontal stroke while applying very light pressure until the longitudinal muscle just begins to separate from the circular muscle.  Do this down the entire strip along the mesentery attachment point.  
2.7.1. MED-over the shoulder:  Talent gently teases away the longitudinal muscle using a cotton swab wetted with Krebs beginning at the top of the gap.
2.7.2. CU:  The longitudinal muscle as the lightest horizontal stroke is applied with light pressure to separate it from the circular muscle.
2.7.3. MED-over the shoulder:  Talent teases away the longitudinal muscle along the mesentery attachment point.
2.8. Next, gently work around the GI tube by moving from top to bottom and back, as the longitudinal muscle is slowly separated from the circular muscle all the way around the tube.  When complete, the LMMP will naturally come off from the remaining GI tube.  Then, place the resulting thin strip of longitudinal muscle in the beaker labeled ‘LMMP’, and repeat the procedures for all the segments.

2.8.1. MED-over the shoulder:  Talent teases the longitudinal muscle away from the circular muscle all the way around the tube.
2.8.2. CU:  The LMMP as it comes off from the remaining GI tube.  
2.8.3. CU:  The resulting thin strip of longitudinal muscle as it is placed in the beaker labeled ‘LMMP’.
3. LMMP digestion
3.1. In this procedure, place the rinsed LMMP segments into the digestion solution.  Then, snip the LMMP into tiny pieces with scissors.  Next, digest them for 60 min in 37(C water bath with shaker while being gently bubbled with carbogen.

3.1.1. MED-over the shoulder:  Talent places the rinsed LMMP segments into the digestion solution.  
3.1.2. MED-over the shoulder:  Talent snips the LMMP into tiny pieces with scissors.
3.1.3.  CU:  The LMMP pieces as they are digested in water bath with shaker while being gently bubbled with carbogen.
3.2. After the digestion is complete, gather the cells by centrifugation for 8 min at 356 x g in centrifuge cooled to 4 (C.  

3.2.1. MED:  Talent places the LMMP in the centrifuge.

3.3. In the meantime, prepare 0.05% trypsin solution in a cell culture hood by adding 1 ml warmed 0.25% trypsin and 4 ml warmed HBSS into a sterile 50 ml cell culture tube.

3.3.1. MED-over the shoulder:  Talent adds 1 ml warmed 0.25% trypsin and 4 ml warmed HBSS into a sterile 50 ml cell culture tube in a cell culture hood.
3.4. After centrifugation, discard the supernatant.  Carefully remove the cell pellet and place it into a clean tube with 5 ml of 0.05% trypsin solution.  Next, digest the cells in 0.05% trypsin solution in 37(C water bath with shaking for 7 min.
3.4.1. MED-over the shoulder:  Talent discards the supernatant.  
3.4.2. MED-over the shoulder:  Talent places the cell pellet into a clean tube with 5 ml of 0.05% trypsin solution.
3.4.3. CU:  The cells in 0.05% trypsin solution in shaking water bath.
3.5. Neutralize trypsin with 10 ml of cold rinse media after 7 min of trypsin treatment.  Then, centrifuge the cells for 8 min at 356 x g.  
3.5.1. MED-over the shoulder:  Talent adds 10 ml of cold rinse media to neutralize trypsin.

3.5.2. MED:  Talent places the cells in the centrifuge.

3.6. In the meantime, balance a section of sterilized nitex mesh on top of a sterile 15 ml cell culture tube.
3.6.1. MED-over the shoulder:  Talent balances a section of sterilized nitex mesh on top of a sterile 15 ml cell culture tube.
3.7. After centrifugation, discard the supernatant.  Gently resuspend the cell mixture by triturating it in 3 ml complete neuron media; all triturations should be done very gently to avoid generating air bubbles.  Then, filter the cell solution through nitex mesh into 15 ml clean cell culture tube.
3.7.1. MED-over the shoulder:  Talent discards the supernatant.  
3.7.2. CU:  The cell mixture as it is triturated in 3 ml complete neuron media.

3.7.3. MED-over the shoulder:  Talent filters the cell solution through nitex mesh into 15 ml clean cell culture tube.

3.8. Gather the cells by centrifugation for 8 min at 356 x g.  After that, remove and discard the supernatant.
3.8.1. MED:  Talent places the cells in the centrifuge.

3.8.2. CU:  The supernatant as it is removed.
3.9. Resuspend the cells in 1,200 μl complete neuron media.  Next, triturate the cells gently using 1 ml plastic pipette tip; be careful not to generate air bubbles.  Pipette slowly and gently until most chunks are broken up and the cells are suspended into liquid.
3.9.1. MED-over the shoulder:  Talent adds 1,200 μl complete neuron media to the cells.

3.9.2. MED-over the shoulder:  Talent triturates the cells gently using 1 ml plastic pipette tip.
3.9.3. CU:  The cells as they are pipetted slowly and gently, and most chunks are broken up and the cells are suspended into liquid.
3.10. Now, add 750 μl of the complete media to each of the 12 wells containing a pre-coated glass coverslip.  Then, add 100 μl of the triturated cell solution.
3.10.1. MED-over the shoulder:  Talent adds 750 μl of the complete media to each of the 12 wells.

3.10.2. CU:  The 12 wells as 100 μl of the triturated cell solution is added to each well.
3.11. Incubate the neurons in cell culture incubator at 37 ºC with 5% CO2.  Change half of the cell media every 2 days.  Neurons are ready for electrophysiological recordings after 1-2 days in culture.
3.11.1. MED:  Talent places the neurons in cell culture incubator.

3.11.2. MED-over the shoulder:  Talent changes half of the cell media.

3.11.3. CU:  The cultured neurons when they are ready for experiments.
4. Results:  An In-vitro preparation of isolated Enteric Neurons and Glia from the Myenteric Plexus of the Adult Mouse 
4.1. Shown here is the immunohistochemical characterization of enteric neurons and glia isolated from the mouse longitudinal muscle.  Confocal microscopy revealed the neuronal-specific (III-tubulin staining in the (Video editor, zoom in A here) whole mount ileal longitudinal muscle preparation from the mouse.  And these (Video editor, zoom in B here) are the cells isolated from the LMMP preparations, which contain the neurons that stained positively for calbindin (Video editor, zoom in C here) and calretinin (Video editor, zoom in D here).  Glia cells (Video editor, zoom in E here) shown here were visualized with the glia-specific marker GFAP, whereas antibodies were visualized via appropriate goat secondary antibody Alexa 488 and nuclei were visualized using Hoescht 33342.  (Video editor, zoom in F here) However, no staining was seen when primary antibody was omitted.  

4.1.1. LAB_MEDIA:  50688_Akbarali_Figure 1

4.2. Here are the neurons and glia isolated from the mouse longitudinal muscle growing in close proxmitiy to one another.  The confocal microscopy images indicate the green neurons and red glia readily growing adjacent to one another and appear to interact in vitro.  

4.2.1. LAB_MEDIA:  50688_Akbarali_Figure 2

4.3. This figure shows the electrophysiology of the cultured enteric neurons and glia.  In the current clamp mode, all neurons (Video editor, zoom in A here) displayed action potentials upon current injection.  Glia (Video editor, zoom in B here) do not have action potentials but do display large electrotonic potentials in response to current injection.   

4.3.1. LAB_MEDIA:  50688_Akbarali_Figure 3

4.4. The neurons cultured from the mouse ileum are an electrophysiologically heterogenous population.  In the current clamp mode, a current injection of 0.09 nA into neurons results in action potentials.  AHP (Text overlay: AHP: afterhyperpolarization) negative neurons (Video editor, zoom in A here) immediately return to the resting membrane potential following stimulation, while AHP positive neurons (Video editor, zoom in B here) display an AHP following the stimulation in which the resting membrane potential falls below baseline before slowly returning to the initial value.
4.4.1. LAB_MEDIA:  50688_Akbarali_Figure 4.  Text overlay: AHP: afterhyperpolarization.
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597

5. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
5.1. Tricia:  Once mastered, this technique can be done in 4 hours if it is performed properly.

5.2. Tricia:  While attempting this procedure, it’s important to remember to keep glassware and instruments as clean as possible, to bubble and triturate the cells gently,  and to change the media on the resulting cell culture a minimum of every two days.

5.3. Joy:  Following this procedure, methods like electrophysiology and immunocytochemistry can be performed in order to answer additional questions like how ion channels in the gut respond to drug treatment and to learn about the expression of proteins in neurons and glia and how the interaction of these two cell types are altered by various treatments.

5.4. Hamid:  After its development, this technique has paved the way for researchers in the field of neurobiology to explore the basic functions or neuropathies and gliopathies of the enteric nervous system in genetically modified animals.
5.5. Hamid:  After watching this video, you should have a good understanding of how to isolate neurons and glia from the myenteric plexus of the adult mouse enteric nervous system.
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, 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, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


