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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Y______  

Can you record movies/images using your own microscope camera? (Y/N)___N______  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: ___________Olympus IX70__________________________________

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

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.) ___________________________________________
a. 2.2 (Inverting Tissue)

b. 3.4 (Digestion 3)

c. 5.2 (Approaching and sealing a cell)

d. 5.7 (Switching from voltage- to current-clamp mode)

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.) ___________________________
a. 3.4 (Digestion 3): The most difficult aspect is being able to apply the correct amount of agitation during this step to ensure that your cells are dissociating into healthy single cells. In order to ensure success you will need to take an aliquot of the digestion media to get a better idea of the your cell quality during the digestion.

b. 5.2.2 (Show a dimple appearing on the EC cell): The ease and quality of the seal on the EC cell is dependent on the care taken in executing a clean approach to the cell without touching neighboring cells or debris.

E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? _________200 feet, same lab______________________________

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Art Beyder: This method can help answer key questions in the enteric neuroscience and gastrointestinal physiology, such as the mechanisms of enteroendocrine cell excitability in response to stimuli and the mechanisms of gastrointestinal hormone release. [1-MED].
1.1.1. Interview style
1.2. Art Beyder: The main advantage of this technique is that it allows us to study in detail the function of single enteroendocrine cells via single cell electrophysiology on epithelial enteroendocrine cells [1-MED].   
1.2.1. Interview style

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Art Beyder: Demonstrating the procedure will be the co-first authors Kaitlyn Knutson and Peter Strege, the outstanding technologists who developed these techniques.
1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the Mayo Clinic.
Protocol: (read by voice talent at JoVE)
2. Tissue Isolation

2.1. To begin this procedure, place a 6-mL syringe needle filled with ice cold PBS into the lumen of the extracted intestinal segment [1-MED-over the shoulder]. Use the micro-dissection forceps, clamp and seal the intestines around the syringe needle, and gently flush 6 mL of PBS through the lumen to rinse away any fecal matter [2-CU].
2.1.1. Talent placing the needle into the lumen of the extracted intestinal segment
2.1.2. CU the intestines as they are clamped and sealed by forceps around the syringe needle, and the fecal matter is raised away 

2.2. Next, invert the intestinal tissue by gently weaving the micro-dissection forceps through the lumen, pinching an intestinal wall, and retracting the tissue proximal to the tip of the forceps [1-CU]. Repeat this process until the segment is inside-out with the lumen facing outward [2-CU].
2.2.1. Show that the intestinal tissue is inverted by gently weaving the micro-dissection forceps through the lumen, pinching an intestinal wall, and retracting the tissue proximal to the tip of the forceps
2.2.2. Show that the segment is inside-out with the lumen facing outward

2.3. Use micro-dissection scissors, cut the tissue segment into 1-cm pieces [1-MED-over the shoulder]. Then, transfer the tissue segments in a 50-mL beaker filled with 5 mL sterile PBS [2-MED-over the shoulder]. Subsequently, mince the tissue pieces to a liquified consistency [3-CU].
2.3.1. *Film as written

2.3.2. Talent transfers the tissue segments in a 50-mL beaker filled with 5 mL sterile PBS
2.3.3. Show that the tissue pieces are minced to a liquified consistency

2.4. Transfer the minced tissue and 15 mL of ice cold PBS to a clean 50-mL tube [1-MED-over the shoulder]. Triturate 2 times with the transfer pipette, wait for the tissue to settle [2-CU]. Afterward, remove 15 mL of the PBS supernatant, and replace with fresh PBS [3-CU]. Repeat this process three times until the PBS is clear [4-CU].
2.4.1. *Film as written

2.4.2. CU the tissue as it is triturated twice and begins to settle

2.4.3. Show that 15 mL of the PBS supernatant is removed and replaced by fresh PBS

2.4.4. Show that PBS is clear

3. Enzymatic and Mechanical Digestion
3.1. For the first digestion, from the water bath, retrieve one of the 50-mL tubes containing 10 mL of pre-warmed digestion media [1-MED-over the shoulder]. Next, add 250 µL of the PBS collagenase solution in the tube with minced intestinal tissue pieces [2-MED-over the shoulder]. Finally, minced intestinal tissue pieces were added to the digestion media and PBS collagenase solution. [3-MED-over the shoulder]
3.1.1. Talent removing one 50-mL tube from the water bath

3.1.2. Talent adds 250 µL of the PBS collagenase solution in the 50-mL tube 

3.1.3. [Added Shot]: Talent moves minced intestinal tissue pieces to the digestion media and PBS solution in the 50-mL tube (Author Comment: I think we added a shot here with transferring the minced intestinal tissue pieces from the PBS to the media… not 100% sure)
3.2. Then, place the sample in a water bath for 5 minutes at 37 ˚C [1-MED-over the shoulder-TXT]. Slowly triturate the tissue once with a 10-mL serological pipette and briefly let the tissue pieces settle [2-CU]. Use a transfer pipette to remove 10 mL of supernatant [3-MED-over the shoulder].
3.2.1. Talent places the 50-mL tube in a water bath. Text: 5 min, 37 ˚C, Shake 2x/ min 
3.2.2.  CU the tissue as it is triturated once and settles
3.2.3. *Film as written
3.3. For the second digestion, add 250 µL of the PBS collagenase solution to the tissue [1-MED], and place it in a water bath at 37 ˚C [2-MED-TXT]. Afterward, slowly triturate the tissue once with a 10-mL serological pipette [3-CU]. Then, remove 10 mL of the supernatant [4-MED-over the shoulder].
3.3.1. *Film as written

3.3.2. Talent places the sample in the water bath. Text: 10 min for colon, 5 min for jejunum 
3.3.3. CU the sample as it is being triturated

3.3.4. *Film as written
3.4. For the third digestion, add 250 µL of the PBS collagenase solution in the tube [1-MED-over the shoulder]. Place it in a 37 ˚C water bath for 10 minutes [2- MED-TXT]. Then, shake the tube 2-3 times per minute at a higher intensity than Digestions 1 and 2 [3-CU]. 
3.4.1. Talent adds 250 µL of the PBS collagenase solution in the 50-mL tube
3.4.2. *Film as written. Text: 10 min for both colon and small jejunum
3.4.3. CU the tube as it is being shaken
3.5. Subsequently, slowly pipette the tissue up and down with a 10-mL serological pipette and allow the tissue pieces to settle for a short time [1-MED-over the shoulder]. Transfer 10 mL of the supernatant into a new 15 mL tube [2-MED-over the shoulder]. Add 2 mL of warmed EC cell complete culture media, and invert once to mix [3-MED-over the shoulder-TXT].
3.5.1. Talent slowly pipettes the tissue up and down with a 10-mL serological pipette
3.5.2. *Film as written
3.5.3. *Film as written. Text: EC: Enterochromaffin
3.6. Next, spin the sample at 100 x g for 5 minutes at room temperature [1-MED-TXT]. After 5 minutes, remove the supernatant and resuspend the remaining pellet in 2.5 mL of warmed EC cell complete culture media [2-MED-TXT]. For the fourth digestion, repeat the digestion procedures but increase the incubation time to 15 minutes for colon and remain at 10 minutes for jejunum [3-MED-over the shoulder-TXT].
3.6.1. Talent places the sample in the centrifuge and sets the parameters. Text: 100 x g, 5 min, RT

3.6.2. *Film as written. 
3.6.3. Talent adds 250 µL of the PBS collagenase solution in the 50-mL tube. Text: See the accompanying manuscript for details.
4. Cell Culture 

4.1. To culture the cells, use a transfer pipette to combine the cell suspensions collected from Digestions 3 and 4 into a new 15-mL tube [1-MED-over the shoulder]. Remove a 10-µL aliquot of cells and count with a hemocytometer [2-CU]. 
4.1.1. *Film as written

4.1.2. CU the sample as it is loaded on a hemocytometer
4.2. Then, spin the remaining cell suspension at 100 x g for 5 minutes at room temperature [1-MED-over the shoulder-TXT]. After 5 minutes, remove the supernatant and add EC cell complete culture media using a 5-mL serological pipette at a density of 1,000,000 cells per mL. Re-suspend the tissue using a transfer pipette [2-MED]. 
4.2.1. Talent places the cell suspension in the centrifuge. Text: 100 x g, 5 min, RT

4.2.2. Talent removes the supernatant and re-suspends the pellet
4.3. Subsequently, remove the coated glass-bottom culture dishes from the incubator [1-MED]. Use a P1000 pipette, replace the extracellular matrix from each culture dish with 250 µL of the final cell suspension [2-MED-over the shoulder]. 
4.3.1. *Film as written

4.3.2. *Film as written (Author Comment: We started with 4 dishes already having the extracellular matrix removed and only showed one dish removing the media.)
5. Whole Cell Electrophysiology of EC Cells from Primary Culture
5.1. To achieve a whole cell giga-seal, lower the electrode into the bath solution [1-MED]. With the micromanipulator, maneuver the electrode tip in-plane with and directly horizontal from the cell [2-SCOPE]. Then, expel 0.3 mL of air from the syringe [3-SCOPE]. 
5.1.1. Talent lowering the electrode into the bath solution with the manipulator

5.1.2. Show that the electrode tip is moving in-plane with and directly horizontal from the cell
5.1.3. Show that air is emitted 
5.2. Gently move the electrode horizontally along the x-axis to touch the cell [1-SCOPE]. Watch for a dimple to appear on the EC cell [2-SCOPE] and an increase in membrane resistance on the seal test [3-SCREEN]. 
5.2.1. Show that the electrode moving horizontally along the x-axis to touch the cell
5.2.2. Show a dimple appearing on the EC cell
5.2.3. To be submitted by authors. Show the increase in membrane resistance on the monitor

5.3. Apply 0.1-0.2 mL suction on the syringe, and hold the plunger steady until 100 MΩ is achieved, then release the grip from the plunger [1-MED]. Wait for the cell to giga-seal [2-SCREEN]. Then gently disconnect the syringe [3-MED]. 
5.3.1. Show that talent applying suction on the syringe, holding the plunger steady until 100 MΩ is achieved, then releasing grip from the plunger
5.3.2. To be submitted by authors. Show the formation of giga-seal on the monitor
5.3.3. Talent gently disconnecting the syringe 
5.4. To record whole-cell voltage-gated sodium current, apply a quick tap of suction on a syringe [1-MED]. Repeat until the whole-cell access is achieved before gently disconnecting the syringe [2-SCREEN]. 
5.4.1. Talent applies a quick tap of suction on a syringe
5.4.2. To be submitted by authors. Show that the whole-cell access is achieved
5.5. Next, turn on the whole-cell capacitance compensation and adjust the capacitance and series resistance [1-SCREEN]. Turn on the series resistance compensation. With lag set at 60 ms, adjust the series resistance compensation, and close the seal test [2-SCREEN].
5.5.1. To be submitted by authors. Show that the whole-cell capacitance compensation is turned on and the capacitance and series resistance are adjusted

5.5.2. To be submitted by authors. Show that the series resistance compensation is turned on and the lag is set, then the series resistance compensation is adjusted before closing the seal test
5.6. Record an average of 5 runs of whole-cell voltage-gated sodium current [1-LM]. Quickly take note of two parameters of the voltage-gated sodium current: the voltage at window current and the peak sodium current density [2-LM]. Authors, please upload subfigures of Figure 3 to JoVE’s website. 
5.6.1. 58112_Beyder_ 58112fig3large.jpg (Figure 3A): Show whole cell Na+ current from 7:01 in the screenshot video, then show figure 3A, then add reed lines

5.6.2. 58112_Beyder_ 58112fig3large.jpg (Figure 3B): Show I-V plot from 7:46 in the screenshot video (since this corresponds to the same cell recorded above in 5.6.1) then show figure 3B, then add the red symbol
5.7. To record the elicited action potentials, switch the mode from Voltage-clamp to current-clamp. [1-MED-over the shoulder] [2-CU] Load the episodic current clamp protocol [3-SCREEN]. Adjust the holding current to 0 picoampere, and turn on the external command [4-SCREEN]. 
5.7.1. Talent turns off the series resistance compensation and the external command

5.7.2. CU the  patch clamp amplifier to show that the mode is switched from V-clamp to I-clamp, and the gain is adjusted (Author Comment: When the external command was turned back on in I-clamp mode, the resting membrane potential read 0 mV on the LED, indicating that there was not a cell accessed by the electrode during the filmed shot.)
5.7.3. To be submitted by authors. Show that the episodic current clamp protocol is loaded

5.7.4. To be submitted by authors. Show that the holding current is adjusted to 0 pA, and the external command is turned on
5.8. Record the elicited action potentials. Note the least amount of current injected to fire off an action potential [1-LM].
5.8.1. 58112_Beyder_ 58112fig3large.jpg (Figure 3C): Show elicited action potentials from 14:50 in the screenshot video, then Show figure 3C
5.9. To record spontaneous action potentials, turn off the external command. Load a gap-free current clamp protocol [1-SCREEN]. Change the holding current to the amount of current injected in the last sweep in the elicited protocol that did not fire an action potential [2-SCREEN]. 

5.9.1. To be submitted by authors. Show that the external command is turned off and a gap-free current clamp protocol is loaded

5.9.2. To be submitted by authors. Show that the holding current is changed to the amount of current injected in the last sweep in the elicited protocol that did not fire an action potential
5.10. Subsequently, turn on the external command [1-SCREEN]. Double check that the predicted holding current brings the membrane potential below the threshold to fire an action potential [2-SCREEN]. Adjust the holding current if necessary, and record the spontaneous activity [3-SCREEN].
5.10.1. To be submitted by authors. Show that the external command is turned on

5.10.2. To be submitted by authors. Show that the predicted holding current brings the membrane potential below the threshold to fire an action potential
5.10.3. To be submitted by authors. Show that “record “ button is clicked to start recording Show spontaneous action potentials from 15:24 in the screenshot video.
6. Results: Culture Results and Throughput of Whole-Cell Electrophysiology 
Authors, please upload subfigures of Figure 1 and 4 to JoVE’s website.
6.1. Cultures that have been optimized for electrophysiology consisted of single cells and small clumps with bright CFP signal [1-LM]. When culture conditions had not been optimized, the epithelial cell culture consisted of large clumps, floating cellular debris, damaged membranes, and weak CFP signal in the EC cells [2-LM].
6.1.1. 58112_Beyder_ 58112fig1large.jpg (Figure 1B): Video editor, show figure 1B
6.1.2. 58112_Beyder_ 58112fig1large.jpg (Figure 1A): Video editor, show figure 1A

6.2. EC whole cells were obtained at 30±7% of attempts from colon cultures [1-LM] and 41±3% of attempts from jejunum culture [2-LM]. 

6.2.1. 58112_Beyder_ 58112fig4large.jpg (Figure 4A): Video editor, show figure 4A (two columns on the right labeled “Colon”)
6.2.2. 58112_Beyder_ 58112fig4large.jpg (Figure 4A): Video editor, in figure 4A, add two columns on the left labeled “Jejunum”)
6.3. By whole-cell electrophysiology, sodium currents were recorded from 81.3±4.0% of TPH1-CFP+ cells from jejunum and 64.1±9.2% of them from colon [1-LM]. 
6.3.1. 58112_Beyder_ 58112fig4large.jpg (Figure 4B): Video editor, show figure 4B

6.4. Of 59 EC cells from jejunum cultures, 19 EC cells in current-clamp mode fired spontaneous AP [1-LM]. 29 EC cells fired AP only when elicited by a step protocol in current-clamp mode [2-LM], and 11 EC cells did not fire AP spontaneously or by step protocol [3-LM]. 
6.4.1. 58112_Beyder_ 58112fig4large.jpg (Figure 4B): Video editor, in figure 4B, highlight the “spontaneous” columns

6.4.2. 58112_Beyder_ 58112fig4large.jpg (Figure 4B): Video editor, in figure 4B, highlight the “elicited-only” columns

6.4.3. 58112_Beyder_ 58112fig4large.jpg (Figure 4B): Video editor, in figure 4B, highlight the “non-firing” columns

7. Conclusion (said by authors on camera)

7.1. Art Beyder: While attempting this procedure, it’s important to remember that the optimal digestion protocol for primary epithelial cultures may be variable between uses, so determine the necessary amount of agitation to obtain single cells is very important [1-LM].
7.1.1. Video editor, please show 3.4.3 
7.2. Art Beyder: Following this procedure, other methods like single cell PCR and fluorescence can be performed in order to answer additional questions like what enterochromaffin cells express and how stimuli are coupled to intracellular signaling [1-MED]. 
7.2.1. Interview style

7.3. Art Beyder: After its development, this technique paved the way for researchers in the field of gastrointestinal physiology to explore how enterochromaffin cells work and how they regulate gastrointestinal motility and secretion in mice [1-MED].
7.3.1. Interview style
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.
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