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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)_____Y ____  

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: Ca2+ imaging and ephys – we can make images and movies; but for dissections, Nikon SMZ1000 with beamsplitter and c-mount for imaging and camera port
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.) ___________________________________________
3.1 Pinning out low-cut piece of diaphragm with phrenic nerve having just been cut
3.3-3.4 Seeing how suction electrode is spun over phrenic nerve and sucked up to make muscle contract (before adding BHC drug)
3.14-3.15 Seeing how recording electrode is lowered into muscle cell and resting membrane potential is detected (after adding BHC drug)
4.1 Visualizing endplate region (with fluorescent BTX) and GCaMP3/6-expressing cells at same time

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.) ___________________________
Getting a good preparation during dissection that allows a.) stimulation of the nerve with the suction electrode, b.) penetration of the muscle with recording electrodes and c.) optical imaging of the appropriate cell type (e.g., Schwann cell, muscle) in a significantly large size of the motor endplate.
2.3  When cutting out lungs take care to not clip nerve. This is easier on left side, as right phrenic nerve is intimately associated with the superior vena cava.
2.4 and 3.1 Cut ribcage low down, and pin reasonably taught

3.3 and 3.14 Place suction and recording electrodes on separate sides of stage 

4.1  Image diaphragm prepared from neonatal mice (E14-P15) at 20X to observe a significantly large size of the motor endplate.
E.  Will the filming need to take place in multiple locations? (Y/N) _Y______ If yes, how far apart are the locations? Euthanasia chamber and pipette puller locations are each a 3-minute walk away (different building) from where everything else (dissecting, ephys, Ca2+ imaging, analysis) will be done 
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. Dante Heredia: This method can help answer key questions in the neuromuscular field, such as the role of calcium signaling in muscle or Schwann cells in response to nerve stimulation [1-MED]. 
1.1.1. Dante speaks towards camera (looking just off-camera), interview style.
1.2. Thomas Gould: The main advantage of this technique is that one can image the activation of populations of specific cell types in response to nerve stimulation [1-MED].
1.2.1. Thomas speaks towards camera (looking just off-camera), interview style.   

Authors, the introductory statements are limited to 30 words per statement, so Thomas’s statement was a little long for that.  I moved it to the conclusions where 40 words per statement are allowed.
Protocol: (read by voice talent at JoVE)
2. Preparation of the Diaphragms and Phrenic Nerves from Transgenic Mice
2.1. To begin, obtain transgenic mice and genotype them as detailed in the text protocol [1-Title Card].
2.1.1. Title Card 
2.2. Following euthanasia, transversely section across the entire animal just below the liver and just above the heart and lungs with iridectomy scissors [1-CU-TXT]. 
2.2.1. Draped mouse as talent transversely sections across the animal just below the liver and just above the heart and lungs with iridectomy scissors.  TEXT Overlay: See text for details on euthanasia
Note to videographer and video editor: If the videographer feels that 2.3.1 and 2.4.1 can be captured by an ECU, please obtain those videos and use them instead of the microscope movies if the quality is better.
2.3. Dissect away the liver, the heart, and the lungs, being careful to maintain a length of the phrenic nerve that is sufficiently long to be drawn into a suction electrode [1-LM].
2.3.1. 58347_Gould_dissection1:  Microscope movie as talent dissects away the liver, the heart, and the lungs.  Authors, please provide this movie.
2.4. Further remove the ribcage and the vertebral column, except for the thin ridge around the diaphragm [1-LM].
2.4.1. 58347_Gould_dissection2:  Microscope movie as talent removes the ribcage and the vertebral column, except for the thin ridge around the diaphragm.  Authors, please provide this movie.
2.5. Place the diaphragm and the phrenic nerve sample in a microfuge tube with Krebs-Ringer solution containing 1 microgram per milliliter of "fluorescently labeled alpha bungarotoxin" [1-MED].  Allow the specimen to incubate in the solution for 10 minutes in the dark [2-MED-over the shoulder].
2.5.1. Talent places the diaphragm and the phrenic nerve sample in a microfuge tube with Krebs-Ringer solution with 1 microgram per milliliter of 594-αBTX.  Use labeled containers.
2.5.2. Talent covers the tube to keep it in the dark and starts a timer to count down from 10 minutes.
2.6. Stimulation and Recording of the Muscle Action Potentials 
2.7. Using minutien pins, immobilize the diaphragm by pinning it onto a 6-centimeter dish coated with silicone dielectric gel and filled with approximately 8 milliliters of oxygenated Krebs-Ringer solution [1-CU].  Place the dish onto the microscope stage [2-MED].
2.7.1. 6-centimeter dish coated with silicone dielectric gel and holding solution as talent pins the diaphragm there with minutien pins.
2.7.2. Talent places the dish onto the microscope stage.
2.8. Then, perfuse the diaphragm with more Krebs-Ringer solution at 8 milliliters per minute for 30 minutes [1-MED-over the shoulder].
2.8.1. Talent starts the perfusion with Krebs-Ringer solution at 8 milliliters per minute.  Use labeled containers.
2.9. At 4X magnification, using a micromanipulator, move the suction electrode over the left phrenic nerve.  Apply suction by pulling out the barrel of a 5-milliliter syringe connected to the tubing that is attached to the suction electrode [1-LM].
2.9.1. 58347_4Xmagnification_3.3.1: Microscopy movie as talent uses a micromanipulator, move the suction electrode over the left phrenic nerve and apply suction by pulling out the barrel of a 5-milliliter syringe connected to the tubing that is attached to the suction electrode
2.10. Ensure that the diaphragm contracts in response to the 1-Hertz stimulation by visually examining it with brightfield illumination [1-LM].  
2.10.1. 58347_diaphragm-contracts_3.4.1: Microscopy movie as diaphragm contracts in response to the 1-Hertz stimulation under brightfield illumination.
2.11. If not, adjust the voltage by turning the voltage knob incrementally to achieve a supramaximal pulse, which can be verified by a visual examination of muscle contraction [1-MED-over the shoulder or CU].
2.11.1. Talent adjusts the voltage by tuning the voltage knob incrementally to achieve a supramaximal pulse.
2.12. If still not visible, blow out the nerve with the syringe and attempt to draw it in again by applying suction [1-LM].
2.12.1. 58347_blow-out nerve and re-suction_3.6.1: Microscopy movie as talent demonstrates blowing out the nerve with the syringe and attempting to draw it in again by applying suction.
2.13. Now, turn off the perfusion to add the muscle-specific myosin inhibitor BHC or the voltage-gated sodium channel antagonist µ-conotoxin (pronounced as “mew-conotoxin”) [1-MED-over the shoulder].  
2.13.1. Talent turns off the perfusion.  
2.14. Prepare the BHC predilution by pipetting 4 microliters of 200 milliMolar stock BHC in DMSO into 1 milliliter of Krebs-Ringer solution [1-MED-TXT].
2.14.1. Talent pipettes 4 microliters of 200 milliMolar stock BHC in DMSO into 1 milliliter of Krebs-Ringer solution.  Use labeled containers.  TEXT Overlay: See text for addition of µ-conotoxin 
2.15. Remove 1 milliliter of Krebs-Ringer solution from the dish [1-CU].  Then, add the prediluted BHC to the dish [2-MED-over the shoulder].  After 30 minutes, turn on the perfusion of fresh Krebs-Ringer solution for another 20 to 30 minutes [3-MED]. 
2.15.1. Dish as talent removes 1 mL of Krebs-Ringer solution.
2.15.2. Talent adds the prediluted BHC to the dish.  Use labeled containers.
2.15.3. Talent turns on the perfusion.
2.16. Wearing gloves, prepare the recording electrode by placing a borosilicate filamented glass with an outer diameter of 1 millimeter and an inner diameter of 0.4 millimeters into a micropipette puller [1-CU].
2.16.1. Micropipette puller as talent places a borosilicate filamented glass with an outer diameter of 1 millimeter and an inner diameter of 0.4 millimeters into a micropipette puller.
2.17. Tighten the dials to clamp it into position and close the puller door [1-MED-over the shoulder].  Then program the puller as described in the text protocol [2-MED].
2.17.1. Talent tightens the dials to clamp it into position and closes the puller door.
2.17.2. Talent programs the puller.
2.18. For embryonic diaphragms, measure the resistance using software controls of the amplifier [1-MED-over the shoulder].  Ensure that the resistance is near 60 MegaOhms, and for older diaphragms, 10 to 20 MegaOhms [2-CU].
2.18.1. Talent measures the resistance using software controls of the amplifier.  Continue/match action in next shot.   
2.18.2. Amplifier output display as talent measures the resistance using the software controls.
2.19. Now, load the recording electrode with 3 Molar potassium chloride [1-MED-over the shoulder].
2.19.1. Talent loads the recording electrode with 3M KCl.  Use labeled containers. 
2.20. At 10X magnification, lower the electrode into muscle, using a second micromanipulator on the opposite side of the stage as a stimulating electrode [1-LM].
2.20.1. 58347_electrode-into-muscle_3.14.1: Microscopy movie as talent works at 10X magnification to lower the electrode into the muscle, using a second micromanipulator.
2.21. Using electrophysiological data acquisition software, wait until the resting membrane potential changes from 0 to minus 65 milliVolts or below.  Stimulate at 1 Hertz and verify the presence of a muscle action potential by checking for a large potential that exhibits a modest overshoot.  Do not confuse stimulation artifact with an action potential [1-SCREEN]. 
2.21.1. 58347_SCREEN_3.15.1: Screen capture movie of the electrophysiological data acquisition software.  Once the resting membrane potential changes from 0 to minus 65 milliVolts or below, talent stimulates at 1 Hertz and verifies that the potential that rises above 0 mV.
3. Imaging of the Fluorescence of the Sample
3.1. At 20X magnification, locate the endplate band at the center of the muscle by looking for fluorescently labeled alpha bungarotoxin-neuromuscular junctions under green/yellow light excitation.  Switch to the blue light excitation to image Calcium responses in muscle, motor neuron, or Schwann cells [1-SCREEN].
3.1.1. 58347_Gould_SCREEN_4.1.1: Screen capture movie as talent locates the endplate band at the center of the muscle by looking for 594-αBTX–labeled neuromuscular junctions under 550 nm.  Talent switches to 470 nm to image Ca2+ responses.
3.2. If desired, set up the image splitter with bandpass filters and a dichroic single-edge filter for the dual-wavelength imaging [1-MED-over the shoulder or CU].  

3.2.1. Talent sets up the image splitter with bandpass filters and a dichroic single-edge filter for the dual-wavelength imaging.  
3.3. Perform experiments with the brightness bar on the lookup table bar set to 110% of the level at which the genetically encoded calcium indicator-expressing tissue exhibits saturation at 20X magnification, without binning in response to KCl.  Record at 20 frames per second so as not to miss any fast events [1-SCREEN-TXT].
3.3.1. 58347_Gould_SCREEN_4.3.1: Screen capture movie as talent sets the brightness bar on the lookup table bar to 110% of the level at which the GCaMP3/6-expressing tissue exhibits saturation at 20X magnification, without binning in response to KCl.  Talent begins recording at 20 frames per second.  TEXT Overlay: See text for calculating Fmax 
3.4. Stimulate with 1 to 45 seconds of 20 to 40 Hertz of nerve stimulation by delivering a train of impulses using the suction electrode, and collect dynamic fluorescent calcium responses in one cell subtype together with the static fluorescently labeled alpha bungarotoxin-neuromuscular junction signal [1-SCREEN]. 
3.4.1. 58347_Gould_SCREEN_4.4.1: Screen capture movie as talent stimulates with 1 to 45 seconds of 20 to 40 Hertz of nerve stimulation and collects dynamic fluorescent calcium responses in one cell subtype together with the static 594-αBTX neuromuscular junction signal.
3.5. Pharmacological agonists can be also be added by bath application or by perfusion, and the dynamic fluorescent calcium responses can be collected in the same way [1-SCREEN].
3.5.1. 58347_Gould_SCREEN_4.5.1: Screen capture movie as talent adds carbachol by bath application and collects the calcium responses.
3.6. When the imaging or electrophysiological experiments are finished because the desired results have been achieved, perfuse water through the perfusion lines and suck water 2 to 3 times through the suction electrode to ensure that salts do not build up [1-MED or WIDE].
3.6.1. Talent works at the instrument to perfuse water through the perfusion lines and suck water 2 to 3 times through the suction electrode to ensure that salts do not build up.
4. Results: Nerve Stimulation-induced Ca2+ Responses in Populations of Schwann Cells or Muscle Cells of the Neonatal Mouse Diaphragm
4.1. A spatial map of Schwann cell Calcium responses to phrenic nerve stimulation of a Wnt1-GCaMP3 (pronounced as “wint-G-C-A-M-P-3”) mouse diaphragm at postnatal day 7 shows a restriction to terminal/perisynaptic Schwann cells at the neuromuscular junction [1-LM]. 
4.1.1. 58347_Gould_Figure 1A_right panel – Authors, please provide this figure as a separate image without the “A” label.
4.2. The same diaphragm was imaged after labeling with fluorescently labeled alpha bungarotoxin, which binds to and labels acetylcholine receptors of the neuromuscular junction [1-LM].

4.2.1. 58347_Gould_Figure 1B_left panel – Authors, please provide this figure as a separate image without the “B” label.
4.3. The same diaphragm was also imaged under brightfield illumination to guide a recording electrode to the postsynaptic region of the muscle by the neuromuscular junction [1-LM]. 
4.3.1. 58347_Gould_Figure 1B_right panel – Authors, please provide this figure as a separate image without the “B” label.
4.4. Shown here is spatial demarcation of color-coded cells or regions of interest taken for analysis of individual Calcium transients [1-LM].
4.4.1. 58347_Gould_Figure 1C+D – Authors, please provide this figure as a separate image without the “C” and “D” labels.
4.5. A spatial map of muscle cell Calcium responses of a Myf5-GCaMP3 (pronounced as “my-F-5-G-C-A-M-P-3”) mouse diaphragm at P4, to phrenic nerve stimulation in the presence of the myosin inhibitor BHC, shows a response throughout the entire region of all diaphragm muscle cells [1-LM]. 

4.5.1. 58347_Gould_Figure 2A_middle panel – Authors, please provide this figure as a separate image without the “A” label.
4.6. In contrast, stimulation of the same diaphragm in the presence of µ-conotoxin causes a spatially restricted Calcium response in the medial region of all diaphragm muscle cells that corresponds to the acetylcholine receptor cluster-enriched endplate band [1-LM]. 
4.6.1. 58347_Gould_Figure 2A_left_right_panels – Authors, please provide this figure as a separate image without the “A” label.
5. Conclusion (said by authors on camera)

5.1. Dante Heredia: Following this procedure, other methods like immunohistochemistry or immunoblotting can be performed in order to answer additional questions like what is the molecular profile of cells identified by electrophysiology or Ca2+ imaging [1-MED].
5.1.1. Dante speaks towards camera (looking just off-camera), interview style.
5.2. Thomas Gould: Though this method can provide insight into the population response of Schwann cells and muscle cells to nerve stimulation in normal neonatal mice, it can also be applied to older mice or in mice expressing neuromuscular disease-associated proteins [1-MED]. 
5.2.1. Thomas speaks towards camera (looking just off-camera), 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.  

Authors, please upload the following to: http://www.jove.com/files_upload.php?src=17795883
Please be sure to use the filenames listed here to avoid confusion.

LAB MEDIA (LM):

58347_Gould_dissection1:  Microscope movie as talent dissects away the liver, the heart, and the lungs.  
58347_Gould_dissection2:  Microscope movie as talent removes the ribcage and the vertebral column, except for the thin ridge around the diaphragm.  
58347_4Xmagnification_3.3.1: Microscopy movie as talent uses a micromanipulator, move the suction electrode over the left phrenic nerve and apply suction by pulling out the barrel of a 5-milliliter syringe connected to the tubing that is attached to the suction electrode
58347_diaphragm-contracts_3.4.1: Microscopy movie as diaphragm contracts in response to the 1-Hertz stimulation under brightfield illumination.
58347_blow-out nerve and re-suction_3.6.1: Microscopy movie as talent demonstrates blowing out the nerve with the syringe and attempting to draw it in again by applying suction.
58347_electrode-into-muscle_3.14.1: Microscopy movie as talent works at 10X magnification to lower the electrode into the muscle, using a second micromanipulator.
58347_Gould_Figure 1A_right panel – Authors, please provide this figure as a separate image without the “A” label.
58347_Gould_Figure 1B_left panel – Authors, please provide this figure as a separate image without the “B” label.
58347_Gould_Figure 1B_right panel – Authors, please provide this figure as a separate image without the “B” label.
58347_Gould_Figure 1C+D – Authors, please provide this figure as a separate image without the “C” and “D” labels.
58347_Gould_Figure 2A_middle panel – Authors, please provide this figure as a separate image without the “A” label.
58347_Gould_Figure 2A_left_right_panels – Authors, please provide this figure as a separate image without the “A” label.
SCREEN Capture Movies:
58347_SCREEN_3.15.1: Screen capture movie of the electrophysiological data acquisition software.  Once the resting membrane potential changes from 0 to minus 65 milliVolts or below, talent stimulates at 1 Hertz and verifies that the potential that rises above 0 mV.
58347_Gould_SCREEN_4.1.1: Screen capture movie as talent locates the endplate band at the center of the muscle by looking for 594-αBTX–labeled neuromuscular junctions under 550 nm.  Talent switches to 470 nm to image Ca2+ responses.
58347_Gould_SCREEN_4.3.1: Screen capture movie as talent sets the brightness bar on the lookup table bar to 110% of the level at which the GCaMP3/6-expressing tissue exhibits saturation at 20X magnification, without binning in response to KCl.  Talent begins recording at 20 frames per second.  
58347_Gould_SCREEN_4.4.1: Screen capture movie as talent stimulates with 1 to 45 seconds of 20 to 40 Hertz of nerve stimulation and collects dynamic fluorescent calcium responses in one cell subtype together with the static 594-αBTX neuromuscular junction signal.
58347_Gould_SCREEN_4.5.1: Screen capture movie as talent adds carbachol by bath application and collects the calcium responses.
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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