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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? ) 

Yes, we will require filming through a dissection microscope.

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No
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. 
Filming of steps 2.4 to 2.8 and then 3.4 will benefit most the viewer
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. 
Dissecting the spinal cord (2.4 – 2.8) and embedding in it in the correct orientation (3.4) are the most tedious steps.
E.  Will the filming need to take place in multiple locations? No
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 prepare oblique slices of the spinal cord that allow for the stimulation of the ventral roots.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Boris: The main advantage of this technique is that it allows for ventral root stimulation. Ventral root stimulation offers a reliable tool to confirm motoneuron identity and to study the population targeted by motoneuron axon collaterals.   (called 1.1A , the last 2)
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Felix: We first had the idea for this method, when needing a reliable way to simulate Renshaw cells.

1.2. Felix: Generally, individuals new to this method will struggle because of the difficulty to properly execute the steps of the dissection. (take 2)
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 ethic committee at Paris Descartes University.
Protocol (read by voice talent at JoVE):
2. Spinal Cord Dissection

2.1. Begin by perfusing a P2 to P11 mouse [1-MED] with low sodium ACSF [2-MED-over the shoulder]. After decapitating the mouse and removing the skin on the back, make two cuts through the shoulders and down the rib cage [3-CU]. 
2.1.1. Talent transferring the euthanized anesthetized mouse to the perfusion set up. Just a shot to establish the scene and introduce Talent. 
2.1.2. Talent watching the mouse perfusion. Don’t show detail of the perfusion. 
2.1.3. The cuts are made through the shoulders and down the rib cage. 
2.2. Then, cut the spinal cord as low as possible in the caudal section to isolate the vertebral column and ribs from the lower part of the animal [1-CU]. Flip the vertebral column and remove the viscera still attached to the ribs [2-CU]. 
2.2.1. [Shots 2.2.1, 2.2.2, and 2.3.1 combined] *film as written.
2.2.2. *film as written.
2.3. Transfer the vertebral column to another, smaller silicon-filled petri dish [1-MED], Add cold ACSF and bubble with carbogen [2.4.1-MED], and use 4 insect pins to hold the tissue dorsal side up [2-CU].
2.3.1. *film as written. 
2.4.1 Talent finishes pouring ASCF into the dish place the ACSF outflow and adds a bubbler
2.3.2. Place the outflow and pin the vertebral column, dorsal-side-up, to the silicon. (take 2)
2.4. [1-MED] Then perform a laminectomy of the dorsal side by first inserting the tip of fine scissors between the bone and the spinal cord and cutting the bone from the rostral end, making sure to stay away from the white matter [2-CU SCOPE]. 
2.4.1. Talent finishes pouring ASCF into the dish place the ACSF outflow. and adds a bubbler. (this step goes after 2.3.1)
2.4.2. [Shots 2.4.2 and 2.5.1 combined] *film as written. (from 51/55/00)
2.5. Alternate the cuts on each side while using tweezers to hold the band of bone already cut away [2-CU SCOPE].
2.5.1. *film as written. (With 2.4.2 , from 56/07/00)
2.6. Next, use small tweezers to lift the dura and small scissors to cut along the rostro-caudal axis on both sides [1-SCOPE]. 
2.6.1. *film as written. (use the beginning)
2.7. Felix: Removal of the dura is a critical step. It is well worth spending a few extra minutes do this thoroughly. 
2.7.1. Talent speaks the text to camera. 
2.8. Once the dura is removed, use a blunt glass tip to gently push the cord towards the left side of the groove formed by the half-cut spinal column [1-SCOPE], then cut the ventral and dorsal roots on the right side, as far as possible from where they enter the cord [2-SCOPE]. 
2.8.1. *film as written. (at 1/07/40 wider)
2.8.2. *film as written. (also with 2.8.1 at 1/09/45/00)
2.9. Repeat the operation on the left side, always going from rostral to caudal [1-MED-TXT]. 
2.9.1. Talent making the cuts on the other side. TEXT: If left-handed, start from the left side and then do the right side).
3. Agar Embedding
3.1. After dissection, slip the spinal cord out of the vertebral column [1-SCOPE]. Then use a small insect pin to secure the cord with the dorsal surface up [2-MED]. Delicately remove any pieces of attached membrane [3-SCOPE-TXT]. 
3.1.1. The spinal cord is slipped out of the column. 
3.1.2. The cord is pinned to the agar. (also with 3.1.1 at 1/13/50/00)
3.1.3. *film as written, TEXT: Critical step. (with 3.1.1 at 1/15/07/00)
3.2. Once cleaned, trim both ends of the cord [1-SCOPE], and insert a bent insect pin into the anterior part of the cord to mark its orientation [2-CU]. Then transfer the spinal cord to ice-cold intracellular solution [3-MED-over the shoulder]. 
3.2.1. *film as written. 
3.2.2. *film as written. 
3.2.3. *film as written. TEXT: Potassium gluconate.  
3.3. Next, cool previously prepared molten agar on a mixture of ice and water [1-MED-over the shoulder]. Stir the agar while measuring the temperature [2-MED]. 
3.3.1. Talent places the beaker/tube containing the gluconate solution and spinal cord on ice. 
3.3.2. Talent stirs the agar with a thermometer. 
3.4. When the temperature of the agar reaches 38 °C [1-MED-over the shoulder], hold the spinal cord by the insect pin and immerse it in the agar rostral side down [2-MED]. Make sure the spinal cord is as straight as possible, away from the walls, with the caudal part slightly upward [3-CU]. 
3.4.1. Talent checking the temperature of the thermometer. (with 3.3.2)
3.4.2. *film as written. (also with 3.3.2)
3.4.3. Show the spinal cord in the agar in the optimal position. (with 3.3.2 , the end)
3.5. Leave the beaker in the mixture of ice and water to allow the agar to solidify around the cord as quickly as possible [1-CU]. 
3.5.1. Show the spinal cord in the solidified agar. This shot could fade in from 3.4.3 if the cameral position is the same. 
4. Sectioning the Spinal Cord
4.1. After solidification, cut the agar block containing the spinal cord in such a way that the base of the block is at a 35° angle with the lumbar part of the cord [1-MED]. The dorsal surface should be facing away from the base [2-CU]. 
4.1.1. Talent cuts the block and then takes hands away to fully reveal the final block. 
4.1.2. Close up of the block. Dorsal surface is seen facing away from the base. 
4.2. Glue the block into the chamber of the vibratome using cyanoacrylate glue [1-MED-over the shoulder]. It is critical to mount the block correctly to maintain the continuity of the motor pools with the ventral roots from which they exit [2-CU]. 
4.2.1. *film as written. 
4.2.2. Close-up of the block correctly mounted. 
4.3. Immerse the block in potassium-gluconate solution [1-MED-TXT] [2-MED-over the shoulder].
4.3.1. Talent adds potassium-gluconate to the vibratome tray; TEXT: Bath temperature should remain below 2°C during slicing
4.3.2. Talent adds slushed frozen potassium-gluconate solution to the liquid in the vibratome tray. 
4.4. Set the vibratome parameters [1-MED-TXT]. 
4.4.1. Talent add the vibratome setting parameters (detail not required). TEXT: 10° angle, 70 Hz vibration frequency of the blade and 10 mm/min slicing speed. 
4.5. Next, cut 350 to 400 micron thick slices of the lumbar region [1-MED], which is identifiable by its curvature and larger diameter [2-CU]. 
4.5.1. Talent operating the vibratome to obtain sections. 
4.5.2. Show the curved lumbar region visible in the agar and close to the cutting surface. 
4.6. With the cord in the proper orientation, use the blade to cut from the dorsal to the ventral surface and with slices becoming continuously more rostral [1-MED]. 
4.6.1. Film the block as a cut is made. 
4.7. Transfer the suitable slices to ACSF at 34 °C [1-MED-over the shoulder]. Typically, there are 4 to 5 suitable slices with ventral roots extending 2 mm or more [2-MED].
4.7.1. Talent transfers slices. 
4.7.2. Show 4 or 5 slices in the solution. 
4.8. After approximately 30 minutes at 34 °C, cool the slices to room temperature [1-MED]. Then begin the recording session [2-WIDE].
4.8.1. Talent removes the beaker of slices from the water bath and places it on the bench. 
4.8.2. Talent approaches the recording set-up with the beaker of slices. (take 2)
5. Preparation for Patch-Clamp Recording
5.1. Prepare a box of various pipettes with tip diameters ranging from 40 to 170 microns in advance [1-MED]. To prepare the suction pipettes, select pipettes with a long taper [2-CU]. 
5.1.1. Talent opens/removes lid of the box containing patch the suction pipettes. (take 2)
5.1.2. Talent’s hand selects an appropriate pipette. 
5.2. Then, using a diamond knife, make cuts at different positions [1-CU], and, under a dissecting microscope, break each pipette by hitting the tip with tweezers [2-SCOPE].
5.2.1. *film as written. 
5.2.2. *film as written. 
5.3. Next, remove the chamber from the recording microscope and place it under a dissecting microscope [1-MED].
5.3.1. The chamber is placed under the dissecting microscope. 
5.4. Select a slice that contains a ventral root of sufficient length to be mounted on a suction stimulation electrode [1-CU-TXT]. 
5.4.1. Show the slices in the beaker and Talent selecting one. TEXT: Ventral root length of 2 mm or more. 
5.5. Mount the slice, orienting it with the ventral roots upward [1-SCOPE], then delicately cut the agar around the ventral roots while leaving the rest of the agar around the slice, and place the grid to hold the sample down [2-SCOPE].
5.5.1. [Shots 5.5.1 and 5.5.2 combined] *film as written. (take 2)
5.5.2. *film as written.
5.6. Mount the chamber back onto the microscope [1-MED], and continuously perfuse the recording chamber with ACSF at a rate of 1 to 2 milliliters per minute at room temperature [2-MED-over the shoulder]. 
5.6.1. *film as written. 

5.6.2. Talent places the ACSF bubbler in the recording chamber and adjusts the rate. 
5.7. Using a glass pipette filled with ACSF and connected to a syringe, suck one of the ventral roots [1-MED]. In order to achieve good stimulation of the ventral root, the pipette tip needs to be tight around the ventral root [2-SCOPE/LAB MEDIA-TXT]. 
5.7.1. *film as written. 

5.7.2. Show the root in situ. This may need to be covered by a picture provided by the authors if a good shot can’t be obtained during the shoot. TEXT: One pole should be in the stimulating electrode and the other in the bath. (Author Note: Media file uploaded on JoVE website-scope video.)
5.8. Achieve patch-clamp recording of the desired cell-type and record the effect of the ventral root stimulation as described previously [1-MED-TXT]. 
5.8.1. Talent performing patch-clamping. Details not required. TEXT: Lamotte d'Incamps & Ascher (2008). J Neurosci. 28 (52).  
6. Results: Motor Neuron Response to Ventral Root Stimulation
6.1. This image shows the results from voltage-clamp recording [1-LM]. The upper panel shows the antidromic response of a motor neuron to a 1 Volt stimulation in red, and a 5 Volt stimulation in black [2-LM]. The lower trace shows the orthodromic action potential response to a 20 Volt stimulation in red, and a 30 Volt stimulation in black [3-LM]. Black dots indicate stimulus timing. The double arrowheads emphasize the difference in latencies between ortho- and antidromic spikes [4-LM].
6.1.1. LAB MEDIA: 54525_Leroy_6.1 (panels A1 and B1 of figure 3). Show whole figure. 
6.1.2. LAB MEDIA: 54525_Leroy_6.1 (panels A1 and B1 of figure 3). Zoom in on upper panel. 
6.1.3. LAB MEDIA: 54525_Leroy_6.1 (panels A1 and B1 of figure 3). Zoom in on lower panel. 
6.1.4. LAB MEDIA: 54525_Leroy_6.1 (panels A1 and B1 of figure 3). Show whole figure. Bold or otherwise emphasize the black dots and double arrowheads in time with the narration. 
6.2. Here, current clamp recordings are shown [1-LM]. The upper panel shows the antidromic response to 10 Volt and 15 Volt stimulations in red and black respectively [2-LM]. The lower panel shows the orthodromic response to 25 and 40 Volt stimulations in red and black, respectively [3-LM]. Again, the stimulus timing and differences in latencies are indicated [4-LM].
6.2.1. LAB MEDIA: 54525_Leroy_6.2 (panels A2 and B2 of figure 3). Show whole figure. 
6.2.2. LAB MEDIA: 54525_Leroy_6.2 (panels A2 and B2 of figure 3). Zoom in on upper panel. 
6.2.3. LAB MEDIA: 54525_Leroy_6.2 (panels A2 and B2 of figure 3). Zoom in on lower panel. 
6.2.4. LAB MEDIA: 54525_Leroy_6.2 (panels A2 and B2 of figure 3). Show whole figure. Bold or otherwise emphasize the black dots in time with “stimulus timing” and double arrowheads in time with “differences in latencies”. 
6.3. This image of the Renshaw cell pool was acquired using an oblique condenser and a 20x objective. Note the motoneuron axons merging into the ventral root as shown by the arrow [1-LM]. 
6.3.1. LAB MEDIA: 54525_Leroy_6.3 (panel A of figure 4). Show image. Flash or otherwise emphasize the arrow when it is mentioned. Text is placed next to or above the small bar in the bottom right of the image. TEXT: Scale bar = 100 microns.
6.4. This image of the same region was taken using a 40x objective. Putative Renshaw cells are indicated with arrowheads [1-LM]. 
6.4.1. LAB MEDIA: 54525_Leroy_6.3 (panel B of figure 4). TEXT: Scale bar = 50 microns.
6.5. Shown here is a voltage-clamp recording of a Renshaw cell following stimulation of the ventral root indicated by the black dot [1-LM]. QX-314 in the intra-cellular solution prevented the cell from firing, and glycine and GABA responses were blocked by 3 µM gabazine and 1 µM strychnine, respectively [2-LM]. The red trace is the average of the grey ones [3-LM]. 
6.5.1. LAB MEDIA: 54525_Leroy_6.3 (panel C of figure 4). Show image and flash the black dot. 
6.5.2. LAB MEDIA: 54525_Leroy_6.3 (panel C of figure 4). Show image. 
6.5.3. LAB MEDIA: 54525_Leroy_6.3 (panel C of figure 4). Show image and flash the red line. 
7. Conclusion (said by authors on camera)
7.1. Boris: Once mastered, this technique can be performed in 20-30 min. While attempting this procedure, it’s important to remember to keep the preparation in cold medium at all time.
7.2. Felix: After watching this video, you should have a good understanding of how to prepare oblique slices of spinal cord, suitable for ventral root stimulation. Ventral root stimulation can be used to easily confirm the motoneuron identity and more importantly to reliably stimulate the Renshaw cells.

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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