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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  yes  
If Yes, can you record movies/images using your own microscope camera?
No  
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Olympus SZX10
Videographer: please film the SCOPE shot using the scope kit
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes, all done

3. Filming location: Will the filming need to take place in multiple locations?   yes
1.7 km


Current Protocol Length

Number of Steps:  19
Number of Shots:  50

Interviews 
1. Video 1: Author Spotlight: Advancing Spinal Cord Stimulation- Exploring the Cellular Responses of Motor Neurons through Patch-Clamp Electrophysiology

Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) at Tsinghua University

Videographer: Obtain headshots for all authors. 


[bookmark: _Hlk142600063]What is the scope of your research? What questions are you trying to answer? 
1.1. Luming Li: Spinal cord stimulation can help patients restore locomotor function after injury. Motor neurons are the final unit to execute sensorimotor behaviors. Studying the electrical responses of motor neurons, can aid in understanding the underlying logic of spinal motor neuromodulation.Spinal cord stimulation can help restore locomotor function after injury by studying the electrical responses of motor neurons, which are the final unit to execute sensorimotor behaviors. This can aid in understanding the underlying logic of spinal motor modulation.	Comment by qingyu yao: We have slightly modified the order of language wording to make it more coherent. Due to changes in my tutor's schedule, this shot was completed by myself and I have uploaded it to this website https://review.jove.com/account/file-uploader?src=19942473 . The file name includes: Luming Li. We also use iPhone to record the audio as your reference, and if necessary, you can extract the audio tract from the iPhone video files.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

[bookmark: _Hlk142599398][bookmark: _Hlk142596664]What technologies are currently used to advance research in your field?
1.2. Qingyu Yao: Patch-clamp is the golden-standard method for cellular electrophysiological recording with extremely high spatiotemporal resolution. Therefore, this study describes a method using a patch clamp to simultaneously record diverse stimulus characteristics and cellular responses of motor neurons at a single-cell scale.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
[bookmark: _Hlk142602077]What are the current experimental challenges?
1.3. Jie Liu: Compared with the brain patch-clamp, the spinal cord patch-clamp is more difficult because the spinal cord is well-protected by the vertebral canal with tiny volume. Therefore, this protocol provides technical details in quickly micro-dissecting the spinal cord and rigorous ice-cold maintenance to obtain better cell viability.  
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll:2.2.3, 2.2.4


[bookmark: _Hlk142596244]What advantage does your protocol offer compared to other techniques?
1.4. Xuesong Luo: Patch-clamp allows a unique understanding of the synaptic transmission and action potential encoding pattern activated by the spinal cord stimulation.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Videographer: Obtain headshots for all authors.

Protocol Videos 
2. Video 2: Spinal Cord Dissection for the Whole-Cell Patch-Clamp Recording in Motor Neurons
Demonstrator: Qingyu Yao
Ethics Title Card
Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Tsinghua University
Protocol
2.1. After exposing the heart of an anesthetized rat [1-TXT], puncture the right atrium using fine scissors [2] and inject 100 milliliters of chilled perfusing fluid at approximately 2 milliliters per second within 1 minute [3].	Comment by china: The verb expression in this place is not accurate, please correct it to"cut". Thank you. 
2.1.1. WIDE: Shot of the rat with the exposed heart on the surgical platform. TXT: Anesthesia: 2.5% tribromoethanol
2.1.2. Talent punctures the right atrium.	Comment by china: The verb expression in this place is not accurate, please correct it to"cut". Thank you. 
2.1.3. Talent injects chilled perfusing fluid into the atrium.

2.2. Position the rat in the prone position [1]. Cut the spine at the anterior superior iliac spine [2] and the curvature shifting point of the thoracic column [3]. Immediately place the isolated spine into the oxygenated ice-cold perfusing solution to wash off residual blood and fat tissue [4].
2.2.1. Talent places the rat in the prone position.
2.2.2. Talent cuts the spine at the anterior superior iliac spine.
2.2.3. Talent cuts the curvature shifting point of the thoracic column.
2.2.4. Talent places the spine into the oxygenated ice-cold perfusing solution.

2.3. Then, transfer the isolated spine to the anatomical tray, with its dorsal side up and the rostral end near the operator [1]. Fill the tray with 150 milliliters of continuously oxygenated, ice-cold cutting solution [2].	Comment by china: Sorry, this is my writing mistake. Please correct it to 50ml. I will also make revisions in the main manuscript. 
2.3.1. Talent places the spine into the anatomical tray with its dorsal side up and the rostral end near the operator.
2.3.2. Talent adds 150 ml of ice-cold cutting solution to the tray.	Comment by china: Sorry, this is my writing mistake. Please correct it to 50ml. I will also make revisions in the main manuscript.

2.4. Under a dissection microscope, cut the vertebral pedicles on both sides from the rostral end using micro-scissors [1]. Next, delicately sever the dura mater along its dorsal midline with micro-scissors [2-TXT].
2.4.1. [bookmark: OLE_LINK1]SCOPE: Talent cuts the vertebral pedicles of both sides from the rostral end. 
Videographer: please film the SCOPE shot using the scope kit	Comment by qingyu yao: The recording effect of this scope kit is not good. I have purchased a video recording module for the microscope and the clarity has been greatly improved. Therefore, the video of the microscope has been sent to you by myself. I have already uploaded it into the system https://review.jove.com/account/file-uploader?src=19942473.
2.4.2. [bookmark: OLE_LINK2]SCOPE: The dura mater is being cut. TXT: Avoid extracting the spinal cord immediately from the spinal canal

2.5. Lift the rostral part of the spinal cord carefully [1] and cut the nerve root, leaving about 1 millimeter reserved [2]. After the spinal cord has been separated from the vertebral canal [3], secure it with the ventral side facing up using two insect pins [4].
2.5.1. [bookmark: OLE_LINK3]SCOPE: The rostral part of the spinal cord is being lifted.
2.5.2. [bookmark: OLE_LINK4]SCOPE: The nerve root is being cut.
2.5.3. SCOPE: The spinal cord is being separated from the vertebral canal
2.5.4. [bookmark: OLE_LINK5]SCOPE: The spinal cord is being secured with the ventral side facing up.	Comment by qingyu yao: This shot is not suitable for filming under a microscope, but for general shooting using an ordinary lens, which will be sent to you by your photographer.

2.6. Using a micro-scissor, cut the dura mater along the ventral midline [1]. Trim any excessive nerve roots, leaving about 1 millimeter intact [2]. Then, separate the lumbar enlargement to a length of 6 to 7 millimeters using a micro-scissor [3].
2.6.1. SCOPE:  The dura mater is being cut along the ventral midline.	Comment by qingyu yao: This shot can be removed, as compared to the dura mater on the dorsal side, the dura mater on the ventral side is very thin, and the filming result under the microscope is not satisfactory. Moreover, this detail is also described in the manuscript, and readers can fully understand my meaning without having to be shown through a video. Therefore, it is recommended to delete this shot.
2.6.2. SCOPE: The excessive nerve roots are being trimmed.
2.6.3. SCOPE:  The lumbar enlargement is being separated. 
3. Video 3: Preparation of Spinal Cord Slice for the Whole-Cell Patch-Clamp Recording in Motor Neurons 
Demonstrator: Qingyu Yao
[bookmark: _Hlk120633226]Ethics title card
Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Tsinghua University

Protocol
3.1. After dissecting the spinal cord and separating the lumbar enlargement [1], place the lumbar enlargement on a 35 degrees slope with the dorsal side up and caudal side down [2]. Absorb any excess water on the tissue surface using an absorbent filter paper [3]. 
3.1.1. WIDE: Talent showing the spinal cord and the lumbar enlargement
3.1.2. Talent places the lumbar enlargement on 35 degrees slope.
3.1.3. Talent places an absorbent filter paper on the tissue. 

3.2. Carefully pour the molten agarose gel into the Petri dish containing the lumbar enlargement [1]. Position the Petri dish in the ice-water mixture to ensure rapid gel cooling [2]. Shape the gel into a cube of 15 by 10 by 10 millimeters [3] and mount it onto the specimen disc using superglue [4].
3.2.1. Talent pours the molten agarose gel into the Petri dish containing the lumbar enlargement.
3.2.2. Talent places the Petri dish in the ice-water mixture.
3.2.3. Talent shapes the gel into cubes.
3.2.4. Talent mounts the tissue cubes on the specimen disc.

3.3. Adjust the vibratome settings to a thickness of 350 micrometers, a speed of 0.15 millimeters per second [1], an amplitude of 0.1 millimeters, and a vibration frequency of 85 Hertz [2]. 
3.3.1. Talent sets the thickness to 350um, speed to 0.15ml/sec.	Comment by qingyu yao: Sorry, that was a typo. Please correct it to “0.14-0.16 ml/sec”.
3.3.2. Talent set the amplitude to 0.1 mm and vibration frequency to 85 Hz.	Comment by qingyu yao: Sorry, that was a typo. Please correct it to “1.0 mm”.	Comment by china: Please delete this sentence, as 85Hz is a fixed parameter that cannot be adjusted and will not be displayed on the control panel screen.

3.4. Now, use the cover slide tweezers to clip a slice [1] and place it into the incubation chamber filled with continuously oxygenated artificial cerebrospinal fluid [2].
3.4.1. Talent clips a slice. 
3.4.2. Talent places the slice into an incubation chamber.

4. Video 4: Patch-Clamp Recording to Study the Electrical Responses of Motor Neurons to Spinal Cord Stimulation
Demonstrator: Qingyu Yao

Ethics title card
Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Tsinghua University

4.1. To begin, place the prepared spinal cord slice in the recording chamber [1]. Then place the anode of the micromanipulation system near the dorsal midline [2] and the cathode close to the dorsal root entry zone for proper spinal cord stimulator positioning [3].
4.1.1. WIDE: Talent placing the spinal cord slice into the recording chamber.
4.1.2. Talent places the anode near the dorsal midline.
4.1.3. Talent places the cathode close to the dorsal root entry zone.

4.2. Now switch to a 60x objective lens to identify a healthy neuron [1], having a smooth and bright surface without visible nuclei [2]. 
4.2.1. Talent changes the objective lens to 60 X.
4.2.2. SCOPE:  Shot of a healthy neuron.	Comment by qingyu yao: I will send you this shot. I have already uploaded it into the system.

4.3. Slightly decrease the infrared intensity [1], turn on the fluorescent light source, and adjust the light filter to the wide band ultraviolet excitation option [2]. 
4.3.1. Talent decreases the IR intensity.
4.3.2. Talent turns on the fluorescent light source and adjusts the light filter to the wide band ultraviolet excitation.

4.4. Now, select an appropriate FluoroGold-positive motor neuron [1] and gradually lower the electrode until it is near the neuron [2]. As the pipette contacts its surface, look for a small membrane indentation at the tip level [3] and release the previously applied positive pressure [4].
4.4.1. 65385_screenshot_1.mp4: 00:00-00:04
4.4.2. 65385_screenshot_1.mp4: 00:06-00:09
4.4.3. 65385_screenshot_1.mp4: 00:12-00:16
4.4.4. 65385_screenshot_1.mp4: 00:19-00:23
4.5. Then apply negative pressure to the pipette using a syringe [1] and wait until the resistance value rises to gigaohms on the software interface [2].
4.5.1. Talent applies negative pressure to the pipette.
4.5.2. 65385_screenshot_2: 00:01-00:08

4.6. Clamp the membrane potential at minus 70 millivolts [1]. Press the fast capacitance compensation button on the amplifier's software interface [2]. Then apply a brief negative pressure to rupture the cell membrane [3] and press the slow capacitance compensation button on the amplifier's software interface [4].
4.6.1. 65385_screenshot_2.mp4:  00:15-00:19
4.6.2. 65385_screenshot_2.mp4:  00:32-00:37
4.6.3. 65385_screenshot_2.mp4:  00:44-00:50
4.6.4. 65385_screenshot_2.mp4:  00:51-00:54

4.7. Apply the spinal cord stimulation for 1-2 seconds, keeping the amplitude between 1-10 milliamperes [1-TXT]. Determine the motor threshold by gradually increasing the stimulation amplitude until the first action potential is observed [2].
4.7.1. 65385_screenshot_3.mp4:  00:03-00:09 TXT: Pulse width: 210 μs; Frequency: 40 Hz 
4.7.2. 65385_screenshot_3.mp4:  00:15-00:18

4.8. Distinguish delayed and immediate firing motor neurons using a 5-second depolarizing current injection around rheobase in the current-clamp mode [1].
4.8.1. LAB MEDIA: Figure 3 

4.9. After turning off the spinal cord stimulation, continue recording the membrane potentials to capture the spontaneous action potentials firing [1]. 
4.9.1. [bookmark: _Hlk142300357]65385_screenshot_3.mp4:  00:00-00:10

Representative Results
4.10. When the amplitude of spinal cord stimulation was raised [1], the membrane potential was increased, and action potentials were triggered every 10 to 20 pulses [2]. 
4.10.1. LAB MEDIA: figure 4.
4.10.2. LAB MEDIA: figure 4. Video editor: Please highlight figure 4D

4.11. After the spinal cord stimulation was turned off [1], the neuron fired a series of spontaneous action potentials for a short period of time [2], then the resting membrane potential returned to minus 65 millivolts [3].
4.11.1. LAB MEDIA: Figure 5
4.11.2. LAB MEDIA: Figure 5 Video editor: please highlight the peaks marked as Spontaneous AP
4.11.3. LAB MEDIA: Figure 5 Video editor: please highlight the arrow marked as RMP= -65mV
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