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

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.) 2.4, 2.5, 2.6, 2.7, 3.3___________________________________________
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.) 2.7 Placement of the electrodes is difficult due to their close proximity to each other. Careful practicing helps to succeed in this
E.  Will the filming need to take place in multiple locations? (Y/N) ____N___ If yes, how far apart are the locations? ___________________________________________________

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 electrophysiological recording is to measure compound muscle action potentials from brachial plexus nerve in forelimb using needle electrodes. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Prof. Ludo Van Den Bosch: This method enables the estimation of axonal degeneration and demyelination in peripheral nerves in mouse models of neurodegeneration [1-MED]. 
1.1.1. Interview style
1.2. Eveliina Pollari: The main advantage of this technique is that this minimally invasive approach is feasible for repeated measurements allowing longitudinal follow-up of multiple nerves in animals [1-MED].   
1.2.1. Interview style
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Prof. Philip Van Damme Robert Prior: The sensitivity of the method enables detection of axonal loss and demyelination even before notable motor deficits can be recorded thus allowing early quantification of these defects [1-MED].
1.3.1. Interview style 
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
. 
1.9. All animals were housed under standard conditions according to the guidelines of the KU Leuven -University of Leuven and the associated European guidelines (European Union Directive 2010/63/EU for animal experiments). All animal experiments were approved by the local ethical committee of the KU Leuven. 
Protocol: (read by voice talent at JoVE)
2. Measurement of CMAP in Hind- and Forelimbs
2.1. To begin this procedure, anesthetize the mouse with isoflurane/oxygen inhalation [1-MED-over the shoulder-TXT]. Confirm adequate anesthesia by applying mild pressure to the hindlimb walking pad to check the absence of a pain withdrawal reflex [2-CU].
2.1.1. Talent places the mouse in the isoflurane chamber. Text: 4% isoflurane for anesthesia induction, 2-3% for the maintenance at 2.5 L/min of oxygen
2.1.2. CU the mouse as pain withdrawal reflex is being checked by pressing the hindlimb walking pad
2.2. Then, place a nosecone on the animal’s face to maintain anesthesia [1-CU]. Ensure that the nosecone does not block the airway and the animal is breathing steadily [2-CU]. Next, maintain the animal’s body temperature at 37 °C using a thermostatic heating plate [3-CU MED].
2.2.1. CU the mouse as a nosecone is placed over its face [Steps 2.2.1 and 2.2.2 combined] (Author Comment: Adjusting the nosecone in seen in this step.)
2.2.2. CU the mouse as talent adjusting the nosecone 
2.2.3. CU MED the mouse as talent places or adjusts a thermostatic heating plate underneath it
2.3. To measure CMAP (pronounce “See Map”) on the hindlimb, position the mouse in the prone position [1-MED-over the shoulder-TXT]. Extend the hindlimb and attach the paw on the work surface using adhesive tape [2-CU].
2.3.1. *Film as written. Text: CMAP: compound muscle action potential
2.3.2. CU the mouse as its hindlimb is extended and the paw is attached to the work surface
2.4. Then, place 5 mm of the 27 gauge stimulating electrodes subcutaneously on both sides of the sciatic notch without puncturing the underlying muscles, with 2 cm between the electrodes [1-CU]. Similarly, place the recording electrode subcutaneously above and parallel to the gastrocnemius muscle [2-CU]. 
2.4.1. CU the mouse as 2 electrodes are placed subcutaneously on both sides of the sciatic notch without puncturing the underlying muscles with 2 cm apart
2.4.2. CU the mouse as the recording electrode is placed that aligns with the gastrocnemius muscle. 
2.5. Afterward, place the reference electrode subcutaneously next to the Achilles tendon in a 30-degree angle and leave 2-5 mm of the needle under the skin [1-CU]. Place the ground electrode subcutaneously on the side of the mouse in a similar manner as the stimulating electrodes [2-CU].
2.5.1. CU the mouse as the reference electrode is placed subcutaneously next to the Achilles tendon in a 30-degree angle and leave 2-5 mm of the needle under the skin
2.5.2. CU the mouse as the ground electrode is placed subcutaneously on the side of the mouse
2.6. To measure CMAP on the forelimbs, position the mouse on the heating pad in the supine position and use adhesive tape to extend both forelimbs on the sides of the body [1-MED-over the shoulder]. Next, place 5 mm of the stimulating electrodes subcutaneously without puncturing the underlying muscles on both sides of the forelimb to align with the brachial plexus nerve [2-CU].

2.6.1. Talent places the mouse on the heating pad in the supine position and uses adhesive tape to extend both forelimbs on the sides of the body. 
2.6.2. CU the mouse as the stimulating electrodes are placed subcutaneously without puncturing the underlying muscles on both sides of the forelimb to align with the brachial plexus nerve
2.7. Then, place the recording electrode subcutaneously above the biceps brachii muscle [1-CU]. Subsequently, place 3 mm of the reference electrode at a 30-degree angle on the walking pads [2-CU]. And insert the ground electrode subcutaneously on the side of the mouse [3-CU].
2.7.1. CU the mouse as the recording electrode is inserted subcutaneously on above the biceps brachii muscle
2.7.2. CU the mouse as the reference electrode at a 30-degree angle on the walking pads. 
2.7.3. CU the mouse as the ground electrode is inserted on the side 

2.8. Eveliina Pollari: Electrodes are in close proximity of each other in this setup. Prevent electrodes from touching each other as this distorts the recording [1-MED]. 
2.8.1. Interview style
3. Data Acquisition 

3.1. Stimulate all axons using 1 pulse per second with 0.1 ms stimulus duration [2-SCREEN-TXT]. To acquire data, start the stimulation by pushing the recurrent stimulus button in the controller unit and turn the intensity controller knob to increase the stimulus [1-MED-over the shoulder]. [2-SCREEN-TXT]. 
3.1.1. *Film as written (Author Comment: flickering in the screen) (Move below 3.1.2)
3.1.2. *To be submitted by authors. Show that from the dropdown menus, the correct frequency and duration are selected. Text: 1 pulse/s, 0.1 ms stimulus duration (Author Comment: It would be better if this step would be shown first and the 3.1.1 only after this.)
3.1.1. *Film as written (Author Comment: flickering in the screen)
3.2. To reach supramaximal stimuli, apply increasing stimuli by turning the intensity controller knob [1-MED-over the shoulder-TXT] until the amplitude of the CMAP response ceases to increase [2-SCREEN]. From there, further increase the stimulus by 20% to ensure that the CMAP amplitude has reached its maximal response [3-SCREEN]. End the stimulation by pushing the recurrent stimulus button again [4-MED-over the shoulder].
3.2.1. Talent turning the intensity controller knob. Text: 5-20 mA in demyelinating conditions up to 60 mA
3.2.2. *To be submitted by authors. Show that CMAP increases upon different intensities of stimuli. [Shots 3.2.2 and 3.2.3 combined] (Author Comment: Steps 3.2.2 and 3.2.3 are shown in the same screen capture file.)
3.2.3. *To be submitted by authors. Show that CMAP reaching its maximal response
3.2.4. *Film as written
3.3. Use the marker tool to indicate the following points in the recording: initiation of the stimulus, initiation of the response, maximum positive peak, and maximum negative peak [1-SCREEN]. 
3.3.1. *To be submitted by authors. Show that the points (initiation of the stimulus, initiation of the response, maximum positive peak, and maximum negative peak) in the recording are marked by marker tool
3.4. Determine the latency as a delay from the initiation of the stimulus to the initiation of the response. Use the latency to evaluate demyelination in the axons [1-LM]. Measure the amplitude from the maximum negative to maximum positive peak and use the magnitude of the amplitude to correlate the number of functional axons [2-LM].
3.4.1. 57741_Bosch_Figure2A.tif: Show the figure, emphasize double arrows that indicate latency
3.4.2. 57741_Bosch_Figure2A.tif: Emphasize double arrows that indicate amplitude
3.5. Since the exact placement of the electrodes can affect the outcome value of the recording, replace the electrodes [1-MED CU] and measure the same nerve for three times using supramaximal stimulus to ensure that the largest response is obtained. Use the average of the recordings [2-SCREEN].
3.5.1. Talent replacing 1-2 electrodes and reinserting in the recording sites again
3.5.2. *To be submitted by authors. Show the evoked responses upon stimuli
3.6. After the measurements, remove all the electrodes and leave the mouse to recover on the heating plate or under an infrared lamp for approximately 2-5 minutes until it has regained sufficient consciousness [1-MED]. Do not leave the mouse unattended and in the company of other mice until it has fully recovered from anesthesia [2-CU].
3.6.1. Talent removes all the electrodes

3.6.2. CU the mouse as it regains consciousness
4. Results: CMAP and Required Stimulus Over the Disease Course in CMT1A mice
4.1. The C61-PMP22 mice overexpressing 3-4 copies of the human PMP22 and the heterozygote mice recapitulate a very mild CMT1A disease phenotype with mild demyelination and reduced CMAPs, but with no visible phenotype. In 1.5-2 years of age of C61-PMP22 transgenic mice, the CMAP amplitudes are reduced and latencies are prolonged both in the hindlimbs and forelimbs [1-LM].
4.1.1. LAB MEDIA: 57741_Bosch_Figure4A.tif: Show the graph, add text “Hindlimb” and “Forelimb”
(Editor: I split 4.1 because the sound bite was far too long)
4.1a. 
Amplitude was decreased both in hind- and forelimbs in transgenic mice [2-LM]. And latency was prolonged in all limbs in CMT transgenic mice and even subtle change in forelimbs was detected with this measurement [3-LM]. Requirement for stimulus intensity was increased in C61-PMP22 mice, which resembles the detected phenotype in CMT1A patients [4-LM].

4.1.2. LAB MEDIA: 57741_Bosch_Figure4A.tif:: Add the two stars on the left in the Hindlimb column, then add the two stars on the right in the Forelimb column 

4.1.3. LAB MEDIA: 57741_Bosch_Figure4B.tif: Show the graph, add text “Hindlimb” and “Forelimb”, then add the stars in the graph to indicate significance
4.1.4. LAB MEDIA: 57741_Bosch_Figure4C.tif: Show the graph and then add the stars in the graph to indicate significance
5. Conclusion (said by authors on camera)

5.1. Eveliina Pollari: Once mastered, CMAP recording can be done for both hindlimbs and forelimbs in 15 minutes when performed properly [1-MED].
5.1.1. Interview style
5.2. Robert Prior: The presented technique provides novel possibilities for the characterization of mouse models of neurodegenerative disorders such as ALS and CMT [1-MED].
5.2.1. Interview style
5.3. Prof. Ludo Van Den Bosch: Assessing the functionality of the nerve axon provides detailed information on progression of neuromuscular disorders. Similar recordings are performed in clinical setups emphasizing translational relevance of the method [1-MED].
5.3.1. 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.  

3.4 - 57741_Bosch_Figure2A.tif - Representative image of CMAP response
4.1 - 57741_Bosch_Figure4A.tif - CMAP amplitude, latency and required stimulus
4.1 - 57741_Bosch_Figure4B.tif - CMAP latency
4.1 - 57741_Bosch_Figure4C.tif - CMAP required stimulus
3.1 - 57741_Bosch_Screencapture3.1.2 – Dropdown menus in the software

3.2 - 57741_Bosch_Screencapture3.2.2_3.2.3 – Increasing CMAP and CMAP reaching its maximal response

3.3 - 57741_Bosch_Screencapture3.3.1 – The points shown with the marker tool

3.5 - 57741_Bosch_Screencapture3.5.2 – The evoked response upon stimulus

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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