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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 (and Y, see below)____  

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: ___ Nikon SMZ800N  - dissection _____Olympus BX51WI – electrophysiology
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N____ 

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.) ___________________________________________

Steps 2.2 – 2.5
Step 2.10 
Step 3.2

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.) __________ 

Steps 2.10 and 3.2 involve carefully removing the muscle layer adjacent to the LAL and isolating the nerve without damage, with “without damage” being the difficult part. 
E.  Will the filming need to take place in multiple locations? (Y/N) __N (see below)____ If yes, how far apart are the locations? ___________________________________________________

We indicated no because the experiment is completed in one laboratory.  As for interviews, keep in mind that the laboratory has no windows and is a standard lab.  Please let us know if you would like to an additional room for interviews.  There are several conference rooms nearby where we can film the interviews.  
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 isolate the levator auris longus muscle and its nerve in order to record synaptic currents at the neuromuscular junction. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Andrew Voss: This method can help answer key questions in the synaptic physiology field, such as endplate current amplitude, quantal content, probability of release, and the relationships between neurotransmission and muscle excitability [1-MED]. 
1.1.1. Named author states the above, looking slightly off camera, interview style 
1.2. Andrew Voss: The main advantage of this technique is that detailed electrophysiological recording from a single synapse can be easily combined with live-cell optical experiments [1-MED].   

1.2.1. Named author states the above, looking slightly off camera, interview style

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors: The following statements must be completed by different authors than those who gave the required statements. Please assign different authors to speak the following statements. 
1.3. Steve Burke: Though this method can provide insight into synaptic function and feedback communication between nerve and muscle, it can also be applied to other systems ranging from drosophila to mammals [1-MED].

1.3.1. Named author states the above, looking slightly off camera, interview style

1.4. Steve Burke: Generally, individuals new to this method will struggle because the mammalian nerve-muscle prep is fragile, particularly the nerve. Carefully acquiring and interpreting the subsequent voltage clamp data can also be challenging [1-MED].

1.4.1. Named author states the above, looking slightly off camera, interview style

1.5. Steve Burke: Visual demonstration of this method is critical as the dissection steps are difficult to learn, because the LAL prep is very thin and fragile [1-MED-TXT].   
1.5.1. Named author states the above, looking slightly off camera, interview style. Text: LAL: levator auris longus
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.6. ** Andrew Voss: Demonstrating the procedure will be Steve Burke from my laboratory. (Add additional mention of demonstrators as necessary).  

1.6.1. Interview style: Author saying the above 

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

Protocol: (read by voice talent at JoVE)
2. Levator Auris Longus Muscle Isolation 

2.1. To begin this procedure, under a stereo dissecting microscope [1-MED], make a small incision in the skin on the back of the mouse at the level of the scapulae [2-SCOPE]. Use a pair of micro dissection scissors, cut the skin over the head and the back [3-SCOPE].

2.1.1. Talent looking at the mouse through the eyepieces of the microscope

2.1.2. Show that a small incision is made in the skin on the back of the mouse at the level of the scapulae

2.1.3. Show that the skin over the head and the back are cut
2.1.3.1 Added shot: Cutting and removing the skin around the ear.
2.2. Next, pull up the skin along the incision near the scapulae [1-SCOPE]. Cut the muscles that are inferior to the LAL by starting at the right scapula [2-SCOPE]. 

2.2.1. Show that the skin is pulled up along the incision near the scapulae
2.2.1.1 Added shot: Fatty tissue is removed.
2.2.2. Show that the muscles that are inferior to the LAL are cut by starting at the right scapula. 

2.3. Then, gently lift the cut tissue immediately to the right of the midline, make a cut toward the left ear with the blades of the scissors pressed against the cranium to remove several layers of muscle that are inferior to the left LAL [1-SCOPE]. 

2.3.1. Show that the cut tissue immediately to the right of the midline is lifted and a cut is made toward the left ear with the blades of the scissors pressed against the cranium to remove several layers of muscle that are inferior to the left LAL

2.4. Avoid cutting the nerve that innervates the LAL, which wraps around the ear canal, and enter the muscles on the medial side of the ear [1-SCOPE]. Continue cutting through the ear canal, keeping as much of the nerve attached as possible [2-SCOPE]. 

2.4.1. Show that the cut is made toward the medial side of the ear

2.4.2. Show that the cut is made through the ear canal
2.5. Then, cut the fatty tissue behind the ear canal along the ventrolateral portion of the ear [1-SCOPE]. Cut along the left scapula similar to the procedures done on the right side to remove the muscle completely from the mouse [1-SCOPE].

2.5.1. Show that the fatty tissue behind the ear canal along the ventrolateral portion of the ear is cut

2.5.2. Show that a cut is made along the left scapula similar to that on the right side to remove the muscle completely from the mouse
      2.7     Next, cut off the pinna of the ear along the base, leaving the cartilaginous part of the ear attached to the LAL [1-SCOPE].  Flip the muscle so that the inferior side is facing up [2-SCOPE].


2.7.1 Show that the pinna of the ear is cut off along the base. 

2.7.2 Show that the muscle is flipped so that the inferior side is facing up. 
2.6. To isolate LAL muscle, place the LAL and the surrounding tissue into a Petri dish with a silicone elastomer bottom [1-MED-over the shoulder], and pin the dissected tissue to the bottom [2-CU]. Wash the tissue frequently in a physiological saline solution [3-CU]. 

2.6.1. *Film as written

2.6.2. CU the tissue as it is pinned to the bottom of the dish

2.6.3. CU the tissue as it is washed with physiological saline solution

2.7. Next, cut off the pinna of the ear along the base, leaving the cartilaginous part of the ear attached to the LAL [1-SCOPE].  Flip the muscle so that the inferior side is facing up [2-SCOPE]. 

2.7.1. Show that the pinna of the ear is cut off along the base

2.7.2. Show that the muscle is flipped so that the inferior side is facing up
2.9 Use a pair of forceps, gently pull the skin up on the lateral portion of the ear to stretch the muscle out, and place a small pin through the skin [1-SCOPE]. Repeat this step until the tissue is well-secured to the dish [2-SCOPE]. Remove the muscles that are covering the LAL and those bound to the LAL via connective tissue and are especially tight near the midline [3-SCOPE-TXT]. 


2.9.1 Show that the skin on the lateral portion of the ear is gently pulled up to stretch the muscle out and a small pin is placed through the skin


2.9.2 Show that another small pin is placed through the skin with the muscle stretched out.


2.9.3 Show that the muscles are removed. Text: auricularis superior, abductor auris longus, and the interscutularis Video editor: 2.9.2 and 2.9.3 were combined. 
2.8. Then, place an insect pin through the ear canal to hold the prep in place [1-SCOPE]. Using smaller pins, pin the remaining tissue on the opposite side of the midline of the LAL [2-SCOPE]. 
2.8.1. Show that an insect pin is placed through the ear canal to hold the prep in place

2.8.2. Show that the remaining tissue is pinned on the opposite side of the midline of the LAL

2.9. Use a pair of forceps, gently pull the skin up on the lateral portion of the ear to stretch the muscle out, and place a small pin through the skin [1-SCOPE]. Repeat this step until the tissue is well-secured to the dish [2-SCOPE]. Remove the muscles that are covering the LAL and those bound to the LAL via connective tissue and are especially tight near the midline [3-SCOPE-TXT]. 

2.9.1. Show that the skin on the lateral portion of the ear is gently pulled up to stretch the muscle out and a small pin is placed through the skin

2.9.2. Show that another small pin is placed through the skin with the muscle stretched out
2.9.3. Show that the muscles are removed. Text: auricularis superior, abductor auris longus, and the interscutularis
2.10. Subsequently, pull up the overlying muscle layer and cut the connective tissue with the blades oriented toward the muscle layer being pulled [1-SCOPE-TXT]. Cut toward the midline until about three quarters of the way to the midline, and keep removing muscle layers until only the LAL remains [2-SCOPE]. During the cleaning process, ensure that the nerves are not damaged [3-Added shot-TXT]. 
2.10.1. Show that the overlying muscle layer is pulled up and the connective tissue is cut with the blades. Text: Avoid cutting the LAL

2.10.2. Show that cut is made toward midline and muscle layers are removed until only the LAL remains
2.10.2.1 Removal of remaining fatty tissue and muscle. TEXT: Caution: If the nerves are damaged, restart the dissection on a new mouse.
2.11. Following that, remove some of the remaining connective tissue that is covering the LAL to aid in impalement of the electrodes. Only remove tissue that can be done easily without risk of damaging the LAL in the process [1-SCOPE].
2.11.1. Show that the remaining connective tissue that is covering the LAL is removed Talent removes the connective tissue.
3. Isolation of Nerve
3.1. To identify the nerve that innervates the LAL using a nerve stimulator, touch the nerves with the nerve stimulator [1-CU]. When the muscle contracts, the correct nerve has been identified [2-SCOPE]. 

3.1.1. CU the nerve stimulator as it touches the nerves

3.1.2. Show that the muscle contracts

3.2. Then, carefully grab the tissue near the nerve and use spring scissors to separate the nerve from the tissue surrounding the ear [1-SCOPE]. To minimize damage, keep most of the nerve embedded in some surrounding tissue, which will be used later to secure the nerve to the recording dish [2-SCOPE]. 

3.2.1. Show that the tissue near the nerve is grabbed and the nerve is cut from the tissue surrounding the ear
3.2.2. Show that most of the nerve is embedded in some surrounding tissue Video editor: 3.2.1 and 3.2.2 was combined in one shot. 
3.3. Maintain the dissected LAL prep in physiological saline solution for a couple of hours [1-CU]. Next, unpin and transfer the muscle to a stage insert under the dissection microscope for electrophysiology experiments [2-MED]. 
3.3.1. CU the dissected LAL as physiological saline solution is added 

3.3.2. Talent transfers the muscle to a perfusion chamber under an upright microscope
3.4. Pin the muscle at the ends and along its edge [1-SCOPE]. Position the nerve perpendicular to the muscle fibers and pin it to the bottom of the dish through some excess tissue that was left intact at the end of the nerve [2-SCOPE]. Keep the tissue bathed in a physiological saline solution at all times [3-SCOPE].

3.4.1. Show that the muscle is pinned at the ends and along its edge Video editor: This shot was accidentally slated as 3.4.3
3.4.2. Show that the nerve is positioned perpendicular to the muscle fibers and it is pinned the bottom of the dish

3.4.3. Show that the physiological saline solution is added to bath the tissue Author note: This shot was at the end of 3.3.2.
4. Electrophysiology Experiment
4.1. For electrophysiology experiment, secure the perfusion chamber with the LAL to the microscope stage [1-MED-over the shoulder]. Place the reference electrode into a cup filled with 3 Molar potassium chloride, which is connected to the recording chamber via an agar bridge [2-MED]. 

4.1.1. *Film as written

4.1.2. Talent places the reference electrode into a cup filled with potassium chloride. Video editor: 4.1.2 was split into two shots. 
4.2. At this point, position the nerve-stimulating electrode on the nerve [1-CU]. Expose the LAL prep to 4-Di-2-Asp for 10 minutes to achieve adequate fluorescence for neuromuscular junction visualization [2-CU-TXT]. After 10 minutes, exchange the 4-Di-2-Asp solution with the normal Calcium solution [3-MED].

4.2.1. CU the stimulating electrode as it is placed on the nerve

4.2.2. CU the dish as the solution is vacuumed and replaced with the prepared dye. Text: 4-(4-diethylaminostyryl)-1-methylpyridinium, 10 min

4.2.3. Talent exchanging the solutions Video editor: 4.2.2 and 4.2.3 were combined and accidentally called 4.3.1.
4.3. In the meantime, fill the pulled glass capillary for the voltage-sensing electrode with 3 Molar potassium chloride [1-MED-over the shoulder]. Gently tap the capillary to remove any air bubbles [2-CU] and secure the filled capillary into the electrode holder on the headstage [3-MED-over the shoulder-TXT]. 

4.3.1. *Film as written

4.3.2. CU the capillary as it is tapped to remove air bubbles

4.3.3. *Film as written. Text: Ensure electrode has a resistance of 10-15 MΩ

5. Identification of Neuromuscular Junction Using Fluorescence
5.1. Using an upright microscope with standard bright-field and fluorescence illumination [1-MED], look for a bright band of fluorescent green neuromuscular junctions running perpendicular to the muscle fibers along the prep with a low magnification water-immersion objective [2-SCOPE]. 

5.1.1. Talent adjusts the low magnification objective and looks at the sample through the eyepieces of the microscope

5.1.2. Show the search for a bright band of fluorescent green neuromuscular junctions running perpendicular to the muscle fibers along the prep

5.2. Then, switch to a higher magnification water-immersion objective [1-MED] to identify a neuromuscular junction on the top layer of muscle in order to examine with electrophysiology [2-SCOPE].
5.2.1. Talent  switches to a higher magnification water-immersion objective
5.2.2. Show a  neuromuscular junction on the top layer of muscle


Author note: We need to give notes on what to point out at this step. The videographer mentioned that you might be able to send a screen shot of the shot so that I can highlight the important features to point out in this shot.

5.3. Using primarily bright-field, position the electrode above the muscle membrane within 100 µm of the identified neuromuscular junction [1-SCOPE]. 

5.3.1. Show that the electrode is positioned above the muscle membrane within 100 µm of the identified neuromuscular junction in bright-field. Author note: We need to give notes on what to point out at this step. The videographer mentioned that you might be able to send a screen shot of the shot so that I can highlight the important features to point out in this shot
5.3.2. Show the location of the electrode relative to the neuromuscular junction using fluorescence
6. Results: Current-clamp and voltage-clamp recording of membrane properties 
6.1. This figure shows an example of the current pulses and the voltage responses from one LAL fiber under current-clamp from a 12-week-old wild type R6/2 mouse. The records were obtained in normal physiological saline solution and the presence of mEPPs indicates that these records were taken from the motor endplate [1-LM].

6.1.1. 57482fig8large.jpg: show figure 8A, then add 8B. Text: mEPPs: Miniature endplate potentials
6.2. Here is a representative recording of an EPC and two mEPCs, obtained under voltage-clamp condition [1-LM-TXT]. This figure shows the superimposed EPCs and mEPCs from a representative fiber [2-LM].

6.2.1. 57482fig9large.jpg: Show figure 9A. Text: EPC: Endplate currents; mEPCs: Miniature endplate currents
6.2.2. 57482fig9large.jpg: Show figure 9B, then add the inset

7. Conclusion (said by authors on camera)

Authors, please indicate the name of the speakers for the following statements.

7.1. Steve Burke: Once mastered, this technique can be done in 1 hour if it is performed properly [1-MED].

7.1.1. Named author states the above, looking slightly off camera, interview style.

7.2. Steve Burke: While attempting this procedure, it’s important to remember to take great care in removing muscle tissue adjoined to the LAL and isolating the nerve [1-MED].

7.2.1. Named author states the above, looking slightly off camera, interview style.

7.3. Andrew Voss: Following this procedure, other methods like live-cell imaging with membrane dyes such as FM 1-43 or histology can be performed in order to answer additional questions like vesicle release/uptake or morphological changes [1-MED].

7.3.1. Named author states the above, looking slightly off camera, interview style.

7.4. Andrew Voss: After its development, this technique paved the way for researchers in the field of physiology to explore synaptic transmission and nerve-muscle communication in organisms ranging from drosophila to mammals [1-MED].

7.4.1. Named author states the above, looking slightly off camera, interview style.

7.5. Andrew Voss: After watching this video, you should have a good understanding of how to isolate the innervate levator auris longus muscle in order to record synaptic currents at the neuromuscular junction [1-MED].

7.5.1. Named author states the above, looking slightly 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.  

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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