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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y
If Yes, can you record movies/images using your own microscope camera?
N
If No, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Leica M80 Stereo Microscope 

2. Software: Does the part of your protocol being filmed demonstrate software usage?  N

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N

 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Daniel Babcock: Our protocol provides a straight-forward model for assessing synaptic integrity in an age dependent manner to study neurodegenerative diseases in tissue that is amenable to both structural and functional analyses [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

REQUIRED: 

1.2. Daniel Babcock: This technique facilitates the preservation of both neuronal and muscle tissue from Dorsal Longitudinal Muscle neuromuscular junctions to comprehensively investigate synaptic function over time in difficult to work with tissue [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: 

1.3. Daniel Babcock:This method can be applied to the study of neurodegenerative diseases, including ALS, and Parkinson’s, Huntingtin’s, and Alzheimer’s Diseases [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


1.4. 

Protocol
2. Thorax Isolation and Fixation
2.1. Before beginning the dissection, cut approximately 10 millimeters from the tip of a 200-microliter pipette [1].
2.1.1. WIDE: Talent cutting tip
2.2. After administering anesthesia, place 6-10 flies in a 6-centimeter Petri dish containing 70% ethanol [1-TXT] and use a paint brush to gently submerge each fly [2].
2.2.1. Talent adding flies to dish, with ethanol container visible in frame TEXT: Anesthesia: CO2 exposure
2.2.2. Fly being submerged Videographer: Important step
2.3. After 1-2-minutes, use forceps to transfer one fly by the legs or wings to a silicone elastomer-coated dissection dish containing 7-10 milliliters of PBS under a dissecting microscope [1].
2.3.1. Fly being transferred to dish, with PBS container visible in frame
2.4. With the fly submerged in the PBS, use blunt Dumont #5 fine forceps to carefully remove the wings [1] and use Vannas straight edge spring dissection scissors to make a small incision in the ventral side of the cuticle to remove the legs [2].
2.4.1. SCOPE: Wings being removed Videographer: Important step
2.4.2. SCOPE: Incision being made/legs being removed Videographer: Important step
2.5. Holding the dissection scissors in one hand and blunt forceps in the other, position the fly ventral side up [1] and, holding the specimen in place with the forceps, remove the head and abdomen with the scissors [2-TXT].
2.5.1. SCOPE: Fly being positioned Videographer: Important step
2.5.2. SCOPE: Head and abdomen being removed Videographer: Important step TEXT: Repeat for each fly
2.6. Use a 200-microliter pipette set to 40 microliters and the modified pipette tip to collect the thoraces [1] and place the isolated tissue samples into an appropriately labeled tube containing 900 microliters of PBS and 150 microliters of 32% formaldehyde [2].
2.6.1. SCOPE: Thorax being aspirated
2.6.2. Thorax being added to tube 
2.7. After 30 minutes at room temperature, use a Pasteur pipette to remove the fixative [1] and rinse the flies three times with 1.5 milliliters of PBS per wash [2].
2.7.1. Fixative being removed
2.7.2. Talent washing flies, with PBS container visible in frame
3. Flash Freezing and Thorax Bisection 
3.1. Before beginning the bisections, don cryo-protective gloves and safety glasses [1] and fill a Dewar flask with liquid nitrogen [2]. 
3.1.1. WIDE: Talent putting on PPE
3.1.2. Talent filling Dewar with LN2
3.2. Use a blade breaker to grab a feather blade at an angle [1] and bend the blade to break off a small piece [2].
3.2.1. Talent using blade breaker to grab feather blade
3.2.2. Blade being broken 
3.3. Use the blade breaker to lock the blade in position [1] and use a glass Pasteur pipette to remove all of the PBS from the sample tubes [2]. 
3.3.1. Blade being locked
3.3.2. PBS being removed
3.4. Use cryogenic tweezers to submerge the tubes in the flask of liquid nitrogen [1-TXT].
3.4.1. Talent submerging tube(s) TEXT: Close caps tightly before freezing to avoid tube explosion
3.5. After 10 seconds, use a Pasteur pipette to add approximately 300 microliters of ice-cold PBS to each tube on ice [1] and place one thorax ventral side up in a 10-centimeter, silicone elastomer-coated dissection dish containing ice-cold PBS [2].
3.5.1. Talent adding PBS to tube(s) 
3.5.2. Thorax being placed into dish 
3.6. Use a dull pair of forceps to position the thorax [1] and a fine pair of forceps to remove some of the thoracic ganglia to expose the midline of the thorax [2].
3.6.1. Thorax being positioned Videographer: Important step
3.6.2. Ganglion being removed Videographer: Important step
3.7. Using the midline of the thorax as a guide, use the blade to make a shallow cut through one third of the thorax [1] and use the blunt forceps to position the thorax at a 45-degree angle [2].
3.7.1. Incision being made Videographer: Important step
3.7.2. Thorax being positioned Videographer: Important step
3.8. Use the blade to cut straight down the midline of the thorax to obtain two hemithoraces [1] and to carefully make one or two cuts to remove the excess tissue without damaging the dorsal longitudinal muscles [2].
3.8.1. Thorax being cut Videographer: Important/difficult step
3.8.2. Cut(s) being made Videographer: Important step
3.9. Then place the muscle tissue samples into an appropriately labeled tube of PBS [1-TXT].
3.9.1. Talent placing tissue into tube TEXT: Repeat for each hemithorax 
4. Structural Staining 
4.1. When all of the thorax samples have been bisected, permeabilize the tissues in blocking buffer for at least 1 hour at 4 degrees Celsius [1-TXT].
4.1.1. WIDE: Talent adding tissues to buffer, with buffer container visible in frame TEXT: See text for all solution and buffer preparation details
4.2. At the end of the incubation, vortex freshly prepared structural stain solution [1] and add 150 microliters of the stain to each sample [2] for a two-hour incubation on a rotator at room temperature in the dark [3].
4.2.1. Talent vortexing stain solution
4.2.2. Talent adding stain to tube(s)
4.2.3. Tube(s) on rotator
5. Tissue Mounting 
5.1. After staining, wash the samples in PBST (P-B-S-T) [1-TXT] and place 5 reinforcement labels stacked and cut in half 15 millimeters apart on one glass microscope slide [2].
5.1.1. Talent adding PBST to tube(s), with PBTS container visible in frame TEXT: PBS + 0.3% Triton X
5.1.2. Label(s) being stacked on microscope AND shot of labels on slide
5.2. Use a modified micropipette tip to transfer the thoraces onto each slide [1] and use a laboratory wipe to remove any excess PBST [2].
5.2.1. Sample being placed
5.2.2. Solution being wiped
5.3. Use forceps to arrange the samples such that the thoraces are facing muscle side up [1].
5.3.1. Sample being arranged NOTE: This was done under the scope to emphasize the importance of the samples being correctly oriented muscle side up. 
5.4. When the samples are correctly oriented, use a 200-microliter pipette tip to apply 70 microliters of mounting medium to each slide [1-TXT] and cover each slide with a coverslip [2].
5.4.1. Medium being added to slide, with medium container visible in frame.
5.4.2. Coverslip being mounted onto slide
5.5. Then use nail polish to generously coat the outside edges of the coverslips to obtain a complete seal around each tissue [1-TXT].
5.5.1. Nail polish being applied TEXT: Image immediately after sealing or store at -20 °C until imaging


Protocol Script Questions

A. Which steps from the protocol are the most important for viewers to see? 
2.2., 2.4., 2.5., 3.6.-3.8.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.8. Bisecting the thorax down the midline. To ensure success, I remove some of the thoracic ganglion to expose the midline. This prevents cutting blindly without any sense of where the thoraces are divided.


Results
6. Results: Representative Synaptic Integrity Assessment

6.1. To assess the synaptic integrity [1], neuromuscular junctions can be stained with horseradish peroxidase [2] and Phalloidin [3].

6.1.1. LAB MEDIA: Figures 1C-1E
6.1.2. LAB MEDIA: Figures 1C-1E Video Editor: please emphasize green signal in Merge image
6.1.3. LAB MEDIA: Figures 1C-1E Video Editor: please emphasize pink signal in Merge image

6.2. Motor neurons in Tar-Binding Protein of 43 kilodalton mutants have little to no horseradish peroxidase staining by Day 21 [1], while the wild type protein remains intact [2].

6.2.1. LAB MEDIA: Figures 1C and 1F Video Editor: please emphasize arrow/signal indicated by arrow in Figure 1F
6.2.2. LAB MEDIA: Figures 1C and 1F Video Editor: please emphasize arrow/signal indicated by arrow in Figure 1C

6.3. No visible differences in muscle staining are observed [1].

6.3.1. LAB MEDIA: Figures 1C, 1D, 1F, and 1G 

6.4. In addition to structural staining [1], dorsal longitudinal muscle neuromuscular junction labeling can also provide an assessment of synaptic integrity with presynaptic [2] and post synaptic markers [3].

6.4.1. LAB MEDIA: Figure 2
6.4.2. LAB MEDIA: Figure 2 Video Editor: please emphasize Figures 2A-2R
6.4.3. LAB MEDIA: Figure 2 Video Editor: please emphasize Figures 2S-2X

6.5. Note that liquid nitrogen flash freezing facilitates a successful bisection [1], as non-flash frozen tissue is more susceptible to damage during the dissection [2].

6.5.1. LAB MEDIA: Figure 3 Video Editor: please emphasize Figures 3A-3C
6.5.2. LAB MEDIA: Figure 3 Video Editor: please emphasize tears in Figure 3E/arrows in Figure 3E 	

Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Jessica Sidisky: Following this procedure, the preserved samples can be analyzed by confocal microscopy to measure specific aspects of the synaptic structure [1].

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
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