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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_____  

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: We will need to use 3 different microscopes. One for the dissection (Leica MZ8) equipped with an extra head/pair of oculars (dual viewing teaching microscope), one for the electrical stimulation (Zeiss Axioskop) and one for the Channelrhodopsin stimulation (Zeiss Stemi 2000-C equipped with camera port).__

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.) 
2.3, 2.4, 3.1, 3.3, 4.1, 5.2
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.) 3.3
E.  Will the filming need to take place in multiple locations? (Y/N) ____Y____ If yes, how far apart are the locations? 2 or 3 nearby rooms (same building)
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 experiment is to observe the endo- and exocytosis cycling of synaptic vesicles on the live preparation of Drosophila larval neuromuscular junction using fluorescent FM dyes. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Danielle Kopke: This method can help answer key questions in the neuroscience field, such as which genes are critical for the synaptic vesicle cycle [1-MED]. 
1.1.1. Named author states the above, looking slightly off camera, interview style

1.2. Danielle Kopke: The main advantage of this technique is that you can optically track vesicle cycling during neurotransmission in a live preparation using 3 different stimuli: high potassium depolarization, electrical stimulation, or channelrhodopsin stimulation [1-MED]. 
1.2.1. Named author states the above, looking slightly off camera, interview style 

Protocol: (read by voice talent at JoVE)
(Editor: The authors added a number of shots that seem to suggest additional actions, but did not alter the voice-over at all to  indicate what they’d like said or exactly where the actions should occur. I’ve marked all of these cases, but I’ve recommended that these shots not be used for the time being. The authors may request they be included during proofing, but should include the additional VO to indicate what should be said and when)
2. Larval Glue Dissection
2.1. To begin this procedure, fill the chamber with saline [1-MED-over the shoulder-TXT]. Next, add anti-HRP antibody conjugated to Alexa Fluor 647 for labeling the neuromuscular junction presynaptic terminal during dissection [2-CU-TXT].

2.1.1. *Film as written. Text: See the accompanying manuscript for saline’s composition
2.1.2. CU the sample as antibody is added. Text: HRP: anti-horse radish peroxidase, NMJ: neuromuscular junction (Author Comment: The HRP antibody is already in the saline before it goes into the chamber so we took a shot of me adding the antibody to the saline (it’s a blue color).)
2.2. Using a fine paintbrush, transfer a wandering third instar from the food vial onto a elastomer-coated cover glass [1-MED-over the shoulder]. Then, fill the glass micropipette tip with a small volume of glue [2-CU] using negative air pressure generating by mouth [3-MED].

2.2.1. *Film as written
2.2.2. Show that the glass micropipette tip is filled with a small volume of glue
2.2.3. Talent generating negative air pressure by mouth
2.3. Subsequently, position the larva dorsal side up with forceps [1-SCOPE] and glue the head to the elastomer-coated coverslip with a small drop of glue using positive air pressure by mouth [2-SCOPE]. Repeat this procedure with the posterior end of the larva, making sure that the animal is stretched taut between the two glue attachments [3-SCOPE].

2.3.1. Show that the larva is being positioned dorsal side up with forceps
2.3.2. Show that the larva’s head is glued to the elastomer-coated coverslip with a small drop of glue
2.3.3. Show that the animal is stretched taut between the two glue attachments
2.4. Using scissors, make a 1 mm horizontal cut at posterior and a vertical cut along the dorsal midline [1-SCOPE]. Then, gently remove the dorsal trachea, gut, fat body and other internal organs covering the musculature [2-SCOPE]. Repeat the gluing procedure for the four body wall flaps, making sure to gently stretch the body wall both horizontally and vertically [3-SCOPE].
2.4.1. Show that a 1 mm horizontal cut is made at posterior and then a vertical cut is made along the dorsal midline
2.4.2. Show the procedure described
2.4.3. Show that the four body wall flaps are glued 
2.5. Afterward, lift the VNC and carefully cut the motor nerves with the scissors, then completely remove the VNC [1-SCOPE-TXT]. Replace the dissection saline with calcium-free saline to stop SV cycling [2-MED-TXT].
2.5.1. Show the procedure described. Text: VNC: ventral nerve cord
2.5.2. Talent replacing the dissection saline with calcium-free saline. Text: SV: synaptic vesicle
3. Electrical Stimulation: FM Dye Loading and Unloading
3.1. For electrical stimulation, prepare a suction pipette using the microelectrode puller to obtain the required taper and tip size [1-MED-over the shoulder]. Afterward, fire-polish the microelectrode tip with a micro-forge to create a tight fit when sucking up a single motor nerve [2-CU].

3.1.1. Talent places the pipette in the pipette puller and starts pulling 
3.1.2. CU the microelectrode as its tip is being fire-polished (Author Comment: It makes more sense to take this shot through the scope. We recorded both a CU and SCOPE shot.) (Editor: I’d suggest using whichever looks better – which will likely be the SCOPE shot)
3.1.3 
[Added Shot]: Add FM Dye to chamber (Editor: The authors did not add any VO to go with this shot and there isn’t currently a place for it, so I’d recommend just omitting this shot for now)
3.2. Slide the suction pipette onto the electrode holder on a micromanipulator, which is attached to the long flexible plastic tube and a syringe [1-MED]. Next, put the preparation on the microscope stage and raise the stage [2-MED] until the larva and suction pipette are in focus [3-SCOPE-TXT]. 
(Author Comment: We added three additional scenes here to show a pipette that is too big, one that is too small, and one that is just right. You can show these as pictures and write text “too big”, “too small”, “just right”.) (Editor: The authors did not add VO specifically for this action and there does not seem to be a place for it. I’d omit this shot for now)
3.2.1. Talent slides the suction pipette onto the electrode holder. 
3.2.2. *Film as written

3.2.3. Show that the larva is slowly getting in focus. Text: 40X water-immersion objective
3.3. Then, suck up a loop of cut motor nerve innervating the selected hemisegment [1-SCOPE] with negative air pressure generated by the syringe into the suction electrode [2-MED]. Subsequently, stimulate the motor nerve using the selected parameters to drive SV endocytosis and FM1-43 dye uptake [3-SCOPE-TXT].
3.3.1. Show that a loop of cut motor nerve innervating the selected hemisegment is being sucked up
3.3.2. Talent applying negative air pressure with the syringe
3.3.3. Show the muscle contracting upon stimulation. Text: Stimulation: 15 V, 20 Hz, 20 ms pulse duration, 5 min.  (Author Comment: Here I did a single pulse to show contraction. We also recorded for ~2 minutes at the stimulation listed above (20 Hz). The 2-min stimulation was unslated.) (Editor: Showing the single pulse should be sufficient. However, if the test simulation footage looks better you can use that instead)
3.3.4  [Added Shot]: Take off the dye and replace with calcium-free saline. (Editor: The authors did not add VO specifically for this action and there does not seem to be a place for it. I’d omit this shot for now)
3.3.5 [Added Shot]: Wash continuously with calcium-free saline for 1 minute. (Editor: The authors did not add VO specifically for this action and there does not seem to be a place for it. I’d omit this shot for now)
3.4. Danielle Kopke: The most critical step of this procedure is to suck up a single motor axon with a tight fit into the suction electrode. The same electrode should be used for all genotypes being compared to ensure consistent stimulation strength [1-MED].

3.4.1. Interview style

3.5. For FM dye unloading, suck the same motor nerve into the same electrode [1-SCOPE], and then stimulate the motor nerve to activate SV exocytosis and FM1-43 dye release [2-SCOPE-TXT]. 
3.5.1A [Added Shot]: Replace the calcium-free saline with 1 mM calcium saline (Editor: The authors did not add VO specifically for this action and there does not seem to be a place for it. I’d omit this shot for now)
3.5.1. Show that the same motor nerve is sucked into the same electrode
3.5.2. Show the muscle contracting upon stimulation. Text: Stimulation: 15 V, 20 Hz, 20 ms pulse duration, 2 min
3.5.3 [Added Shot]: Replace the 1 mM calcium saline with calcium-free saline and wash continuously for 1 minute. We didn’t get another shot of this but you can re-use from 3.3.4 and 3.3.5 (Editor: The authors did not add VO specifically for this action and there does not seem to be a place for it. I’d omit this shot for now)
4. Channelrhodopsin Stimulation: FM Dye Loading and Unloading
4.1. For channelrhodopsin stimulation, attach a blue LED to a programmable stimulator using a coaxial cable [1-MED-over the shoulder-TXT] and place the LED into the camera port [2-CU]. Focus the blue LED light beam onto the dissected larva using the microscope zoom function [3-SCOPE CU].

4.1.1. *Film as written. Text: 470 nm
4.1.2. CU the LED as it is placed into the camera port

4.1.3. Show the focusing of the blue LED light beam onto the dissected larval function. 
4.2. Danielle Kopke: The most critical step of this procedure is to keep the LED settings constant and illuminate the same spot on the larvae for all conditions being compared to ensure consistent stimulation strength [1-MED].

4.2.1. Interview style

4.3. Start the light stimulation and track with a timer [1-MED-over the shoulder] for the pre-determined duration of the optogenetic stimulation period [2-SCOPE-TXT]. When the timer stops, quickly remove the FM dye solution and replace it with calcium-free saline to stop the SV cycling [3-MED].
4.3.1. Talent presses “start” to trigger light stimulation and looks at timer for checking. 
4.3.2. Show the muscle contracting upon stimulation. Text: Stimulation: 15 V, 20 Hz, 20 ms pulse duration, 5 min
4.3.3. Talent removing the FM dye solution and replacing it with calcium-free saline
4.4. For FM dye unloading, start the light stimulation [1-MED-over the shoulder] and track with a timer for the pre-determined duration of the optogenetic stimulation period [2-SCOPE-TXT]. When the timer period ends, quickly remove the FM dye solution and replace it with calcium-free saline to stop the SV cycling [3-CU]. 
4.4.1A [Added Shot]: Replace calcium-free saline with 1 mM calcium saline. (Editor: The authors did not add VO specifically for this action and there does not seem to be a place for it. I’d omit this shot for now)
4.4.1. *Film as written
4.4.2. Show the muscle contracting upon stimulation. Text: Stimulation: 15 V, 20 Hz, 20 ms pulse duration, 2 min
4.4.3. Show that the solution is being replaced
5. Fluorescence Quantification
5.1. To quantify the fluorescent image, load it in Image J [1-MED-over the shoulder] and create a maximum intensity projection by clicking Image | Stacks | Z Project [2-SCREEN]. Then, using the anti-HRP:647 channel, go to Image | Adjust | Threshold and slide the top tool bar until just the NMJ is highlighted [3-SCREEN].
5.1.1. Talent loading the image on the monitor

5.1.2. *To be submitted by authors. Show that Image | Stacks | Z Project are clicked one by one.

5.1.3. *To be submitted by authors. Show that Image | Adjust | Threshold re selected and the top tool bar is slid until just the NMJ is highlighted

5.2. Using the wand tool, click on the NMJ [1-SCREEN]. If the NMJ is discontinuous, hold the Shift button and select all parts [2-SCREEN]. Then, change the image to the FM1-43 dye channel and go to Analyze | Measure to obtain the fluorescence measurement [3-SCREEN].
5.2.1. *To be submitted by authors. Show the procedure described

5.2.2. *To be submitted by authors. Show that all parts are selected

5.2.3. *To be submitted by authors. Show that the image is changed to the FM1-43 dye channel and Analyze | Measure are selected to obtain the fluorescence measurement

5.3. Repeat these steps for the “unloaded” image from the same NMJ [1-SCREEN].
5.3.1. *To be submitted by authors. Show that the NMJ is clicked, then the image is changed to image to the FM1-43 dye channel. Next, Analyze | Measure are selected to obtain the fluorescence measurement

6. Results: Synaptic Ultrastructure with FM Dye Photoconversion to Mark Vesicles
6.1. Fluorescent FM1-43 can be photoconverted to an oxidized DBA electron-dense precipitate for visualization via TEM.  Here is a schematic diagram of the photoconversion method to label the Drosophila NMJ following activity-dependent FM1-43 dye loading [1-LM-TXT]. 
6.1.1. 57765_Broadie_Figure4A.ai: Show the figure Text: DAB: diaminobenzidine, TEM: transmission electron microscopy
6.2. This is a representative TEM image of a wildtype synaptic bouton at rest, which shows a dense population of uniform-sized SVs [1-LM]. 
6.2.1. 57765_Broadie_Figure4B.ai: Show the image
6.3. These images show the synaptic boutons that have been stimulated with high potassium saline depolarization for 5 minutes without photoconversion or with FM1-43 photoconversion. The bulk endosomal structures could be observed here [1-LM]. 
6.3.1. 57765_Broadie_Figure4C.ai: Show left panel first, then add right panel

6.4. And these images show the synaptic boutons that have been electrically stimulated with a nerve suction electrode at 20 Hz for 5 minutes with no photoconversion or with FM1-43 photoconversion. Note that the dye-loaded vesicles appear much darker than adjacent unloaded vesicles [1-LM].
6.4.1. 57765_Broadie_Figure4D.ai: Show left panel first, then add right panel
7. Conclusion (said by authors on camera)
7.1. [1-MED]. 
7.1.1. Named author states the above, looking slightly off camera, interview style
7.2. Danielle Kopke: After watching this video, you should have a good understanding of how to perform larval glue dissection as well as FM Dye loading and unloading on the live preparation using high potassium depolarization, electrical stimulation, and the optogenetic channelrhodopsin stimulation method. [1-MED].
7.2.1. Named author states the above, looking slightly off camera, interview style
7.3. Danielle Kopke: Since FM dyes were first synthesized by Fei Mao, these versatile dyeshave been used to study activity-dependent mobilization of distinct vesicle pools, to compare kiss-and-run versus clathrin-mediated endocytosis, and to separately assay evoked, spontaneous, and miniature synaptic activities [1-MED].
7.3.1. Named author states the above, looking slightly off camera, interview style
7.4. Danielle Kopke: Many factors are involved throughout this experiment. To name a few, the stimulation method, the external calcium concentration, and how long to load/unload during the FM dye uptake/release steps. Please take these factors into careful consideration when designing your own experiment. Good luck! [1-MED].
7.4.1. 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.  

High K load (1).mp4 and High K unload (1).mp4 and High K muscle 67 load.mp4- Corresponds to steps 2, 3, and 4 in the manuscript but were not included in the film script.

3.3.6 – Electrical load.mp4 - Imaging the electrical stimulation FM dye load  

3.3.7 – Electrical muscle 67 load.mp4 – Showing the specificity of the FM dye load to only the segment that was directly stimulated

3.5.4 – Electrical unload.mp4 – Imaging the electrical stimulation FM dye unload
4.3.4 – ChR2 load.mp4 – Imaging the ChR2 stimulation FM dye load

4.4.4 – ChR2 unload.mp4 – Imaging the ChR2 stimulation FM dye unload

5 –  whole NMJ quant.mp4 – The quantification steps

5 – bouton-per-bouton quant (1).mp4 – The quantification steps

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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