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A. Microscopy: Does your protocol require JoVE to film through your microscope?
B. Does your protocol include software usage? Y 
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
2.4., 3.3., 3.4.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.5.
E. Will the filming need to take place in multiple locations? Y, same building different floors
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Wenyue Guan: This method can be easily adapted for observing signals from other fluorescent proteins or could be used to image axons in other adult arthropods.

1.2. Wenyue Guan: The main advantage of this technique facilitates an excellent 3-dimensional reconstruction and visualization of the axons and their terminal arbors.   
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Leg Dissection and Fixation
2.1. Begin by filling the appropriate number of wells in a glass multi-well plate with 70% ethanol [1-WIDE].

2.1.1. Talent adding ethanol to well(s), with ethanol stock container visible in frame

2.2. Use a brush to add 15-20 carbon dioxide-anesthetized flies of any sex or age to each well [1-CU] and gently dab the flies into the ethanol until they are fully submerged [2-ECU].

2.2.1. Fl(ies) being added

2.2.2. Fly being dabbed

2.3. After no more than 1 minute, rinse the flies three times with 0.3% nonionic surfactant detergent solution in phosphate buffered saline for at least 10 minutes per wash [1-MED-TXT].

2.3.1. Talent adding fl(ies) to detergent, with detergent container visible in frame (TEXT: See text for all reagent preparation details)

2.4. After the last wash, use forceps to remove the head and abdomen of each fly without damaging the thoracic segment or the legs [1-CU] and use the tip of a pair of fine forceps to gently but firmly apply pressure at the coxa-thorax junction to detach one leg from the thoracic segment [2-ECU-TXT].
2.4.1. One head/abdomen being removed

2.4.2. Leg being detached (TEXT: Repeat for each leg)

2.5. Place the legs in one well of a new multi-well plate containing freshly-prepared 4% paraformaldehyde on ice for an overnight incubation at 4 °C [1-MED].

2.5.1. Talent placing leg(s) into plate 
2.6. Wenyue GUAN: “It is important to push the legs gently into the fixation buffer without letting them float to obtain well-fixed legs.”
2.6.1. Wenyue GUAN, speaking the above interview style (looking just off-camera)
2.7. The next day, wash the legs five times in fresh 0.3% nonionic surfactant detergent solution for 20 minutes per wash [1-CU].
2.7.1. Leg(s) being placed into detergent, with detergent container label visible in frame
2.8. After the last wash, replace the detergent with mounting medium [1-MED-over the shoulder] and keep the legs in the mounting medium for at least 24 hours [2-MED].

2.8.1. Talent adding mounting medium to well(s), with mounting medium container visible in frame

2.8.2. Talent placing plate onto bench
3. Leg Mounting

3.1. The next day, add approximately 20 microliters of 70% glycerol next to the coated end of a glass microscope slide [1-WIDE] and cover the glycerol with a 22 × 22-mm coverslip [2-MED-over the shoulder].
3.1.1. Talent adding glycerol to slide, with glycerol container visible in frame

3.1.2. Talent covering glycerol with coverslip

3.2. Next, add an about 10-microliter line of mounting medium to the right of the coverslip [1-CU] and apply a second, 30 microliter-line of mounting medium to the right of the 10-microliter line [2-CU].
3.2.1. 10 microliters being added

3.2.2. 30 microliters being added
3.3. Using fine forceps, transfer one leg from the multi-well plate in a drop of medium [1-ECU] to the 10-microliter strip of mounting medium in an external-side up or down orientation [2-ECU].

3.3.1. Leg being picked up from well of multi-well plate

3.3.2. Leg being placed in mounting medium on slide 

3.4. Repeat until 6-8 legs have been mounted and aligned [1-MED-over the shoulder] and place a second coverslip over the legs such that the second coverslip rests slightly on the first coverslip [2-CU-TXT].
3.4.1. Talent adding last leg to slide

3.4.2. Coverslip being placed (TEXT: Alternative: Use sticker wells/orthodontic wax to create space between coverslip and slide)

3.5. Then use nail polish at each corner of the coverslips to secure them in place [1-CU].
3.5.1. One corner being painted
4. Imaging and Post Imaging Processing
4.1. To image the legs, use the 488 nm laser and two detectors simultaneously to set up the first track for obtaining both the GFP and cuticle auto-fluorescence [1-WIDE].
4.1.1. Talent setting up laser and/or detectors, with monitor visible in frame (TEXT: Detector 1: 498-535 nm; Detector 2: 566-652 nm)
4.2. Select a 20 or 25X oil immersion objective [1-MED] and set the resolution to 1024 × 1024 pixels with a 12-bit depth and set the Z spacing to 1 micrometer [2-SCREEN].
4.2.1. Talent selecting objective

4.2.2. *To be provided by Authors: Resolution, bit dept, and Z spacing being set

4.3. Load the slide onto the microscope stage [1-CU] and, using the same laser power for both detectors, adjust the gain of the first detector to obtain a bright GFP signal and adjust the second detector to ensure that some areas with a high cuticle signal produce a saturated signal in this detector [2-LM].

4.3.1. Slide being placed onto stage
4.3.2. *To be provided by Authors: Signals being set

4.4. Then image the legs, using the “Tile” or “Position” options to capture the entire leg if a leg is extended or too large to be imaged in a single frame [1-LM].

4.4.1. *To be provided by Authors: Leg being imaged and/or tile or position options being used to image extended/too big leg

4.5. For image processing, open the confocal stack in ImageJ-FIJI [1-MED-over the shoulder] and use the Bioformats plugin to open any images that are not in .TIF format [2-SCREEN].
4.5.1. Talent at computer, opening image stack

4.5.2. *To be provided by Authors: Non-.tif images being opened
4.6. To split the channels, select “Image”, “Color”, and “Split Channels” [1-SCREEN].
4.6.1. *To be provided by Authors: Image, then Color, then Split Channels being selected

4.7. To subtract the cuticle signal from the GFP signal, open “Process” and “Image Calculator” and select the stack from detector 1 as Image 1 [1-SCREEN].

4.7.1. *To be provided by Authors: Process, then Image Calculator, then stack being selected

4.8. In the operation window, select “Subtract” and select the stack from detector 2 as Image 2 so that only the endogenous GFP signal will be obtained [1-LM].
4.8.1. *To be provided by Authors: Subtract being selected, then stack being selected

4.9. Use “Image”, “Stacks”, “Z project” to generate Max intensity projection for the endogenous GFP signal and Average intensity for the Cuticle [1-SCREEN].
4.9.1. *To be provided by Authors: Image, then Color, then Merge Channels being clicked, then RGB image being obtained (Editor: The authors struck out this entire shot, but I’m hoping it was just adjusted to reflect the actions mentioned in the new VO. If it was not, we may need to prompt them for new captures)
4.10. Use “Image”, “Adjust”, and “Brightness-Contrast” to adjust the contrast and brightness of each image followed by “Image”, “Color”, and “Merge Channels” to merge the GFP stack back with the “cuticle-only’ stack acquired from detector 2. This will result in an RGB image comprising of the tissue-specific GFP signal, as well as the cuticle signal, to help identify the axon arbors within the leg segments [1-SCREEN].

4.10.1.  *To be provided by Authors: Image, Adjust, Brightness-Contrast being clicked, then Image, Type, and RGB Color being clicked/RBG image being generated Editor: The authors struck out this entire shot, but I’m hoping it was just adjusted to reflect the actions mentioned in the new VO. If it was not, we may need to prompt them for new captures. Also, this piece of VO is particularly long, but there doesn't seem to be a way to reduce it. If the VO talent has trouble here, it might be easier to split this into 2 sound bites – one for each sentence – and stitch it together.)
4.11. To use the macro, open the confocal stack and click “Image”, “Adjust”, and “Brightness-Contrast”. Then click “Plugin” and “Macro Run” to run the macro and follow the instructions [1-SCREEN].

4.11.1.  *To be provided by Authors: Stack being opened, then Image, Adjust, Brightness-Contrast being clicked, then Plugin and Macro Run being clicked/macro being run

4.12. When asked to specify the operation in the image calculator window, select Image 1 as stack 1 and Image 2 as stack 2 and click “Subtract” [1-SCREEN].
4.12.1.  *To be provided by Authors: Image 1/stack 1 being select, Image 2/stack 2 being selected, then Subtract being clicked
4.13. When asked to adjust the contrast, use the controls in the brightness-control window to adjust the brightness and contrast of the maximal projection image of the GFP fluorescence in green and of the average projection of the cuticle in grey to generate an RGB merged image of both signals [1-SCREEN].
4.13.1.  *To be provided by Authors: Brightness/contrast being adjusted, RGB merged image being generated

4.14. Then merge the result of stack1 and stack2 to generate a combined GFP and cuticle stack that can be used in the next stage [1-SCREEN].
4.14.1.  *To be provided by Authors: Results being merged/combined image being generated
4.15. To visualize the legs in three dimensions, open the RGB stack in an appropriate 3D software program [1-MED]. 
4.15.1.  Talent opening stack in software, with monitor visible in frame

4.16. In the pop-up dialog window, select all of the channels in the mode conversion section and enter the size of a voxel obtained from the previous analysis [2-SCREEN].
4.16.1.  *To be provided by Authors:  Channels being selected, voxel size being entered 

4.17. In the channel 2 module, right-click and select “Display” and “Volume rendering”. Then, left-click on the volume rendering module, click edit, and select “volren-green.col” [1-SCREEN].

4.17.1.  *To be provided by Authors: Display and volume rendering being selected, then edit being clicked and volrengreen.col being selected

4.18. In the channel 1 module, right-click and select “Display” and “volren”. Then, left-click on the volren module [1-SCREEN].
4.18.1.  *To be provided by Authors: Disply and volren being selected, then volren module being selected

4.19. In the Properties section, left-click on “Advanced”, select “ddr”, and adjust the gamma value to visualize the cuticle background [1-SCREEN].

4.19.1.  *To be provided by Authors: Advanced being clicked, then ddr being selected, then gamma value being adjusted
5. Results: Representative Drosophila Leg Motor Neuron Axon Imaging
5.1. Using this procedure, the signal from the cuticle can be combined with the GFP signal to identify the positioning of the axons within the legs [1-LM].

5.1.1. Video 1.mp4: no animation OR indicate fluorescent nerve
5.2. It is critically important to obtain well-fixed legs [1-LM]. In properly fixed legs, the internal structures within the legs are of a uniform color [2-LM] and the tracheas, which are dark, are visible [3-LM].
5.2.1. Authors: please upload the image from Figure 5A through the submission link as its own .ai or .psd file without the A label: no animation

5.2.2. Figure 5A: Video Editor: please emphasize at least one internal structure

5.2.3. Figure 5A: Video Editor: please emphasize at least one dark trachea

5.3. In poorly fixed legs, dark material is present in the tarsus and tibia [1-LM] and the tracheal system is not clearly visible in the femur and coxa [2-LM].

5.3.1. Authors: please upload the image from Figure 5B through the submission link as its own .ai or .psd file without the B label: Video Editor: please emphasize dark material in tarsus and tibia
5.3.2. Figure 5B: Video Editor: please emphasize absence of trachea in femur and coxa
6. Conclusion (said by authors on camera):
6.1. Wenyue Guan: The procedure we described here overcomes the challenge of detecting fluorescent expression in MN axons through a thick and auto-fluorescent cuticle with high resolution. The clean and detailed fluorescent signal obtained allows us to visualize and quantitate three-dimensional features of axon arbors using 3D-imaging programs. 

6.2. Wenyue Guan: This technique will allow us to use adult Drosophila as a model not only to study the development of MN but also to understand the impact of degenerative diseases, such as ALS, on the locomotor system integrity.    
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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 the filenames of all the media to be included into the video here.
Video 1.mp4
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 in the email accompanying the finalized script.
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