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Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to rapidly fix intact Drosophila larvae in order to image the morphology of branches and tubes in tracheal terminal cells. (Intro)  This is accomplished by first generating homozygous fluorescent-protein labeled terminal cells in genetically mosaic animals. (P1)  The second step of the procedure is to collect mosaic larvae and fix them using heat. (P2)  The third step is imaging labeled terminal cells in fixed animals using GFP expression to observe branches and brightfield microscopy to observe tubes. (P3)  The final step is quantifying the terminal cells’ morphologies. (P4)  Ultimately, results can be used to distinguish and categorize distinct cellular morphologies of wild-type and mutant terminal cells. (P5)
Video editor:
P1 – The graphics show a male and female fly.  Start with them, slide in from left and right, add the cross and zoom the first vial out from the center of the cross.  Then fade to the next vial with long ovals.

P2 – Use the tweezer graphic to animate moving the long ovals from the vial to the slide, lining up 3 in a row.

P3 – Either move the slide to under a stock microscope image and then pull the GFP image from the ocular, OR just fade from the slide to the GFP image.  Then, fade to the bright field image.

P4 – Make the red lines climb along the bright field image.

P5 – Show Figure 2A, followed by 2E. 


[image: image1]
1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)

1.1. Mark Metzstein: The main advantage of this technique over existing methods, such as chemical fixation, is that heat fixation is very rapid so can be used for high throughput analysis of tracheal terminal cells.   

1.2. Tiffani Jones: Generally, individuals new to this method will struggle because picking L3 larvae and quickly fixing them to preserve their morphology requires attention and care.

Protocol Chapters (read by a voice talent at JoVE):
Video Editor: The saga of this shoot: Immediately following the shoot, the authors sent this message: “The shoot went very well. One snafu:  the scope/camera adaptor package didn't arrive until late that afternoon, so we couldn't get down the microscope shots. My student Tiffani (the "talent") might of been able to get the shots yesterday (Saturday). If not, we've asked the crew guys to come again tomorrow and help. We'll get back to you sometime on Monday with the details and maybe a minor script change.”
Here is the follow-up message from Tiffani:

“I was unable to slate before each shot on the camcorder, but have indicated the order in which each shot will appear, it should be simple to work out.  If you can send me even stills of the video camera images I can positively match the shots. Please let me know if you have any questions about the shots or the final script.”
2. Mosaic fly generation
2.1. To make mosaic animals, use the MARCM schema, with females bearing the mutation to be examined. Set up the crosses in pre-lay vials with a smear of fresh yeast paste and allow the flies to lay eggs for 1 hour at 25 °C. (TEXT: male w FRT19A tub:GAL80 FLP122/Y; Btl-GAL4, UAS-GFP  X * FRT19A/Bal )
2.1.1. WID: talent in fly room, with scope and anesthesia pad, transferring flies for MARCM cross from vials to pre-lay vials or adding fresh flies to pre-lay vials
2.1.2. CU: pre-lay vial with flies and 
2.1.3. WID: setting prepared vials in the 25 C incubator
2.2. Then, transfer the flies from the pre-lay vial to a fresh vial with fresh yeast paste and allow them to lay for 6 hours at 25 °C.
2.2.1. MED: transferring flies between vials
2.2.2. Like 2.1.3
2.3. After six hours, transfer the adults back to pre-lay vial for storage and use in subsequent experiments.  
2.3.1. WID: transferring flies between vials again
2.3.2. ECU: vials with collected eggs
2.4. Immediately heat shock the collected lay vials in a circulating water bath for 45 minutes at 38 °C.  The surface of the food should be below the water level to ensure that all the embryos are appropriately heat shocked.
2.4.1. MED: talent placing tubes in water bath, zoom in to show the temperature of the bath, talent starts a timer to countdown 45 min.
2.4.2. CU: food level of vial, below the water line
2.5. Now, incubate heat shocked vials at 25 °C for 4 to 5 days, until third instar larvae start to wander.
2.5.1. WID: talent moving vials from the bath to the 25 C incubator
2.5.2. ECU: vial showing only wandering 3rd instar larvae, no other stages inside
3. Heat fixation of selected larvae
3.1. Using fine forceps, gently pick wandering third-instar larvae from the sides of the vial and place them into chilled 100% glycerol in a small plastic plate.
3.1.1. WID: talent with forceps and vial, picking larvae
3.1.2. CU: setting a larvae in chilled glycerol
3.2. Examine the larvae using a high magnification-dissecting microscope equipped with fluorescent optics.  
3.2.1. MED: placing the chilled glycerol with larva under the scope, talent sits down, focuses and refocuses with higher power objective
3.3. At 10X or 20X magnification, identify the larvae with mosaic expression of fluorescently labeled tracheal cells. Then, using fine forceps carefully pick those animals and place them in a drop of fresh 100% glycerol on a white glass microscope slide (TEXT: 75 x 25 x 1 mm white glass slide).  Multiple animals can be placed in the drop. 
3.3.1. SCOPE: larvae with and without GFP visible, talent picks the GFP-expressing larvae
3.3.2. ECU: placing a larva in drop of glycerol on the slide
3.3.3. Continue shot 3.3.1, picking 2nd larvae
3.3.4. Continue shot 3.3.2, adding 2nd larvae to glycerol drop
3.4. In the same room as the microscope, place the glass slide onto a 70 ºC heat block until the animals just stop moving, which is within 20 seconds.  Initially the animals wriggle, but they become rigid and elongated once dead.
3.4.1. MED: placing the slide on a heat block
3.4.2. ECU: larvae on heat block are moving then they stop
3.4.3. MED: talent takes slide off the block
LAB MEDIA: Fig. 1B
3.5. Overlong exposure lead to heat damage of the terminal branches. 
LAB MEDIA: Figure 2G
3.6. … as well as damage to the lumens. The GFP signal becomes dim and diffuse. 
LAB MEDIA: Figure 2H
3.7. Metzstein:   Timing of heat fixation is critical, as overheating can damage the cells, leading to difficult or even misleading analysis.  Samples should be heat treated until the animals just stop moving, but not longer.
3.7.1. MED/WID: INTERVIEW SHOT WITH AUDIO (not at scope for lighting reasons)
3.8. Now, using fine forceps carefully orient all the fixed larvae parallel to one another.
3.8.1. SCOPE/ECU: talent lines up all the heat-treated larvae on the slide
LAB MEDIA: Fig. 1C
3.9. Then, gently place a micro-coverglass (TEXT: 18 x 18 mm coverglass) on top of the larvae and avoid forming bubbles. The coverslip may not be exactly flat, but this is not a problem.
3.9.1. ECU: setting a coverslip over the larvae, no bubbles
LAB MEDIA: Fig. 1D
3.10. Within the next 30 minutes, image the larvae as the heat fixed terminal cells quickly degrade and the GFP signals become very diffuse.
3.10.1. CU: talent writes a label on the slide, including time
4. In vivo imaging of tracheal terminal cells
4.1. Next, place the slide on the stage of a compound stereomicroscope. Using a 5X objective, locate the two parallel dorsal trunks running from anterior to posterior on the dorsal surface of the animal.
4.1.1. WID: talent in room compound stereoscope, placing slide on stage and finding focus
4.1.2. SCOPE: talent identifies the parallel dorsal trunks under 5 X objective magnification (video camera, shot 1)
LAB MEDIA: Fig. 1F
4.2. Next, locate the two dorsal terminal cells, directly between the two dorsal trunks.  This helps identify the appropriate segment for analysis.
4.2.1. SCOPE: talent identifies the dorsal terminal cells (video camera, shot 2)
4.3. Once oriented, rotate the animals to image the desired terminal cells by carefully pushing the edge of the coverslip with forceps.  Doing this perpendicular to the long axis of the animal slowly rolls the larvae.
4.3.1. ECU: the forceps holding the coverslip and moving the slide content, on the scope stage
4.3.2. SCOPE: larva rolling over (video camera, shot 3)
LAB MEDIA: Fig. 1E

LAB MEDIA: Fig. 1G
4.4. Selecting the appropriate terminal cells is critical for consistent results and comparisons between mutants.  The fat body branch terminal cells are easily found adjacent to the dorsal trunk, lateral to the midline.  
4.4.1. SCOPE: talent identifies the fat body branch terminal cells, the dorsal trunk and the midline (video camera, shot 4)
LAB MEDIA: Fig. 1H
4.5. The lateral group G terminal cells are easily found and are located just lateral of the ventral midline.
4.5.1. SCOPE: talent identifies the group G teminal cells (video camera, shot 5)
LAB MEDIA: Fig. 1H
4.6. In the most anterior and posterior segments, the arrangement of the terminal cell is divergent from other segments. Those segments should not be examined, but focus instead on cells in segments Tr2 to Tr9. 
4.6.1. LAB MEDIA: 4.6.1.ai: NOTE: anterior is Tr1, post: Tr10
4.7. Dorsal terminal cells have a more stereotyped branching pattern than other tracheal terminal cells.  This may depend on additional, non-cell autonomous signals, and this should be considered when deciding whether to include them in the analysis.
4.7.1. LAB MEDIA: 4.7.1_4.7.2.ai -- the branching pattern of several labeled dorsal terminal cells 
4.7.2. LAB MEDIA: 4.7.1_4.7.2.ai -- the branching pattern of other tracheal terminal cells for contrast to previous shot 
4.8. Once a terminal cell of interest has been identified, capture an image using 10 X or 20 X magnification.   Due to variable branching patterns, try to capture images that include as many branches and branch tips as possible.
4.8.1. MED: talent looks up from scope and begins interacting with the imaging computer
4.8.2. MED: view of imaging screen showing the images being taken
4.9. Without moving the stage, switch off the fluorescence and turn on the transmitted light to capture a brightfield image of the same cell and focal plane.  The lumen will be darkly contrasted within the terminal cell space.  
4.9.1. CU: switching from fluorescent to transmitted light on scope
4.9.2. SCOPE: the switch from fluorescent to transmitted light, make sure the lumen is in focus. (video camera, shot ?) I think I did this on the video camera, but can’t remember for sure.
4.9.3. MED: view of imaging screen showing the images being taken, bright field now
4.10. To quantify the terminal cell branches and lumens, collect multiple images in multiple focal planes of each terminal cell. Some cells require a single image to collect sufficient data, however others can require up to three individual images at different focal planes to capture all branches.
4.10.1. CU: imaging screen as three separate images of the same cell are made to collect its complete structure – this should be a long enough shot to cover the dialogue
4.10.2. MED: talent adjusting the stage position and in the background the imaging screen moves along the cell branches
4.10.3. Continue 4.10.1
5. Analysis and quantification of terminal cell morphology using ImageJ
5.1. Open the fluorescent and brightfield images in ImageJ with the NeuronJ plug-in installed.
5.1.1. WID: talent at PC opening ImageJ
5.1.2. SCREEN CAPTURE 5.1.2
5.2. Using the “Add tracings” tool, manually trace the branches and lumen of the entire terminal cell.
5.2.1. SCREEN CAPTURE 5.2.1
5.3. Using the “Label tracings” tool, rename and recolor to assign each line within the trace a specific designation.
5.3.1. SCREEN CAPTURES 5.3.1 – 5.3.7
5.4. For 512 x 512 pixel images, use the “Set parameters” tool to adjust the line width from 6 to 10 pixels.  Scale higher or lower resolution images accordingly.  Leave the other settings on their default, and press “OK”.  
5.4.1. SCREEN CAPTURES 5.4.1 – 5.4.3
5.5. Then use the “Make snapshot” tool to take an image.  Choose “Draw trace” to get a snapshot of the trace that can be shown side-by-side with the original image.
5.5.1. SCREEN CAPTURES: 5.5.1 – 5.5.2
5.6. Select the “Measure tracings” tool and select the tracing type that branches to measure based on the specific designations.
5.6.1. SCREEN CAPTURES: 5.6.1 – 5.6.2
5.7. Next, select “Display tracing measurements”, then “Clear previous measurements” and then click “RUN”.  This will produce a spreadsheet that contains the name, the label, the length in pixels, and other data for the image to be saved for statistical analysis. 
5.7.1. SCREEN CAPTURE 5.7.1
6. MARCM-labeled tracheal cells
6.1. The outlined protocol was followed to analyze mutated tracheal cells in mosaic N3 larva.  Visualized by GFP, this single lateral group terminal cell, labeled LG, has extensive subcellular branching.
LAB MEDIA: Figure 2A

6.2. Under brightfield, a gas-filled subcellular lumen running through each of the branches is evident. 
LAB MEDIA: Figure 2B
6.3. Using NeuronJ, a trace of the branches was made
LAB MEDIA: Figure 2C
6.4. … as was a trace of  the lumen.
LAB MEDIA: Figure 2D
6.5. In this non-mosaic animal the fat body is identified.  Notice that GFP is expressed throughout the entire tracheal system.  
LAB MEDIA: Figure 2E
LAB MEDIA: Figure 2F
7. Conclusion Interview (spoken by you on camera)
7.1. Tiffani Jones: After watching this video, you should have a good understanding of how to rapidly fix, image, and perform quantitative analysis on Drosophila tracheal terminal cells in intact animals.
7.2. Mark Metzstein:  After its development, this technique paved the way for researchers in the field of cell biology to identify and analyze mutants affecting diverse aspects of cellular morphology using Drosophila terminal cells as a model.
List of Provided Media Filenames and Descriptions (fill this in)

JoVE procedural protocol.ai

Fig. 2A.ai

Fig. 2B.ai

Fig. 2C.ai

Fig. 2D.ai

Fig. 2E.ai

Fig. 2F.ai

And oodles of SCREEN CAPTURES!

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.
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