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1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
The overall goal of this procedure is to follow the dynamics of apoptotic cell clearance in the Drosophila embryo. (Intro)  This is accomplished with transgenic flies containing a simu-cytoplasmic GFP marker, which labels phagocytic cell populations. – Embryos with the simuGFP marker are collected. (P1)  Next, the embryos are positioned for injection followed by monitoring of the CNS. (P2)  The third step is the labeling apoptotic cells by injecting the embryos with specific apoptosis/phagocytosis markers, such as Annexin V. (P3) The final step is to make time lapse recordings of the embryonic CNS using confocal microscopy. (P4)  Ultimately, the results can show the localization and behavior of apoptotic cells and phagocytes during different stages of apoptotic cell clearance through fluorescence confocal microscopy. (P5)
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Video editor:

P1: Show the first panel of the graphic overview, the flies are alive and much smaller than the graphic shows.  Next, fade off the top part of the graphic leaving only the red disc.  This disc is the flipped forward revealing the center part of the second panel of the graphic overview – a top view of a disc with little white eggs.  Animate the eggs going into the bottom part of the second panel, which is a “basket”.
P2: Animate the eggs leaving the basket getting placed on a rectangle of red on the slide, in a pile like in the third panel.  Then, have some of the eggs in the pile move out to form that nice row.  Next have the yellow rectangle with the box around it touch the row of eggs and move away from the red, with them attached.
P3: The last part of the third panel is now faded into the fourth panel.  The needle on the left slides up next to the top egg of the row, then the row (not the needle) pokes to right causing the needle to go into the egg.  Then the row moves back so the needle leaves the egg, and the row moves up and the same is done to the next egg (moving it into the needle and backing off).
P4: Show the sequence of images in Figure 2a: 50151_Kurant_Figure 2a.1.tif, 50151_Kurant_Figure 2a.2.tif, 50151_Kurant_Figure 2a.3.tif, 50151_Kurant_Figure 2a.4.tif,50151_Kurant_Figure 2a.5.tif, 50151_Kurant_Figure 2a.6.tif
P5: Show the provided video: 50151_Kurant_Movie1.avi
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Boris Shklyar (talent 1): The main advantage of this technique over existing methods, like immunohistochemistry on fixed embryos, is that we can follow dynamics of apoptotic cell clearance.
1.2. Jeny Shklover (talent 2): Apoptotic cell clearance is a highly dynamic process containing diverse steps. This technique allows us to follow the different steps using specific markers for apoptotic cells and phagocytes.
2. Preparing Coverslips for Embryo Collection

2.1. The protocol begins with making a glue from conventional reagents. Unroll double-sided tape.  Then, roll it back up to fit into a scintillation vial.

2.1.1. WID: talent1 unrolling double stick tape 

2.1.2. CU: roll of double stick tape being completed, show relative size, then is jammed into vial

2.2. Fill the vial with heptane and seal it with parafilm.

2.2.1. CU: tape-filled vial is filled up with solution and covered by stretchy wax-paper

2.3. Then, attach the vial to a nutator and gently rock it for 24 hours at room temperature.

2.3.1. MED>CU: securing vial to rocking platform, turning on platform, zoom in to show the swishing of solution in the vial

2.4. The next day, the prepared glue is transferred to a new vial. If the glue is unclear and viscous, it is too thick and more heptane should be added. Use a glass Pasteur pipette to transfer the prepared glue to a new bottle. 
2.4.1. WID: talent1 walks up to rocking platform, turns it off and picks up vial to investigate

2.4.2. ECU: the vial, after 24 hours of platform shaking, should be okay and not need any additional heptane
2.4.3. Prepared glue transferred using a glass Pasteur pipette to a new bottle. 
2.5. Once prepared, use a pipette tip to apply the glue to coverslips. Disperse a drop of heptane glue into a line, down the middle of the coverslip. 

2.5.1. CU: talent loading a tip with glue from vial

2.5.2. ECU: adding glue to a coverslip

2.6. Let the glue dry for a few seconds.  The coverslips can then be stored at room temperature in a closed box for up to a month. 
2.6.1. MED: talent makes another glue-covered coverslip
2.6.2. CU: loading storage box with several prepared coverslips
3. Embryo Collection and Preparation

3.1. After anesthetizing the flies with CO2, pool about 400 flies into a collection container with a warmed, grape juice agar plate with yeast paste. Close the collection container and secure it with labeled duct tape. The flies wake up as the anesthesia wears off.
3.1.1. WID: talent2 at bench opening CO2 to anesthetize the flies and pooling flies from bottles into a collection container. 
3.1.2. CU: talent 2 is closing the collection container with a laying plate (grape juice agar plate with yeast paste). Securing with labeled duct tape. Flies wake up. Completed collection of 400 healthy flies in collection container with laying plate
LAB MEDIA: 50151_Kurant_Figure1.1.ppt - flies in the laying chamber Video editor: note from author: in this chapter there are a few PPT images you can use, if they cover the material better than our video
3.2. Transfer the flies to a new plate and discard the first plate.  Then wait 2 hours.
3.2.1. MED: changes the laying plate and tosses the old one, leaving the flies to lay
3.3. Collect the laying plate, containing the flies with another plate, and transfer the laying plate to a 25 °C incubator until the embryos reach the desired developmental time point. In this example, embryos are incubated between 10 and 12 hours so they develop to stage 15 or 16.

3.3.1. WID: talent2 collects the next plate, contain the flies with another plate. Places the removed plate in incubator and closes the door.
3.3.2. ECU: plate of embryos developed for 10-12 hours, focus on the embryos to show their opacity

LAB MEDIA: 50151_Kurant_Figure1.2.ppt - collection of embryos from agar plates and their transfer to a cell strainer 
3.4. After they’ve developed, use tap water and a clean paintbrush to transfer the embryos from the plate to a cell strainer.  Keep the strainer over a container so that any embryos that spill can be recovered.  
3.4.1. WID: (talent2 looks like it’s the next day) talent arrives at sink with embryos and brush

3.4.2. CU: wiping embryos from the plates onto paintbrush 
3.4.3. MED/CU: Tap water moves embryos to the collection strainer, wiping embryos using paintbrush. Get the container below the strainer in this shot

3.5. Rinse the collected embryos until all of the yeast paste is removed.  Then, dry out the excess water by wiping the outside of the strainer.

3.5.1. ECU: all the embryos in the strainer as they are being washed clean to remove the yeast

3.5.2. CU: wiping the outside of the strainer 

3.6. Place the cell strainer in a clean Petri dish.  To remove the chorions, add enough 50% bleach to cover embryos in the cell strainer and wait 2 minutes, stirring them two to three times. 

3.6.1. CU: placing strainer onto Petri dish, then adding bleach until they are submerged..
3.6.2. MED: talent2 adding bleach to the plate, finishes and then looking over the embryos 
3.6.3. 3.6.2 ECU: stirring the embryos in the bleach solution
3.7. Next, rinse off the embryos until they no longer smell like bleach. Place the embryos in the cell container into a clean Petri dish and cover them with water to prevent them from drying up.
3.7.1. MED: talent2 rinsing the strainer and checks how the smell

3.7.2. CU: putting to the new Petri dish and adding water to the dish until the embryos are submerged

3.8. Then, place the cell strainer into a clean Petri dish.  Cover the embryos with water to prevent them from drying up. 
3.8.1. MED: placing rinsed/bleached embryo into a new Petri dish  
3.8.2. CU: adding water the dish until the embryos are submerged  
3.9. For injecting the embryos, prepare injection needles in advance using a needle puller and thin walled glass filaments.  (TEXT: Tip diameter: 0.5-2 µm)
3.9.1. WID: talent1 arrives to injection location, sets down container with embryos and opens a tray with needles ready to load

3.9.2. CU: picking out one of the needles

3.10. Load one microliter of the desired reagent into two needles, with one needle serving as a back up.   A stable marker that does not bleach easily, such as Annexin V, makes a good reagent.

3.10.1. CU: loading a needle with injection solution

3.10.2. MED: Starts loading a second needle

3.11. Now, place a rectangular piece of grape juice agar on a microscope slide and transfer the embryos from the strainer to the agar using a clean paintbrush.

3.11.1. MED: cutting a rectangular piece of juice agar and placing it on a slide

3.11.2. CU: paintbrush deposits embryos to the juice agar on the slide

3.12. Under a fluorescent dissection microscope, select properly staged embryos for injection using the GFP marker.  

3.12.1. WID: talent1 positions the slide under the scope and focuses on the slide, then turns out/dims the room lights

3.13. Using a wet paintbrush, move the selected embryos into a row of 20, with their ventral sides up.  Position the row at the edge of the agar block.   GFP can be seen in the embryo’s central nervous system.

3.13.1. SCOPE: selecting glowing embryos and lining them up in a row. Zooming in one of the embryos to demonstrate CNS in the ventral side that is marked by GFP. 

3.14. Now, attach the embryos to a coverslip with a strip of the heptane glue.

3.14.1. ECU: heptane-glued coverslip is set upon the row of embryos, picking them up 
LAB MEDIA: 50151_Kurant_Figure1.3.ppt - position and attaching the embryos to a cover slip
3.15. Boris Shkyar:  The positioning of the embryos is critical to the success of the injection – take your time and make sure the embryos are lined up precisely in the proper orientation. 
3.15.1. WID: Boris speaks to camera from the location of the microscope, make sure to get good audio
3.16. Next, place the coverslip in the dehydration chamber for about 5 minutes.

3.16.1. MED: talent1 places coverslip in a dehydration chamber and starts a timer to count down

3.17. After drying the embryos, cover them with halocarbon oil 700 to avoid further dehydration. 

3.17.1. ECU/CU: embryos in the dehydration chamber, or sealing/covering the chamber if it is opaque  
3.17.2. MED: removing the embryos from the chamber and then covering them in halocarbon oil 
3.17.3. ECU: embryos being covered by oil, until complete

3.18. Lastly, place a drop of water on a microscope slide, then put the coverslip with the embryos up on the wet microscope slide. The embryos are now ready for injection.

3.18.1. CU: adding a drop of water to the slide and applying a coverslip

3.18.2. WID: talent1 takes prepared slide and places it in the injection rig

LAB MEDIA: 50151_Kurant_Figure1.4.ppt - embryos are now ready for injection
4. Embryo injection

4.1. Begin by attaching a needle to a micromanipulator and the “pico-pump.”  The pump controls the amount of injected liquid by pushing nitrogen into the needle.  A foot pedal controls the gated ejection of the nitrogen. 

4.1.1. CU: the needle is set up in the micromanipulator

4.1.2. MED: pan from needle in micromanipulator to pump

4.1.3. MED: pan from pump to the pedal that controls it

4.2. Under the microscope, focus on the needle tip and position it near the edge of the coverslip. With the needle tip and the coverslip in focus, very carefully move the coverslip until it hits the needle tip and breaks it.  The opening diameter should be one half to two micrometers.
4.2.1. MED: talent1 situates at the microscope and starts controlling the micromanipulator

4.2.2. SCOPE: talent1 demonstrates how to break a needle tip to open flow

4.3. Now, focus on the embryos.  Bring the needle into the oil - if the needle tip has been broken correctly, there should be a drop of liquid leaking into the oil when you press the pedal.
4.3.1. SCOPE: bringing needle next to an embryo, drop of liquid at tip of needle is visible

4.4. Without touching the needle holder, move the stage so the lateral edge of the embryo is pierced by the needle.  Quickly inject a drop of solution into the embryo.  Move the embryo away and proceed to the next one, until all twenty of the embryos are injected. 

4.4.1. CU: talent1’s hands on stage adjuster, moving the stage for an injection

4.4.2. SCOPE: embryo slides into the needle and the embryo is injected with solution, then the embryos move and the next is injected, and then the next, until all the embryos have been injected

5. Imaging the Injected Embryos
5.1. Image the embryos on an inverted confocal microscope with a 40X or 100X objective. 
5.1.1. WID: talent1 arrives at confocal with slide of embryos and positions it on the stage

5.2. Search for a nicely positioned embryo with the CNS in the middle, showing strong GFP expression and labeling of apoptotic cells. 

5.2.1. MED: talent1 sets the objectives, focuses and scans around for an embryo

5.2.2. SCREEN CAPTURE: the search for a good embryo with good labeling

5.3. To make time-lapse recordings, choose 5 or 6 confocal slices, two-microns thick.  At these locations take a scan every 60 seconds, an interval at which GFP-bleaching should not be an issue.

5.3.1. SCREEN CAPTURE: setting the imaging plan for the time-lapse recording, then starting it

5.4. Afterwards, make a projection of 3 slices with a six-micron thickness, to observe the whole cells. 

5.4.1. SCREEN CAPTURE: setting the imaging plan in above step and making image
5.5. In some cases, an embryo may start rolling during the time of video recording.  Therefore, monitor the recording so no time is lost on moving embryos.
5.5.1. MED: talent1 making the recording, watching the image on the screen to make sure that there isn’t a rolling embryo

5.5.2. SCREEN CAPTURE: an embryo rolls during imaging, then canceling out of the imaging and proceeding to the next embryo
6. Annexin V injection Results
6.1. A stage 15 embryo, properly positioned, shows the embryonic CNS in the middle with well labeled glia, marked by a “g.” Macrophages, m, which are mostly outside the CNS, show strong cytoplasmic GFP expression.  Ectodermal cells, e, are also labeled with cytoplasmic GFP.
LAB MEDIA: 50151_Kurant_Movie
6.2. These frames show apoptotic cells labeled with Annexin V, and glia, ectoderm and macrophages labeled with simu-cytGFP.  Each frame is a projection of 3 slices and each slice is 2 microns thick.

LAB MEDIA: 50151_Kurant_Figure 2a.1.tif, 50151_Kurant_Figure 2a.2.tif, 50151_Kurant_Figure 2a.3.tif, 50151_Kurant_Figure 2a.4.tif,                   50151_Kurant_Figure 2a.5.tif, 50151_Kurant_Figure 2a.6.tif
Video editor: fade through these images, one at a time, in sequence
6.3. Many Annexin V positive cells are inside and outside the CNS.  The boxed event shows a glial cell engulfing an apoptotic particle. Note the probing behavior of the glial cell: it touches the apoptotic particle a few times before committing to engulfment of the apoptotic cell.

LAB MEDIA:  50151_Kurant_Figure2b.1.tif, 50151_Kurant_Figure2b.2.tif, 50151_Kurant_Figure2b.3.tif, 50151_Kurant_Figure2b.4.tif, 50151_Kurant_Figure2b.5.tif, 50151_Kurant_Figure2b.6.tif
Video editor: fade through these images, one at a time, in sequence, then repeat it once more, but more quickly
7. Conclusion (said by authors on camera)

7.1. Boris Shklyar: After its development, this technique paved the way for researchers in the field of apoptotic cell clearance to explore phagocytosis of apoptotic cells during development.
7.2. Jeny Shklover: Using this technique we can explore the highly dynamic behavior of apoptotic cell clearance.
Provided Media
3.1                  - 50151_Kurant_Figure1.1.ppt - flies in the laying chamber

3.3                  - 50151_Kurant_Figure1.2.ppt - collection of embryos from agar plates and their transfer to a cell strainer 
3.11 and 3.12 - 50151_Kurant_Figure1.3.ppt - position and attaching the embryos to a cover slip

3.15                - 50151_Kurant_Figure1.4.ppt - embryos are now ready for injection
6.1                  - 50151_Kurant_Movie1.avi - Time-lapse recordings of apoptotic cell clearance in a stage 15 embryo.

6.2                  - 50151_Kurant_Figure2a.tif - Selected frames from the movie.

6.3                  - 50151_Kurant_Figure2b.tif - Close up views of a glial cell engulfing an apoptotic cell 

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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