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A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  No
B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? No
C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) All
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  

Step 3
E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations) No
Schematic Overview (read by a voice talent at JoVE)

The overall goal of the following experiment is to prepare viable Drosophila embryos with a permeable eggshell to test the bioactivity of introduced small molecule drugs or toxins. (Intro)  This is accomplished by first treating developmentally staged embryos with dilute bleach to remove the outer chorionic eggshell layers. (P1)  The second step is to permeabilize the embryos with a solvent that depletes the thin waxy eggshell layer that blocks small molecule solutes. (P2)  The third step is to treat embryos with a drug or toxin and a dye to simultaneously gauge the permeability of the eggshell and introduce a compound of interest. (P3) After further development, the embryos can be either directly imaged or processed for immunohistochemistry. (P4) Ultimately, the results can show the activity of a drug or toxin on the development of tissues as determined by fluorescent microscopy with immunoreagents or vital dyes. (P5)
Video editor:
The schematic illustration is built of six titled steps.  Show them as follows and remove the titles:
P1 – the first part of the schematic to the second part. Start on the first and zoom into the pink cylinder section – there are little whit ovals there.  Animate the ovals coming off the cylinder and moving into the “tilted-down blue C” with the black grid, from the second section.  Then add the disc labeled bleach (the parts of the first section are all gone, except the white ovals) and animate the thing dipping down into the disc (like plate filled with water and coming out.
P2 – slide out the bleach dish, to left, slide in EP5[EPS]-labled dish from right.  Repeat the dip of the thing into the new dish, as done before.

P3 – slide out the second dish and animate the ovals coming off the grid.  Now add the tube with pink (shown in section four) and move the ovals onto the pink space and fade them out as they enter the color.  Then, make the tube with pink shake.

P4 – animate the ovals rematerializing from the pink (now with pink color) and move them onto the thin with blue C (top of section five).  Then, by “directly” in the narrative, fade to the bottom part of section five, the slide.
P5 – Fade to the bottom part of section five, the nice rainbow colored image.  There’s no need to show the image of the microscope that was provided.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Matt Rand:  The main advantage of this technique over existing methods, like the use of conventional organic solvents such as heptane to permeabilize the fly eggshell, is that our EPS solvent is water miscible and relatively non-toxic.  These properties facilitate embryo treatments whereby solvent exposure can be more precisely controlled and can be carried out in physiologically relevant media; both of which result in greater embryo viability.   

1.2. Matt Rand: I first had the idea for this method, when I contemplated how to remove the wax layer of the eggshell.  Being a skier, I reflected on the common use of citrus solvent to remove residual wax from the base of skis.  This prompted me to translate this application to the fly embryo eggshell and, after some trial and error, led to the resolution of the EPS composition.
Generally, its just one statement per person, but I these are good and you could say more because you are the only author.  Feel free, however, to just film one of the two if you would like to keep this section trim.
Protocol Chapters (read by a voice talent at JoVE):

2. Preparing the Flies and Materials

2.1. Prepare population cages with at least 500 mating age flies of the desired strains.  The cages should be fit with 10-cm grape juice agar plates with a dab of yeast paste.  Change these plates twice a day.
2.1.1. WID: talent takes population cage down from rack/incubator to show camera
2.1.2. CU: population cage with 500 flies
2.1.3. ECU: agar with yeast paste at base of cage, should be a new plate so yeast paste is easy to see 
2.2. After a few days, the flies will be conditioned to the culture and lay embryos more regularly.  
2.2.1. ECU: same as previous, this time the agar has been laid on and yeast eaten up
2.3. EPS is made out of surfactants and limonene solvent solutions and is good for two months when stored at room temperature.  Warm the surfactants to 37 ºC when mixing up fresh EPS.
2.3.1. MED: talent removing surfactant solutions from warm water bath
Move 2.3.3 above 2.3.2 
2.3.2. MED: adding aliquots of surfactants to EPS mix
2.3.3. ECU: spinning EPS solution with small stir bar
2.4. For EPS treatment embryos are handled with baskets made from 3 cm lengths of 50-ml polypropylene tube and nylon mesh.  Roughed up plastic edges melt to the mesh more easily.
2.4.1. MED: disassembles 50-ml tube and cuts section of tube Shows 50-mL tube and cap, then remove and introduce cut section of tube. (Cutting not shown)
2.4.2. CU: roughing cap up on sandpaper
2.4.3. CU: melting mesh to cap, under ventilation
2.4.4. Add: 2.4.4 Trimming the mesh with scissors
2.5. During later development steps embryos are also handled with baskets made from the caps of 50-ml tubes. The cap is drilled out and notched and the threading between the cap and tube secures the mesh.
2.5.1. MED: handles cap and prepares to drill out lid of cap, to leave the threaded section – starts drilling  Demonstrates final product of drilled out cap and threading
2.5.2. CU: assembles mesh, drilled cap and tube to make basket
2.6. Alternatively, a locally machined slide chamber is used and prepared with a piece of oxygen permeable DO membrane secured over the opening by a retainer ring.  
2.6.1. CU: talent turns slide chamber around in hand to show its details to the camera
2.6.2. CU: adding DO membrane over opening of chamber and sealing with ring. Membrane trimmed with scissors. and grease
3. Staging and Processing Embryos

3.1. To harvest the embryos, set a fresh grape plate with yeast paste on the culture in the morning.  After an hour, change the plate and discard the first collected plate.
3.1.1. WID: talent with population cages and fresh plates at bench, adds yeast to new place
3.1.2. MED: exchanges old plate with new plate on population cage
3.2. Let the second plate collect embryos for two hours at 25 ºC.  Then, collect the plate and transfer it to 18 ºC.  There, allow the embryos to develop to the desired stage.
3.2.1. Reuse 2.1.3
3.2.2. MED: like 3.1.2, second take
3.2.3. WID: loads plate into 18 ºC incubator
3.3. When the embryos are ready, dechorionate them prior to the EPS treatment.  Rinse them off the plate into the mesh basket with water and the use of a paintbrush.
3.3.1. WID: (new look, could be days later) talent arrives to bench with plate and adds water to plate, to collect embryos to basket
3.3.2. CU: collecting embryos to basket using paintbrush and water
3.4. Second, rinse them in gentle running water to remove any debris.   
3.4.1. CU: basket of eggs rinsed off with water
3.5. Third, immerse them in 50% bleach for two minutes, with periodic circulation of the bleach solution.  Then, promptly rinse them off with running water.
3.5.1. MED: sets basket into bath of bleach
3.5.2. CU: circulating bleach around the embryos
3.5.3. Reuse 3.4.1
3.6. Now, fill six 60-mm dishes each with 10 ml of PBS, to function as baths …
3.6.1. MED: sets out six plates and loads them with PBS
3.7. … and make a one to forty dilution of EPS stock in MBIM.   Swirl the mix - a white emulsion will form.
3.7.1. MED:  adding EPS to MBIM in 50 ml glass beaker
3.7.2. CU: swirling the mix, white emulsion forms
3.8. Blot the excess water from the bottom of the mesh basket using a wipe, and immerse the embryos into the EPS dilution with constant swirling motion.
3.8.1. CU: blotting water from basket and then immersing into the mix made in last step
3.8.2. MED: immersed in mix, the basket is swirled around constantly
3.9. After swirling the embryos in EPS for 30 seconds, remove them and blot away the excess solution.  Then move the basket between the six PBS baths, gently squirting to rinse, and proceed with the dye and drug treatment.  (TEXT: 8 – 10 sec / bath)
3.9.1. MED: removing basket from mix, tapping dry on wipe
3.9.2. MED: dipping the basket in one dish of PBS, then the next, and the next 
3.9.3. MED: squirting off the basket as final rinse
3.10. Matt: Balancing permeability and viability is the single most tricky part of this protocol. Permeability is sensitive to the embryo developmental stage, the temperature at which the embryos are aged, and can also vary widely between individual strains of flies.  The best parameters for EPS dilution and time of EPS exposure must be arrived at empirically. 
3.10.1. MED/WID: interview with mark at bench
Mark, this one interjecting interview to stress the difficulty of this step is all that is needed from the discussions you offered up.  These parts need to stay brief.
4. Dying and Developing Permeabilized Embryos

4.1. First, prepare a 50 µM solution of CY5 carboxylic acid dye in MBIM-T.  One milliliter in a micofuge tube is enough.  A toxin or drug can be added at this stage for acute treatments.  Vortex to mix.
4.1.1. WID: talent at bench, mixing CY5 solution in MBIM-T
4.1.2. MED: talent takes aliquot of drug/toxin and adds to the mix
4.1.3. CU: vortexing the tube of mix
4.2. Transfer the permeabilized embryos from the basket to the microfuge tube with a paintbrush, cap the tube, and invert it several times.
4.2.1. MED: moving embryos into tube of mix, from basket, with brush – then capping and inverting
4.2.2. ECU: embryos floating freely in dye solution
4.3. Then, load the tube onto a nutator and let them incubate for 15 minutes.
4.3.1. MED: securing tube to nutator, starting agitation and starting a timer
4.4. After the embryos have settled, remove the dye with a pipette and add back one milliliter of MBIM-T for a wash.  Re-suspend the embryos, let them settle, and replace the MBIM-T.  Then do this for a third and a fourth time.  (TEXT: Rinse with MBIM-T 4X)
4.4.1. ECU: tube with embryos, solution being removed – new MBIM-T solution added back
4.4.2. MED: talent  replaces the solution in the tube, MBIM-T for MIBM-T, bottle of solution clearly in view and clearly labeled
4.4.3. ECU: embryos in tube, after third rinse is removed, the fourth rinse is added and the embryos swirl and settle in the liquid
4.5. Once the fourth wash is complete, remove all the MBIM-T and move the embryos to a development basket for long development periods.
***Insert 4.7-4.8 here, including shots 4.7.1, 4.7.2, and 4.8.1
4.5.1. MED: removing solution from tube, then transferring the embryos to a developmental basket
4.5.2. ECU: embryos being gathered into developmental basket
4.6. … or a slide chamber for short development periods.
4.6.1. MED: adding embryos to a slide chamber, from the basket (These steps come later in 
4.7. For the development basket, first prepare the basket with a rinse of 70% ethanol and then DI water.  Blot dry with a lab wipe when done.
4.7.1. CU: squirting 70% EtOH into basket
4.7.2. MED: squirting water over basket and then blotting dry on wipe
4.8. Next, transfer the basket to a 60-mm dish with six milliliters of incubation medium containing the desired drug or toxin.  Transfer the embryos to the mesh in the basket with a paintbrush.  
4.8.1. MED: adding incubation media (+drug) to 60-mm dish
4.8.2. MED: moving embryos to basket in dish of solution with paintbrush
4.9. By gently dropping incubation medium over them, disperse the embryos into a monolayer.  Be careful not to trap air bubbles under the mesh.
4.9.1. CU: dripping media onto the embryos in dish
4.9.2. ECU: dispersion of embryos in dish with addition of media, they should eventually no overlap – show to this level of detail
4.10. To use a slide chamber, first prepare the chamber.  Invert the slide chamber and put a thin bead of vacuum grease around the edge of the opening. 
**Merge the two below into one shot 4.10.1 
MED: at bench, talent with slide chamber preparing to add grease to edge of chamber opening
ECU: adding the grease to the lip of the opening – show that DO membrane already in place
4.11. Next, load 150 µL of the desire medium onto the surface of the DO membrane within the opening.
** Merge 4.11.1 and 4.11.2 below into one shot: 4.11.1
4.11.1. MED: taking aliquot of media 
4.11.2. CU: adding media to membrane
4.12. Now, transfer the embryos to the media using a paintbrush, and disperse them over the membrane.  Finish by applying a 25 mm circular coverslip, flattening the medium.  Apply a light pressure around the perimeter to ensure the seal.
4.12.1. CU: adding embryos to media with brush
4.12.2. CU: adding coverslip to chamber with forceps
4.12.3. ECU: pressing edges of coverslip, show embryos below too
Matt, I removed the last section on visualizing the embryos by microscopy.  I counted 59 shots to this point and that meant I would have had to trim the content of the protocol to this point to make room for the last section.  Since it is a very standard procedure, I think it best we show the other sections in full detail instead.
5. Robustness and Methymercury Treatment
5.1. There is a robust effect of rearing embryos at 18°C on their ability to be permeabilized by EPS and take up dye at late stages of development.  
5.1.1. LAB MEDIA: Figure 2
5.2. This is illustrated by the absence of Rhodamine B dye uptake in EPS treated embryos, raised at 25 ºC.
5.2.1. LAB MEDIA: Figure 2 – highlight C’’
5.3. CY5 carboxylic acid dye uptake reveals the various levels of permeability typically seen in EPS treated embryos.  Dynamic distribution of the far red CY5 dye during development, and its consolidation in the yolk within the developed gut, seen with blue autofluoresence, reveal a criterion used to assess viability.
5.3.1. LAB MEDIA: Figure 3
5.4. The CY5 dye can also determine prior embryo permeabilization subsequent to formaldehyde fixation and immunostaining.
5.4.1. LAB MEDIA: Figure 4
5.5. After EPS, embryos were treated with CY5 dye and methylmercury toxin.  They are stained with anti-Fasciclin II, seen in green, to label motor neurons, and anti-Elav, in red, to label neuron cell bodies.  CY5 dye is pseudo-colored in blue.  The methymercury has an effect on the patterning of the chordotonal neuron cell bodies, marked by the arrows.
5.5.1. LAB MEDIA: Figure 4B
5.6. In the control treatment embryos, these neurons have a more orderly state.
5.6.1. LAB MEDIA: Figure 4A
5.7. Fasciclin II, shown here in white, illustrates the normal branching of segmental neurons in the control treatment noted by the arrowheads.
5.7.1. LAB MEDIA: Figure 4B Figure 4A’
5.8. In comparison, methylmercury treatment changes the branching pattern, as marked by the solid green arrows.  The hollow green arrow marks where branching was displaced.
5.8.1. LAB MEDIA: Figure 4B’
6. Conclusion Interview (spoken by you on camera)

6.1. Matt Rand: Once mastered, embryo treatments in this technique can be done in about 30-40 minutes if it is performed properly.

6.2. Matt Rand: Following this procedure, other methods like fixation and immunostaining can be performed in order to answer additional questions such as what specific tissues are targeted by a drug or toxin.

List of Provided Media Filenames and Descriptions (fill this in)

Schematic_Rand.tiff
6.1.1_Rand.tiff

now 5.1.1
6.2.1_Rand.tiff

now 5.2.1
6.3.1_Rand.tiff

now 5.3.1
6.4.1_Rand.tiff

now 5.4.1
6.5.1_Rand.tiff

now 5.5.1
6.7.1_Rand.tiff

now 5.7.1
6.8.1_Rand.tiff

now 5.8.1
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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