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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __YES___ If yes, please list make and model of your microscope: ____Leica _MZ FLIII_____
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__No____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps____Dissection, slicing, slice sorting, culture______________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Getting the correct orientation of the slices, using the tongue to line up with the blade.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Conceptual Narrative:
The overall goal of the following experiment is to follow tooth development over several days in vitro explant culture (Intro)
This is achieved by dissecting the developing mandible of fetal rats into live slices to expose the developing tooth germs. (P1: Start with just the image of the head on the screen, then cut the section between the dotted lines out and display it as the right image in P1.  Then, slice that image along the lines.)
As a second step, the slices are selected, placed on filters over a culture medium, and incubated to allow development. (P2: Take a single slice from the middle of the right image in P1 and have it become the image in P2.  Then, place it over some culture medium like in the diagram I added below as *P2 addition.)
Next, slices are labeled with a lineage tracer in order to track cellular movement during the culture period. (P3: Begin by showing the P3 tissue and then bring in the dye dropper and add the red dot.  Then expand the image in P3 so it becomes the image seen in P4.)
Results are obtained that show the dynamic nature of dental tissues as they develop during explant culture. (P4: LABMEDIA: Figure 4 (Show A-C in order, 1 at a time, to portray progression.))
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

Abigail Tucker wrote: “Sarah my co-author decided she would like to speak after all so we alternated some of the lines in the introduction and conclusion. For the conclusion we realised that the line suggested in the final script did not fit with the filming so we used two lines from an earlier script ( 6.1 and 6.5).”

Abigail didn’t say who spoke which lines, but if Sarah is the only demonstrator, you can look in the footage to see what she looks like. Also, you can find a photo of Abigail Tucker at: http://rg.kcl.ac.uk/staffprofiles/staffprofile.php?pid=370.

Because Sarah spoke, you can drop 1.3 from the video.
1.1. Tucker: The main advantage of this technique over conventional explant culture, is that internally developing organs, such as tooth germs, can be observed throughout their development within the context of the surrounding tissue.   

1.2. Tucker: Visual demonstration of this method is critical as the chopping and selection steps can be difficult if the set up of the machine, or the orientation of the tissue is inaccurate.   
1.3. Tucker: Demonstrating the procedure will be Sarah Alfaqeeh a PhD student from my laboratory. 
1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

Note from authors: “We had a problem with the camera on the microscope as the focus was so completely different between the eye pieces and the camera. We therefore filmed a few segments from the screen linked to the microscope. Kathy wondered whether these would be high enough quality but I think as the images are difficult to shoot anyway ( moving in and out of focus as the explant moves) the quality was never going to be great. Hopefully therefore all is fine with what we have.”
2. Embryo Dissection
2.1. First, prepare the dissection and culture medium for the embryonic organs by adding 1% Glutamax and 1% penicillin-streptomycin to 500 mL of Advanced Dulbecco’s Modified Eagle Medium F12.

2.1.1. MED: Talent mixes the culture medium.

2.2. Then, as described in the video article by Takahashi and Osumi… dissect mice embryos between stages E11.5 and E15.5 of development and place them into a petri dish containing fresh medium.  
2.2.1. MED: Talent dissects the embryo using a dissecting scope. (Video Editor: Using the footage from 2.2.1 as a blurred background, add 2 boxes to the screen and insert footage from video 2170. Show (4:10-4:20), (6:50-7:00).  Add the text label underneath the videos. (TEXT: Takahashi, M., Osumi, N. The Method of Rodent Whole Embryo Culture using the Rotator-type Bottle Culture System. J. Vis. Exp. (42), e2170, doi:10.3791/2170 (2010).)
2.2.2. CU: Talent places the embryo into a petri dish with culture medium.
2.3. Next, decapitate the embryos using a freshly sharpened sterile tungsten needle and transfer the heads into a fresh dish of pre-chilled medium on ice.
2.3.1. SCOPE: Talent decapitates the embryos. 
2.3.2. MED: Talent transfers the heads to a fresh dish of medium on ice.
2.4. Then, isolate the mandibles from the heads by placing a needle into the oral cavity and cutting towards the back of the head.  
2.4.1. SCOPE: Talent places a needle into the oral cavity and cutting towards the back of the head.  

2.5. Temporarily store the isolated mandibles in pre-chilled medium on ice prior to being sectioned.

2.5.1. MED: Talent places the mandibles in chilled medium on ice.

3. Embryo Slicing 
3.1. Prior to slicing the mandible tissue, clean the mounting disc and blade of the tissue chopper with 70% ethanol and make sure the blade lies flush with the mounting disc when it falls.  The blade will need to be replaced after slicing approximately 200 mandibles.

3.1.1. MED: Talent wipes down the chopper. (TEXT: Caution: The blade is very sharp)
3.1.2. CU: Talent adjusts the blade to make it lie flush with the mounting disc.
3.2. Set the cutting distance to between 200 and 400 μm according to the age of the specimen, and depending on whether the whole tooth germ is required. For an E14.5 embryo where isolation of the tooth germ is required, a cutting distance of 250 μm is used.   

3.2.1. CU: Talent sets the cutting distance to 250 microns and briefly turns on the machine to show the movement.

3.2.2. MED: Talent brings a dish of the embryo mandibles and places it next to the chopper.

3.3. Next, transfer a mandible to the plastic mounting disc and arrange it so that the developing tongue is in a frontal/transverse orientation when dissecting molars.  To isolate incisors take sagittal slices through the mandible.

3.3.1. MED: Talent transfers the mandible to the mounting disc.
3.3.2. CU: Talent adjusts the disc so the mandible in the correct orientation for dissecting molars. (TEXT: Orientation for Molar Dissection.) (Video Editor: Pause the video once the tissue is oriented and add in a line across the tissue showing where it would be cut at this orientation. The talent will point out the cut line at the end of the shot.) (Videographer: After showing the orientation of the tissue, have the talent show with a razor blade, where the tissue would be cut in this orientation.)

3.3.3. CU: Talent adjusts the disc again to show the correct orientation for dissecting incisors. (TEXT: Orientation for Incisor Isolation) (Video Editor: Pause the video once the tissue is oriented and add in a line across the tissue showing where it would be cut at this orientation.  The talent will point out the cut line at the end of the shot.) (Videographer: After showing the orientation of the tissue, have the talent show with a razor blade, where the tissue would be cut in this orientation.)

3.4. Once correctly oriented, remove the excess medium from around the tissue using filter paper.  This will slightly dry the mandible, fixing it into place on the mounting disc. 
3.4.1. MED: Talent dries the area surrounding the tissue with filter paper.
3.5. Immediately after drying with the filter paper, place the disc on the circular stainless steel table of the chopper. 
3.5.1. MED: Talent places the disc on the circular stainless steel table of the chopper. 
3.6. Then, set the blade force on maximum, turn the machine on, and press start. The table traverses automatically from left to right while at the same time the chopping arm carrying the blade is raised and dropped at up to 200 strokes per minute. 

3.6.1. CU: Talent sets the pressure and turns on the machine.

3.6.2. CU: Show the full range of the blade arm and entire cutting disc as the sample is cut.
3.7. Once the tissue has been completely sliced, turn off the machine. Make sure the blade arm is in the raised position and then remove the disc. Be sure not to place fingers under the blade arm or leave the machine unattended when chopping tissue.
3.7.1. MED: Talent turns off the machine, adjusts the blade arm, and removes the disc.
3.8. Take the mounting disc and immediately add medium to the slices on the disc in order to prevent excessive drying. Then, carefully dislodge the sliced tissue from the bottom of the disc using a tungsten needle and pipette them into a small petri dish of medium.

3.8.1. MED: Talent draws up media in the pipette.

3.8.2. CU: Talent hydrates the sample.

3.8.3. CU: Talent dislodges the tissue from the bottom and then pipettes them into a small dish of medium.

3.9. Next, separate the individual slices using a needle and then select the tissue slices containing the area of interest under a stereomicroscope.  Place selected slices in culture dishes with fresh medium.
3.9.1. SCOPE: Talent separates the individual slices and picks out one.

3.9.2. CU: Talent transfers the selected slice to a dish with fresh culture medium.

4. Mandible Slice Culture and Lineage Tracing
4.1. Prepare metal grids for the culture system by cutting strips measuring 4 cm by 1.5 cm from sheets of stainless steel plain weave. 
4.1.1. MED: Talent picks up sheet and marks where to cut.(TEXT: Grid: 0.7 mm thick, 0.25 mm diameter, 0.38 mm aperture)

4.1.2. CU: Talent cuts the sheet into strips.
4.2. Then, punch a hole in the center using a standard stationary hole punch and bend the sides so that the grid fits flat across the central well and lies parallel to the bottom of the dish. Once the grids are shaped correctly, sterilize them in an autoclave before use.
4.2.1. CU: Talent punches a hole in the center of the grid.

4.2.2. MED: Talent shapes the grid across a dish.

4.2.3. MED: Talent places them into an autoclave envelope / container and affixes indicator tape on the package.

4.3. Next, prepare the central-well organ culture dishes for culture by adding 2 mL of autoclaved water to the outer well to prevent dehydration.  Then, position a sterile metal grid across the center of the dish.

4.3.1. MED: Talent places water into the outer chamber of the dish.

4.3.2. CU: Talent positions sterile grid over the dish.
4.4. Cut a piece of transparent polyethylene terephthalate membrane, with a pore size of 0.4 µm, so that it is large enough to cover the hole in the grid.  Then, place the cut membrane into the dish with the selected mandible slice. 
4.4.1. CU: Talent cuts a piece of PET membrane and places it over the hole in the grid to show its size in comparison to the grid.

4.4.2. CU: Talent moves the PET membrane to the dish with the mandible slice and submerges it in the media.
4.5. If lineage tracing is desired, first prepare a glass capillary needle by drawing the glass with a needle puller.  Then break the tip of the needle and place it tip down into a lipophilic dye solution such as DiI or DiO and draw up some of the dye solution by capillary action.

4.5.1. MED: Talent draws a needle.

4.5.2. CU: Talent breaks the tip of the needle and places it into the dye solution. (TEXT: DiI: Octadecyl (C18)-Indocarbocyanine, DiO: Octadecyl (C18)-Oxycarbocyanine)

4.6. After a few minutes, place the filled needle into a holder and attach it to a mouth aspirator. Position the tip of the needle in the culture medium so that it touches the area to be labeled, such as the dental follicle shown here. Then, displace a small amount of dye onto the tissue.
4.6.1. MED: Talent places the needle into a holder and attaches it to the aspirator.

4.6.2. SCOPE: Talent positions the needle to the dental follicle of the tissue slice and displaces the dye.
4.7. Next, transfer the slice onto a fluorescent microscope stage and check that the slice is successfully label.  
4.7.1. MED: Talent places the slice onto the microscope stage and focuses the objective.

4.7.2. SCOPE: Image of successfully labeled slice.

4.8. Once successfully labeled, carefully lift the slice on top of the membrane and then transfer the membrane out of the medium, with the slice flattened in the center.
4.8.1. MED: Talent transfers the slice onto the membrane.
4.8.2. CU: Talent flattens the slice in the center of the membrane and lifts the sample out of the medium.
4.9. Then, place the filter over the circular hole in the center of the grid.  Add approximately 1 mL of culture medium to the well until the level of medium is at the level of the membrane. 
4.9.1. CU: Talent positions the slice over the center hole in the grid.

4.9.2. MED: Talent adds culture medium to the center well.

4.9.3. CU: Show the culture medium reaching the level of the membrane.
4.10. At this point add any proteins or small molecule inhibitors into the medium.  

4.10.1. MED: Talent adds a protein or small molecule to the medium.
4.11. Also, image the slice for a record of the morphology at day zero using a dissecting microscope. For the best photography view the slices with a light source from underneath.

4.11.1. MED: Talent places the dish under the dissecting microscope and takes a picture. (Videographer: Take an additional view of this to use in 4.13.1)
4.11.2. SCOPE: Show image of tissue with light source underneath it.

4.12. Maintain the dishes in a humidified atmosphere of 5% CO2 at 37 ºC and change the media every 2 to 3 days.
4.12.1. MED: Talent transfers the culture dish to the incubator.

4.13. At regular intervals, continue to image the cultures in order to track progress.

4.13.1. MED: Talent takes an image of the cells.
5. Results: Documenting Early Stages of Tooth Development
5.1. Shown here is a series of images, documenting the development of the first molar dental follicle, which is labeled with DiI fluorescent stain.  The slice is a 250 micron thick frontal slice dissected from the mandible of a mouse at E14.5. 
5.1.1. Figure 4a-c (Video Editor: Label the left image “Day 0”, the middle “Day 1”, and the right image “Day 4”.  Circle the DF label from left to right during “the movement of the first molar dental follicle, which is labeled with DiI fluorescent stain”)

5.2. The tooth, which is outlined with black dots, begins in the cap stage at day 0.  By day 4, the tooth germ has reached the bell stage and the dental follicle cells are seen spreading out in an arc around the developing outer enamel epithelium.
5.2.1. Figure 4a-c (Video Editor: Keep the day labels from 5.1.1. Highlight the area outlined by the black dots in each image during the first sentence.  Highlight the different days as they are mentioned.)
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6. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
6.1. Tucker: In addition to the methods shown here, proteins and small molecule inhibitors can be added to the medium in order to answer additional questions relating to gene function.
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, as well as an introduction to your videographer, closer to your filming date.
( 2012, Journal of Visualized Experiments


