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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N_____ If yes, please list make and model of your microscope: ______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_______4.3, 5.1, 6.2-4, 7___________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __6.3, finding the total depth of the tissue to define the top and bottom while taking Z stack. This strategy will be explained in the camera and will be showed in the monitor.
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 image 1-2 mm thick coral polyps in 3D to understand the fine structure as well as the coral pigments and their localization. (Intro)
This is achieved by first embedding the sample in wax.

Video editor, please use shot 2.8.1.
Then, cut the sample into 1 micron sections using a microtome.   

Video editor, please use shot 2.13.1.
Next, a custom designed serial block face technique is used to image the coral polyps and reconstruct the 3D image using multiple 2D images.
Video editor, please use LAB_MEDIA: 51824_Sivaguru_SI_Video_3 (00:10-00:19).
Results are obtained that show the ability of the technique to resolve fine structural details of the coral tissue without compromising its structural integrity.
Video editor, please use LAB_MEDIA: 51824_Sivaguru_SI_Video_7
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Bruce Fouke: Demonstrating the procedure will be Mayandi Sivaguru, a collaborator of my research group.  

1.1.1. Interview style: Author saying the above 

1.1.2. 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):

2. Wax pre-infiltration and embedding 

2.1. To prepare the pre-infiltration wax, melt 3.6g of stearin flakes in a glass beaker on a hot plate (Text overlay: 60-70°C).  Next, add 400 mg of Sudan IV to minimize the wax background fluorescence.  Mix well and wait until a red translucent solution is achieved.
2.1.1. MED-over the shoulder:  Talent melting stearin flakes in a glass beaker on a hot plate.  Text overlay: 60-70°C.
2.1.2. CU:  The glass beaker as 400 mg of Sudan IV is added.

2.1.3. CU:  The glass beaker as the mixture turning to a red translucent solution.
2.2. Then, add 81 g of paraffin and mix well.    
2.2.1. MED-over the shoulder:  Talent adding hot molten paraffin to the beaker.

2.2.2. CU:  The glass beaker as stearin flakes are melting in it on a hot plate.  Text overlay: 60-70°C.

2.2.3. CU:  The glass beaker as Sudan IV is added.
2.2.4. CU:  The glass beaker as the solution is being mixed until it turns red translucent.

2.3. Subsequently, add 15g of white granular Vybar and melt completely in the same beaker.  Once melted, mix it again to get a completely mixed wax solution.

2.3.1. MED-over the shoulder:  Talent mixing the paraffin in the solution.

2.3.2. CU:  The glass beaker as white granular Vybar is added.
2.4. Now, add the mixture to a glass bottle and close loosely with a lid.  Place the glass bottle in a 60°C convection oven to keep the ingredients in a liquid state and for all the infiltrations to take place.  This solution can be made to 200 mL and split into two 100 mL bottles; one for infiltration and the other for final embedding.
2.4.1. MED-over the shoulder:  Talent loosely closes the glass bottle with a lid.

2.4.2. MED:  Talent places the glass bottle in a 60°C convection oven.
2.4.3. CU:  The 200 mL red wax as it is split into two 100 mL bottles.

2.5. To embed the coral tissues for SBFI (Text overlay:  SBFI: serial block face imaging), first wash the coral polyps collected in the field and store them at 4 °C in paraformaldehyde.  Afterward, wash them in PBS 3 times for 5 min each time.  When ready to be imaged, decalcify the polyps in Ex Cal II solution for 24 hours or until the polyps are totally devoid of CaCO3 (calcium carbonate).  Incubate several decalcified coral polyps as a single block in a 25, 50, 75 and 100 % ethanol series, followed by 1x xylene substitute for 30 min each session, to dehydrate the samples.

2.5.1. MED-over the shoulder:  Talent places the coral polyps in a tube/container labelled “paraformaldehyde”.  Text overlay:  SBFI: serial block face imaging.
2.5.2. CU:  The coral polyps as they are washed in PBS.

2.5.3. MED-over the shoulder:  Talent places the coral polyps in a tube/container labelled “Ex Cal II”.

2.5.4. MED-over the shoulder:  Talent places 5 labeled tubes/containers (25, 50, 75, 100% ethanol, and 1x xylene substitute) one by one on the bench.  [Take 2 Best]
2.6. Next, place the processed polyps in 100% xylene substitute in a 65° C oven for 30 min.  Afterward, replace with fresh solution and incubate for another 30 min.  Orient the polyps with the tops facing down, and the surface as flat as possible.
2.6.1. MED:  Talent places the xylene substitute containing the processed polyps in the 65° C oven.

2.6.2. MED-over the shoulder:  Talent replaces the xylene substitute with fresh solution.

2.6.3. CU:  The polyps as they are oriented in such a way that the top of the polyps facing down.

2.7. Then, make 3 solutions of xylene substitute and the pre-infiltration wax in the ratios of 2:1, 1:1 and 1:2 in the 10 mL scintillation vials.  Incubate the coral polyps with these three increasing concentrations of pre-infiltration wax, followed by three incubations in 100% pre-infiltration wax for 30 min to 1h each time.
2.7.1. MED-over the shoulder:  Talent places three 10 mL scintillation vials (the first one labeled “2:1”, the second one labelled “1:1”, and the third one labelled “1:2”) on the bench.
2.7.2. CU:  The coral polyps as they are placed in the vial.
2.8. Now, transfer the sample to the embedding wax.  Remove the embedding wax after 30 min. Then, replace with fresh embedding wax and continue the incubation for a minimum of 4 hours at 65° C.
2.8.1. MED-over the shoulder:  Talent transfers a sample to the embedding wax.

2.8.2. MED-over the shoulder:  Talent removes the embedding wax.

2.8.3. MED-over the shoulder:  Talent adds the fresh embedding wax.

SWITCH ORDER OF 2.9 AND 2.10
2.9. Afterward, photograph the block.  This is necessary because once embedded in the wax, the location of the sample will become invisible as the embedding red wax is opaque. 

2.9.1. MED:  Talent photographing the block with a camera.

2.9.2. CU:  The block as it is being focused.

2.10. Next, place small drops of high melting point wax around the new pre-heated stainless steel embedding mold and allow it to cool.  Pour a small volume of freshly melted embedding wax from the second aliquot, and position the coral polyp facing down over the white wax dot quickly.  
2.10.1. MED-over the shoulder:  Talent placing small drops of high melting point wax around the new pre-heated stainless steel embedding mold.

2.10.2. MED-over the shoulder:  Talent pours a small volume of freshly melted embedding wax from the second aliquot.
2.10.3. CU:  The coral polyp as it is positioned facing down over the white wax dot quickly.
2.11. Then, place a plastic sample holder on the stainless steel tray, and pour more embedding wax so that the wax comes up to the surface of the plastic mold.
2.11.1. MED-over the shoulder:  Talent places a plastic sample holder on the stainless steel tray.
2.11.2. CU:  The embedding wax as it is being poured until it comes up to the surface of the plastic mold.

2.12. Now, take the entire set-up out of the 65° C oven and allow it to cool on a bench or a cool surface until the wax completely hardens.  After that, place the desiccated block in a refrigerator at 4° C, protected from light, for long term storage.
2.12.1. MED:  Talent transferring the entire set-up from the oven to the bench.

2.12.2. MED:  Talent places the block desiccated in a refrigerator.
2.13. To section the block, first trim it and cut 1 micron sections using a microtome.  Capture the image of the smooth block face which contains the sample every time when a section is removed.  The sample appears when the white wax begins to disappear. 
2.13.1. MED-over the shoulder:  Talent slicing a 1 micron section using the microtome.

2.13.2. CU:  The smooth block face which contains the sample.
2.13.3. CU:  The section which shows the sample and little white wax.

2.14. Then, capture the images with a monochrome camera using a FITC fluorescent filter to pick up the auto-fluorescence of the chromatophores/coral polyp. Image three to four decalcified cores from each species.
2.14.1. MED-over the shoulder:  Talent capturing some images on the computer monitor.

2.14.2. SCREEN:  A screen movie to show a few images of the decalcified cores being taken.

3. Imaging corals under two-photon fluorescence microscopy 

3.1. To perform two-photon fluorescence imaging, place the washed coral polyp cores in 4% paraformaldehyde upside down in a covered glass bottom dish.

3.1.1. MED-over the shoulder:  Talent places the washed coral polyp cores in 4% paraformaldehyde upside down in a cover glass bottom dish.

3.2. Using a two photon laser at 780 nm excitation, image three to four polyps at two different magnifications using a 10x  (Text overlay: 0.3 NA) objective. 
3.2.1. SCREEN:  A screen movie to show the imaging of three to four polyps at two different magnifications.  Text overlay: 0.3 NA.
3.3. Next, use the tile scan mode to collect approximately 25-100 (Text overlay: 5 x 5 or 10 x 10 tiles) images per focal plane in XY at 10 or 20 µm intervals.  Then, collect 50-100 images through the Z axis at 10 or 20 µm intervals, which will be around 5,000-10,000 images total per coral polyp.
3.3.1. SCREEN:  A screen movie to show the collection of images in the XY plane.  Text overlay: 5 x 5 or 10 x 10 tiles.

3.3.2. SCREEN:  A screen movie to show the collection of images through the Z axis.
3.4. After that, image three to four polyp areas to represent a core and coral species.  Then, store all images in raw data format on the system’s hard disk.

3.4.1. SCREEN:  A screen movie to show the imaging of different polyp areas.

3.4.2. MED-over the shoulder:  Talent clicking buttons on the computer monitor to store the data. 

4. 3D volume rendering and visualization of SBFI and two-photon spectral fluorescence data
4.1. In this procedure, crop the 2D data to reduce the file size by focusing on a single polyp using the square cropping tool, and compile it as a single tiff file in the acquisition software. 
4.1.1. MED-over the shoulder:  Talent focusing on a single polyp using the square cropping tool.

4.1.2. SCREEN:  A screen movie to show the 2D data is compiled as a single tiff file in the acquisition software.
4.2. Open the assembled files of the SBFI data or the tiled multiple Z-stacks of two photon optical sections in the Imaris Surpass program module under volume algorithm.
4.2.1. SCREEN:  A screen movie to show that the assembled files of the SBFI data or the tiled multiple Z-stacks of two photon optical sections are opened.  
4.3. Project the SBFI data rendered in 3D using a shadow projection.  Create an isosurface mode where the voxels are thresholded to create a solid surface pattern.
4.3.1. SCREEN:  A screen movie to show the projection of the SBFI data rendered in 3D using a shadow projection.

4.3.2. SCREEN:  A screen movie to show the creation of the isosurface mode where the voxels are thresholded to create a solid surface pattern. 

4.4. Visualize the 3D projections using a clipping plane algorithm at XY, XZ and YZ orthogonal modes to reveal the 3D structure and shape of the corals.
4.4.1. SCREEN:  A screen movie to show the use of a clipping plane algorithm at XY, XZ and YZ orthogonal modes to reveal 3D structure and shape of corals.
4.5. Then, animate the projections using a key frame animation module in the same Imaris program.
4.5.1. SCREEN:  A screen movie to show the use of a key frame animation module to animate the projections.

4.6. Generate video files at 5% compression and generate movie clips in avi format using volume, 3D and Isosurface modalities.
4.6.1. SCREEN:  A screen movie to show the generation of a movie clip in avi format using volume, 3D and Isosurface modalities.
5. Results:   Two-photon fluorescence 3D images of coral polyps
5.1. Here are the two-photon fluorescence 3D images of coral polyps from M. annularis (Video editor, zoom in A-D) and M. faveolata. (Video editor, zoom in E-H).  (Video editor, highlight A and E)  These two images were captured with no spectral separation of components using 780 nm excitation of the two-photon laser, with the optical signal collected from 450-700 nm.  (Video editor, highlight B and F) And these two images were collected with the same excitation, but two photomultiplier tube detectors were used simultaneously to collect the data from two components, one from 500-550 nm (Text overlay: green-chromatophore autofluorescence) and the other from 650-720nm (Text overlay: red-Chlorophyll fluorescence).  (Video editor, highlight C and G) These are their depth coded images; red are the shallowest and blue are the deepest components in 2D. 
5.1.1. LAB_MEDIA:  51824_Sivaguru_Figure 9

Text overlay: green-chromatophore autofluorescence.

Text overlay: red-Chlorophyll fluorescence.
6. Conclusion (said by authors on camera)

6.1. Glenn Fried: While attempting this procedure, it’s important to remember to prepare the red wax embedded sample properly.

6.2. Mayandi Sivaguru: Combination of Serial block face and two photon fluorescence microscopies permits analysis of coral pigmentation and cellular structure on a variety of length scales. 
6.3. Bruce Fouke: After watching this video, you should have a good understanding of how to handle and image reef building corals and its spectral properties in 3D.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, 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 your media filenames here.

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.

( 2011, Journal of Visualized Experiments


