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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
Can you record movies/images using your own microscope camera? Y
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? Y (but only parts of it)
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _____________________3.4, 4.6, 4.7, 4.8
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________4.6, 4.8
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? Y Same building (different floors)
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to generate digital volume data of organic materials. Examples are embryos and embryo tissues of biomedical model organisms, tissue blocks harvested from adult animals and humans, including skin or muscle biopsies and material like uncoated paper and skin substitutes (Intro). 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Weninger: This method can help answer key questions in the field of biomedical and medical research. It permits 3D visualization and metric analysis of organ morphology and tissue architecture of genetically engineered mouse and experimentally altered chick embryos, cancer models, and of biopsies taken from human and animal tissues. 
1.2. Geyer: The main advantage of this technique is that it provides a simple way to generate stacks of aligned digital images, which are of near histological quality. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Reissig: The implications of this technique extend toward researching wound healing by using animal models and benign and malign tissue pathologies in humans.  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Wolfgang Weninger: Demonstrating the procedure will be Marlene Rodler and Johannes Günther, technicians at the Division of Anatomy of the Medical University of Vienna. 

1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Both done in one single shot!
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects and human materials are according to Austria law and the ethics commission of the Medical University of Vienna.
Protocol: (read by voice talent at JoVE)
2. Preparation of Embryonic Tissues
2.1. Begin with fixed embryos or embryonic tissue of no larger than 5 x 5 x 5 cubic millimeters [1-MED]. Remove the fixative [2-CU] and add PBS [3-MED]. Wash at 4 °C with constant rocking for 24 hours [4-MED-over the shoulder]. 
2.1.1. Talent approaches bench/hood with two or three tubes containing embryonic tissue in a rack. Talent removes cap from one of the dishes.  
2.1.2. The fixative is aspirated from a tube.  
2.1.3. Talent pipettes PBS into a tube.  
2.1.4. Talent places the tubes containing the tissue and PBS on a rocker in the cold room. TEXT: 2 –  3 changes of PBS.
2.2. Add 70% ethanol to the tubes containing the tissue [1-MED], and place the samples on a rotator at 4 °C [2-MED-over the shoulder].
2.2.1. Talent pipettes from a tube/bottle labeled 70% ethanol and dispenses volumes into the tubes of tissue. 
2.2.2. Talent places the tubes onto the rotator. 
2.3. After 2 to 3 hours, continue to dehydrate the samples in ethanol solutions of increasing concentration [1-MED-TXT] for 2 to 3 hours each time [2-MED-over-the-shoulder-TXT]. 
2.3.1. Talent pipettes from a bottle/tube labeled 80% ethanol and dispenses volumes into the tubes. TEXT: 70%, 80%, 90%, 96% ethanol. 
2.3.2. Talent places the tubes on the rotator and starts a countdown timer set to 90 minutes. TEXT: Reduce to 60 min for samples < 2 x 2 x 2 mm3. Extend to 4h for samples > 5 x 5 x 5 mm3.
2.4. While the samples dehydrate, prepare infiltration solution by adding 0.3125 grams of benzoyl peroxide [1-MED-TXT] and 0.1 grams of eosin to 25 milliliters of solution A in a beaker [2-MED-over the shoulder]. Stir on a magnetic stirring plate at 4 °C for 2 to 3 hour until eosin and catalyst are fully dissolved [3-MED]. 
2.4.1. Talent at fume hood wearing appropriate PPE (protective gloves). Talent takes a weigh boat containing 0.3125 grams of benzoyl peroxide from the balance and adds it to a beaker labeled ‘infiltration solution’. TEXT: Perform under a fume hood wearing protective gloves. 
2.4.2. Talent finishes weighing out eosin and transfers the powder to the beaker of solution. 
2.4.3. Talent places the beaker (with stir bar inside) on a magnetic stirring plate in the cold room and turns on the stirring. (Authors – would it be better to have the solution in bottle as it will need to be transferred from the hood to the 4 °C environment?). 
2.5. Place the samples in infiltration solution [1-MED-over the shoulder], and rock or rotate the samples for 12 to 24 hours at 4 °C [2-MED-TXT]. 
2.5.1. Talent transfers the samples to infiltration solution. 
2.5.2. Talent places the samples on the rotator in the cold room. TEXT: Replace infiltration solution with fresh solution after 3 and 12 h. 
3. Embedding 
3.1. Begin by preparing embedding solution [1-MED]. Add 1-milliliter of Solution B to 25 milliliters of fresh infiltration solution [2-MED-TXT]. 
3.1.1. Talent (wearing something different to show that it is a different day) brings a clearly labeled bottle/tube of solution B to the bench/hood where the infiltration solution and the pipettes and molds etc. are located. Combined with 3.1.2
3.1.2. Talent pipettes 1 ml from the bottle/tube and dispenses it into a bottle/tube containing infiltration solution. TEXT: See Table of Materials.  Included in 3.1.1
3.2. After preparing the molding cup trays, fill the deep cavity of the molds with embedding solution [1-MCU-TXT]. 
3.2.1. Talent adds embedding solution to two or three molds. TEXT: Molds have a volume of 6 x 8 x 5 mm3. 
3.3. Transfer the samples into the molds using a spoon [1-MED]. Ensure that the sample is fully covered with embedding solution to avoid trapping air [2-CU]. Orient the sample inside the mold using needles or forceps [3-MCU]. 
3.3.1. Talent transfers a sample from one of the tubes last seen in 2.5.2 into a mold. 
3.3.2. Show the sample in the mold as the mold is topped off with embedding solution to cover the sample. 
3.3.3. The sample is moved into the optimal position with needles or forceps.  
3.4. Geyer: It is critical to orientate the sample optimally during embedding and to indicate its precise position on the block surface. This makes it possible to keep the region of interest small, and use the objective with the highest possible magnification [1-INT]. 
3.4.1. Named Talent speaks the above soundbite to camera. 
3.5. As soon as the embedding solution starts to become viscous, place a block holder on top of the mold [1-MCU] and add embedding solution through the central hole of the block holder until the embedding solution rises to 1 to 2 millimeters above the base of the block holder [2-CU]. 
3.5.1. Talent places the block holder on top of slightly viscous embedding solution. 
3.5.2. *film as written. 
3.6. Seal the molding cup tray by covering it with liquid paraffin wax and wait until it has hardened before moving [1-MED]. 
3.6.1. Talent pours liquid paraffin wax over the molding cup tray until it is covered. 
3.7. Allow the blocks to finish polymerization by storing the sealed molding cup trays for 1 to 2 days at room temperature [1-MED]. 
3.7.1. Talent walks up to the place where the lab usually stores the polymerizing samples and places the sealed molding cup trays in the usual out-of-the-way place. 
3.8. For post-polymerization processing, place the molding cup trays with the polymerized blocks in a standard laboratory oven [1-MED] and bake at 70 to 80 °C for a minimum of 1 to 2 days [2-MED-over the shoulder]. 
3.8.1. Talent (wearing something different to show that time has passed) opens the door of the lab oven and places the samples inside. 
3.8.2. Talent adjusts the temperature to ensure it is within the 70 to 80 °C range. 
4. High-Resolution Episcopic Microscopy 
4.1. Remove the blocks from the molds [1-MED]. Then identify the field of view by directing white light obliquely to the block surface [2-CU].
4.1.1. Talent removing a block from the mold. 
4.1.2. Show the surface of a block as white light is moved over the surface until the shadow of the sample is seen. 
4.2. Trace the shadow of the sample with a black marker on the block surface [1-CU-TXT]. 
4.2.1. *film as written. TEXT: This step is essential to choosing the optimal optics for data generation.
4.3. Mount the resin block with indicated field of view on the microtome [1-MED-over the shoulder] and move the block holder to its stopping position [2-MCU]. 
4.3.1. Talent mounts the resin block as described. 
4.3.2. The resin block moves for a few seconds before it reaches its stopping position. 
4.4. Start the digital camera and data generation software [1-MED-over the shoulder], and acquire a live image [2-SCREEN].
4.4.1. Talent working at computer to start software (detail not required). 
4.4.2. SCREEN: An off-center image of the sample appears on screen. 
4.5. Choose an objective with appropriate magnification to cover the region of interest [1-MCU-TXT]. 
4.5.1. The carousel of objectives moves until the 5X objective clicks into position. TEXT: A 5x objective with aperture of 0.15 is used here. 
4.6. Move the optic up and down and the microtome laterally [1-MED] until the region of interest matches the field of view displayed on the computer screen [2-SCREEN].
4.6.1. Talent adjusting the optic and microtome to line up the field of view with the region of interest. 
4.6.2. SCREEN: The off-center image moves so that the marked region is central to screen and in focus. 
4.7. Section the block until the first structures of the sample become visible [1-CU]. 
4.7.1. A section is cut off the block and the tissue becomes visible. 
4.8. Move the microtome to arrange the block surface in the focal plane of the optic [1-MCU].
4.8.1. The block moves and comes to rest so that it is in the correct focal plane. 
4.9. Choose a section thickness between 0.5 to 5 microns [1-SCREEN]. Then, after setting up the software as per the manufacturer’s instructions [2-MED-over the shoulder], start the software and begin data capture [3-SCREEN].  
4.9.1. SCREEN: The appropriate menu or text-box is selected and a section thickness is entered. Selection of thickness needs to be done on the microtome! So, I’m assuming they filmed that instead…? If not, please cut the VO for 4.9.1 and then add a TEXT to 4.8.1 stating “section thickness between 0.5 to 5 microns”
4.9.2. Talent working at microscope to set up the software (detail not required). 
4.9.3. SCREEN: The start button is captured and an image fills the screen. 
5. Results: Visualization of Embryo and Adult Tissue Samples 
5.1. This HREM section image shows a sagittal section through a mouse embryo harvested at embryonic day 9.5 [1-LM].
5.1.1. LAB MEDIA: 56071_Weninger_Figure3A. TEXT: Scale bars = 200 µm.
5.2. This volume rendered 3D model shows the surface of this embryo [1-LM]. 
5.2.1. LAB MEDIA: 56071_Weninger_Figure3B

5.3. This image shows a virtual sagittal section through a volume rendered model of the neck of a mouse embryo harvested at embryonic day 15.5 [1-LM]. 
5.3.1. LAB MEDIA: 56071_Weninger_Figure3C

5.4. This surface model highlights the lumina of the cardiovascular system in a volume rendering of all tissues of a chick embryo at developmental Hamburger Hamilton stage 18 [1-LM].
5.4.1. LAB MEDIA: 56071_Weniger_Figure3D
5.5. This image shows an HREM section through a human nerve. The inlay enlarges a section of this image [1-LM]. 
5.5.1. LAB MEDIA: 56071_Weniger_Figure4A

5.6. This image shows part of an HREM section image through porcine liver [1-LM]. 
5.6.1. LAB MEDIA: 56071_Weninger_Figure4B

5.7. This image shows a volume rendered 3D model of a biopsy taken from a human thumb pad [1-LM]. 
5.7.1. LAB MEDIA: 56071_Weninger_Figure4D

5.8. This image shows the surface rendered models of dermal arteries, veins, and nerves in front of a virtual resection through HREM data [1-LM].  
5.8.1. LAB MEDIA: 56071_Weninger_Figure4E
5.9. This animation shows a volume rendered model of thick skin of a human thumb pad. Different thresholds enhance different dermal structures, such as blood vessels, nerve fibers, sweat glands and ducts of sweat glands [1-LM]. 
5.9.1. LAB MEDIA: 56071_Weninger_Animation1
5.10. HREM allows for rapid visualization of the architecture of fibrous material. This image shows a volume rendered model of native dermal substitute material [1-LM]. 
5.10.1. LAB MEDIA: 56071_Weninger_Figure5D TEXT: Scale bar = 100 µm.
5.11. This animation shows the volume rendered model of dermal substitute material. Note the different shape and the caliber of the fibers [1-LM]. 
5.11.1. LAB MEDIA: 56071_Weninger_Animation2
6. Conclusion (said by authors on camera)
6.1. Geyer: Samples must be dehydrated, infiltrated, and embedded in resin. The individual steps take up to several days, but include only 2 to 3 hours of operational work for changing fluids, preparing solutions, etc. Data generation on the HREM apparatus is fully automated and generates approximately 1000 aligned images in 2 to 3 hours. 
6.2. Reissig: After its development, HREM paved the way for researchers in the field of developmental biology to precisely score the phenotype of mutant mouse embryos. An example is the deciphering the mechanisms of developmental disorders project, where HREM is used for phenotyping embryonically lethal E14.5 mice in a yet unknown detail. 
6.3. Maurer-Gesek: It turned out that HREM is also an excellent alternative to traditional light microscopy for examining blood vessel, nerve and fiber architecture in human tissue samples.   
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, .eps, 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.  
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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 are included in the email accompanying the finalized script.
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