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A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (Y/N) Yes 

6.1 through 6.5; possibly 4.2 and 4.3 … MOTIC K series stereoscope (older Chinese stereoscope)

B.
Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Yes. The videos can be made after the filming.  (If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.)
C.
Which steps of your protocol will viewers benefit most from having filmed? 


4.2, 4.3, 6.2-6.5  (microscope shots)

D.
What is the single most difficult aspect of this procedure and what do you do to ensure success?  List one or two short steps (2-3 lines of text) and describe what makes them critical.


Step 6.2 is the most difficult. 

E.
Will the filming need to take place in multiple locations? (Y/N) Yes - two building a few minutes apart.
1. Introduction (Experimental Goal and Author Interviews)
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this method is to visualize the structure of the cardiac matrix in the absence of cells or other non-matrix materials. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Cristi L. Galindo: This method can help answer key questions in the fibrosis field, such as whether or not pathological increases in collagen deposition result in changes in matrix organization and how these organizational perturbations differ among different cardiomyopathies. 
1.2. Cristi L. Galindo: The main advantage of this technique is that it provides qualitative information about the cardiac matrix that can be used to augment quantitative information.   
1.3. Roman Covarrubias: Drs. Galindo and Sawyer first had the idea for this method, when they found gene expression changes in neuregulin-treated, post-infarcted swine that were consistent with treatment-induced changes in cardiac matrix content.
1.4. Matthew K. Stephenson:  Generally, individuals new to this method will struggle if they have not had previous experience with SEM sample preparation, due to the fine motor skills required.  
Apart from the first two statements we only want to show each person once during this segment, so I've selected the better statements. 
C. Ethics Title Card
1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) or at Vanderbilt University.

Protocol (read by voice talent at JoVE):
2. Decellularization of Heart Tissue Specimen
2.1. The tissue sample, should be large enough [2.1.1-WID] to be easily seen and stored in 4% glutaraldehyde solution at 4 ºC.  [2.1.2-CU] Remove the tissue from cold storage and rinse it off in distilled water. [2.1.3-MED]

2.1.1. arriving to bench with tissue sample in solution

2.1.2. detail of tissue in the solution, pause, then talent removes the tissue 

2.1.3. talent lifting tissue from the solution and rinsing it with water

2.2. Then, immerse the tissue in a solution of 10% sodium hydroxide solution, [2.2.1-CU]  made fresh from pellets and water.   Be sure to take proper precautins. [2.2.2-WID]

2.2.1. setting tissue into 10% NaOH bath, labeled bath tube, show that the tissue is reddish-brown
2.2.2. flash back, talent wearing protective gear and working in protected environment to make 10% NaOH solution 
Videographer: give the 2.2.2 shot a fuzzy border, since it is a general view of an action presented out of sequence (for good reason).
2.3. Keep the tissue in the sodium hydroxide solution for six to ten days at room temperature. [MED]

2.3.1. Covering the bath, Placing cap securely on tube, positioning it where it will be safe from bumping, etc. under hood on bench 

2.4. Proceed when the color of the tissue becomes off-white or white. [CU]

2.4.1. detail of tissue in bath tube, the correct color to proceed, talent can manipulate it

2.5. Then, rinse the tissue off with distilled water until it becomes transparent. [ECU]

2.5.1. Rinsed with water flowing over tissue until tissue gains transparency
2.6. Next, put on gloves and [2.6.1-MED] immerse the tissue in 1% tannic acid for four hours at room temperature. [2.6.2-MED/CU]
2.6.1. Putting on gloves

2.6.2. placing tissue in labeled 1% tannic acid bath, starting a timer
2.7. After the tannic acid bath, rinse the tissue in distilled water overnight. [MED]

2.7.1. Transferring tissue between tubes of water and setting up o/n incubation
3. Osmication, Dehydration and Cross-sectioning for SEM 
3.1. In preparation, in a fume hood, wearing gloves, [3.1.2-WID] make a 0.2 Molar stock solution of sodium cacodylate buffer and a 2% aqueous stock solution of osmium tetroxide. [3.1.2-MED] Use a splash guard, as osmium tetroxide is a severe inhalation hazard. [3.1.1-WID]

3.1.1. talent putting on safety gear and gloves

3.1.2. making solution as indicated – splash guard not in view

3.1.3. show use of the splash guard while talent is working

3.2. Now, make a 0.1 M dilution of the sodium cacodylate buffer [3.2.1-MED] and incubate the tissue in it for 5 minutes with gentle agitation.  [3.2.2-CU] Change the buffer twice to wash the tissue a total of three times with sodium cacodylate. [3.2.3-MED/TEXT]
3.2.1. making solution as indicated, be sure to always film labeled bottles 

3.2.2. transferring tissue into freshly prepared solution bath, starting rocker

3.2.3. changing solutions in the solution bath, TEXT: Wash 3X 
3.3. Next, make a one-to-one mixture of the stock sodium cacodylate and stock osmium tetroxide. [MED]

3.3.1. film as written, show safety precautions in use
3.4. Incubate the tissue in the new mixture, on a rotator for an hour. [MED]

3.4.1. moving tissue into freshly made solution, starting rotator and starting timer
3.5. Later, return the tissue to 0.1 M sodium cacodylate [3.5.1-MED] and incubate it with gentle agitation for 5 minutes.  [3.5.2-MED] Change this bath solution twice over 15 minutes. [3.2.3]

3.5.1. moving tissue from bath to bath, as indicated, make sure the baths are labelled

3.5.2. starting the rocking and a timer

3.6. Then, dehydrate the tissue using a series of ethanol baths with increasing concentrations. [3.6.1-MED/TEXT]  Let the tissue soak for 15 minutes in each bath with gentle agitation. [3.6.2-MED]

3.6.1. preparing several ethanol baths at 6 different concentrations, TEXT: 30%, 50%, 75%, 85%, 95%, 100% EtOH

3.6.2. moving tissue into the first of the 6 baths, placing on rotator and starting rotator

3.7. Next, transfer tissue in solution to a shallow Petri dish filled with 100% ethanol.[CU]

3.7.1. pouring ethanol into dish then placing tissue into dish
3.8. Next, with care, hold two very sharp razor blades [3.8.1-CU] such that the flats of the sides are in contact with one another and the cutting edges cross to form two sides of an equilateral triangle above the specimen. [3.8.2-ECU]

3.8.1. gripping the two razor blades

3.8.2. showing how to hold razor blades above tissue
3.9. Now, use your dominant hand to place the second blade on the far left of the sample [3.9.1-CU] and slice rightward.  Thus, slide the blade against each other from opposite directions to make a single smooth cut with minimal distortion or tearing force. [3.9.2-SCOPE]

3.9.1. a wide view of holding the two blades and slicing

3.9.2. a detailed view, via dissection microscope which is not usually in use, film as written
3.10. The goal is to expose as large a surface area as possible without damaging the specimen.  Repeat the process until enough satisfactory cross sections are prepared for examination by SEM. [SCOPE]

3.10.1. more of the same actions shown in 3.9.2, talent stops when a really good cross-section is made – show the details that make it a good one
4. Critical Point Drying (CPD) and Mounting for SEM
4.1. Using a spatula or tweezers, [4.1.1-WID] transfer the tissue to the sample holder of the CPD, while keeping the tissue immersed in 100% ethanol. [4.1.2-MED/TEXT] The tissue cannot be exposed to the air for more than a few seconds. [4.1.3-ECU]

4.1.1. establish the scene, talent takes hold of spatula/tweezers

4.1.2. film as written, TEXT: Critical Point Dryer (CPD) 

4.1.3. tissue in the CPD, prodded to be completely immersed if needed

4.2. Use the CPD to replace the ethanol with liquid carbon dioxide [4.2.1-MED] and perform the drying cycle, as indicated by the manufacturer.  [4.2.2-MED]

4.2.1. first of two actions of using CPD, talent's choice

4.2.2. second action of using CPD, talent's choice
4.3. Then, prepare an SEM sample stub for each specimen.  [CU]

4.3.1. talent readies a stub and tab

4.4. Adhere a carbon adhesive tab to the top surface of the aluminum stub. [ECU]

4.4.1. attaches tab to top of stub

4.5. Under a stereoscope, [4.5.1-MED] carefully adhere the specimen to the adhesive tab with the cross section surface of interest facing up, away from the tab, and maximally planar with the stub surface.  Do not probe or touch the surface of interest. [4.5.2-SCOPE]

4.5.1. setting up under the microscope

4.5.2. film as written
4.6. For the smallest, most difficult specimens, break a wooden applicator stick to use as a spatula. [4.6.1-MED] Also, work over a large piece of filter paper to avoid losing a dropped specimen. [4.6.2-CU]

4.6.1. preparing wooden spatula

4.6.2. placing paper to catch a dropped tissue specimen

4.7. For improved adherence, use a broken applicator stick to make a tapered brush, [4.7.1-ECU] and apply silver or carbon paint to the base and sides of the specimen. Extend a very thin line of paint up to an edge of the surface of interest.  This will make a charge path from the surface of interest to the ground. [4.7.2-SCOPE]

4.7.1. applying silver to the spatula

4.7.2. making silver line at edge

4.8. Then, apply 2 or 3 small dabs of paint around the perimeter of the carbon tab, to provide a conductive path from the tab surface to the metal stub.  This functions as the ground. [SCOPE]

4.8.1. adding silver dabs around tab on specimen, for grounding

4.9. Set the specimen aside and allow the conductive paint to dry for two hours. [ECU]

4.9.1. specimen from a wider view after silver paint and tab is added

4.10. Once dried, operate a sputter coater [4.10.1-WID] to apply a relatively heavy coat of gold-palladium alloy or gold onto the specimen. [4.10.2-MED]   A 30 to 40 nm thick coating is desired. [4.10.3-ECU]

4.10.1. establish setting up with sputter coater

4.10.2. using sputter coater to apply coating

4.10.3. view of tissue sample after coating has been applied
5. SEM Examination of Heart Tissue Specimens
5.1. Perform the scanning electron microscopy [5.1.1-WID] at a relatively low accelerating voltage to minimize problems associated with poor charge dissipation in the sample. Use the variable pressure mode if it is available. [5.1.2-LM/TEXT]

5.1.1. establish talent working with SEM set up software
5.1.2. To be provided by authors, a SCREEN CAPTURE of the above described action(s) TEXT: 5 kV accelerating voltage

5.2. First improve the working distance to provide enough depth of field to focus on fibers in the z dimension.  To do so, open the Navigation tab at upper right.  Then, access the Coordinates tab from the Stage menu.  Therein, enter a larger value for the Z coordinate, such as twenty millimeters.  Finally, press Go To tab to execute the change. [LM/TEXT]
5.2.1. To be provided by authors, a SCREEN CAPTURE of the above described action(s), TEXT: 20 mm working distance

5.3. Next, position the surface of interest orthogonally to the electron beam.  Click and hold the right mouse button, then slide it left or right to focus the specimen near the periphery of the prepared surface plane of interest.  [LM]
5.3.1. To be provided by authors, a SCREEN CAPTURE of the above described action(s)
5.4. Take note of the focused working distance.  [MED]

5.4.1. talent making a note of the value to record from the screen
5.5. Then, using the Manual User Interface joystick, [5.5.1-CU] move the view to the opposing edge and repeat the focusing method.  [5.5.2-LM]

5.5.1. gripping and using the joystick
5.5.2. To be provided by authors, a SCREEN CAPTURE of the above described action(s)
5.6. If the working distance has changed, tilt the specimen to achieve an approximate agreement at both locations.  Use the Coordinates tab of the Stage menu and enter a tilt value in the T coordinate.  [LM]
5.6.1. To be provided by authors, a SCREEN CAPTURE of the above described action(s)
5.7. Now, rotate specimen ninety degrees by entering this value into the R Coordinate field. [LM]
5.7.1. To be provided by authors, a SCREEN CAPTURE of the above described action(s)
5.8. Then, repeat the tilting process until all the positions are focused at approximately the same working distance. [LM[
5.8.1. To be provided by authors, a SCREEN CAPTURE of the above described action(s)
6. Results: Structural and Quantitative Analyses
6.1. The described technique was applied to cardiac tissues from an unused human heart transplant donor. The human cardiac matrix is an intricate weave of cross-linked proteins that has a honeycomb-like pattern in a cross section. 

6.1.1. Fig 1 bottom right

6.2. Each ‘honeycomb’ structure is approximately 40 microns wide, normally circumventing a single myocyte.

6.2.1. Fig 1 top left

6.3. When connected by intercalated discs, several cardiomyocytes can be envisioned as a rod running lengthwise through the tunnel-like shape.

6.3.1. Fig 1 center left

6.3.2. Fig 1 center right

6.4. In addition to providing structural information, an SEM of decellularized tissues can allow meaningful, qualitative assessment in response to injury or non-injurious forms of cardiomyopathy, such as infarcted cardiac tissues from a swine.

6.4.1. Fig 2 top row

6.5. In a separate study, the GGF2 isoform of NRG1-Beta was shown to be a potential therapeutic treatment for heart failure.

6.5.1. Fig 2 bottom row
7. Conclusion (said by authors on camera)
7.1. Matthew K. Stephenson: After watching this video, you should have a good understanding of how to decellularize and process heart tissues for examination with a scanning electron microscope, including a technique for exposing the surface of interest and for mounting the specimen.
7.2. Roman Covarrubias: Following this procedure, other methods like mass spectroscopy, RNA Sequencing, and various other assays that measure specific extracellular matrix proteins can be performed in order to answer additional questions like which proteins and signaling molecules contribute to observable organizational phenomena. 
7.3. Matthew K. Stephenson: While attempting this procedure, it's important to remember to avoid any contact with the surface to be examined by SEM.
7.4. Matthew K. Stephenson: Also, don't forget that working with osmium tetroxide can be hazardous due to a danger of mucous membrane fixation from its vapors.  Work with this chemical in the fume hood, wearing nitrile gloves and use a hood sash or splash guard.   

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.  

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 are included in the email accompanying the finalized script.
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