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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N/A_____  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____Y___ 

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.) _2.4, 2.5, 3.3, 3.4,  4.6, 5.2.6 from protocol document.
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.) 
5.2.6: Users can use the 3D rendering of the mesh and the RyR clusters to troubleshoot these steps. The RyR cluster simulation settings, etol and numIter, inside settings.R affect the accuracy of the RyR cluster simulations; these two parameters determine when a RyR cluster pattern simulation terminates. These parameters can be adjusted upon inspection of the distribution of the RyR clusters in the R window (Figure. 10) to ensure that: (i) all clusters are close to the z-discs and; (ii) the clusters are spread across the entire cross-section rather than aggregating in any one region. An ad-hoc sensitivity analysis of the simulations to these two parameters can be conducted to determine an appropriate combination of etol and numIter. 

4.8: A simple approach to determine whether the spatial density parameters are sufficient is to inspect the distribution of the RyR cluster density values as shown in Figure. 7. The density values should be distributed such that the neighbourhood of high density values is of a size similar to the size of an RyR cluster in microscopy data.  

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/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to create a spatially detailed finite element model of the intracellular architecture of a heart cell from electron and confocal microscopy data to study the role of cellular architecture on cardiac cell function. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
(Author Comment: All interview statements have been para-phrased and a slightly different version was actually recorded on the shoot day. Please listen to video for actual statements.)
1.1. Vijay Rajagopal: This method can help answer key questions about the role that the internal organization of the cell and the changes to it that disease conditions play on cardiac systems biology. 
1.2. Vijay Rajagopal: The main advantage of this technique is that it integrates complementary information from electron microscopy and confocal microscopy data to create a detailed model of the cell architecture. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Shouryadipta Ghosh: Though this method can provide insight into cardiac cell systems biology, the general approach can also be applied to other cell systems where studying the role of intracellular organization on function is necessary. 
1.4. Hilary Hunt: Visual demonstration of this method is critical as the steps to simulate and map the spatial distribution of ion-channels onto the finite element mesh are new.   
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the University of Auckland Animal Ethics Committee and the Institutional Animal Care and Use Committee (IACUC) at the University of California San Diego where the tissue protocol was originally developed. 
Protocol: (read by voice talent at JoVE)
2. Segment Myofibrils and Mitochondria Regions from the EM 3D Image Dataset
2.1. After preparing left ventricular free wall tissue sections and imaging them using electron tomography according to the text protocol [1-WIDE], execute the IMOD program “3dmod” [2-SCREEN/LM].
2.1.1. Talent sitting at computer opens up electron tomography image of tissue section (Author Comment: 2.1 and 2.2 need to be combined into 1 statement. They are both doing the same thing – opening a data file in 3dmod) (Editor: Not sure what the author actually wants here – these steps ARE one statement, with 2.1.1 being an establishing shot and referring the viewer to what should be done before opening the file. I suggest leaving this as-is, and seeing what changes the author requests after)
2.1.2. LAB MEDIA Talent opens 3dmod 
2.2. Within the graphical user interface, enter the address of the “.rec” or “.mrc” file that contains the 3D reconstructed image dataset of the cell, into the entry box labeled Image file(s):, then press OK [1-SCREEN/LM].
2.2.1. LAB MEDIA Talent enters address of image dataset of cell in Image file(s) then presses OK
2.3. Next, under the File menu, select New Model, then using the Save Model as… menu item, save the file with an appropriate name.  Under the Special menu, select Drawing Tools, then choose the Sculpt option, and move the mouse over to the image window.  A circular contour centered on the mouse pointer will appear [1-SCREEN/LM].
2.3.1. LAB MEDIA Talent selects New Model then saves file using Save Model As.  Talent then selects Drawing tools under Special menu. Talent chooses Sculpt option in Drawing tools menu and moves mouse over to image window – circular contour center on mouse pointer appears.
2.4. While holding the middle mouse button down over a mitochondrion, which is a darker region of the image files, drag the perimeter of the circle contour into the shape of its boundary [1-SCREEN/LM]. 
2.4.1. LAB MEDIA Talent holds down mouse button over mitochondrion and drags perimeter to form shape of boundary
2.5. Once contouring of the mitochondrion boundary is complete, release the middle button and repeat this process for each mitochondrion in the data. Each contour will automatically be recognized by IMOD as a new contour within the same object [1-SCREEN/LM].
2.5.1. LAB MEDIA Talent releases middle button and then starts process with another mitochondrion 
2.6. Under the Edit | Object menu, select New to create a new object. This will automatically increment the total number of objects by one and assign this number to the new object.  Use the Sculpt option to segment and save myofibril contours.   Also, segment the cell boundary.  Then under the File menu, save the model file [1-SCREEN/LM].
2.6.1. LAB MEDIA Talent selects New to create new object and it assigns the next number to object.  Talent then uses sculpt option to segment and save myofibril contours and segments cell boundary.  Talent then saves model file under File menu. (Author Comment: This step has been slightly modified. The cell boundary is demarcated using the “normal” contouring option rather than the “sculpt” option. We have provided lab media that demonstrate this.)
3. Create a Finite Element Mesh from the Segmented Components
3.1. After downloading Iso2mesh according to the text protocol [1-MED OVER SHOULDER], download the source codes and data to simulate RyR clusters on the mesh from the github website shown here [2-SCREEN/LM-TXT].
3.1.1. Talent sitting at computer finishes downloading Iso2mesh (TEXT:  https://github.com/CellSMB/RyR-simulator
3.1.2. LAB MEDIA Talent downloads source codes and data to simulate RyR clusters on mesh) (Author Comment: We have filmed the user downloading the codes but this process takes a long time and therefore feel that it is not important to show this in the video.) (Editor: Since the author did not edit the VO, I suggest leaving this, but showing only a small portion of the download. No need to show the entire process, right?)
3.2. Start the CardiacCellMeshGenerator MATLAB application [1-MED OVER SHOULDER].  Then using the three push buttons on the upper left hand side of the GUI, load the different organelle component masks into MATLAB [2-SCREEN/LM].
3.2.1. Talent sitting at computer starts CardiacCellMeshGenerator MATLAB app (Author Comment: Steps 3.2 and 3.6 were filmed in one go. The rest of the media screenshots have been provided.) (Editor: I’m not sure which parts were filmed together – 3.6 doesn’t have any filmed sections, unless the author added some, so maybe they meant the screen capture? If so, I don’t know if the steps inbetween were captured along with them)
3.2.2. LAB MEDIA Talent loads the different organelle component masks into MATLAB
3.3. To create another binary image stack that demarcates gaps between myofibrils and mitochondria, open ImageJ.  Then using the File | Open dialog, load the myofibrils and mitochondria tiff stacks into the program [1-SCREEN/LM].
3.3.1. LAB MEDIA Talent opens ImageJ then loads myofibrils and mitochondria tiff stacks
3.4. Initiate the image addition plugin by selecting Process | Calculator Plus.  Select the myofibril image stack as i1, the mitochondria image stack as i2, and choose the Add operator. Then click OK [1-SCREEN/LM].
3.4.1. LAB MEDIA Talent initiates image addition plugin by selecting Process | Calculator Plus.  Talent then selects myofibril image stack as i1, mitochondria image stack as i2, and chooses operator, then clicks OK.
3.5. After a new image stack representing the result appears, select Edit | Invert to produce an image stack [1-SCREEN/LM].
3.5.1. LAB MEDIA With image stack present, talent selects Edit | Invert to produce image stack.  
3.6. Load the file containing the binary image stack of the gaps between myofibrils and mitochondria by pushing the RyRGapsFile button on the CardiacCellMeshGenerator program.  Then push Generate Mesh on the GUI [1-SCREEN/LM].
3.6.1. Talent pushing the RyRGapsFile button on the CardiacCellMeshGenerator program.  Then push Generate Mesh on the GUI.
4. Mathematically Map the Spatially Varying Density of Ion-Channels of Interest onto the Finite Element Mesh
4.1. Generate the necessary inputs for the RyR-Simulator by pushing the button labelled Generate RyR-Simulator inputs on the GUI [1-SCREEN/LM-TXT].
4.1.1. Talent generates necessary inputs for RyR-Simulator by pushing Generate RyR-Simulator button (TEXT: Refer to the text protocol for additional details)
4.2. After the function executes, check that the following files have been created within the directory specified as the outDir path:  the d_axial_micron.txt file, which represents the axial distance between the position of the z-disc and the remainder of the pixels in the image stack [1-SCREEN/LM].
4.2.1. LAB MEDIA Talent checks for d_axial_micron.txt file and uses cursor to point it out (use cursor to point the following files as well).
4.3. The d_radial_micron.txt file, which represents the Euclidean distance, excluding the axial component, from each pixel in the set of possible RyR cluster locations to the pixels on the z-disc plane [1-SCREEN/LM].
4.3.1. LAB MEDIA Talent checks for d_radial_micron.txt file
4.4. The W_micron.txt file, which represents the list of spatial coordinates of all the available positions for RyR clusters to be present [1-SCREEN/LM].
4.4.1. LAB MEDIA Talent check for W_micron.txt file
4.5. The remaining 3 files in the folder contain the suffix “_pixel” rather than “_micron” to denote that the values within these files have been written out in pixel coordinate form [1-SCREEN/LM].
4.5.1. LAB MEDIA Talent points out the three remaining files with the suffix _pixel 
4.6. To simulate RyR cluster distributions on the binary image stack of myofibrils, push the button labeled Open RyR-simulator in R to initiate the R program.  On the R-gui, select File | Open and within the RyR-Simulator package, find the file “settings.R”.  Refer to the text protocol for detailed explanations of the parameters in this field and the default values [1-SCREEN/LM].
4.6.1. LAB MEDIA Talent pushes the button labeled Open RyR-simulator in R to initiate the R program.  Talent then selects File | Open then finds the “settings.R” file.  (TEXT: RyR-Simulator/source/settings.R) (Authors: When recording this file, please keep enough time/footage at the end to include the last sentence of the narration.)
4.7. Hilary Hunt, Step 4.6:  Users should examine the simulated distribution of RyR clusters in the R window and adjust the simulation settings so that the clusters are close to the z-discs and that the clusters are spread across the entire cross-section of the cell [1-INTERVIEW].
4.7.1. Talent recites the above statement looking off camera
4.8. To map points as spatial densities onto a computational model using the CardiacCellMeshGenerator, select the button labeled Select RyR points file, and choose a simulated RyR cluster distribution text file from those that were output by the RyR-Simulator [1-SCREEN/LM].
4.8.1. LAB MEDIA Talent selects the button labeled Select RyR points file, then chooses a simulated RyR cluster distribution text file
4.9. Finally, on the GUI in MATLAB, execute the RyR Density Mapper [1-SCREEN/LM].
4.9.1. LAB MEDIA Talent executes the RyR Density Mapper
4.10. Shouryadipta Ghosh Hilary Hunt, Step  4.8:  Users should check visually that the density values at the mesh nodes are distributed such that the size of the neighborhood with high density values is similar to the RyR cluster size in experimental data [1-INTERVIEW].
4.10.1. Talent recites the above statement looking off camera
5. Results: A Structurally Realistic Finite Element Geometric Model of a Cardiomyocyte  
5.1. These bright field images reveal how cells appear when oriented longitudinally, obliquely, and cross-sectionally with respect to the cutting plane.  Oblique and longitudinal samples exhibit striations, while cross-sectional samples don’t. The capillaries also appear more circular in cross-sectional views than in oblique views [1-LM].
5.1.1. LAB MEDIA Figure 2A and B, Editor add in the L for longitudinally, the O for obliquely, and then panel B for cross-sectionally. For the striations in the O and L samples, point out the lighter blue areas in the O section and the column of bumps in the L section, just below the L.  For the last sentence, point out some of the white circular areas in panel B for the cross-sectional view and for the oblique view, point out some of the oval, white shapes in the O section of panel A.
5.2. This panel represents a good quality tomogram stack that can be acquired when the tissue preparation portion of this protocol is followed.  Care and experience are necessary to ensure that the tissue blocks are sufficiently stained and that there is an even distribution of colloidal gold particles through the tissue volume [1-LM].  
5.2.1. LAB MEDIA Figure 3A
5.3. Shown here is a segmented 3-D model of myofibrils and mitochondria [1-LM].
5.3.1. LAB MEDIA Figure 3B
5.4. This 3D rendering of the tetrahedral mesh is produced by iso2mesh. As long as the original image stack and segmentation tasks are of good quality, this step is fairly robust [1-LM].
5.4.1. LAB MEDIA Figure 4E, Editor, add in the height label, then the width label, then the length label for the first sentence.  
5.5. Finally, these panels show 3 examples of simulated RyR clusters on the same mesh topology after using the spherical kernel intensity estimator algorithm. Notice the variation in organization of the RyR clusters [1-LM].
5.5.1. LAB MEDIA Figure 7, Editor, add in the panels one at a time.  For the last sentence, use a yellow line to draw a circle around an area (same exact area for each panel), that shows differences in the pattern of red dots between the three panels.  For example, the top portion towards the left, or the right portion around 3 o’clock.
6. Conclusion (said by authors on camera)

6.1. Shouryadipta Ghosh: Once mastered, a structurally realistic finite element model of a heart cell can be generated within a couple of hours if it is performed properly.

6.2. Hilary Hunt Shouryadipta Ghosh: Following this procedure, finite element simulations of calcium signaling, bioenergetics and mechanics can be performed in order to answer questions about the role of cell architecture on cardiomyocyte systems biology.
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.

2.7 – tomo-segmentation-movie.mov – Movie showing manual segmentations of myofibrils and mitochondria using IMOD.
3.6 – mito-ryr-mesh.mov – 3D rendering animation of the mitochondria and simulated RyR clusters.
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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