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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y
Videographer: All screen capture files provided, do not film

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N

Protocol Length
Number of Shots: 50


 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Fabio M. Simoes de Souza: Computational 3D geometric modeling of chemical species reaction-diffusion is a useful method for studying the mechanisms of synaptic receptor trafficking in and out of neuronal dendritic spines during synaptic plasticity [1]. (Comment: it was filmed with or without ‘neuronal’. Please, choose the best shoot)

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

REQUIRED:
1.2. Fabio M. Simoes de Souza: This technique has the advantage of creating rich environments for making hypotheses and predictions about the functioning of complex nonlinear systems with a large number of variables [1]. (Comment: either ‘testing’ or ‘making’ is OK. Choose the best shoot)

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


1.3. 

Protocol
2. Single Dendrite Spine Creation

2.1. To create a mesh of a single dendritic spine with a spine head and a spine neck using a modified sphere [1], first open Blender with CellBlender already installed and press 5 on the keypad [2] to change from the Perspective to the Orthogonal view [3].

2.1.1. WIDE: Talent opening Blender, with monitor visible in frame
2.1.2. Talent pressing 5
2.1.3. SCREEN: screenshot_1

2.2. Press 1 to change to front view and press Shift+C to center the cursor [1].

2.2.1. SCREEN: screenshot_2: 00:12-00:18

2.3. To create the spine head, press Shift+A to open the mesh palette and select the Mesh [1].

2.3.1. SCREEN: screenshot_4: 00:00-00:05

2.4. Select UV Sphere and, in the Add UV Sphere, set the Size to 0.25 and the Rings to 32 [1].

2.4.1. SCREEN: screenshot_4: 00:13-00:28

2.5. To make the top of the head flat, press Tab to switch Blender from the Object Mode to the Edit Mode [1].

2.5.1. SCREEN: screenshot_5

2.6. Press B to select the top three-quarters of the sphere and press delete, select vertices, and enter to remove the vertices [1].

2.6.1. SCREEN: screenshot_6: 00:00-00:20 Video Editor: please speed up

2.7. Press B and select the top of the sphere [1].

2.7.1. SCREEN: screenshot_7: 00:00-00:07

2.8. Press E, S, zero, and enter to seal the top with the vertices still selected [1] and move the blue arrow down to align to the top of the spine head [2].

2.8.1. Talent pressing buttons
2.8.2. SCREEN: screenshot_8: 00:04-00:10 Video Editor: please speed up

2.9. To increase the mesh resolution at the top of the spine, select Tool and Knife and use the knife to cut a circle around the center of the top [1].

2.9.1. SCREEN: screenshot_9: 00:00-00:22 

2.10. Then select Tool and Loop Cut and Slide four times to create four concentric circles around the center of the top [1].

2.10.1. SCREEN: screenshot_10: 00:00-00:20 Video Editor: please speed up

2.11. To create the spine neck, Press B and select the bottom of the mesh [1].

2.11.1. SCREEN: screenshot_11: 00:12-00:17

2.12.  Press delete, vertices, and B and select the bottom of the mesh [1].

2.12.1. SCREEN: screenshot_12

2.13. Press E and Z and select minus 0.45 to create an extrusion to the z axis position at minus 0.45 micrometers [1].

2.13.1. SCREEN: screenshot_13: 00:00-00:10

2.14. To make the mesh compatible with MCell, press Crtl+T to triangulate the mesh and select Tool and Remove Doubles [1].

2.14.1. SCREEN: screenshot_14: 00:00-00:38 Video Editor: please speed up

3. Multiple Spine Dendrite Creation

3.1. To create a multiple spine dendrite [1], press Shift+A to open the mesh palette and select Mesh and Cylinder [1].

3.1.1. WIDE: Talent opening palette, with monitor visible in frame
3.1.2. SCREEN: screenshot_15: 00:10-00:18

3.2. In the Add Cylinder menu, set the Radius to 0.3 micrometers and the Depth to 2 micrometers and press Enter [1].

3.2.1. SCREEN: screenshot_16 Video Editor: please speed up

3.3. Press R and enter 90 to rotate the cylinder 90 degrees and use the blue arrow to drag the cylinder to the bottom of the spine [1].

3.3.1. SCREEN: screenshot_17 00:00-00:16

3.4. Press 3 to obtain a front view of the cylinder and press Z to make the mesh transparent [1].

3.4.1. SCREEN: screenshot_18: 00:04-00:13

3.5. Use the blue normal arrow to move the base of the spine to the interior of the cylinder and right-click to select the dendrite [1].

3.5.1. SCREEN: screenshot_19: 00:00-00:08

3.6. Select Modifier and Add Modifier and select Boolean, Operation Union, and select Object Spine [1].

3.6.1. SCREEN: screenshot_20: 00:00-00:22 Video Editor: please speed up TEXT: Superpose spine neck base to dendrite before Boolean Union Operation

3.7. Click Apply to create a joint mesh of the dendrite and the spine. Then use the mouse to select the mesh of the isolated spine, changing the position and angle to insert each new spine in a physiological position [1]

3.7.1. SCREEN: screenshot_21 Video Editor: please speed up

4. Molecule Creation and Model Output Planning

4.1. To create AMPARs (pronounce ‘am-pa-Rs’), select Molecules and plus to insert a new molecule [1-TXT].

4.1.1. WIDE: Talent selecting molecules and +, with monitor visible in frame TEXT: TEXT: AMPAR (AM-PA-R): alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor

4.2. Change the name to AMPAR (pronounce ‘am-pa-R’) and change the Molecule Type to Surface Molecule [1].

4.2.1. SCREEN: screenshot_23 Video Editor: please speed up

4.3. Then change the Diffusion Constant to 0.05 x 10-8 square centimeters per second [1].

4.3.1. SCREEN: screenshot_24 Video Editor: please speed up

4.4. To plot the anchors bound to the AMPARs (pronounce ‘am-pa-R’) at the PSD1 (P-S-D-one) during the basal condition, open Plot Output Settings and press plus to define the molecules [1].

4.4.1. SCREEN: screenshot_25 Video Editor: please speed up

4.5. Then set the Molecule to anchor_AMPAR (AN-CHOR, AM-PA-R), the Object to dendrite, and the Region to PSD1 (P-S-D-one) [1-TXT].

4.5.1. SCREEN: screenshot_26 Video Editor: please speed up TEXT: Repeat for each PSD1 (P-S-D-one)

5. Simulation

5.1. To run a basal condition simulation, select Run Simulation [1] and set the Iterations to 30,000 and the Time Step to 1 x 10-3 seconds [2].

5.1.1. WIDE: Talent selecting Run Simulation, with monitor visible in frame
5.1.2. SCREEN: screenshot_27 Video Editor: please speed up

5.2. Click Export & Run and wait for the simulation to end [1].

5.2.1. SCREEN: screenshot_28 Video Editor: please speed up

5.3. At the end of the simulation, select Reload Visualization Data, Play Animation, Plot Output Settings, and Plot to visualize the spatiotemporal results [1].

5.3.1. SCREEN: screenshot_29: 00:00-00:30 Video Editor: please speed up

5.4. To run the homosynaptic potentiation condition, select Molecule Placement and rel_anchor_LTP_PSD1 [1] (Pronounce ‘Rel, AN-CHOR, L-T-P, P-S-D-one’).

5.4.1. SCREEN: screenshot_29: 01:00-01:10

5.5. Select rel_anchor_LTP_PSD1 and change quantity to release to 200 [1].

5.5.1. SCREEN: screenshot_30: 00:16-00:23

5.6. Then change quantity to release to zero, select rel_anchor_PSD1, change quantity to release to 0 and run the simulation as just demonstrated [1].

5.6.1. SCREEN: screenshot_30: 00:24-00:36



Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? 
n/a

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.6. It is very important to superpose the base of the spine neck to the dendrite before than performing the Boolean Operation of Union. Look at the meshes in different angles using the numped keys 1, 3 and 8, and move the spine accordingly to ensure that the base of the spine neck lays over the dendrite.


Results
6. Results: Representative 3D Dendritic Spine Modeling

6.1. Synaptic plasticity can be roughly verified through changes in the number of species of AMPARs (pronounce ‘am-pa-Rs’) bond to anchors at each spine [1].

6.1.1. LAB MEDIA: Figure 8C

6.2. For the exact calculation of the occurrence of synaptic plasticity, it is recommended to calculate the variation in the total number of anchored and free AMPARs (pronounce ‘am-pa-Rs’) at the synapse [1].

6.2.1. LAB MEDIA: Figure 8F

6.3. AMPAR homosynaptic potentiation and depression [1] can be verified through increases [2] and decreases in the number of anchored AMPARs (pronounce ‘am-pa-Rs’) respectively [3] caused by changes in the affinity of AMPARs by anchors in comparison to the basal condition [4].

6.3.1. LAB MEDIA: Figures 9, 10, and 11 
6.3.2. LAB MEDIA: Figures 9, 10, and 11 Video Editor: please emphasize Figure 9
6.3.3. LAB MEDIA: Figures 9, 10, and 11 Video Editor: please emphasize Figure 10
6.3.4. LAB MEDIA: Figures 9, 10, and 11 Video Editor: please emphasize Figure 11

6.4. For example, homosynaptic long-term potentiation induction at a single spine [1] creates a heterosynaptic long-term depression effect at the neighboring spines [2].

6.4.1. LAB MEDIA: Figures 8E, 8F, an 8G Video Editor: please emphasize red data lines
6.4.2. LAB MEDIA: Figures 8E, 8F, an 8G Video Editor: please emphasize blue data lines



Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Fabio M. Simoes de Souza: Following this procedure, the model can be expanded to investigate the biochemical reactions underlying the processes of LTD and LTP induction at dendritic spines [1]. (Comment: both with or without ‘induction’ is fine)

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

7.2. Fabio M. Simoes de Souza: This method allows the testing of hypotheses about the functioning of complex nonlinear systems with a large number of variables [1].

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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