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Author Questionnaire:
1. Microscopy: Does your require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
2.6.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction	Comment by Bridget Colvin: Authors: Each author is limited to two Introduction statements maximum.
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Randy Morgenstein: Because bacteria are so small, people often forget that they are three dimensional objects. Our protocol allows the accurate reconstruction of the shapes of both flat and curved cells [1].

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

1.2. Randy Morgenstein: This protocol only requires slight modifications to a standard microscope and the readily available Matlab scripts [1].

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


[bookmark: _GoBack]Video editors/Science editors: review the video for extra steps, and the authors will have to provide additional VO/updates to the script if those shots are to be used.




Section - Protocol
2. Slide Preparation
2.1. Before beginning the experiment, place two stacks of each of three 20- x 20-millimeter coverslips on the opposite ends of a single, glass microscope slide [1].
2.1.1. WIDE: Talent placing stack(s)
2.2. Pipette 200 microliters of agarose pad solution onto the slide [1-TXT] and immediately and firmly place a second slide onto the stack of coverslips to flatten the agarose [2].
2.2.1. Solution being added to slide, with solution container visible in frame TEXT: See text for all solution preparation details
2.2.2. Slide being placed
2.3. After allowing the agarose to solidify for about 1 minute at room temperature [1], carefully slide off the top slide [2] and use the large end of a 200-microliter pipette tip to cut out individual 5-millimeter-diameter pads from the gel [3-TXT].
2.3.1. Shot of solidified agarose
2.3.2. Slide being slid
2.3.3. Pad(s) being cut TEXT: Discard malformed or unneeded gel
2.4. When all of the pads have been obtained, pipette the E. coli cell culture multiple times to disrupt any cell clumps and to ensure that the cells are homogenously distributed [1-TXT] before adding 1 microliter of subculture onto each pad [2].
2.4.1. Talent pipetting cells TEXT: See text for E. coli culture preparation details
2.4.2. Bacteria being added to pad 
2.5. After letting the samples air dry for 5-10 minutes, confirm that the droplets have been completely absorbed into the pads [1-TXT] before placing a coverslip onto the pads [2].
2.5.1. 
2.5.2. Coverslip being placed
2.6. Then use a cotton swab to gently brush an appropriate sealant around the edge of the coverslip, taking care to keep the sealant away from the top of the coverslip [1].
2.6.1. Coverslip being sealed, with sealant container visible in frame Videographer: Important step
3. Imaging 
3.1. Immediately after sealing the coverslip, place the slide onto a microscope stage [1] and, after 5 minutes of thermal equilibration, use the microscope focus wheels to bring the middle of a cell into focus [2]. 
3.1.1. [Added Shot] Talent adding immersion oil to the top of the coverslip
3.1.2. WIDE: Talent placing slide onto stage
3.1.3.  Talent using focus wheels
3.2. In the associated microscope software, under ND acquisition, check the Z box to acquire a z-stack and click the Home button to set the middle of the cell as the starting point [1]. 
3.2.1. SCREEN: screenshot_1: 00:00-00:006
3.3. Set the Step size to 0.1 micrometers and the Range to 4 micrometers and make sure that the Z device is set to the piezo stage [2].
3.3.1. SCREEN: screenshot_1: 00:07-00:09
3.4. Randy Morgenstein: It is critical that there is sufficient blurring on both the top and bottom of the cell so that the cell is almost indistinguishable from the background [1].

3.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
3.5. Set the fluorescent channels under the Lambda Window to the settings for the fluorescent molecules being imaged and confirm that the Order of Experiment is set to lambda so that a complete z-stack will be obtained in each color channel before switching [1].
3.5.1. SCREEN: SCREEN: screenshot_1: 00:09-00:14
3.6. Then click Run Now to begin the image acquisition [1].
3.6.1. SCREEN: sceenshot_1: 00:15-00:45 Video Editor: please speed up 
4. Cell Reconstruction
4.1. When all the images have been acquired, open the files in an appropriate image analysis software program [1].
4.1.1. WIDE: Talent opening file(s), with monitor visible in frame
4.2. Draw a box around an individual cell and Duplicate that cell 2 times, once for each channel, making sure the duplicate hyperstack box is checked, and change the channel to either 1 or 2 [1-TXT].
4.2.1. SCREEN: screenshot_2: 00:00-00:27 Video Editor: can speed up TEXT: Make sure slices include entire z-stack
4.3. Once both stacks are available select Images, Stacks, Tools, and Concatenate to combine the images, with the protein channel first and the shape channel second [1].
4.3.1. SCREEN: screenshot_2: 00:28-00:43 Video Editor: can speed up
4.4. After saving the new image as a tiff file [1], make a folder inside a folder on the desktop that contains the cropped images and the cell_shape_settings_tri.txt file from shape-cellshape-public/exampleData_tri [3].
4.4.1. SCREEN: screenshot_2: 00:43-00:55
4.4.2. SCREEN: screenshot_3: 00:00-00:10
4.5. Edit the cell_shape_setting_tri.txt file to have the correct settings for the experiment of interest [1] and run the Cell_shape_detector3dConvTriFolder function with the string to the folder location followed by the number of the cell on which to start and the number of cells that should be run [1].
4.5.1. SCREEN: screenshot_3: 00:37-00:55 Video Editor: can speed up
4.5.2. SCREEN: screenshot_4: 00:00-00:18 Video Editor: can speed up
4.6. To confirm that the cells have been properly reconstructed, run ScreenFits [1].
4.6.1. SCREEN: screenshot_5: 00:00-00:05
4.7. When the graphical user interface opens, click the select folder button and select the folder with the reconstruction data files to visually screen the individual cell reconstructions [1].
4.7.1. SCREEN: screenshot_5: 00:06-00:22
4.8. For any cell that appears misshapen or that lacks full coverage, select the box next to the reconstruction to append “flag’ to the file name so that it can be excluded from any downstream analysis [1].
4.8.1. SCREEN: screenshot_5: 00:23-00:39
4.9. Run enrichmentSmoothingSpline to create an enrichment profile of the relative concentration of the protein of interest as a function of the Gaussian curvature at the surface [1].
4.9.1. SCREEN: screenshot_6: 00:00-00:08
4.10. Then select each folder with the just created TRI.mat files [1] and select the newly created curve.mat file [2.
4.10.1. SCREEN: screenshot_6: 00:09-00:19 Video Editor: can speed up
4.10.2. SCREEN: screenshot_6: 00:20-00:37 Video Editor: can speed up



Section – Results
5. Results: Representative Assessment of Protein Localization to Specific Cellular Geometries 

5.1. This method is especially useful when dealing with curved [1] or abnormally shaped cells, as a 2D representation cannot reflect the curvature of the cells accurately [2].

5.1.1. LAB MEDIA: Figure 2
5.1.2. LAB MEDIA: Figure 4A

5.2. In this experiment, a green fluorescent fusion protein to the bacterial actin protein MreB (M-R-E-B) was generated to study the precise localization of the actin protein in both wild type and mutant E. coli cells [1].

5.2.1. LAB MEDIA: Figure 4

5.3. By making these measurements in 3D-captured images, the shapes of both the wild type [1] and rodZ (rod-Z) mutant cells were able to be reconstructed [2].

5.3.1. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize wild type cell images
5.3.2. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize rodZ cell images

5.4. The localization of MreB was then determined to be enriched at small Gaussian curvatures, a geometric feature that can only be measured in 3D, in a rodZ-dependent manner [1].

5.4.1. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize dotted rodZ data line





Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Randy Morgenstein: Remember to make sure the z-stack is large enough that the cells are blurred on the top and bottom and that the cells are well spaced from each other [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step 3.2.)
6.2. Randy Morgenstein: We have shown how to measure the geometric localization of proteins in 3D, but other information can be calculated from this data, such as the size of tagged protein assemblies [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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