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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? Y
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. 
3. Which steps from the protocol section below are the most visually important? 
2.1., 2.3., 3.1., 3.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.5. is the most difficult because sometimes cells will detach after staining. To solve this problem, we have prepared different set of cells. We also coat the culture dish with Matrigel, which helps the attachment. 
5. Will the filming need to take place in multiple locations (greater than walking distance)? N

Section - Introduction
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. Yongchao Mou: Mitochondrial dysfunction underlies many neurodegenerative diseases. Our protocol provides an important tool for examining mitochondrial dynamics in axons, facilitating the study of neurological diseases involving axonal degeneration [1].

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

1.2. Eric Chai: By combining mitochondrial labelling, live cell imaging, and induced pluripotent stem cell technology, our protocol can be used to characterize mitochondrial trafficking along human axons and to analyze their morphologies [1].

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

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

1.3. Joshua Dein: Impaired mitochondrial transport and morphology can be observed in stem cell cultures and animal models of neurodegenerative disease, providing potential therapeutic targets for treating these diseases [1].
 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



Section - Protocol
2. Telencephalic Glutamatergic Neuron Generation

2.1. After day 35 of culture, dissociate the neurospheres differentiated from human induced pluripotent stem cells into small clusters [1-TXT] with 1 milligram/milliliter of cell detachment solution for 2 minutes at 37 degrees Celsius [2].

2.1.1. WIDE: Talent adding detachment solution to cells, with detachment solution container visible in frame Videographer: Important step TEXT: See text for hiPSC/neurosphere culture and preparation details
2.1.2. Talent placing cells at 37 °C 

2.2. At the end of the incubation, collect the cell clusters by centrifugation [1-TXT] and resuspend the pellet in 1 milliliter of NDM (N-D-M) [2-TXT].

2.2.1. Talent placing tube(s) into centrifuge TEXT: 2 min, 200 x g, RT 
2.2.2. Shot of pellet if visible (2.2.2A), then pellet being resuspended, with NDM container visible in frame (2.2.2 B) TEXT: NDM: neural differentiation medium; See text for all medium and solution preparation details NOTE: Shot split into A and B

2.3. Plate about five clusters of cells in 100 microliters of medium per poly-ornithine and lactose dehydrogenase-elevating virus-free reduced growth factor basement membrane matrix-coated 35-millimeter glass bottom dishes [1]. 

2.3.1. Talent add cells to dish, with medium visible in frame Videographer: Important step

2.4. Then add 1 milliliter of NDM supplemented with B27 (B-twenty-seven), cyclic adenosine monophosphate, insulin-like growth factor, human brain-derived neurotrophic factor, and glial cell-derived neurotrophic factor to each culture [2].

2.4.1. Talent adding medium to dish, with medium supplement containers visible in frame

3. Time-Lapse Imaging of Mitochondrial Transport Along Telencephalic Glutamatergic Neuron Axons

3.1. To visualize mitochondria along the axons of forebrain neurons, first stain the neurons with 50-nanomolar red fluorescent dye in NDM for 3 minutes at 37 degrees Celsius [1] followed by two washes in warm NDM [2].

3.1.1. WIDE: Talent adding dye to cells, with dye container visible in frame Videographer: Important step
3.1.2. Talent washing cells, with NDM container visible in frame Videographer: Important step

3.2. Next, place the culture on the stage of a fluorescence microscope [1] and select the 40x objective [2].

3.2.1. Talent placing dish onto stage Videographer: Important step
3.2.2. Talent selecting objective Videographer: Important step

3.3. Under the phase field, identify the axons based on their morphological characteristics [1].

3.3.1. LAB MEDIA: Cell body and axons.jpg Video Editor: Emphasize the axon (labeled)

3.4. To distinguish the direction of the mitochondrial movement along the axons, clearly identify the cell bodies of neurons [1].

3.4.1. LAB MEDIA: Cell body and axons.jpg. Video Editor: Emphasize the cell body (labeled) 

3.5. After distinguishing the cell body and axon, adjust the exposure time and focus of the mitochondria in the axons [1] and capture the mitochondria transport within the axons every 5 seconds for a total of 5 minutes [2-TXT].

3.5.1. SCREEN: Exposure time Author NOTE: (this is 3.5.1 A, changing exposure time on screen of the computer) and/or focus Author NOTE: (this is 3.5.1 B, adjust the focus by turning the knob) being adjusted. NOTE: This was filmed by videographer. 
3.5.2. SCREEN: Video_mitochondrial transport.avi: Mitochondria transport being captured  TEXT: Randomly capture ≥5 locations/dish 3x/group

4. Cortical Neuron Mitochondrial Transport Analysis

4.1. To analyze mitochondrial transport in ImageJ, open Fiji [1] and select the Bio-Formats plugin [2].

4.1.1. WIDE: Talent at computer, opening Fiji, with monitor visible in frame
4.1.2. SCREEN: screenshot_1: 00:01-00:05

4.2. Use the Bio-Formats Importer to import the time-lapse images of the .tiff series [1] and select Standard ImageJ and Open all series [1].

4.2.1. SCREEN: screenshot_1: 00:05-00:10
4.2.2. SCREEN: screenshot_1: 00:14-00:17

4.3. Check Autoscale and Split Channels and click OK, taking care to note the frame number and size of the images in pixels [1].

4.3.1. SCREEN: screenshot_1: 00:17-00:22

4.4. After adjusting the brightness and contrast for all 60 frames [1], use the segmented line to draw a line from the cell body to the terminal axon [2].

4.4.1. SCREEN: screenshot_1: 00:35-00:47
4.4.2. SCREEN: screenshot_1: 00:49-01:05

4.5. To generate the kymograph, select the Multiple Kymograph plugin and select the line width [1-TXT].

4.5.1. SCREEN: screenshot_1: 01:07-01:17 TEXT: Ensure line width is odd number

4.6. To measure the distance, time values, and velocity for the moving mitochondria, open tsp050607.txt in the Macros plugin [1] and draw a segmented line over the trace of mitochondrial movement on the kymograph from the superior to the inferior region [2].

4.6.1. SCREEN: screenshot_1: 01:27-01:41
4.6.2. SCREEN: screenshot_1: 01:47-02:09 Video Editor: please speed up

4.7. After drawing the line, open read velocities from tsp (t-s-p) in the Macros plugin to read the segmented velocities corresponding to the line [1].

4.7.1. SCREEN: screenshot_1: 02:10-02:16

4.8. Next, open the original image [1] and use the line tool to draw a line along the scale bar [2]. 

4.8.1. SCREEN: screenshot_2: 00:02-00:05
4.8.2. SCREEN: screenshot_2: 00:08-00:18

4.9. Select Analyze to measure the length of the line [1] and convert the dx (d-x) now and distance units from pixels to micrometers [2].

4.9.1. SCREEN: screenshot_2: 00:20-00:23
4.9.2. SCREEN: screenshot_2: 00:25-00:54 Video Editor: please speed up

4.10. Then change the time from pixel to seconds [1].

4.10.1. SCREEN: screenshot_2: 01:07-01:14

5.    Cortical Neuron Mitochondrial Morphology Analysis

5.1. To analyze the mitochondrial length and area within axons in ImageJ, install the Straighten_.jar plugin [1] and open the axon image of interest [2].

5.1.1. WIDE: Talent selecting plugin, with monitor visible in frame
5.1.2. SCREEN: screenshot_3: 00:29-00:35

5.2. Convert the 32-bit image to 8-bit [1] and use the segmented line tool to trace the axon [2].

5.2.1. SCREEN: screenshot_3: 00:39-00:43
5.2.2. SCREEN: screenshot_3: 00:50-01:00

5.3. Select the Straighten_jar plugin [1] and set the Width of Filament-Wide Line to 50 pixels [2]. 

5.3.1. SCREEN: screenshot_3: 01:00-01:05
5.3.2. SCREEN: screenshot_4: 00:20-00:29

5.4. Trace the axon again to generate a straightened axon [1] and adjust the image Threshold [2].

5.4.1. SCREEN: screenshot_4: 00:30-00:45 Video Editor: please speed up
5.4.2. SCREEN: screenshot_5: 00:02-00:14

5.5. Select Analyze, Set Measurements, and Perimeter, Fit ellipse, and Shape descriptors to set the measurement [1] and use the line function to measure the scale bar in the original image as demonstrated [2].

5.5.1. SCREEN: screenshot_5: 00:16-00:24
5.5.2. SCREEN: screenshot_5: 00:33-00:35

5.6. Under Analyze and Set Scale, enter the distance in pixels, known distance, and the unit of length to set the scale. Then select Global to set this scale setting to all of the images [1].

5.6.1. SCREEN: screenshot_5: 00:39-00:44

5.7. Finally, select Analyze and Analyze Particles to determine the area and select Display results to view the resulting measurement [1].

5.7.1. SCREEN: screenshot_5: 00:48-01:00


Section – Results
6. Results: Representative Mitochondrial Transport and Morphology Analyses

6.1. After differentiation into telencephalic glutamatergic neurons [1], the cells can be characterized by their Tbr1 (T-B-R-one) and beta-three tubulin marker expression [2].

6.1.1. LAB MEDIA: Figure 1A
6.1.2. LAB MEDIA: Figure 1A Video Editor: please emphasize red and green signal TEXT: Tbr1: T-box 1, Brain-1

6.2. Staining with red fluorescent dye and time-lapse imaging allows evaluation of the axonal transport of mitochondria [1].

6.2.1. LAB MEDIA: Figure 1B Video Editor: please emphasize white signal

6.3. A single mitochondrion can remain static [1] or move in an anterograde [2] or retrograde direction within an axon [3].

6.3.1. LAB MEDIA: Figure 1C Video Editor: please emphasize white signals indicated with yellow arrowheads
6.3.2. LAB MEDIA: Figure 1C Video Editor: please emphasize white signals indicated with pink arrowheads
6.3.3. LAB MEDIA: Figure 1C Video Editor: please emphasize white signal indicated with blue arrowhead

6.4. The velocity of the mitochondrial movement along the axon can be quantified as illustrated [1].

6.4.1. LAB MEDIAL Figures 1D and 1E Video Editor: please emphasize yellow line in image and actual speed column in graph

6.5. For example, using commercially available analysis software, the percentage of motile mitochondria is significantly reduced in SPG3A (S-P-G-three-A) neurons [1-TXT] compared to wild type neurons [2].

6.5.1. LAB MEDIA: Figures 1F and 1G Video Editor: please emphasize SPG3A kymograph and SPG3A data bar TEXT: SPG3A: spastic paraplegia 3A
6.5.2. LAB MEDIA: Figures 1F and 1G Video Editor: please emphasize WT kymograph and WT data bar

6.6. To analyze the mitochondrial area, length, and aspect ratio, axons can be straightened in the image analysis software [1] and selected by adjusting the threshold [2].

6.6.1. LAB MEDIA: Figures 2A and 2B: Video Editor: please emphasize signal in Figures 2A and 2B
6.6.2. LAB MEDIA: Figures 2C and 2D: Video Editor: please emphasize red box in Figure 2C and red signal in Figure 2D

6.7. The mitochondrial area, perimeter, length, width, and aspect ratio can then be obtained from the straightened axon [1].

6.7.1. LAB MEDIA: Figures 2E and 2F: Video Editor: please emphasize Area, Perim, Major, Minor, and AR columns

6.8. For example, both the mitochondrial length and the aspect ratio are significantly reduced in SPG15 (S-P-G-fifteen) neuron axons [1] compared to control, wild type axons [2].

6.8.1. LAB MEDIA: Figures 2G, 2H, and 2I: Video Editor: please emphasize iSPG15 image and data bars
6.8.2. LAB MEDIA: Figures 2G, 2H, and 2I: Video Editor: please emphasize WT image and data bars


Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Yongchao Mou: It is important to warm the medium and the microscope incubator, to wash the cells gently, and to allow the cells to stabilize for 20 minutes before imaging [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 2.1., 2.2.)
7.2. Eric Chai: After live cell imaging, the cultures can be fixed and subjected to immunostaining to examine the expression of other proteins of interest [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.3. Joshua Dein: It is challenging to examine mitochondrial dynamics in live human nerves. This technique provides a unique tool for the study of mitochondrial dynamics and nerve degeneration in neurological disease [1].
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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