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

Can you record movies/images using your own microscope camera? Y

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: LSM700 (Zeiss)
B.   Software Usage: Does your protocol include, step-by-step, descriptions of software usage? 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. 2.2, 2.3,  3.3, 3.4, 3.14
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. Step 3.25: It can be difficult to avoid that cells move out of focus or drift. To minimize this, it is often necessary to adjust the positions of the in- and outlets of the bath and to use a low pump speed. In addition, small adjustments of focus during the time lapse recording are necessary. 
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 ~100 meters. 
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this viral transduction and time-lapse recording is to visualize movement of oligodendrocyte mitochondria in organotypic brain slices. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Lauritz: This method can help answer key questions in the oligodendrocyte field, such as how oligodendrocytes and their organelles respond to changes in the local environment.
1.2. Johanne: The main advantage of this technique is that it gives detailed information about oligodendrocyte structure and organelle dynamics in a preparation where all the different brain cells are present and oligodendrocytes produce compact myelin.   

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 Institutional Animal Care and Use Committee (IACUC) and the Norwegian Animal Research Authority.
Protocol: (read by voice talent at JoVE)
2. Viral Transduction
2.1. Transduce oligodendrocytes in slice cultures at day 7 in vitro [1-MED-TXT]. First, draw up 1.3 microliters of diluted AAV per slice [2-CU-TXT]. 

2.1.1. Talent brings a dish of slice cultures to the TC hood. TEXT: See written protocol for details of slice culture preparation. 
2.1.2. The pipette tip enters a small tube containing virus and 1.3 ul is drawn up into the tip. TEXT: AAV2/8 MBP_mito_dsred, AAV2/8 MBP_mito_GFP, AAV 2/8 CAG_GFP or AAV 2/8 CAG_tdtomato.
2.2. Make sure the outside of the pipette tip is dry [1-MED], then hold the pipette above the cortex, as close as possible without touching the slice with the pipette tip and slowly push solution out of the pipette [2-CU-TXT]. When the solution touches the slice, move the pipette tip over the cortex to spread the solution over the whole cortex area [3].
2.2.1. Talent looks at the pipette tip through the glass of the TC hood. 
2.2.2. *film as written. If possible finish the shot as a small bead of virus appears at the end of the tip. TEXT:  ~1 mm away. 
2.2.3. Shot moved from 2.3.1. Not sure about slating, it’s either 2.3.1. or 2.2.3. The bead of virus falls from the tip of the pipette and then the pipette tip is moved over the area of the cortex on the slice. 
2.3. When the solution touches the slice, move the pipette tip over the cortex to spread the solution over the whole cortex area [1-ECU].
2.3.1. The bead of virus falls from the tip of the pipette and then the pipette tip is moved over the area of the cortex on the slice.
2.4. Once all the slices in one dish have been transduced [1-MED-over the shoulder], return the dish to the incubator and then repeat the process on other dishes [2-WIDE-TXT]. 
2.4.1. Talent finishes transducing the last slice and then puts the lid on the plate. Note: Since 2.3.1. is moved after 2.2.2., this might me 2.3.1.
2.4.2. Talent places the dish in the incubator and retrieves another dish. TEXT: Dishes should not be out of the incubator for more than 2 - 5 min. Note: Since 2.3.1. is moved after 2.2.2., this might me 2.3.2.
3. Microscope Set-Up 
3.1. Examine the slices for expression of fluorescent markers [1-MED] and image the slices when the expression levels of the fluorescent markers are sufficient, and the slices look healthy [2-LM-TXT]. 
3.1.1. Talent brings a dish of slices to a fluorescence microscope, places the dish on the stage and looks through the oculars. 
3.1.2. LAB MEDIA: 56237_Kennedy&Rinholm_figure1_mito_dsred. TEXT: ~DIV 11 - 14. 
3.2. Begin setting up the imaging bath by using modelling clay [1-MED] to attach syringe needles bent at a 45° angle to the sides of the bath [2-CU] to make an inlet and an outlet [3-MED].  
3.2.1. Talent softens modelling clay with hands and then pushes it onto the side of the bath or onto the end of the needle. 
3.2.2. A needle is attached to the modelling clay on the side of the bath. 
3.2.3. Talent attaches the second needle with modelling clay to the other side of the bath. 
3.3. Place a tube attached to a peristaltic pump into a bottle of imaging solution [1-MED-over the shoulder]. Run the solution through the heating tube of the heater unit [2-MED], and then to the inlet syringe needle in the bath [3-CU]. 
3.3.1. *film as written. 
3.3.2. Talent feeds checks that the tube is going through the heating tube of the heater unit. 
3.3.3. Talent checks that the tube is attached to the inlet syringe. 
3.4. Another tube is connected to the syringe needle outlet to return imaging solution to the bottle via the peristaltic pump [1-MED-TXT]. 
3.4.1. Talent checks that connects another length of tubing is connected to the outlet and then runs puts the end of the tube to into the bottle of imaging solution. TEXT: If drugs are added, the imaging solution should not be reused, but be sent to a waste bottle instead. 
3.5. Bubble the imaging solution with bioxide gas [1-MCU]. 
3.5.1. A bubbler is placed at an appropriate position in the imaging solution and bubbles are seen in the solution. MCU = medium close-up. Between a medium and CU shot to show detail within a whole structure. 
3.6. Turn on the peristaltic pump and heater [1-MED-over the shoulder/MED] and run solution through the bath to obtain optimal bath temperature [2-CU-TXT]. Ensure that the thermometer sensor connected to the temperature unit is submerged in the bath solution [3-MED].
3.6.1. Talent turns on the peristaltic pump and heater. Also get footage of Talent turning off the peristaltic pump at this point. 
3.6.2. Show solution running through the bath. TEXT: 37 ± 0.5 °C
3.6.3. Talent moves the thermometer sensor so that it is submerged. Note from the authors: See «3.6.3. take 2» for close-up of the thermometer moving into the solution. Editor: If that is good shot, use it instead of MED, or try to use MED and then CU here.
3.7. Turn on the microscope, fluorescent lamp and appropriate lasers [1-WIDE].
3.7.1. BROLL of Talent moving around turning on the microscope, fluorescent lamp and lasers.
3.8. After setting up a suitable light path for the sample [1-MED-over the shoulder-TXT], use a water immersion objective with the appropriate magnification and numerical aperture [2-CU-TXT]. 
3.8.1. Talent at manipulating the microscope to set the light path. Good to get some BROLL of Talent working at the microscope. TEXT: This depends on microscope setup and probe. 
3.8.2. Shot of the carousel as the 40X objective moves into place. TEXT: A 40x water immersion plan-apochromat objective is used here. 
3.9. Open the pinhole to achieve an optical section of approximately 2 to 2.5 microns for the time-lapse video [1-SCREEN]. This reduces the occurrence of mitochondria moving out of focus during time-lapse [2-MED]. 
3.9.1. SCREEN CAPTURE: The pinhole is adjusted until the optical section display is seen to read between 2 and 2.5 um. 
3.9.2. BROLL of Talent working at computer. Please get enough footage to intersperse with other shots later in the video. 
4. Time-Lapse Imaging 
4.1. In a laminar flow hood, add a drop of imaging solution or culture medium to a small plastic Petri dish [1-MED-over the shoulder]. 
4.1.1. Talent aspirates a drop of imaging solution/culture medium from the bottle and drops it into a small Petri dish. 
4.2. Then use sterile forceps to grasp the confetti membrane  and transfer one organotypic slice to the drop [1-CU-TXT] [2-ECU].  Put the lid on the Petri dish [3-MED].
4.2.1. *film as written. TEXT: The forceps should not touch the slice. Editor: Shots 4.2.1. and 4.2.2. are combined into single shot 4.2.1.
4.2.2. *film as written. 
4.2.3. *film as written. Editor: Not sure about slating here, either 4.2.3. or 4.2.2.
4.3. Immediately return the culture dish containing the rest of the slices to the incubator [1-MED-over the shoulder]. 
4.3.1. Talent places culture dish in incubator. 
4.4. Turn off the peristaltic pump [1-MED], then use forceps to transfer the confetti with the slice from Petri dish to the top of the bath [2-CU]. 
4.4.1. Use 3.6.1. Talent turns off the peristaltic pump. 
4.4.2. *film as written. The confetti will float on top of the solution. 
4.5. Then place the two tips of the forceps on each side of the confetti so that they touch the confetti without touching the slice, and push the confetti through the solution to the bottom of the bath [1-CU]. Center the confetti in the middle of the bath [2-MED-over the shoulder]. 
4.5.1. The forceps enter the shot and begin to push the confetti down until the slice reaches the bottom of the bath. 
4.5.2. Talent uses the forceps to move the slice to the center of the bath. 
4.6. Use forceps to place the hold-down anchor, or harp, on top of the confetti without touching the slice [1-CU]. Then turn peristaltic pump back on [2-MED-over the shoulder]. [3]
4.6.1. *film as written. 
4.6.2. Focus on the bath as the pump is turned on and the solution in the bath starts moving. 
4.6.3. Added shot: Close up of 4.6.2. Editor: Try to include both shots 4.6.2. and 4.6.3. one after another if possible, if not, use whichever is better.
4.7. Lower the objective down to the sample [1-CU], then use the eyepieces and the fluorescent lamp to quickly find a healthy-looking oligodendrocyte with fluorescent protein expression [2-MED-over the shoulder-TXT]. 
4.7.1. Shot of the carousel and sample as the objective lowers to the sample. 
4.7.2. Talent looks through the eyepieces and moves the stage to find a cell. TEXT: Note: Excessive exposure of the cells to laser light can cause cell toxicity.
4.8. Use the “live” function in the software to identify the cell on the screen and choose the area of interest. Here an area containing several primary processes and one myelin sheath will be imaged [1-SCREEN]. 
4.8.1. SCREEN CAPTURE: The “live” function is selected and the live window appears. Then the area of interest (an area containing several primary processes and myelin sheaths) is selected.  Note from the authors: We tried to use the arrow to indicate which area we will image, but it is difficult to see on the screen capture. The chosen area becomes clear during steps 4.9. and 4.10. Editors: If it’s possible, please add an arrow on top the arrow that the authors indicated here, if theirs is barely visible.
4.9. Zoom in on the field of interest, this will typically produce an image with pixel size of 0.14 - 0.30 microns [1-SCREEN]. 
4.9.1. SCREEN CAPTURE: The software zooms in on the field of interest. If possible, a display showing the pixel size of the image is visible.  Editor: Do not include the part of the video between 25-50 seconds.
4.10. Select the “regions” tool, and draw a rectangle around the area. Choose the option to scan only the selected region [1-SCREEN]. Scanning time, and thus laser exposure, is reduced by only scanning the selected region [2-MED-over the shoulder].
4.10.1. SCREEN CAPTURE: The actions described are performed in the software. 
4.10.2. Use BROLL of Talent working at the microscope computer (from 3.8.1). 
4.11. Adjust the laser power and gain to get a good view of the mitochondria. Use low laser power and high gain to avoid bleaching during live imaging [1-SCREEN-TXT]. 
4.11.1. SCREEN CAPTURE: The laser power and gain are adjusted in the software and the mitochondria come into focus. TEXT: Laser power 20 - 40 µW and gain 700 - 980. 
4.12. If necessary adjust the digital offset [1-SCREEN-TXT]. 
4.12.1. SCREEN CAPTURE: The digital offset is increased adjusted. TEXT: Offset values typically lay between 0 and 15. 
4.13. Minimize scanning time by selecting a fast scanning speed. Set the frequency and duration of time-lapse recording, for mitochondrial imaging in oligodendrocytes capture images every 2 seconds for a total of 20 minutes [1-SCREEN-TXT]. 
4.13.1. SCREEN CAPTURE: A fast scanning speed is selected and then the software is programed to capture images every 2 seconds for a total of 20 minutes. TEXT: A bidirectional scan is not recommended due to poorer image quality. 
4.14. Start the time-lapse recording [1-SCREEN]. To minimize vibrations and movement, adjust the inlet and outlet of the bath [2-MED]. 
4.14.1. SCREEN CAPTURE: The mouse pointer selects ‘start scan’ or similar. 
4.14.2. Talent adjusting the inlet and outlet. 
4.15. Lauritz: The continuous flow of solution can cause movement of the slice. It is worth spending some time to minimize this movement by adjusting the positions of the in- and outlets of the bath. You can also reduce the pump speed [1-INT]. 
4.15.1. Named Talent speaks the soundbite to camera. 
4.16. Continually monitor the screen during time-lapse imaging as small changes in focus usually still occur. Adjust the focus as necessary [1-MED-over the shoulder]. 
4.16.1. Talent sitting watching the screen and then leaning over to make a tiny adjustment to the focus. 
4.17. After time-lapse imaging, capture a z-stack of the whole cell [1-SCREEN-TXT] for future identification of the cell and imaged process [2-WIDE].  
4.17.1. SCREEN CAPTURE: The z-stack image in process. TEXT: For better resolution, the pinhole should be reset to 1 airy unit for the z-stack.
4.17.2. BROLL of Talent working at microscope. 
5. Results: Time-Lapse Imaging to Track Mitochondrial Movement in Oligodendrocytes
5.1. Transduced organotypic brain slices showed a sparse distribution of cortical oligodendrocytes expressing cytoplasmic GFP and mito_dsred (pronounce “mito D-S-red”) [1-LM]. Immunostaining with antibodies against Olig2 (pronounce “olig two”) and MBP [2-LM] confirmed that the expression was specific to oligodendrocytes [3-LM]. 

5.1.1. LAB MEDIA: 56237_Kennedy&Rinholm_Figure1_GFP_mito_dsred. Video Editor please show the GFP and ds_red images without text. The images can be shown simultaneously or in order of narration, whichever works for the screen. 
5.1.2. LAB MEDIA: 56237_Kennedy&Rinholm_Figure1_OLIG2_MBP. Video Editor please show the Olig2 and MBP images without text. The images can be shown simultaneously or in order of narration, whichever works for the screen. 
5.1.3. LAB MEDIA: 56237_Kennedy&Rinholm_Figure1_Merge. Show merged image. 
5.2. This image is a projection of a z-stack of an oligodendrocyte transduced with CAG_GFP (pronounce “Cag G-F-P”) to show cytoplasm in green and MBP_mito_dsred (pronounce “M-B-P mito D-S red”) to label mitochondria with red [1-LM].  
5.2.1. LAB MEDIA: 56237_Kennedy&Rinholm_Figure2A. Video Editor please show image without text then add in the text in white when “projection of a stack” is narrated, and add in the ‘GFP (cytopl)’ and ‘mito-dsred’ labels when “CAG_GFP” and “MBP-mito-dsred” is read. 
5.3. This is a single confocal image of the same cell. The square indicates the region that was selected for time-lapse imaging and the lines drawn to make kymographs are indicated [1-LM]. 
5.3.1. LAB MEDIA: 56237_Kennedy&Rinholm_Figure2B. Video Editor please show image without text or labels and then add in the text in white when “single confocal image” is narrated. Please add in the square when mentioned (no need to add the labels for the kymographs). 
5.4. The following are images from time-lapse recording of the cell just shown taken at different time points. Moving mitochondria are indicated by red arrows [1-LM]. 
5.4.1. LAB MEDIA: 56237_Kennedy&Rinholm_Figure2C_0.0, 56237_Kennedy&Rinholm_Figure2C_2.2, 56237_Kennedy&Rinholm_Figure2C_10.9, 56237_Kennedy&Rinholm_Figure2C_16.8 Video Editor: it should be possible to overlay, or fade each image into the next. 
5.5. In these kymographs stationary mitochondria are seen as straight vertical lines and moving mitochondria are seen as diagonal lines [1-LM]. As can be seen in the kymographs, only mitochondria in the primary process marked Kymograph 1 are moving [2-LM]. The mitochondria in the other three kymographs are stationary during the time-lapse recording [3-LM].
5.5.1. LAB MEDIA: 56237_Kennedy&Rinholm_Figure2D. Show image. 
5.5.2. LAB MEDIA: 56237_Kennedy&Rinholm_Figure2D_Kym1. Video Editor please zoom into this image from previous. 
5.5.3. LAB MEDIA: 56237_Kennedy&Rinholm_Figure2D_Kym2-4 Video editor please replace with this image. 
6. Conclusion (said by authors on camera)

6.1. Johanne: While attempting this procedure, it’s important to image healthy cells. If you are uncertain of the health of your cells, propidium iodide or similar dyes can be used to check cell viability. 
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. 4.4. - 56237_Kennedy&Rinholm_movie_Figure2.avi - time-lapse movie of the cell in figure 2 - shown at 40 frames/sec (80x actual speed)
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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