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A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____yes_____ If yes, please list make and model of your microscope: Leica M165FC
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Yes______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_____2.3, 3.1,4.3, all of 5 (making selections on a computer monitor)_____________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ___2.3 Embedding of the brains in agarose. To ensure success, the agarose must be at the right temperature and the brain must be stirred properly in the agarose.___________________________
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to perform imaging and analysis of neural progenitor mitosis in live mouse brain slices. (Intro)
This is accomplished by first dissecting brains (Video editor, please add red arrow and the brain on the right) from embryos. (P1)
The second step is to prepare brain slices (Video editor, please add the “brain slice” on the right) with a vibratome. (P2)
Next, the live imaging of brain slices is performed. (P3)
The final step is to extract information from movies to analyze mitosis parameters of interest. (P4)
Ultimately, time-lapse microscopy is used to show how progenitor populations of the brain divide in real time. (P5)
Video editor, use LAB_MEDIA: 51298_Silver_Figure 3G for P5.

(P1-P4)

[image: image1.emf]
(P5)
[image: image2.emf]
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. DS:  The main advantage of this technique over existing methods, such as fixed analysis, is that one can gain significant insight into temporal dynamics of neural progenitor division in a live tissue, and understand how genetic perturbations may influence neural progenitor division.   
1.2. DS: Though this method can provide insight into cortical development, the analysis we describe can also be applied to the study of mitosis in stem cells in other brain regions or even outside the brain.
1.3. DS: Demonstrating the procedure will be Louis-Jan Pilaz, a post doc from my laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):

2. Dissection  and embedding of the embryonic brains 
2.1. Begin this procedure by collecting the mouse embryos and dissect out the embryonic brains, including the hindbrains and the forebrains with the two cerebral hemispheres.
2.1.1. MED-over the shoulder:  Talent placing mouse embryos in a dish.
2.1.2. CU:  The embryo as the brain is being dissected out. 
2.2. In a bucket of ice, create a hole in the ice for the embedding molds.  Next, pour 3% agarose medium into a plastic mold, and place that mold into the hole in the ice.  Stir the agarose medium with the tip of a digital thermometer until the temperature reaches 35 ˚C.  
2.2.1. MED-over the shoulder:  Talent creates a hole in ice for embedding the molds.

2.2.2. CU:  The mold as agarose medium is poured into it. 

2.2.3. CU:  The mold as it is placed into the hole in the ice.

2.2.4. MED-over the shoulder:  Talent stirs the agarose medium with the tip of a digital thermometer.

2.3. Then, promptly transfer the brain into the embedding medium.  To remove excess HBSS at the interface between the brain and the agarose, carefully and gently rotate the brain repeatedly in the embedding solution with the forceps.
2.3.1. MED:  Talent transfers the brain into the embedding medium.

2.3.2. CU:  The brain as it is rotated repeatedly in the embedding solution.
2.4. A cushion of gelled agarose will form at the bottom of the mold in contact with the ice. Once the cushion can be felt with the tip of the forceps while stirring the brain, position the brain with the dorsal side up; the brain should not sink to the very bottom of the mold. 
2.4.1. CU:  The mold as a cushion of gelled agarose is formed while the brain is being stirred.

2.4.2. CU:  The brain as it is positioned dorsal side up.
3. Embedded brain sectioning and staining
3.1. Let the agarose harden in the ice for at least 5 min before cutting the corners of the mold with a razor blade.  Carefully carve an agarose block around the brain and try to minimize the number of cuts to avoid perturbing the embedded brain.  With the VT1000s vibratome, generate 200-250 µm slices (Text overlay: Parameters: speed 2-4, frequency 8).

3.1.1. MED-over the shoulder:  Talent cuts the corners of the mold with a razor blade.
3.1.2. CU:  The agarose block as it is being carved.

3.1.3. CU:  The tissue as it is being sliced.  Text overlay: Parameters: speed 2-4, frequency 8.

3.2. Now, dilute Syto11 to a final concentration of 0.5-1 µM in the slice culture medium supplemented with growth factors.  In a 12-well plate, incubate slices from one brain in 2.5 ml of the staining solution each well for 1h at 37 ˚C.  Then, wash the slices in 2.5 ml of slice culture medium without staining solution for 20 minutes.

3.2.1. MED-over the shoulder:  Talent dilutes Syto11 in the slice culture medium supplemented with growth factors.
3.2.2. MED-over the shoulder:  Talent transfers slices to a 12-well plate.

3.2.3. CU:  The slices as they are being washed in culture medium without staining solution 

(or CU:  The plate with the slices as culture medium is added to it).

3.3. To mount the brain sections, place a drop of collagen solution (Text overlay: about 15 µl) at the bottom of a 35 mm Glass bottom Microwell Dish.  Spread it with a pipet tip to match the size of the slice.  Then, transfer a slice into a drop of collagen. 
3.3.1. MED-over the shoulder:  Talent places a drop of collagen solution at the bottom of a 35 mm Glass bottom Microwell Dish.  Text overlay: about 15 µl.

3.3.2. CU:  The dish as the drop of collagen solution is spread to match the size of the slice.
3.3.3. CU:  The dish as a slice is transferred into a drop of collagen.
3.4. Let the slices incubate at room temperature for 10 minutes before transferring them into a 37 ˚C incubator with 5% CO2.  After 20 minutes, add a total of 1.2 ml of slice culture medium into the Glass Bottom Microwell Dish, 600 µl of medium at a time, and spread it with a pipette tip.
3.4.1. MED:  Talent places the slices in the 37 ˚C incubator.

3.4.2. MED-over the shoulder:  Talent adds 1.2 ml slice culture medium into the Glass Bottom Microwell Dish, 600 µl of medium at a time.

3.4.3. CU:  The dish as the slice medium is spread.

4. Live imaging of the slices
4.1. Let the slices recover in the incubator for at least 1 hour and 30 minutes at 37 ˚C with 5% CO2 before transferring them to the incubation chamber of the spinning disk confocal microscope with the same conditions as for live imaging.  Use a 60x silicon oil objective with a working distance of 300 µm, and a numerical aperture of 1.3 for cell imaging.
4.1.1. MED:  Talent places a dish of slices in the incubation chamber of the spinning disk confocal microscope.
4.1.2. CU:  The microscope as talent selects/adjusts the objective.

4.2. Image the cells in a 30 µm z-stack, with the center of the z-stack located about 40 µm below the surface of the slice.
4.2.1. SCOPE:  A movie to show that the cells are being imaged. 
4.3. If necessary, adjust the laser power and exposure times to limit photo-bleaching, and use the exposure time ranging from 30 to 200 ms, depending on the intensity of the Syto11 signal.  Here is representative data that one can achieve from this analysis.
4.3.1. MED-over the shoulder:  Talent adjusts the laser power and exposure times.
**SHOW movie of representative data (syto11movie.mov).  

5. Post-acquisition analysis of mitosis 

5.1. To identify the mitotic figures in ImageJ, after opening the dataset for one position as a “hyperstack”, select one z plane where the tissue and cells look healthy.
5.1.1. MED-over the shoulder:  Talent opens the dataset.

5.1.2. SCREEN:  A movie to show that one z plane where the tissue and cells look healthy is selected.
5.2. Scroll back in time to identify the time point where the cell enters mitosis; the cell may move across z planes, but the temporal resolution and the z-stack parameters described earlier have been optimized to enable this process.
5.2.1. SCREEN:  A movie to show scrolling back in time to identify the time point where the cell enters mitosis.
5.3. In a spreadsheet, record the 4-D coordinates of the cell in the hyperstack as it enters mitosis; knowing these coordinates will prevent counting the same cell several times.
5.3.1. SCREEN:  A movie to show that the 4-D coordinates of the cell are recorded in the hyperstack as it enters mitosis.
5.4. Scroll forward in time and record the time when the cell progresses from one phase to another.  Document the duration of each mitotic phase for a given cell.
5.4.1. SCREEN:  A movie to show scrolling forward in time and the time when the cell progresses from one phase to another is recorded.  

5.4.2. SCREEN:  A movie to show the duration of each mitotic phase for a given cell is documented in the spreadsheet.

5.5. To conduct 3-D reconstruction of the cells and quantitation of rotation during metaphase, after multiple mitotic cells have been identified, use the coordinates of a cell and scroll forward in time until the beginning of metaphase.
5.5.1. SCREEN:  A movie to show scrolling forward in time until the beginning of metaphase.

5.6. Rotate the entire “hyperstack” so that the ventricular border is planar.  Use the “angle” tool to determine the angle to apply for this rotation.
5.6.1. Move 5.6.2 before 5.6.1 SCREEN:  A movie to show that using the “Image/Transform/Rotate…” command, the entire “hyperstack” is rotated so that the ventricular border is planar.

5.6.2. SCREEN:  A movie to show that “angle” tool is used to determine the angle to apply for this rotation.  
5.7. Identify the z-plane where the cell of interest is the most visible.  In that plane, use the “rectangle selection” tool to draw a selection that includes the whole cell. 
5.7.1. MED-over the shoulder:  Talent identifies the z-plane where the cell of interest is the most visible on the monitor.

5.7.2. SCREEN:  A movie to show that the “rectangle selection” tool is used to draw a selection that includes the whole cell.
5.8. Then, identify the z-planes that include the cell of interest and use the “Image/Duplicate” command to create a “sub-stack”.  In the dialog box, leave “Duplicate hyperstack” checked.  The “Slices (z)” parameter corresponds to the z-planes including the whole cell, and the “Frames (t)” parameter corresponds to the current time point.
5.8.1. Move 5.8.3 before 5.8.1 SCREEN:  A movie to show that use the “Image/Duplicate” command is used to create a “sub-stack”.

5.8.2. SCREEN:  A movie to show that “Duplicate hyperstack” is checked.

5.8.3. MED-over the shoulder:  Talent’s finger pointing at the “Slices (z)” parameter and then the “Frames (t)” parameter.  
5.9. After that, generate a 3-D reconstruction of the cell at the current time point (Text overlay:  Refer to Figure 2B in the accompanying manuscript for command parameters).  The “Slice spacing” corresponds to the interval between each of the z-plane images in µm.
5.9.1. SCREEN:  A movie to show that a 3-D reconstruction of the cell at the current time point is generated using the “Image/Stacks/3-D project…” command.  Text overlay:  Refer to Figure 2B in the accompanying manuscript for command parameters.
5.10. Using the scroll-bar, rotate the resulting 3-D reconstruction so that the edge of the metaphase plate is visible.  The number of the frame corresponds to the beta angle - record this number.  
5.10.1. SCREEN:  A movie to show that using the scroll-bar, the resulting 3-D reconstruction is rotated so that the edge of the metaphase plate is visible.  

5.11. Then, measure the angle between the horizontal and a line bisecting the metaphase plate perpendicularly; this is the angle alpha.
5.11.1. SCREEN:  A movie to show that the “angle” tool and the “Analyse/Measure…” command are used to measure the angle between the horizontal and a line bisecting the metaphase plate perpendicularly.
5.12. Record these angles for all the metaphase time points of the cell of interest.  The angle of rotation between time points (t) and (t-1) equals the absolute value of the difference between an angle at (t) and this angle at (t-1).
5.12.1. MED-over the shoulder:  Talent records the angles for all the metaphase time points of the cell of interest on the monitor.
6. Results:   Live imaging of mitosis in the developing mouse embryonic cortex
6.1. (Video editor, highlight the upper panel of the cartoon) Along the dorso-ventral axis, mitosis is most easily imaged in dorsal regions of brain slices, because the basal process of RGCs (Text overlay: RGCs: radial glial cells) is shorter and thus less likely to be severed by a vibratome.  (Video editor, highlight the lower panel of the cartoon) Along the rostro-caudal axis, slices in the caudal regions of the dorsal cortex give the most consistent results. 
6.1.1. LAB_MEDIA:  51298_Sliver_Figure 3A

6.2. These are examples of a good region and a bad region for imaging.  (Video editor, highlight B) In a good region, nuclei are elliptically shaped (Video editor, add circles) and many mitotic cells are observed at the border of the ventricle prior to time-lapse imaging (Video editor, add arrows).  (Video editor, highlight C) In a bad region, very few mitotic cells are observed at the border of the ventricle (Video editor, add the arrow) and nuclei are round (Video editor, add circles). 
6.2.1. LAB_MEDIA:  51298_Sliver_Figure 3B-C (Video editor, please remove the letter “G” and the white dotted line square in Figure B)
6.3. Here is an example of a good slice observed with a low-magnification microscope prior to live imaging. 
6.3.1. LAB_MEDIA:  51298_Sliver_Figure 3D

6.4. And here are some examples of syto11-labeled cells in different phases (Video editor, highlight the texts “prophase”, “metaphase”, “anaphase”, and “telophase”) of mitosis. 
6.4.1. LAB_MEDIA:  51298_Sliver_Figure 3E

6.5. Shown here is the montage of a region at the border of the ventricle where two neural progenitors go through the different phases of mitosis, marked in different colors (Text overlay: time, hh:mm). 
6.5.1. LAB_MEDIA:  51298_Sliver_Figure 3F.  Text overlay: time, hh:mm.
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597

7. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
7.1. LP:  Following this procedure, other methods like in utero, electroporation of DNA constructs can be performed in order to answer additional questions including what is the fate of dividing cells and how does the cytoskeleton behave.  It is also best to use secondary methods beyond Syto11 for following mitosis, such as h2B-EGFP transgenic mice.
7.2. LP:  After watching this video, you should have a good understanding of how to manipulate brain slices, what imaging parameters are best, and how to analyze the data.
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, 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.

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, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


