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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 MZ 12.5 stereomicroscope
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____No
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps______Steps 2.6 – 2.8; Step 2.11; Step 3.3; Steps 3.5 – 3.7
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _________Steps 2.11 and 3.5 are equally vital as failure of either will void the experiment. Practice and patience ensure success.
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 detail the dissection of the intact CNS (Text overlay: CNS: central nervous system) from the third instar Drosophila larvae in order to study asymmetric stem cell divisions, cellular differentiation, and morphogenesis. (Intro)
This is accomplished by (Video editor, please add the two pairs of forceps) first explanting the CNS from the larval body by gross dissection (Video editor, the white piece at the bottom breaks away from the top white piece). (P1)
The second step is to isolate the intact brain from the peripheral tissues by (Video editor, please add the two back tools with hooks) fine microdissection using custom-made tools.  (P2)
Next, the healthy brains are either (Video editor, use P3.A here) mounted for live cell imaging or (Video editor, use P3.B here) subjected to chemical fixation and immunofluorescence. (P3)
Ultimately, spinning disk confocal microscopy is used to show the events that govern neural stem cell divisions and provide mechanistic insight to the CNS development. (P4)

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

1.1. Dorothy A. Lerit:  This method can help answer key questions in the stem cell, cancer, and neural development fields by contributing to our understanding of how stem cell proliferation is regulated. We know that aberrant stem cell division is associated with tumorigenesis and microcephaly, and our imaging studies reveal the mechanisms that regulate these stem cell divisions.  

1.2. Karen M. Plevock: Visual demonstration of this method is critical because the microdissection and the mounting of the brain are difficult to learn, as they require steady hands, patience, and practice.   

Protocol (read by voice talent at JoVE):

2. Dissection of the CNS
2.1. Begin this procedure by putting two drops of warm dissecting media on a single glass slide; one for gross dissection and the other for fine dissection.  Then, transfer several larvae to one of the media drops.  After that, transfer the glass slide with larvae to a dissecting microscope.
2.1.1. MED-over the shoulder:  Talent puts two drops of warm dissecting media on a single glass slide.
2.1.2. CU:  The glass slide as the larvae are transferred to one of the media drops.
2.1.3. MED:  Talent places the glass slide with larvae under the microscope.
2.2. Now, zoom into the drop containing the larvae such that the anterior and posterior ends of the larvae are visible.  Grasp the mid-region of a single larva with a pair of forceps and grasp another region right next to it with a second pair of forceps.  Then tear the larva in half.
2.2.1. SCOPE:  A microscope movie to show the zooming in the larvae.
2.2.2. SCOPE:  A microscope movie to show that the larva is grasped by two pairs of forceps.
2.2.3.  SCOPE:  A microscope movie to show that the larva is torn in half.
2.3. Repeat the procedures for all the larvae on the coverslip and dispose of the posterior halves.  Zoom into a larva so that the anterior mouth hooks are clearly visible.  After that, make a small incision or notch on the opposite side of the larval mouth hooks between the third thoracic and first abdominal denticle bands.
2.3.1. MED-over the shoulder:  Talent disposes the posterior halves of the larvae.
2.3.2. SCOPE:  A microscope movie to show the zooming in the larva.
2.3.3. SCOPE:  A microscope movie to show a small incision or notch on the opposite sides of the larval mouth hooks is made.
2.4. Next, grasp the mouth hooks with the forceps.  Gently peel away the cuticle in the anterior-to-posterior direction and continue until the CNS is exposed.  Then, tear the tissues to isolate the CNS from the rest of the larva. 
2.4.1. SCOPE:  A microscope movie to show the mouth hooks are grasped.

2.4.2. SCOPE:  A microscope movie to show the cuticle is gently peeled away in the anterior-to-posterior direction and the CNS is exposed.     
2.4.3. SCOPE:  A microscope movie to show that the tissues are torn to isolate the CNS from the rest of the larva.
2.5. Be careful not to damage the CNS, and discard damaged samples with a torn ventral nerve cord or distorted optic lobes.  Repeat the procedures for all the larvae on the coverslip.  Then, transfer the healthy explanted tissue to the other clean medium drop on the coverslip for fine dissection.
2.5.1. SCOPE:  A microscope movie to show the removal of a damaged sample. 

2.5.2. CU/ SCOPE:  The glass slide as the healthy explanted tissue is placed in the other clean medium drop.
2.6. Use the dissecting pins to remove the peripheral tissues (Text overlay: e.g., eye, wing, and leg discs) from the brain.  Slide the scalpel between the brain and the unwanted tissue, and pin the connective tissue to the glass slide.  Use the hook to gently tease away the undesired tissue while simultaneously pressing the scalpel to the coverslip in seesaw movements.
2.6.1. CU/SCOPE:  The glass slide as the peripheral tissues are being removed from the brain.  Text overlay: e.g., eye, wing, and leg discs. 
2.6.2. SCOPE:  A microscope movie to show that the scalpel is slid between the brain and the unwanted tissue, and the connective tissue is pinned to the glass slide.

2.6.3. SCOPE:  A microscope movie to show that the undesired tissue is gently teased away while the scalpel is being pressed to the glass slide in seesaw movements.
2.7. Work slowly and deliberately to remove all the discs from each brain; use caution not to disturb the brain morphology.  A healthy brain will have an intact ventral nerve cord and symmetric, round optic lobes.
2.7.1. SCOPE:  A microscope movie to show the removal of all the discs from the brain.
2.7.2. SCOPE:  A microscope movie to show a healthy brain with an intact ventral nerve cord and symmetric, round optic lobes.
3. Mounting explanted brains for live imaging  

3.1. Now, invert a 50 mm gas-permeable culture dish with the clear film facing up.  Deposit a small drop (Text overlay: about 30 µL) of medium onto the center of the dish.
3.1.1. MED-over the shoulder:  Talent inverts a 50 mm gas-permeable culture dish with the clear film facing up.
3.1.2. [combined with 3.1.1] CU:  The dish as a small drop of medium is deposited onto its center by a syringe.  Text overlay: about 30 µL.
3.2. Next, use a hook to scoop up the brains underneath the optic lobes and transfer them to the drop of medium on the dish one by one.  
3.2.1. SCOPE:  A microscope movie to show that the hook tool is used to scoop up the brains and transferred to the drop of medium on the dish.
3.3. Collect 5-10 brains in the drop of medium.  Then, push them to the bottom one by one as many of them will be trapped at the meniscus. (I believe we used 5 brains here)
3.3.1. MED-over the shoulder:  Talent places the brains in the drop of medium.
3.3.2. SCOPE/CU:  A microscope movie to show that the brains are pushed to the bottom of the medium drop. (we filmed both shots for this)
3.4. Afterward, orient the brains to allow the neuroblasts to be imaged.  To image the anterio-ventral neuroblasts, place the brains with the ventral nerve cord facing upward.  Align the brains such that all the ventral nerve cords point in the same direction within the x-y plane.
3.4.1. MED-over the shoulder/SCOPE:  Talent orients the brains to allow the neuroblasts to be imaged. (We have scope movies for this)
3.4.2. SCOPE:  A microscope movie to show the anterio-ventral nerve cord facing upward.
3.4.3. SCOPE:  A microscope movie to show that the brains are being aligned such that all the ventral nerve cords point in the same direction within the x-y plane.

3.5. Use a syringe or plastic transfer pipette to place 4 halocarbon oil drops (Text overlay: about 30 µL each) onto the gas permeable membrane; the volume of each drop of oil should be equivalent to each other and to the drop of the medium.  Once complete, the five drops will resemble the five facets on Western-style dice.
3.5.1. MED-over the shoulder:  Talent transfers the first 3 halocarbon oil drops onto the gas permeable membrane.  Text overlay: about 30 µL each.

3.5.2. [combined with 3.5.1] CU:  The gas permeable membrane as the last halocarbon oil drop is placed on it.
3.6. Next, lower a coverslip onto the assembly such that it hits all 5 drops at the same time; maintaining an even pressure across the samples reduces the likelihood that they will be disrupted.  Wait about three minutes as the oil and medium disperse under the weight of the coverslip.
3.6.1. MED-over the shoulder:  Talent lowers a coverslip on the assembly such that it hits all 5 drops at the same time.

3.6.2. [combined with 3.6.1] CU:  The gas permeable membrane as the oil and medium disperse under the weight of the coverslip.
3.7. Under a dissecting scope, lower the coverslip onto the surface of the brains further by removing excess media with a tissue paper wick until the coverslip touches the brains; do not over-wick as this will cause tissue distortion or brain explosion. 
3.7.1. SCOPE:  A microscope movie to show that the coverslip is lowered onto the surface of the brains further by removing excess media with a tissue paper wick until the coverslip touches the brains (+ CU)
3.8. To image anterio-ventral neuroblasts, the coverslip must be slightly moved in the direction of the ventral nerve cord tips; this causes the brain to rotate, which brings the brain lobes in direct contact with the coverslip to facilitate imaging. 
3.8.1. SCOPE:  A microscope movie to show that the coverslip is slightly moved in the direction of the ventral nerve cord tips. (This shot was also filmed CU. The scope movie shows damaged brains, which should be avoided. Please use CU instead.)
3.9. Subsequently, seal the chamber by encircling the coverslip with a small amount of halocarbon oil; excess oil oozing from the coverslip should be minimized and blotted away with a tissue.
3.9.1. CU:  The chamber as the coverslip is encircled with small amount of halocarbon oil.
4. Live imaging of central brain neuroblasts
4.1. Prior to imaging, add a drop of immersion oil to the coverslip just above the mounted brains to help center the objective directly above the sample.  Gently position the mounted sample into the 25oC stage incubator, and cover the chamber with its lid.  Next, locate the central brain neuroblasts using transmitted light by focusing on the large, round cells that reside in the central and medial areas of the optic lobes.
4.1.1. MED-over the shoulder:  Talent adds a drop of immersion oil to the coverslip just above the mounted brains.
4.1.2. CU:  The stage incubator as the mounted sample is placed in it.
4.1.3. SCOPE:  A microscope movie to show that the large, round cells are being focused. (I believe we used a CU for this, also we have a pre-recorded movie being used on the computer screen for all of these steps.)
4.2. Once in place, take quick exposures using the confocal to determine the proper location and depth of the neuroblasts.  Limit the depth to the first 10-15 µm; adjust as needed, and take another test image.  To eliminate axial drift, use a continuous automatic focusing device that uses an infrared LED, or manually correct the focal plane.
4.2.1. MED-over the shoulder:  Talent sets the parameters on the computer monitor to take a quick exposures of the neuroblasts.

4.2.2. SCREEN:  An image of the neuroblasts is taken. (We used a pre-recorded movie)
4.2.3. MED-over the shoulder:  Talent adjusting the microscope focus knob to correct the focal plane.  
4.3. Once a neuroblast of interest is identified, optimize all the parameters (Text overlay: See discussion in the accompanying manuscript for guidance) before imaging. 
4.3.1. MED-over the shoulder:  Talent pointing at the neuroblast of interest on the monitor.
4.4. Now, image the entire neuroblast by collecting 12-14 images spaced by 1 µm in the z-axis.  Adjust the time resolution to capture single or multiple cell cycles of the same neuroblast; use 10-30 sec intervals for single cell cycle imaging and 1-3 min intervals for multiple cell cycles. 
4.4.1. SCREEN:  A movie to show that a few images of a neuroblast are being collected. (we used a prerecorded movie)
4.4.2.  MED-over the shoulder:  Talent adjusting the time resolution on the computer monitor.
4.5. Next, confirm that the sample is healthy by monitoring the duration of mitosis; if mitosis takes more than 15 minutes, move on to another brain.  A healthy brain will show many neuroblasts within the same field of view undergoing several rounds of mitosis.    
4.5.1. MED-over the shoulder:  Talent looking at the computer screen to monitor the mitosis.

4.5.2. SCREEN:  An image that shows a healthy brain with many neuroblasts.
4.6. Once the imaging is complete, disassemble the incubation chamber, and discard everything but the gas-permeable culturing dishes.  Rinse the culture dish surface with 95% ethanol and wipe well with a tissue; repeat the procedure two more times.
4.6.1. MED:  Talent disassembles the incubation chamber.

4.6.2. MED-over the shoulder:  Talent rinses the culture dish surface with 95% ethanol.
5. Results:   Live imaging of Drosophila larval neuroblasts
5.1. Shown here is the live imaging of neuroblast stem cell divisions in whole mount preparations. These are the time-lapse images of a single cell cycle from a neuroblast expressing GFP-Moesin.

5.1.1. LAB_MEDIA:  51756_Rusan_Figure 4A
5.2. For fine cellular analysis, a single neuroblast cell cycle is imaged at less than 30 second time intervals.

5.2.1. LAB_MEDIA:  51756_Rusan_Movie 1

5.3. And these are the time-lapse images of successive cell division cycles from a neuroblast expressing both GFP-Moe and a GFP-labeled centrosome marker.
5.3.1. LAB_MEDIA:  51756_Rusan_Figure 4B

5.4. To image multiple neuroblast cell cycles, brains are typically imaged at 1-3 minute time intervals over a period of 2-3 hours.

5.4.1. LAB_MEDIA:  51756_Rusan_Movie 2

5.5. The confocal projections of fixed stem cells from whole mount preparations are shown here.  To image all the neuroblasts located on both optic lobes, 20x magnification is used; this analysis is particularly useful to examine the overall brain morphology and to quantify the neuroblast numbers. 
5.5.1. LAB_MEDIA:  51756_Rusan_Figure 4C

5.6. The majority of neuroblasts from a single optic lobe may be visualized with 40x magnification. 
5.6.1. LAB_MEDIA:  51756_Rusan_Figure 4D

5.7. For detailed cellular analysis of a few neuroblasts, 100x magnification must be used; this mutant neuroblast shows multiple centrosomes at each spindle pole.

5.7.1. LAB_MEDIA:  51756_Rusan_Figure 4E

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

6. Conclusion (said by authors on camera)

6.1. Karen M. Plevock:  While attempting this procedure, it’s important to remember to avoid photodamage by limiting the amount of light that hits the sample.

6.2. Dorothy A. Lerit:  This technique of imaging live neuroblast divisions in whole mount preparations has paved the way for researchers in the field of stem cell biology to explore asymmetric cell division in the live, native context of the developing Drosophila brain.

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.
LAB_MEDIA:  51756_Rusan_Figure 4A, B
LAB_MEDIA:  51756_Rusan_Movie 1
LAB_MEDIA:  51756_Rusan_Movie 2
LAB_MEDIA:  51756_Rusan_Figure 4C, D, E

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


