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Questionnaire:

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 

Olympus SZ61 dissecting microscope

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____  

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.  

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.   _NONE 

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____  
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE): 

The overall goal of this experiment is to illustrate the usefulness of a transgenic mouse model allowing for the inducible and targeted expression of a fluorescently tagged KASH-2 (pronounced: cash-2) peptide in vivo and the resulting disruption of endogenous LINC (pronounced: link) complexes. In this experiment, expression of fluorescently-tagged KASH2 will be targeted to cerebellar Purkinje cells. (Intro)
I don't know how they like “Purkinje” pronounced, so I did 2 takes with the different versions.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Didier Hodzic: This genetic approach can address key questions regarding the role of LINC complexes in nuclear positioning within different mouse tissues.
1.2. Didier Hodzic: The inducible and targeted expression of EGFP-KASH2 has several advantages. First, it requires a single breeding scheme of CAG-LacZ mice with any existing Cre-strain. Second, this approach bypasses the perinatal lethality observed in mouse models of germline mutations of LINC complex components. Finally, this method allows to study the physiology of LINC complexes within specific cells or tissues in vivo.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. N/A.    

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
1.4. ** Didier Hodzic: Cloe Potter, a member of my lab, will show you the different steps to visualize EGFP-KASH2 in cerebellar Purkinje cells. 
1.4.1. Interview style: Author saying the above 

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

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total) 
1.5. Procedures involving animal in this study strictly adheres to the ethical and sensitive care of animals in research and were approved by the Washington University School of Medicine Animal Studies Committee (Animal Welfare Insurance Permit #A-3381-01, protocol #20130225)

Protocol (read by voice talent at JoVE):  
2. Preparation of Mice and Materials for Dissection and Tissue Collection  
2.1. To begin, breed CAG-LacZ (pronounced: C-A-G-lack-Z) mice with PCP2-Cre (pronounced: P-C-P-2-Cree) mice to produce PCP2-CAG/KASH2 mice as described in previous publications.  [2.1.1 - LM - TXT]
2.1.1. Figure 2a (Video Editor: Start by showing the top 2 diagrams side by side with the “X” in between them. Then, with the word “produce” add an arrow down and show the bottom diagram below. With the word “described” add the text insert.(TEXT: Razafsky, D. & Hodzic, D.  Genesis 52, 359-365 (2014) & Razafsky, D. & Hodzic, D. Neurobiology of disease 78, 57-67 (2015)) 

2.2. When the resulting pups are born, perform genotyping to identify those harboring both EGFP and Cre transgenes as previously described. [2.2.1 - MED - TXT]
2.2.1. Talent places PCR sample into thermocycler and begins a cycle. (TEXT: Razafsky, D. & Hodzic, D.  Genesis 52, 359-365 (2014))
2.3. Prepare 50 mL of a 30% sucrose solution in PBS and store it at -20°C until the day of tissue harvesting. [2.3.1 - MED] 
2.3.1. *Film as written

3. Dissection and Tissue Collection   
3.1. At the appropriate age, perform a transcardial perfusion of the mice under anesthesia in order to prepare the brain tissue for dissection as described in Gage et al. [3.1.1 - MED - TXT]
3.2. Place the dissected brain in a 10 cm tissue culture plate with 10 mL of PBS and separate the cerebellum from the cerebrum.  [3.3.1 - CU]
3.2.1. *Film as written

3.3. Next, use a scalpel to bisect the cerebellum in the sagittal plane and transfer the sections into 30% sucrose solution [3.4.1 - CU] and store it at 4°C overnight.   [3.4.2 - MED]
3.3.1. *Film as written

3.3.2. *Film as written

4. Tissue Processing and Sectioning 
4.1. Prepare a slurry of dry ice and 2-methyl butane.  Allow the temperature of the bath to equilibrate for five minutes.[4.1.1 - MED]
4.1.1. *Film as written

4.2. Next, fill a cryomold with OCT compound and place one half of the bisected cerebellum into the mold.[4.2.1 - CU]
4.2.1. *Film as written

4.3. Using a dissecting microscope and a pair of forceps, [4.3.1 - MED/CU] position the cerebellum so that the bisected surface that is near the midline of the cerebellum is facing up in the mold.  [4.3.2 - ECU]
4.3.1. Talent looks through dissecting microscope to position the brain in the mold.

4.3.2. Extreme close up of the final positioning of the brain piece.

4.4. Then, transfer the cryomold into the dry ice slurry for five minutes until the OCT compound has formed a solid white matrix around the tissue specimen.  [4.4.1 - CU] Store the embedded specimen at -20°C until needed. [4.4.2 - MED]
4.4.1. *Film as written

4.4.2. *Film as written

4.5. Label pre-treated poly-lysine slides for collecting tissue sections [4.5.1 - CU] and mount the block of cerebellar tissues on the tissue holder with fresh OCT [4.5.2 - MED/CU]. Once the block is firmly attached, mount the tissue holder and shave 40 micrometer slices to remove excess OCT until the tissue is reached [4.5.3]. Set the thickness at 15 micrometers and collect the sections by carefully contacting the OCT section with the poly-lysine coated side of the slide [4.6.1].
4.5.1. *Film as written

4.5.2. Talent mounts the block.

4.5.3. [added] Talent slices excess OCT

4.6.1 [moved] Talent lifts sections onto a few slides.
4.6. [moved] Once cut, collect the sections by carefully contacting the OCT section with the poly-lysine coated side of the slide. [4.6.1 - CU]
4.6.1. [moved] Talent lifts sections onto a few slides.

4.7. Store the tissue sections at -20°C until proceeding with staining and imaging. [4.7.1 - MED]
4.7.1. *Film as written

5. Staining and Imaging of Cerebellum  
5.1. When ready to continue, thaw the cerebellar sections in the dark to prevent fading of the fluorescent proteins. [5.1.1 - MED]
5.1.1. Talent covers the sections.
5.2. Using a hydrophobic barrier pen, draw a rectangle around the perimeter of the tissue sections. [5.2.1 - CU]
5.2.1. *Film as written

5.3. Add about 500 microliters of 4% paraformaldehyde to the sections for five minutes to post-fix the tissue. [5.3.1 - CU] Then, use a vacuum to aspirate the fixative, being particularly careful not to disturb the tissue sections. [5.3.2 - CU]
5.3.1. *Film as written

5.3.2. *Film as written

5.4. With a pipette, gently apply PBS on the slide without disturbing the tissue sections.  [5.4.1 - CU] After five minutes, use the vacuum or pipette to carefully remove the liquid.  Repeat the PBS rinse a total of three times.  [5.4.2 - CU]
5.4.1. *Film as written

5.4.2. Talent removes the liquid and then adds more PBS.

5.5. Next, add about 500 microliters of blocking solution to the slides and incubate them for 10 minutes. [5.5.1 - CU - TXT] Remove and then replace the blocking solution with the same solution containing 1:300 dilutions of either Calbindin or Nesprin-2 antibodies.  [5.5.2 - CU]
5.5.1. *Film as written (TEXT: Blocking Solution: PBS w/0.5% Triton X-100 and 10% donkey serum)
5.5.2. Talent removes blocking solution and adds correct Ab dilution to pre-labeled slides.
5.6. Incubate the slides for one hour at room temperature in the dark.  [5.6.1 - CU]  Then, remove the antibody solution and rinse the slides with PBS three times. [5.6.2 - CU]
5.6.1. Talent covers slides with foil.

5.6.2. *Film as written
5.7. Next, prepare 1:1,000 dilutions of anti-mouse Alexa-Fluor 594 for the calbindin labeled slides and anti-rabbit Alexa-Fluor 594 for the Nesprin-2 labeled slides in the blocking solution and store the solutions in the dark until they are needed. [5.7.1 - CU]
5.7.1. Talent prepares secondary antibodies in well labeled tubes.

5.8. Gently remove the final PBS rinse and cover the sections with the diluted secondary antibodies for one hour in the dark. [5.8.1 - CU]
5.8.1. Talent removes the PBS and adds the secondary antibodies to a few slides.
5.9. Following the incubation, remove the secondary antibody solution.  Then, apply a nuclear stain such as DAPI at 300 nM in PBS for 5 minutes.  [5.9.1 - CU] Afterwards, rinse the sections twice more in PBS. [5.9.2 - CU]
5.9.1. Talent removes secondary antibody and adds DAPI.
5.9.2. *Film as written
5.10. Remove as much PBS solution as possible and cover the tissue section with one drop of mounting medium. [5.10.1 - CU]  Place a glass coverslip on top of the tissue section, avoiding air bubbles, and set aside for 15 to 30 minutes at room temperature in the dark. [5.10.2 - CU]
5.10.1. *Film as written
5.10.2. *Film as written

5.11. Then, use a fluorescence microscope to visualize the antibody staining and fluorescent proteins.  For cerebellar slices, use either a 20X or 40X objective to view the enhanced green fluorescent protein - KASH2 nuclear rims. [5.11.1 - MED]
5.11.1. Talent places a slide on the microscope stage and illuminates the sample to view the EGFP.

6. Results: Disruption of Endogenous LINC Complexes in Cerebellar Purkinje Cells
6.1. As shown here, EGFP/KASH2 can be directly visualized in cerebellar slices in the FITC (pronounced: fit-see) channel. [6.1.1 - LM] Furthermore, the co-localization of EGFP with Calbindin, which specifically labels Purkinje cells, confirms that EGFP/KASH2 expression is confined to Purkinje cells. [6.1.2 - LM]
6.1.1. Figure 2b

6.1.2. Figure 2b (Video Editor: Highlight the bottom two images in Figure 2b)
6.2. Within Purkinje cells, EGFP-KASH2 is targeted to the nuclear envelope as indicated by EGFP-positive rim-like patterns observed around the nucleus. [6.2.1 - LM] In this example, EGFP-KASH2 expression was detected in more than 70% of Calbindin-positive Purkinje cells. [6.2.2 - LM]
6.2.1. Figure 2b (Video Editor: Add an arrow pointing to the EGFP positive cells in the bottom right image with the 2nd half of the sentence.)

6.2.2. Figure 2b (Video Editor: Add a small arrow pointing to the orange and yellow cells (not red) in the top left image starting with the word “detected”.
6.3. EGFP-KASH2 displaces endogenous Nesprins from the nuclear envelope through the saturation of available SUN domains. [6.3.1 - LM] Accordingly, endogenous Nesprin-2 is displaced from the nuclear envelope of Purkinje cells expressing EGFP/KASH2 [6.3.2 - LM], while Purkinje cells that do not express EGFP/KASH2 retain endogenous Nesprin-2 at the nuclear envelope.[6.3.3 - LM]
6.3.1.  Figure 1b

6.3.2. Figure 3 top panel only (Video Editor: Emphasize the two left (yellow) arrows in each image.)

6.3.3. Figure 3 top panel only (Video Editor: Emphasize the single white arrow in each image.)

6.4. As expected, control littermates, which do not express Cre-recombinase, display Nesprin2 at the nuclear envelope of the whole Purkinje cell population. [6.4.1 - LM]
6.4.1. Figure 3 (Video Editor: Add in the bottom panel of images.  Highlight the white arrows in the bottom images starting with the word “display”.)
7. Conclusion (said by authors on camera)
7.1. Didier Hodzic: Once mastered, this technique can be done in 4 hours once the OCT blocks of cerebellar tissue are available.

7.2. Didier Hodzic: While attempting this procedure, it is important to remember that the extent of PFA fixation and/or embedding conditions can inadvertently affect antibody epitope detection. It is important to optimize the fixation conditions that preserve the antigenicity of your specific antibody epitope. 

7.3. Didier Hodzic: The development of the CAG-KASH2 mouse model paves the way for researchers to explore the role of LINC in nuclear positioning within various mouse tissue and cell types for which an appropriate Cre-strain is available. 

7.4. Didier Hodzic: After watching this video, you should have a good understanding of how to use the CAG-KASH2 transgenic mouse model to target the expression of EGFP-KASH2 to specific tissue to in vivo.  

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.

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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