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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: _____________________________________________

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

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number.

Step 2- specifically 2.1-2.3
Step 3- specifically 3.1-3.3

Step 4- specifically 4.2 & 4.3

Step 5- specifically 5.1 & 5.2 (which is inadvertently labeled as 5.3)

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number.

Step 2___

E.  Will the filming need to take place in multiple locations? (Y/N) _Y (most likely)___ If yes, how far apart are the locations? 

5 min walk from the Koshy lab 

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 fully visualize neurons infected with Toxoplasma gondii cysts. (Intro)
This is accomplished by first intraperitoneally infecting Cre-reporter mice with parasites that express mCherry and are engineered to inject Cre-recombinase into host cells. (P1)
Video editor, use LAB_MEDIA: 52237_Koshy_Storyboard3 (1st cartoon on the top left). Animation:  Show the mouse, then move the syringe into the stomach peritoneum of the mouse, then move the plunger to “inject”. [Please do not show injecting into the middle of the abdomen because this would be inaccurate.  We usually inject in the left lower quadrant of the abdomen.]
Once CNS infection is established, the second step is to perform transcardial perfusion with heparin-saline followed by 4% paraformaldehyde. (P2)
Video editor, use LAB_MEDIA: 52237_Koshy_Storyboard3 (2nd cartoon on the top left). Animation: Continue with P1, remove the syringe. Add the heart and the semi-oval frame around the heart, then move the butterfly needle which is connected to the two syringes towards the heart.
Next, harvest the brain. Remove and discard the olfactory bulbs and cerebellum. Cut the remaining brain into 2 halves, then section the halves into 160 μm thick sections. (P3)
Video editor, use LAB_MEDIA: 52237_Koshy_Storyboard3 (cartoons on the top right).  Animation: Continue with P2, remove the needle/syringes, the heart and the semi-oval frame around the heart. Add the brain in the mouse’s head, then move the brain to the “brain matrix” (the grey vertical rectangle with horizontal lines) if possible. Then show the dotted lines over the brain to show were to cut. Next, show the most right image (a blade, black rectangle and a coronal brain image) on the top row. If possible, animate the blade cutting the slice, then move the slice into the first bottle of solution.
The final step is to clear the sections with graded glycerol/PBS-Tween solutions, and mount them onto slides for imaging with confocal microscopy. (P4)
Video editor, use LAB_MEDIA: 52237_Koshy_Storyboard3 (cartoons at the bottom left).  Animation: Show the four bottles with different colors of brain sections. Then add the white “slide” (horizontal rectangle) and add the 3 white brain sections on the slide.
Ultimately, the images can be analyzed with software that allows 3-D rendering and analysis, and this method can be used to show the cellular relationship between the cyst and the infected neurons. (P5)
Video editor, use LAB_MEDIA: 52237_Koshy_Storyboard3 (3 images at the bottom right).  Animation: Show the 3 cell images at the bottom right one by one (first, the cell with black background at the left, then the cell with black background at the upper right, then the cell with grey background at the lower right) in a horizontal line. 
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Anita Koshy: The main advantage of this technique over existing methods, like serially sectioning, staining, and reconstructing thick sections, is that it excludes the requirements for staining and reconstruction, which are both time consuming and technically difficult.   

1.2. Anita Koshy: Demonstrating the procedure will be Carla Cabral, a research specialist from my laboratory. 
1.2.1. Interview style: Author saying the above 

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

1.3. Carla Cabral: We first developed the idea for this method when we realized how difficult it was to reconstruct whole infected neurons from 40 μm serial sections.

Protocol (read by voice talent at JoVE):

2. Brain sectioning
2.1. Begin this procedure by placing the mouse brain infected with Toxoplasma gondii in a brain matrix for precise and even cuts.  Trim off the cerebellum and the olfactory bulbs.  Then, cut the brain into 2 coronal sections.
2.1.1. MED-over the shoulder:  Talent places a mouse brain into a brain matrix.

2.1.2. CU:  The brain as the cerebellum and the olfactory bulbs are trimmed off.

2.1.3. [combined with 2.1.2] CU:  The brain as it is cut into 2 coronal sections.
2.2. Affix each brain section onto a specimen mounting block with cyanoacrylate.  Subsequently, affix a small block of 5% agarose gel behind the brain section for support.  Cut the tissue into 160µm thick sections with a vibratome set at a speed of 4 and amplitude of 9.  
2.2.1. MED-over the shoulder:  Talent affixes a brain section onto a specimen mounting block with cyanoacrylate.

2.2.2. CU:  The brain as a small block of agarose gel is affixed behind the brain section.

2.2.3. CU: The vibratome as the tissue is cut.

2.3. Then, transfer the tissue sections in a scintillation vial filled with fresh, chilled 1X PBS if they are going to be cleared within one week.  If the sections are not going to be cleared within one week, place them in 1.5ml microcentrifuge tubes filled with cryopreservative solution and store at -20 (C.
2.3.1. MED-over the shoulder:  Talent transfers the tissue sections into a scintillation vial.

2.3.2. CU: The tissue sections as they are placed into the 1.5ml microcentrifuge tubes filled with cryopreservative solution.
3. Optical clearing of brain tissue sections 

3.1. Now, prepare 25%, 50%, 75% and 90% vol/vol Glycerol in 1X PBS + 2% Tween-20 (Text overlay: Gl/PBST: Glycerol/PBS+Tween).
3.1.1. CU: 4 vials of of Gl/PBST (25%, 50%, 75% and 90%) with labels to indicate different percentages.
3.2. Next, remove the sections from 1X PBS or, if they are in cryopreservative, rinse them in 1X PBS and transfer them to a scintillation vial containing 10ml of 25% Gl/PBST.  Place the covered vial on a shaker. Cover the vial to avoid light exposure and incubate at 4(C for 12 hours.
3.2.1. MED-over the shoulder:  Talent rinses the sections in PBS.
3.2.2. CU:  The scintillation vial containing 10ml of 25% Gl/PBST as the tissues are placed in it.

3.2.3. CU:  The vial as it is placed on a shaker, the vial as it is covered and shaker started.
3.3. After 12 hours, confirm all the sections have sunk to the bottom of the vial.  Aspirate the 25% Gl/PBST, leaving just enough to cover the sections.  Then, fill the vial with 10ml of 50% Gl/PBST.  Place the vial on a shaker and protect from light. Incubate at 4(C for another 12 hours.
3.3.1. MED:  Talent picks up the vial and looking at the sections at the bottom of the vial.

3.3.2. CU:  The vial as 25% Gl/PBST is aspirated and Gl/PBST is left until just enough remains to cover the sections.
3.3.3. [combined with 3.3.2] CU:  The vial as it is filled with 10ml of 50% Gl/PBST.

3.3.4. 3.3.3 MED-over the shoulder:  Talent places the covered vial on the shaker, covers vial and starts shaker.
3.4. Repeat this process for 75% Gl/PBST and 90% Gl/PBST, in which the sections will remain floating in the middle of the vial.  Leave the sections in the 90% Gl/PBST for 24 hours to reach maximal clearing.  
3.4.1. MED:  Talent holding the vial and looking at the floating sections.

3.4.2. CU:  The vial as the sections are floating in the middle. All 4 vials with representative section placement and clearing.
4. Mounting brain tissue sections 

4.1. Now, create a spacer by cutting a No. 1.5 coverslip into 5 pieces with a ruler and a diamond-tipped pencil.  Discard the center piece and arrange the 4 outer pieces on a plain glass slide to create a window.  Then, brush clear nail polish onto the seams to adhere the pieces of the spacer to the slide in the correct configuration.

4.1.1. MED-over the shoulder:  Talent uses a ruler and a diamond-tipped pencil to score and break the coverslip.

4.1.2. CU:  A glass slide as 4 outer pieces of spacer are arranged on it to create a window.

4.1.3. CU:  The glass slide as clear nail polish is brushed onto the seams to adhere the pieces of the spacer to it.

4.2. Next, transfer the sections to a slide using a plastic pipette with the tip cut off.  Make sure to fill in the surrounding area with 90% Gl/PBST.  Then, carefully place a coverslip over the sections and be careful not to introduce any bubbles.  Excess Gl/PBST may be wicked away with a lint-free wipe.
4.2.1. MED-over the shoulder:  Talent transfers the sections to a slide using a plastic pipette with the tip cut off.

4.2.2. CU:  The slide as the surrounding area is filled with GI/PBST.

4.2.3. CU:  The slide as a coverslip is placed over the sections.
4.2.4. CU:  The slide as excess Gl/PBST is wicked away with a lint-free wipe.

4.3. Afterward, image GFP+ neurons containing RFP+ Toxoplasma gondii cysts with a confocal microscope.  When finished, store the slides flat and covered from light at 4 (C.
4.3.1. MED:  Talent looks through the eyepieces of the microscope to inspect the sample.

4.3.2. MED:  Talent places the slides in the refrigerator.
5. Results:  Toxoplasma gondii cysts reside within distant neuronal processes
5.1. Shown here are the maximum projection images of GFP+ neurons containing RFP+ cysts (Video editor, add white arrows). 
5.1.1. LAB_MEDIA:  52237_Cabral_Figure 7 A-B
5.2. This is a 3-D rotational movie of the cell.

5.2.1. LAB_MEDIA:  52237_Cabral_Animated-Video Figure 7D
5.3. This image shows the Imaris-generated direct line measurement of the distance between the edge of the cyst and the edge of the cell body. In this example, the distance is measured as 149µm (Video editor, add the white straight line between the cyst and the cell body, or add an arrow to point at the straight line). 
5.3.1. LAB_MEDIA:  52237_Cabral_Figure 7 C

5.4. And here is an Imaris-generated 3-D movie showing the middle-to-middle (Text overlay: 163 µm) and edge-to-edge (Text overlay: 149 µm) measurement between the cyst and the cell body.
5.4.1. LAB_MEDIA:  52237_Cabral_Animated-Video Figure 7E (00:13-01:16)

6. Conclusion (said by authors on camera)

6.1. Carla Cabral: Once mastered, this technique can be done in 4-5 days if it is performed properly.

6.2. Anita Koshy: Following this procedure, other analysis, such as comparing boutons between the infected dendrites and the uninfected dendrites can be performed in order to answer additional question such as if cysts disrupt normal neuronal function.

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, as well as an introduction to your videographer, closer to your filming date.

( 2013, Journal of Visualized Experiments


