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Questionnaire:
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? (N) 

Olympus SZH10, with a c-mount camera adapter (Olympus U-PMTVC)

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (N) 

C.  Location: Will the filming need to take place in multiple locations? (N) 

D.  Which specific actions during your protocol will viewers benefit most from seeing performed in the video?  For the videographer, please indicate up to six specific shots within steps that would be most important to film perfectly:  _____, _____, ____, _____, ____, _____ 
E.  What is the single most difficult aspect of this procedure and what do you do to ensure success?

The most critical aspect is to ensure that the brain is flattened well, and we ensure that by removing subcortical matter before flattening the cortex and applying pressure in a graded manner during flattening. 

1. Introduction  
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure for cortex flattening and staining is to visualize cellular modules in the cortical regions in a layer-wise manner. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Saikat Ray Michael Brecht: This method can help answer key questions in the neuroscientific field, such as how cortical structure is present in the brain and how it might relate to function. 
1.2. Saikat Ray: The main advantage of this technique is that you can visualize cortical architecture in a laminar fashion, and compare it in various aspects- like how it is conserved across evolution or how it relates to function.   
1.3. Saikat Ray Michael Brecht: Demonstrating the procedure will be Simon Lauer and Undine Schneeweiss, a student and a technician 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.

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 Landesamt for Gesundheit und Soziales, Berlin, the regional body equivalent to Institutional Animal Care and Use Committee (IACUC).
Protocol: (read by voice talent at JoVE)
2. Brain Dissection and Flattening 
2.1. To begin, transcardially perfuse the animal to obtain a homogenously fixed and blood-free brain. [1.WID] After removing the brain, submerge it in 0.1 Molar phosphate buffer. [2.CU]
2.1.1. Establishing shot, talents can be dissecting the animal, but we don’t want to show any detail, as it would be pointlessly gory, TEXT: See references for details.
2.1.2. The brain on a spoon setting the brain into a vessel of buffer solution, show the brain sink TEXT: 0.1 M PB (pH 7.4)
2.2. If sections with large cortical areas are desired, flatten the brain prior to further post-fixation. [1.LM] However, to obtain sections of harder to reach areas like the medial entorhinal cortex, [2.LM] post-fix the brain in 4% PFA for 24 hours, before flattening. [1.MED-TXT]
2.2.1. Please provide an image a large cortical area 
2.2.2. Please provide an image of the medial entorhinal cortex   Images sent. 
2.2.3. PFA is poured into vessel adjacent to PB vessel with brain and brain is moved into the PFA-filled vessel, TEXT: 24 h
2.3. Prepare to keep the brain moist with buffer during the whole dissection.  [1.MED] To begin, separate the hemispheres using a scalpel.  If the brain has not been post-fixed, be careful when handling it.  [2.SCOPE/ECU]
2.3.1. Talent getting situated for the dissection, show a spray-bottle/mister if one is used for moistening tissues
2.3.2. Separating the hemispheres, use a scope shot if possible
2.4. Next, while securing the brain by the cerebellum, gently insert the spatula to open a dissection plane in the corpus callosum.  The round tip of spatula should point away from the cortex. [1.SCOPE/ECU]
2.4.1. Show how the brain is secured, then insertion of the spatula
2.5. Then, manipulate the spatula to divide the thalamus and cortex.  Next, separate the subcortical structures using a razor blade and remove the subcortical structures with the spatula. [1.SCOPE]
2.5.1. This must be filmed by scope, show the positioning of the spatula and removal of subcortical structures
2.6. Now, look for unevenness in the thickness of the hemispheres, which might produce a trans-layer gradient during sectioning.  Proceed by working with each hemisphere individually. [1.SCOPE]
2.6.1. Comparing the two divided hemispheres
2.7. To improve the flattening, make a clean cut through the striatum, nucleus accumbens, and orbitofrontal cortex, since they increase the thickness of the cortex in the lateral region. [1.SCOPE]
2.7.1. Film as written
2.8. Then, add a relieving cut at the base of the inner region of prefrontal cortex.  This will allow for unfolding of medial portions of the cortex.  [1.SCOPE]
2.8.1. Film as written, cut at base of inner region of prefrontal cortex
2.9. Now, place a hemisphere, cortex-down, on a glass slide.  [1.CU] Then, place two clay cylinders on either side of the tissue.  [2.ECU] The clay must a 10 to 20 percent thinner than the brain tissue, as the clay defines the extent of flattening. [3.SCOPE]
2.9.1. Setting the hemisphere on slide
2.9.2. Positioning the clay on either side
2.9.3. Use the scope to show how much thinner the clay is than the hemisphere
2.10. Next, place a glass slide tangentially onto the cortex, contacting the lateral portion first. [1.ECU] Then, set a weight on the glass with the mass centered over the lateral portion. [2.ECU]  Now, let the assembly sit for three to five hours in phosphate buffer at 4 ºC. [3.CU-TXT]
2.10.1. Placing the slide onto the brain preparation

2.10.2. Setting a weight onto the slide 
2.10.3. Transferring the set up into buffer which already contains the other hemisphere being flattened, or several others being flattened, TEXT: 3 – 5 h, 4 ºC
2.11. Simon Lauer: The really key to this preparation is to get the brain as flat as possible before sectioning and staining. This step has the greatest impact on viewing the cortical map.   [1.MED/WID]
2.11.1. Interview at the bench
2.12. Lastly, if needed, post-fix the brain. Transfer the flattened hemisphere [1.CU] to 1% PFA, or 2% PFA of it was not taken from a perfused animal. [2.MED] Then, let it fix for 24 hour at 4 ºC with gentle agitation. [3.MED-TXT]
2.12.1. Lifting a preparations out of the PB bath
2.12.2. Loading preparation(s) into PFA bath
2.12.3. Loading PFA bath onto a nutator, starting nutator (or rocker), TEXT: 24 h, 4 ​ºC, rocking
3. Cutting Tangential Sections and Cytochrome Oxidase Staining
3.1. First, wash the flattened hemisphere in phosphate buffer for fifteen minutes. [1.MED-TXT]
3.1.1.  Moving preparation out of fixative and into bath of phosphate buffer, TEXT: 0.1 M PB (pH 7.4), 15 min
3.2. Then, slice the hemisphere tangentially on a vibratrome. [1.WID] Fix the tissue in position using a small volume of cyanoacrylate and gentle pressing. [2.CU] Be careful, as too much glue can lead to cutting artifacts. [3.ECU]
3.2.1. Establishing shot of talent working with brain, vibrotome in background
3.2.2. Adding glue and pressing gently to secure brain
3.2.3. Releasing pressure on brain to show it bounces back into shape
3.3. Now, cut the hemisphere from the thicker and more stable end [1.MED] towards the thinner end at the required thickness. [2.CU] If low fixative concentrations were used, cut the tissue slowly with a high amplitude. [3.ECU]
3.3.1. Setting up the tissue on the slicer 
3.3.2. Advancing the tissue and slicing 
3.3.3. Detail tissue being sliced slowly with a high amplitude
3.4. Next, wash the sectioned tissue in HEPES buffer for 15 minutes with gentle agitation. [1.MED-TXT]
3.4.1. Transferring the sliced preparation into a bath of buffer and starting rocker, TEXT: 0.1 M HEPES, pH 7.4
3.5. During the wash, prepare fresh cytochrome oxidase staining solution [1.MED] and add the DAB component just before using it. [2.CU]
3.5.1. Mixing up component of staining solution
3.5.2. Detail of taking aliquot of DAB and adding it to the mix 
3.6. Now, incubate the sections in the freshly made staining solution [1.CU] at room temperature with shaker … and keep watch!  Depending on the amount of fixation, [2.MED] staining could be observable in 10 minutes or it may take several hours.  [3.WID]
3.6.1. Setting the sections into staining solution
3.6.2. Starting the shaker and starting a timer

3.6.3. Talent approaching the shaker, stopping it and peering carefully at the slice
3.7. If the reaction is going too slow, increase the temperature to 37 ºC. [1.MED]
3.7.1. Setting the staining slices on a shaker in an incubator and starting the shaker
3.8. To stop the reaction, transfer the sections to a bath of 4% PFA [1.MED] and let them incubate for 15 minutes with gentle agitation. [2.CU-TXT] Then, wash the sections three times with HEPES buffer for 10 minutes per wash.  [3.MED]
3.8.1. Transferring the slices to PFA
3.8.2. Starting the shaker, TEXT: 4% PFA, 15 min, shaking

3.8.3. Setting up one wash with HEPES, TEXT: Wash 3x, HEPES, 10 min / wash
3.9. Now, mount and dry the sections on glass slides [1.CU] and dehydrate them using progressively stronger ethanol baths.  [2.MED-TXT]
3.9.1. Positioning slices on slides, mounting a few slices 
3.9.2. Transferring the slides into the first ethanol bath, TEXT: 60% EtOH 60 s, 80% EtOH 60 s, 96% EtOH 120s (2x), 100% EtOH 180 s
3.10. Then, wash the slides in isopropanol for 5 minutes [1.MED] followed by xylene for five minutes.  [2.CU]
3.10.1. Transferring the slices to isopropanol

3.10.2. Transferring the slices to xylene – get creative with these shots, the baths should all be labeled to help the viewer remember the order of the treatments
3.11. After the xylene bath, [1.MED] immediately add a quick-hardening, non-water-based mounting medium.  Water-based mediums will degrade the stain. [2.CU]  After adding a coverslip, store the slides at 4 ºC until imaged. [3.MED]
3.11.1. Removing slides from bath
3.11.2. Adding coverslips to slides, 

3.11.3. Transferring slides into a storage box and then carrying them away from bench

4. Results: Comparative Anatomy in the Somatosensory Cortex and Entorhinal Cortex
4.1. Cortical sections of the somatosensory cortex in a variety of brain were processed using the described procedures. [1.LM] This comparative approach allows for the study of the evolutionary forces that shape cortex such as the highly conserved representation of mystacial vibrissae in rodents and lagomorpha as barrels. [2.LM]
4.1.1. Figure 2 – all 6 panels
4.1.2. Zoom into the top left panel to fill screen, include animal title, then use a slide-show like animation to flick between all six panels each filling the screen
4.2. The architecture of the medial entorhinal cortex was observed sections parallel to the pial surface, using tangential sectioning of the medial entorhinal cortex in mice, rats and Egyptian fruit bats. 
4.2.1. Fig 4 – A, B and C – highlight the names of each animal as it is said in the narrative
4.3. In addition, human brains were processed using gentle flattening of the cortex and tangential slices. All of the brains were cryopreserved and sectioned on a cryostat at 60 microns.
4.3.1. Fig 4D
4.4. Immunostaining was used to label calbindin-positive pyramidal cell modules. [1.LM] In the entorhinal cortex, the calbindin-modules show a remarkable periodicity [2.LM] in each species and vary in size by only [3.LM] a factor of 10 across a 20,000-fold variation in brain size. [4.LM]
4.4.1. Fig 4A
4.4.2. Fig 4B
4.4.3. Fig 4C
4.4.4. Fig 4 - show all four panels at once for comparison
5. Conclusion (said by authors on camera)

5.1. Saikat Ray: After watching this video, you should have a good understanding of how to flatten the brain to obtain tangential sections for analysis.  This technique can be completed in a couple of hours, once mastered.
5.2. Simon Lauer: While attempting this procedure, it’s important to remember to flatten the brain properly, as that decides the quality of the subsequent steps and the final results.
5.3. Saikat Ray: Don't forget that working with reagents like PFA and DAB can be extremely hazardous and precautions such as protective clothing and working under a fume hood should always be taken while performing this procedure.   

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. Figure 1, Figure 2, Figure 3, Video 1
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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