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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? NO  

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? NO 

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. (Please do not list entire sections.) 2.2/2.3, 2.5, 3.4, 3.5___________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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. (Please do not list entire sections.) 2.3, 2.5 – make sure the osmium is diluted in water! And ensure that for the 2 week incubation, the sample is placed horizontally to ensure best results through diffusion. ___________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? MAYBE
Most filming will take place in the laboratory and a few adjacent rooms. The cold room is in the same building but at the other end of the hall. The oven and vacuum oven are on another floor and down some halls.

If the team wishes to film the scanner, that is in a different building across the street (1/2 block away). 
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Javier Masís: This method can help answer key questions in the field of neuroscience by providing a simpler, less error-prone and more quantitative method for verifying lesions and locating electrode locations [1-MED].

1.1.1. Named author states the above, looking slightly off to the side. 

1.2. David Mankus: The main advantage of this technique is that it allows for the verification of lesions and electrode sites in the whole brain, without the need for sectioning, the end product is a digital 3D volume of the brain, and multiple brains can be processed in parallel [1-MED].
1.2.1. Named author states the above, looking slightly off to the side.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Grigori Guitchounts: Though this method will be demonstrated in the rat, it can also be applied to other organisms, such as mice and zebra finches [1-MED].
1.3.1. Named author states the above, looking slightly off to the side.

1.4. Steffen B.E. Wolff: Generally, individuals new to this method will struggle because some steps require particular care to ensure best results [1-MED].
1.4.1. Named author states the above, looking slightly off to the side.

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
Dr. Masis: You do not need to introduce yourself. You have an interview statement in the introduction (see 1.1) and your name and affiliation will be displayed onscreen while you speak. We only use this statement for a demonstrator who has not spoken in the introduction. 
D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
All care and experimental manipulation of animals were reviewed and approved by the Harvard Institutional Animal Care and Use Committee. The perfusion described here is specific for rats, but the procedure is applicable to any animals with smaller or similarly sized brains.
Protocol: (read by voice talent at JoVE)
2. Post-Fixation and Staining
2.1. To begin, place an extracted brain in perfusion solution in a 50-milliliter conical tube [1-CU-TXT]. Store the sample in for 2-3 days with gentle shaking at 4 degrees Celsius [2-MED].
2.1.1. Talent places a rat brain in a tube containing perfusion solution. TEXT: 2% PFA, 2.5% GA in 1x PBS

2.1.2. Talent places the tube with the brain horizontally on an orbital shaker in cold storage. 

2.2. Javier Masís: Make sure that the osmium is diluted in water, and not a buffer. This is because the water will act as a mild detergent, allowing the osmium to penetrate deep into the tissue [1-MED].
2.2.1. Named author states the above, looking slightly off to the side. 

2.3. Prepare 50 milliliters of 2% osmium tetroxide in double distilled water [1-CU-TXT]. Then, place the brain in a new 50-milliliter conical tube and add the osmium tetroxide solution [2-CU].
2.3.1. Talent adds stock osmium tetroxide to ddH2O. TEXT: Caution: All solution preparation should occur under a hood

2.3.2. Talent places the brain in a new tube and covers it with solution. Videographer: The tissue of the brain will turn brown in this step. Make sure the footage shows sufficient detail of this color change. 
2.4. Javier Masís: Make sure that the tube is placed horizontally! The brain is very thick, and a long ways to travel by diffusion. Placing the tube horizontally will allow the osmium to travel deeper into the tissue [1-MED].
2.4.1. Named author states the above, looking slightly off to the side. 
2.5. Close the tube and seal it with paraffin film to prevent leaks [1-CU]. Store the sealed tube at 4 degrees Celsius with gentle shaking for 2 weeks [2-MED].
2.5.1. Talent seals the tube. 

2.5.2. Talent places the sealed tube horizontally on an orbital shaker in cold storage. 
3. Embedding and Micro-CT
3.1. After the sample incubates for 2 weeks, wash it with double distilled water 5 times to remove all of the unbound osmium tetroxide from the sample [1-MED-TXT].
3.1.1. Talent washes the sample once. TEXT: Wash durations: 1, 1, 1, 15, and 60 min Video editor: Show text when VO says “wash it with double distilled water 5 times”.
3.2. Next, wash the sample with double distilled water for 30 minutes at 4 degrees Celsius [1-MED].

3.2.1. Talent washes the sample at 4 degrees Celsius.

3.3. Replace the double distilled water with 4 dilutions of ethanol to dehydrate the sample [1-CU].
3.3.1. Talent removes the ddH2O from the sample and replaces it with the first dilution of ethanol specified in the text protocol. TEXT: See text for ethanol dilutions and acetone washes
3.4. To begin the resin infiltration process, move the sample through 3 acetone and 3 acetone/resin dilutions [1-MED-TXT]. Then, immerse the sample in 100% resin at room temperature to continue the infiltration process [2-CU-TXT]. 
3.4.1. Talent moves the sample through the first acetone/resin dilution specified in the text protocol. TEXT: See text for acetone/resin dilutions

3.4.2. Talent immerses the sample in 33% resin/67% acetone solution. TEXT: See text for acetone washes and acetone/resin dilutions
3.5. After this, transfer the sample to a disposable mold [1-CU]. Infuse the sample with fresh 100% resin for 4 hours at room temperature [2-CU].
3.5.1. Talent transfers the sample to a new container. 

3.5.2. Talent adds 100% resin to the container with the sample. 

3.6. Degas the sample in a vacuum oven for 15 minutes at 45 degrees Celsius [1-MED]. Then, cure the sample in an oven for 48 hours at 60 degrees Celsius [2-MED].

3.6.1. Talent places the sample in a vacuum oven. 

3.6.2. Talent places the sample into an oven.
3.7. Finally, when the sample has finished curing, peel off the disposable mold [1-CU]… and scan it with the micro-C-T machine [2-MED-TXT].
3.7.1. Talent removes the disposable mold from the sample
3.7.2.  Talent scans the sample with the micro-CT machine. TEXT: See text for software parameters and brain visualization 
4. Results: Whole Brain micro-CT Imaging Used to Quantify Lesions and Electrodes in Small Animal Brains
4.1. In traditional sectioning, the orientation of the brain must be predetermined. Using this micro-C-T method, the digital volume of the sample brain can be manipulated in 3 directions [1-LM]… and virtually sliced in any direction [2-LM].

4.1.1. Figure 2a: Video editor: This shows various 3D manipulations of the sample brain.
4.1.2. Figure 2b: Video editor: This shows virtual slices of the sample brain. 
4.2. Scanning electron microscopy of a prepared rat brain confirmed that the tissue was not significantly damaged for the purposes of micro-CT imaging [1-LM].

4.2.1. Figure 2d: Video editor: This is an image from scanning electron microscopy of a rat brain. 
4.3. A zebra finch brain was also prepared and scanned according to this protocol to test the utility of this method on other small animal brains [1-LM]. 

4.3.1. Figure 2e: Video editor: This shows the 3D volume of a zebra finch brain. Please label it accordingly. 
4.4. This technique can be used to find surface lesions in the brain [1-LM]… as well as lesions deep within the brain [2-LM]. This technique can also be applied to the location of single tetrodes in situ [3-LM], electrolytic lesions, electrode tracks [4-LM], tetrode arrays in situ [5-LM], and silicon probes in situ [6-LM].

4.4.1. Figure 3b: Video editor: Show the images from 3B with the red highlighting one after the other. Retain the labels (i.e. “coronal section”).
4.4.2. Figure 4: Video editor: Show the images from 4a with the red highlighting. Retain the labels (i.e. “sagittal section”).
4.4.3. Figure 5A: Video editor: Show the top two images from 5A (label: single tetrode implant). Animate the top right image in a way that shows it is a “zoomed in” version of the top left image.
4.4.4. Figure 5B: Video editor: Show the top two images from 5B (label: electrolytic lesion and electrode track). Animate the top right image in a way that shows it is a “zoomed in” version of the top left image.
4.4.5. Figure 5C: Video editor: Show the top two images from 5C (label: tetrode array). Animate the top right image in a way that shows it is a “zoomed in” version of the top left image.
4.4.6.  Figure 5D: Video editor: Show the top two images from %d. Animate the top right image in a way that shows it is a “zoomed in” version of the top left image. 
5. Conclusion (said by authors on camera)

5.1. Steffen B.E. Wolff: While attempting this procedure, it’s important to remember to allow the brain to incubate for long enough, and with enough agitation [1-MED].
5.1.1. Named author states the above, looking slightly off to the side. Video editor: Use representative footage from 2.3.2 for the visual. 
5.2. Javier Masís: Following this procedure, other methods like optogenetics and 2-photon imaging can be performed in order to answer additional questions about the role different brain areas play in different behaviors [1-MED].
5.2.1. Named author states the above, looking slightly off to the side.
5.3. David Mankus: This technique could allow researchers in the field of neuroscience to better explore structure-function relationships between the brain and behavior in rats, mice, songbirds, and other small animals [1-MED].
5.3.1. Named author states the above, looking slightly off to the side.
5.4. Grigori Guitchounts: Don't forget that working with osmium can be extremely hazardous and precautions such as wearing gloves and working in a vacuum hood should always be taken while performing this procedure [1-MED].
5.4.1. Named author states the above, looking slightly off to the side.    

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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