[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 59402
Scriptwriter Name: Bridget Colvin
Project Page Link: http://www.jove.com/files_upload.php?src=18117658

Title: High-Resolution 3D Imaging of Rabies Virus Infection in Solvent-Cleared Brain Tissue

Authors and Affiliations: Luca Zaeck, Madlin Potratz, Conrad M. Freuling, Thomas Müller, and Stefan Finke

Institute of Molecular Virology and Cell Biology, Friedrich-Loeffler-Institut	Comment by Bridget Colvin: Authors: You do not have to include the “Federal Research Insitute for Animal Health” if you prefer, but however you choose to represent the Institute’s name, each name should follow one after the other separated by commas if they are all part of the same institute (line breaks are only to be included for separate institutes).

Corresponding Author:
Stefan Finke		
stefan.finke@fli.de 

Email addresses for Co-authors: 
luca.zaeck@fli.de 
madlin.potratz@fli.de
conrad.freuling@fli.de 
thomas.mueller@fli.de 




Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol include software usage? Y
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. Please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.3., 5.5., 6.2.-6.5.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
6.4., 6.5.
5. Will the filming need to take place in multiple locations? Y, different rooms same floor



Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Author comment: As far as we can tell, the shot went well! We had everything prepared that we needed and we are now very interested to see the final result!
During the shot, the videographer made a couple of adjustments to the shotlist, including changes in camera settings/level of zoom as well as the addition/subtraction of certain shots. He told us that usually he himself provides you with these changes he made to the shotlist, so everything is in accordance with the “clapboard” he used. So, our post-shoot revisions will only include our changes to the script. All changes concerning the shots and how they were taken will be (or possibly have already been) provided by the videographer.
Furthermore, we have now uploaded all of our screen captures to the JoVE website. We have named the files as suggested in the provided instructional video: ID#_step_take. Some of the steps include quite lengthy loading times which could possibly be shortened by using something like cross-fades so as to not artificially bloat the video. If some of the screen captures do not prove suitable, please do not hesitate to contact us and we will provide a new recording as soon as possible.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Luca Zaeck: This protocol enables the three-dimensional visualization of virus infection and provides deep insights into the spatiotemporal resolution of the infection environment and its surrounding cellular context [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Luca Zaeck: The application of immunostaining to deep-tissue imaging not only allows the detection of viruses but, in fact, also enables the differentiation of various cellular subpopulations using the respective cell markers [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Ethics title card: (for human subjects or animal work, does not count toward word length total) 

1.3. Procedures involving animal experiments were evaluated by the Responsible Animal Care, Use, and Ethics committee of the State Office for Agriculture, Food Safety, and Fishery in Mecklenburg-Western Pomerania (LALFF M-V) and gained approval with permissions 7221.3-2.1-002/11 (mice) and 7221.3-1-068/16 (ferrets).
Section - Protocol
2. Brain Tissue Sample Fixation and Sectioning
2.1. To fix the tissue for immunostaining, place the brain samples in a 1:10 ratio of 4% paraformaldehyde in PBS to sample tissue volume for at least 48 hours at 4 degrees Celsius [1].
2.1.1. WIDE: Talent placing tissue(s) into PFA, with PFA container visible in frame
2.2. At the end of the fixation period, wash the tissue samples three times in PBS for at least 30 minutes per wash [1] before transferring the samples to 0.02% sodium azide in PBS at 4 degrees Celsius [2].
2.2.1. MED: Talent adding PBS to sample(s), with PBS container visible in frame
2.2.2. MED: Talent adding NaN3 to sample(s), with NaN3 container visible in frame
2.3. Then use a vibratome set to a 0.3-0.5 millimeters/second blade feed rate to section the tissues into 1-millimeter-thick sections [1] and store the sections in fresh 0.02% sodium azide in PBS at 4 degrees Celsius [2].
2.3.1. MED: Talent sectioning tissue 
2.3.2. CU: Section(s) being added to NaN3, with NaN3 container label visible in frame
3. Sample Pretreatment with Methanol
3.1. For methanol pretreatment, immerse the samples in an ascending methanol series as indicated for 1 hour per incubation at room temperature with gentle oscillation [1-TXT].
3.1.1. WIDE: Talent adding 20% methanol to sample(s), with other methanol tubes visible in frame TEXT: 20% MeOH -> 40% MeOH -> 60% MeOH -> 80% MeOH -> 100% MeOH x2
3.2. After the last incubation, cool the samples to 4 degrees Celsius [1-TXT] and replace the 100% methanol with 4 milliliters of prechilled bleaching solution for an overnight incubation at 4 degrees Celsius [2-TXT].
3.2.1. MED: Talent placing tube at 4 °C TEXT: All sample incubations at RT w/ gentle oscillation unless otherwise indicated
3.2.2. MED: Talent adding bleaching solution to tube, with bleaching solution container visible in frame TEXT: See text for all reagent preparation details
3.3. The next morning, replace the bleaching solution with 4 milliliters of fresh 80% methanol for a 1-hour incubation at room temperature [1].
3.3.1. MED: Talent adding methanol to tube, with 80% methanol container visible in frame
3.4. Then immerse the samples in a descending series of methanol in reverse of as just demonstrated [1], washing the samples one time for one hour in 4 milliliters of PBS after the 20% methanol immersion [2].
3.4.1. MED: Talent adding 60% methanol to sample(s), with other methanol tubes visible in frame
3.4.2. MED: Talent adding PBS to sample(s), with PBS container visible in frame
4. Immunostaining
4.1. For immunostaining of the brain tissue sections, wash the samples two times for 1 hour in 4 milliliters of 0.2% Triton X-100 in PBS [1] followed by permeabilization for 2 days at 37 degrees Celsius in 4 milliliters of 0.2% Triton X-100, 20% dimethyl sulfoxide and 0.3-molar glycine in PBS [2].
4.1.1. WIDE: Talent adding Triton x-100 in PBS to sample(s), with Triton x-100 container visible in frame
4.1.2. MED: Talent adding Triton x-100 + DMSO + glycine to sample(s), with Triton x-100 + DMSO + glycine container visible in frame  Author comment: Container Labeled „permeabilization solution“
4.2. Block any non-specific binding with 4 milliliters of 0.2% Triton X-100, 10% dimethyl sulfoxide and 6% normal serum in PBS for 2 days at 37 degrees Celsius [1].
4.2.1. MED: Talent adding 0.2% Triton X-100 in 10% dimethyl sulfoxide and 6% normal serum in PBS to sample(s), with 0.2% Triton X-100 in 10% dimethyl sulfoxide and 6% normal serum in PBS container visible in frame  Author comment: Container Labeled „blocking solution“
4.3. At the end of the blocking incubation, label the samples with 2 milliliters of primary antibody solution for 5 days at 37 degrees Celsius [1], refreshing the antibody solution after 2.5 days [2].
4.3.1. MED: Talent adding antibody solution to sample(s), with antibody solution container visible in frame TEXT: See text for Ab preparation details
4.3.2. CU: Antibody solution being added to sample(s), with antibody solution container label visible in frame
4.4. Next, wash the samples for 1 day in 4 milliliters of 0.2% Tween 20 and 10 µg/mL heparin in PBS [1], exchanging the wash buffer at least 4-5 times during the course of the day and leaving the final wash overnight [2].
4.4.1. MED: Talent adding PBS + Tween 20 and heparin to sample(s), with PBS + Tween 20 and heparin container visible in frame  Author comment: Container Labeled „ PTwH “
4.4.2. CU: PBS + Tween 20 and heparin being added to sample(s), with PBS + Tween 20 and heparin container label visible in frame
4.5. The next day, incubate the samples in 2 milliliters of secondary antibody solution for 5 days at 37 degrees Celsius [1-TXT].
4.5.1. MED: Talent adding antibody solution to sample(s), with antibody solution container visible in frame TEXT: Refresh 2nd Ab after 2.5 d
4.6. Then wash the samples in 4 milliliters of fresh 0.2% Tween 20 and 10 µg/mL heparin in PBS as demonstrated [1].
4.6.1. MED: Talent adding 4 milliliters of PBS + Tween 20 and heparin to sample(s), with PBS + Tween 20 and heparin container visible in frame
5. Nuclear Staining and Tissue Clearing
5.1. For nuclear staining of the samples, incubate the samples in 4 milliliters of the nucleic acid stain TO-PRO-3 (to-pro-three) for 5 hours protected from light [1].
5.1.1. WIDE: Talent adding TO-PRO-3 to sample(s), with TO-PRO-3 container visible in frame
5.2. At the end of the incubation, wash the samples in 0.2% Tween 20 and 10 µg/mL heparin in PBS as demonstrated [1] followed by dehydration in an ascending tert-butanol series for 2 hours per immersion [2-TXT].
5.2.1. CU: Sample(s) being washed/on shaker
5.2.2. MED: Talent adding 30% TBA to sample(s), with 50-100% containers visible in frame TEXT: 30% TBA -> 50% TBA -> 70% TBA -> 80% TBA -> 90% TBA
5.3. After the 90% immersion, transfer the samples to a 96% tert-butanol solution overnight [1].
5.3.1. CU: 96% TBA being added to sample(s), other TBA containers visible in frame
5.4. The next morning, dehydrate the samples further in 100% tert-butanol for 2 hours [1] before clearing the tissue sections in freshly-prepared BABB-D15 (B-A-B-B-D-fifteen) for 2-6 hours until they are optically transparent [2].
5.4.1. MED: Talent adding 100% TBA to sample(s), other TBA containers visible in frame
5.4.2. MED: Talent adding BABB-D15 to sample(s), with stock BABB-D15 container visible in frame
5.5. The samples can then be stored in BABB-D15 [1], protected from light, until their mounting and imaging [2].
5.5.1. CU: Shot of cleared sample(s)
5.5.2. MED: Talent placing sample(s) into a refrigerator.
6. Sample Mounting
6.1. For sample mounting, use a 3D printer to print an imaging chamber and lid [1-TXT].
6.1.1. WIDE: Talent printing chamber/chamber being printed TEXT: See Supplementary Materials for corresponding .STL file
6.2. Mount a 30-millimeter diameter coverslip onto the imaging chamber with one-component room-temperature-vulcanizing silicone rubber [1]. 
6.2.1. CU: Coverslip being placed onto silicone rubber on imaging chamber
6.3. Similarly, mount a 22-millimeter coverslip onto the lid [1] and use a water-wetted cotton swab to remove the excess silicone rubber on both rings before allowing the rubber to cure overnight [2].
6.3.1. CU: Coverslip being placed onto silicone rubber on lid
6.3.2. CU: Excess silicone being removed
6.4. The next day, place a sample in the imaging chamber [1] and add a small volume of BABB-D15 to the chamber [2] before inserting the lid [3].
6.4.1. CU: Sample being placed
6.4.2. CU: BABB-D15 being added to chamber
6.4.3. CU: Lid being inserted
6.5. Using a hypodermic needle, fill the chamber up with BABB-D15 through the inlet [1] and plug the inlet [2] before sealing the imaging chamber with silicone rubber [3-TXT].
6.5.1. CU: BABB-D15 being injected into inlet
6.5.2. Author comment: 6.5.2 Has been included in 6.5.3.
6.5.3. CU: Chamber being sealed TEXT: Cure overnight 
7. Imaging and Image Processing
7.1. To set up the image acquisition, select the appropriate laser lines for the fluorophores used [1] and adjust the detection ranges of each detector to prevent signal overlap between channels [2].
7.1.1. WIDE: Talent selecting lasers, with monitor visible in frame
7.1.2. SCREEN: To be provided by Authors: Detection range(s) being adjusted
7.2. Then set the acquisition parameters, define the upper and lower border of the z-stack, and acquire the image stack [1-TXT].
7.2.1. SCREEN: To be provided by Authors: Parameter(s) being set, upper and lower border(s) being set, image stack being acquired TEXT: See text for parameter setup details
7.3. To generate 3D projections of the image stack, open the image files in Fiji [1] and select Image, Color, and Channels Tool and More and Split Channels to split the merged images into individual channels [2].
7.3.1. MED-over the shoulder: Talent opening Fiji
7.3.2. SCREEN: To be provided by Authors: Images being split into individual channels
7.4. For bleach correction of the images, for each channel, select Image, Adjust, and Bleach Correction and select Simple Ratio [1].
7.4.1. SCREEN: To be provided by Authors: Image, Adjust, Bleach Correction, and Simple Ratio being selected
7.5. Use the sliders to adjust the brightness and contrast for each channel and select Image, Color, and Merge Channels. Tick the option Create composite [1].
7.5.1. SCREEN: To be provided by Authors: Image, Adjust, and brightness and contrast being selected, then channels being merged
7.6. Author comment: Step 7.6 can be omitted entirely. The respective action can already be realized in step 7.5/7.5.1 and has been added there
7.7. [bookmark: _GoBack]Convert the image to RGB format and select Image, Stacks, and 3D Project to generate a 3D projection [1].
7.7.1. SCREEN: To be provided by Authors: Image, Color, Channels Tool, and More, Convert to RGB being selected, then 3D projection being generated
7.8. Select Brightest Point as the projection method and set the slice spacing to match the z-step size of the acquired image stack [1].
7.8.1. SCREEN: To be provided by Authors: Brightest point being selected, then slice spacing being set
7.9. For maximum quality, set the rotation angle increment to 1 and enable interpolation. Modify the total rotation, transparency thresholds, and opacity as needed [1].
7.9.1. SCREEN: To be provided by Authors: Rotation angle increment being set, then interpolation being enabled. Rotation, transparency thresholds, and opacity being highlighted in yellow/with the cursor.
7.10. Then save the 3D projection as both .TIF and .AVI file formats [1].
7.10.1. SCREEN: To be provided by Authors: Projection being saved



Section – Results
8. Results: Representative Deep Tissue Staining of Rabies Virus-Infected Brain Tissue Samples 

8.1. Using immunostaining of rabies virus phosphoprotein, complex layers of infected neuronal cells can be visualized in thick sections of mouse brain tissue samples [1].

8.1.1. LAB MEDIA: Figure 3A left three images

8.2. Subsequently, seamless 3D projections of the acquired image stacks can be reconstructed [1].

8.2.1. LAB MEDIA: Animated Figure 1

8.3. Because of the high resolution with which the image stacks are acquired, the infection can be assessed up to a single-cell level [1], allowing assertions about, for example, the abundance and distribution of antigen within a cell of interest [2].

8.3.1. LAB MEDIA: Figure 4A
8.3.2. LAB MEDIA: Figure 4C

8.4. In addition to mouse brain tissue, the protocol can be applied to brain tissue samples from other animal species [1].

8.4.1. LAB MEDIA: Animated Figure 2

8.5. For example, sections obtained from different compartments of an infected ferret brain reveal a varying degree of rabies virus infection [1].

8.5.1. LAB MEDIA: Figure 5: JoVE Video Editor: please sequentially add/emphasize images from 5A to 5D

8.6. Astrocytes can be differentiated via the expression of glial fibrillary acidic protein [1], while neurites can be specifically stained for microtubule-associated protein 2 [2].

8.6.1. LAB MEDIA: Animated Figure 3
8.6.2. LAB MEDIA: Animated Figure 4

8.7. Simultaneously, viral proteins can be co-stained to assess the relationship between the infected cells [1] and the highlighted cellular subpopulation [2].

8.7.1. LAB MEDIA: Figure 6B: JoVE Video Editor: please emphasize red staining in “2” image
8.7.2. LAB MEDIA: Figure 6B: JoVE Video Editor: please emphasize green staining in “2” image

Section - Conclusion
9. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
9.1. Luca Zaeck: For immunostaining, the choice of antibodies to detect the proteins of interest is crucial. While standard immunohistochemistry concentrations are often a good starting point, some antibodies may need additional adjustment (4.3.) [1].
9.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
9.2. Luca Zaeck: Many of the chemicals used in this protocol have harmful properties. Conduct the respective steps in a fume hood wearing appropriate personal protective equipment, including a lab coat and gloves [1].
9.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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