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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.4., 2.5., 3.2., 3.3., 4.5.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.3. To remove the air from the tube is the most difficult step. Careful filling the tube with hydrogel solution and the manoeuvre to cover the tube will be the key.

E.  Will the filming need to take place in multiple locations? Y, less than 500 m apart
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 CLARITY-CUBIC (Pronounce: “clarity”; “cubic”) experiment is to reveal the 3D features of serotonergic fibers in the mouse spinal cord, which are not observable by traditional histology. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Huazheng Liang: This method can help answer key questions in the neuroanatomy field, such as how are serotonergic fibers distributed throughout the spinal cord? 

1.2. Huazheng Liang: The main advantages of this technique are that it allows serotonergic fibers to be observed in situ along with identification of factors that are not observable by traditional histology.   
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Emma Schofield: Though this method can provide insight into the organization of the central nervous system, it can also be applied to other systems, such as the cardiovascular system.
1.4. Emma Schofield: We first thought to use this method when we reached limitations using a traditional tracing method to analyze serotonergic fibers in the mouse spinal cord.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at The University of New South Wales.
Protocol (read by voice talent at JoVE):
2. Transparent mouse spinal cord preparation

2.1. Begin by fixing the limbs of an anesthetized mouse to a plastic dissection stage in a fume hood [2.1.1.-WIDE-TXT].
2.1.1. Few seconds Talent fixing at least one limb to dissection stage (Videographer: More Talent than mouse in shot) (TEXT: Anesthesia: ketamine 80 mg/kg + xylazine 5 mg/kg ip)
2.2. Confirm a lack of response to toe pinch [2.2.1.-ECU] and then use a pair of scissors to open the skin over the chest [2.2.2.-CU].
2.2.1. Shot of toe being pinched
2.2.2. Few seconds skin being opened
2.3. Next, open the chest to expose the heart [2.3.1.-CU] and insert a 25 gauge needle attached to peristaltic pump tubing into the left ventricle [2.3.2.-CU].

2.3.1. Few seconds chest being opened

2.3.2. Shot of heart, then few seconds needle being inserted into LV 
2.4. Snip the right atrium to create an exit point for the blood [2.4.1.-CU]. Then wash the heart with 40 ml of 0.9% saline at approximately 10 ml/min [2.4.2.-CU].
2.4.1. Atrium being snipped

2.4.2. Few seconds heart being washed
2.5. When all of the blood has been flushed [2.5.1.-CU], perfuse the animal with 35 ml of freshly prepared ice cold hydrogel at the same perfusion rate [2.5.2.-CU-TXT].

2.5.1. Shot of heart fully flushed of blood

2.5.2. Few seconds heart being flushed with hydrogel (TEXT: See text for all media/reagent preparation details)

2.6. Then incise the skin over the back of the mouse [2.6.1.-CU] and dissect the muscles next to the vertebrae [2.6.2.-CU].

2.6.1. Few seconds incision being made

2.6.2. Few seconds muscles being dissected

2.7. After cutting the vertebral arches on one side and flipping them to the other [2.7.1.-CU], excise the spinal cord from the vertebral column with fine scissors [2.7.2.-CU].
2.7.1. Last few seconds arch being cut then flipped (Video Editor: use only as much footage as needed for narrative)

2.7.2. Few seconds spinal cord being excised with fine scissors
3. Mouse spinal cord clearance
3.1. Immediately after harvesting, place the spinal cord in 15 ml of freshly prepared hydrogel solution overnight at 4°C [3.1.1.-WIDE].
3.1.1. Talent placing spinal cord in hydrogel
3.2. The next day, remove 10 ml of the hydrogel [3.2.1.-CU] and pour the rest of the solution and spinal cord into a 5 ml tube [3.2.2.-CU].
3.2.1. Few seconds hydrogel being removed
3.2.2. Few seconds hydrogel/cord being poured into 5 ml tube
3.3. Add fresh hydrogel solution until the tube is full [3.3.1.-CU] and then stretch a small piece of Parafilm over the top of the tube [3.3.2.-CU], taking care that the Parafilm contacts the hydrogel and that there are no bubbles between the solution and the film [3.3.3.-ECU].
3.3.1. Few seconds hydrogel being added to tube
3.3.2. Few seconds Parafilm being stretched over top of tube
3.3.3. Shot of Parafilm at interface of hydrogel with no bubbles
3.4. Emma Schofield “Removing air from the tube is the most difficult step. To make sure there are no bubbles, take care to fill the tube slowly with the hydrogel solution and then carefully place the Parafilm across the top of the tube without spilling the hydrogel.” [3.4.1.-MED-interview style]
3.4.1. Emma Schofield, speaking the above interview style (looking just off camera) (Authors: Please change the above words if you’d like. In particular, if there are further tips that you can give to help the viewer with these next few steps, this would be a great time to give it.) 
3.5. Now wrap a second piece of Parafilm around the neck of the tube [3.5.1.-CU] and incubate the spinal cord in a 37°C oven overnight [3.5.2.-MED].
3.5.1. Few seconds Parafilm being placed around the neck of the tube
3.5.2. Talent placing tube in oven
3.6. When the hydrogel solution becomes a gel [3.6.1.-CU], use a spanner to remove the gel and neural tissue from the tube [3.6.2.-CU].
3.6.1. Shot of hydrogel as gel
3.6.2. Few seconds gel being removed with spanner
3.7. To remove the hydrogel from the spinal cord, briefly press a coarse tissue against the gel [3.7.1.-CU]; the gel will stick to the tissue as it is removed [3.7.2.-CU].
3.7.1. Tissue being pressed against gel
3.7.2. Tissue being turned over so that gel sticking to tissue can be seen
3.8. When the spinal cord is clean [3.8.1.-CU, place it in PBS for four 6 hour washes on a shaker [3.8.2.-CU].
3.8.1. Shot of spinal cord segments without gel
3.8.2. Spinal cord being placed into tube on shaker
3.9. After 24 hours, use a razor blade to cut the spinal cord coronally into 2-3 mm long segments [3.9.1.-CU] and transfer the tissue pieces into 5 ml of freshly prepared CUBIC clearing solution [3.9.2.-CU].
3.9.1. Few seconds cord being cut, with at least 1-2 segments of cord visible in frame

3.9.2. At least one piece being placed into clearing solution, with CUBIC solution container label visible in frame if possible 
3.10. Shake the pieces in the 37°C oven for 72 hours [3.10.1.-CU] and then replace the 3 day old clearing solution with freshly prepared clearing solution [3.10.2.-MED].

3.10.1. Few seconds pieces being shaken in oven

3.10.2. Few seconds Talent adding fresh solution to tube, with CUBIC container label visible in frame if possible

3.11. Two-three days later, check the transparency of the tissue against a paper with font size 8 letters [3.11.1.-MED].

3.11.1. Talent holding tube up to paper

3.12. When the letters can be observed through the cleared tissue [3.12.1.-CU/ECU], replace the CUBIC clearing solution with 4 ml of fresh PBST (Pronounce: P-B-S-T) for four 6 hour washes [3.12.2.-MED-TXT].

3.12.1. Shot of letter(s) visible through cleared tissue

3.12.2. Few seconds Talent adding PBST to tube, with PBST container label visible in frame (TEXT: PBST: PBS + 0.1% Triton-X100)

4. Immunofluorescent imaging
4.1. To stain the spinal cord segments for fluorescent imaging, incubate the tissue in the appropriate primary antibody solution [4.1.1.-WIDE] for 3 days on a shaker in the 37°C oven [4.1.2.-MED].

4.1.1. Talent adding antibody solution to tube

4.1.2. Talent placing tube on shaker

4.2. At the end of the primary antibody staining, immerse the tissue in 4 ml of PBST for four 6 hour washes in the 37°C oven [4.2.1.-MED].

4.2.1. Talent adding PBST to tube, with PBST container label visible in frame

4.3. Then replace the PBST [4.3.1.-MED] with the appropriate secondary antibody solution for 3 more days on the shaker in the 37°C oven [4.3.1.-MED].

4.3.1. Few seconds Talent removing PBST

4.3.2. Few seconds Talent adding secondary antibody, with secondary antibody container label visible in frame if possible

4.4. On the 4th day, wash away the unbound secondary antibody with PBST as just demonstrated [4.4.1.-CU].

4.4.1. Few seconds tube on shaker

4.5. To image the segments, replace the last PBST wash with 4 ml of 85% glycerol to make the refractive index of the tissue even [4.5.1.-CU].

4.5.1. Few seconds glycerol being added to tube, with glycerol container label visible in frame if possible

4.6. After about an hour, check the transparency of the tissue [4.6.1.-MED]; when the tissue is clear, transfer the spinal cord segments onto a large, thin glass slide [4.6.2.-CU].

4.6.1. Talent holding tube up to eye to check transparency or similar checking of tissue

4.6.2. Spinal tissue being placed onto slide

4.7. Next, place a few drops of 85% glycerol next to the spinal cord tissue [4.7.1.-CU] and cover the tissue with a 22×50 mm glass coverslip [4.7.2.-CU]. 
4.7.1. At least one drop being placed next to spinal cord, with at least one other drop already on slide

4.7.2. Few seconds tissue being covered with coverslip

4.8. Place the slide into the holding frame of the microscope [4.8.1.-CU] and move the tissue into the light path [4.8.1.-MED].

4.8.1. Few seconds slide being placed

4.8.2. Talent at microscope, moving slide/stage

4.9. Then select the Helium Neon laser [4.9.1.-MED-TXT] and check the brightness of the positive signal in the live image to adjust the intensity of the laser [4.9.2.-MED/SCREEN].

4.9.1. Talent selecting laser (TEXT: HeNe 594 nm)

4.9.2. Talent checking brightness through objective OR on screen as appropriate/adjusting brightness (If screen: *To be provided by Authors)

4.10. With the laser at the optimal intensity, use the 20x objective [4.10.1.-CU-TXT] to select the scanning area of the spinal cord tissue [4.10.2.-SCREEN].

4.10.1. 20x objective being selected (TEXT: in water, NA 0.7)
4.10.2. *To be provided by Authors

4.11. Then set the instrument to create a z-stack with the depth of each step at 3 microns [4.11.1.-SCREEN].
4.11.1. *To be provided by Authors

4.12. Finally, scan the tissue from the top to the bottom of the z-stack, first under the 20× objective [4.12.1.-SCREEN], followed by a z-stack scan under the 63× objective [4.12.2.-SCREEN-TXT].

4.12.1. *To be provided by Authors

4.12.2. *To be provided by Authors (TEXT: in oil, NA 1.4, step size 1 micron)
4.13. 3D software can then be used to reconstruct the appropriate 3D videos [4.13.1.-SCREEN/LM].

4.13.1. *To be provided by Authors OR Authors: please suggest which submitted video would be appropriate here
5. Results: Representative serotonergic fiber imaging (Video Editor: please contact me with any necessary clarifying questions about the suggested animations)
5.1. Here the presence of serotonergic fibers in all of the laminae of the spinal cord [5.1.1.-LM] with a predominance in the ventral portion of the ventral horn can be observed [5.1.2.-LM-TXT].
5.1.1. Video 1.mp4: no animation

5.1.2. Video 1.mp4: if possible, please outline/indicate more white/dense area of fibers (TEXT: No fibers in control tissue)
5.2. In the ventral horn, densely packed serotonergic fibers are present in the ventromedial area extending toward the lateral portion of the ventral horn [5.2.1.-LM], with some of the immunopositive fibers also extending from the ventral horn toward the dorsal horn or central canal [5.2.2.-LM].
5.2.1. Video 1.mp4: if possible, please add arrow from outside of dense white area toward outside of tissue/image

5.2.2. Video 1.mp4: if possible, please add arrow from inside of dense white area toward middle of tissue/image

5.3. Immunopositive fibers are present in all of the laminae of the dorsal horn, but there is a small gap between the positive fibers in laminae 2 and 4, particularly in the lateral part of the dorsal horn [5.3.1.-LM]. 
5.3.1. Video 1.mp4: if possible, please indicate area area in middle/bottom of image between dense white area and lighter white area that does not have any fibers
5.4. In a horizontal section, densely packed serotonergic fibers in the ventral horn along the longitudinal axis of the spinal cord can be observed [5.4.1.-LM] issuing branches regularly along the axis perpendicular to the fiber bundle [5.4.2.-LM]. 
5.4.1. Video 2.mp4: if possible, please indicate dense vertical column of fibers through middle of image

5.4.2. Video 2.mp4: if possible, please indicate one/some thick horizontal branches of fibers reaching from column toward outside of tissue/image
5.5. These branches further diverge along their paths to the lateral portion of the ventral horn [5.5.1.-LM]. Compared with these branches, those extending toward the midline are more irregular and smaller [5.5.2.-LM].

5.5.1. Video 2.mp4: if possible, please indicate some thinner branches of fibers extending from thick horizontal branches

5.5.2. Video 2.mp4: no additional animation
5.6. Under the 63× objective, the serotonergic fibers in the dorsal horn are observed to travel along the axis of the spinal cord and to terminate at various points along the path of the tract [5.6.1.-LM], with thick fibers sporadically distributed among the thin fibers [5.6.2.-LM].

5.6.1. Video 3.mp4: if possible, add arrow pointing towards right side of tissue (use 00:02 as reference for left and right sides of tissue)

5.6.2. Video 3.mp4: if possible, indicate at least one thicker looking dense white fiber

6. Conclusion (said by authors on camera)
6.1. Emma Schofield: Once mastered, this technique can be completed in less than 3 weeks if it is performed properly.

6.2. Author Name: While attempting this procedure, it’s important to remember to perfuse the tissue successfully with the hydrogel solution and to remove the bubbles from the tube by filling it fully and covering it with the Parafilm.

6.3. Huazheng Liang: Following this procedure, other methods like double-labeling with choline acetyltransferase antibody, can be performed to answer additional questions about whether serotonergic fibers terminate on motor neurons.
6.4. Emma Schofield: After its development, this technique paved the way for researchers in the field of biomedical imaging to explore the complex spatial relationships between various cell types in animal specimens or human tissues.
6.5. Emma Schofield: After watching this video, you should have a good understanding of how to clarify the mouse spinal cord tissue for 3D imaging after immunofluorescent staining.
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.  

5.1.1 Video 1- single color imaging of serotonergic fibers in a coronal section of the lumbar cord at 20x
5.4.1 Video 2- single color imaging of serotonergic fibers in a horizontal section of the lumbar cord at 20x
5.6.1 Video 3- single color imaging of serotonergic fibers in a coronal section of the lumbar cord at 63x
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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