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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 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_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_2.1, 2.3, 2.5, 2.6____________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  N/A (This procedure is very easy to do.)
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 clarify the entire liver and the junction with the intestine for global structural and cellular analyses of biliary degeneration in metamorphic sea lamprey. (Intro)
This is accomplished by first fixing the tissues in the hydrogel monomer solution. (P1, Editor use P1 here.  Begin with the tube with the blue lines, then drop the brown and tan lollipop structure into the tube as shown)
Next,  the hydrogel is polymerized with the fixed tissues. (P2, Editor, transition from the blue lines in P1 to the brick-like structure of the blue lines in P2.)
Then, the plasma membrane of the fixed tissue is removed and the tissue becomes transparent. (P3, Editor, transition to P3 with the yellow solution and the outline of the lollipop.)
Finally, immunofluorescent staining is performed. (P4, Editor, fade out the yellow liquid and transition to the colored dots in P4.)
Ultimately, laser scanning confocal microscopy is used to show global structural and cellular changes during biliary degeneration in metamorphic sea lamprey. (P5, Editor, lift the lollipop out of the tube – with colored dots, lay it on its side, and bring in the outline of the microscope lens, placing it over the lollipop, then add the turquoise blue lines connecting the lens and the lollipop as in P5.)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Yu-Wen Chung-Davidson: This method can help answer key questions in the biomedical field, such as the connectomes in the central nervous system and in our case the biliary degeneration during sea lamprey metamorphosis.  

1.2. Author name Yu-Wen Chung-Davidson: The implications of this technique extend toward therapy (or diagnosis) of human biliary atresia, because this rare congenital infant disease shares similar_characteristics_with the biliary degeneration during sea lamprey metamorphosis.  

1.3. Author name Erin Walaszczyk: We first had the idea for this method, when we found a news article at Nature and presented the online video (http://www.nature.com/news/see-through-brains-clarify-connections-1.12768) during our lab meeting.

1.4. **Author name Erin Walaszczyk: Demonstrating the procedure will be Anne Scott a graduate student (technician, post doc, grad student) in our laboratory. (Add additional mention of demonstrators as necessary).  
1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):

2. Solution and Tissue Preparation
2.1. After making phosphate buffered saline and phosphate buffer, or PB, according to the text protocol, in a fume hood, prepare 400 ml of hydrogel by combining distilled water, 40% acrylamide, 2% bis-acrylamide, 10x PBS, saponin, ammonium persulfate and 16% paraformaldehyde (TEXT: refer to text protocol for details).  Mix well.
2.1.1. WIDE Talent approaches bench with acrylamide and bis-acrylamide and places them down on bench

2.1.2. MED/CU Distilled water, 40% acrylamide, 2% bis, 10xPBS, and 16% PFA lined up on bench.  Talent adds acrylamide, bis, PBS, PFA, saponin, then ammonium persulfate to water [forgot to add PFA in take 1]
2.1.3. MED/CU Talent mixes well

2.2. Prepare 1 liter of clearing solution composed of 4% SDS and 0.2M boric acid; and make 1 liter of 80% glycerol.
2.2.1. MED/CU Talent adds boric acid and SDS to clearing solution container and adds water.
2.2.2. MED/CU Talent adds water to glycerol to bring to 80%

2.3. To prepare tissue, in the fume hood, aliquot 10 ml of hydrogel monomer solution into 15 ml centrifuge tubes.
2.3.1. CU Talent adds hydrogel to a 15 ml tube – have other filled tubes lined up to the left of tube being filled
2.4. Dissect the tissue sample and place the tissue into each tube of hydrogel.  Fix at 4°C for two days. 

2.4.1. CU Talent finishes dissecting tissue sample

2.4.2. CU Talent places a piece of tissue into a tube of hydrogel

2.4.3. WIDE Talent places tubes in fridge 

2.5. Following the incubation, under a fume hood, polymerize the fixed tissue by adding 5 ul of TEMED, then mix well and allow the samples to incubate at room temperature for 2 to 3 hours.  After the incubation, thoroughly remove the excess gel.
2.5.1. WIDE/MED Talent approaches fume hood with samples and places them down on counter in hood

2.5.2. CU Talent adds TEMED to a tube and mixes well

2.5.3. WIDE/MED Talent walks away from samples resting
2.5.4. CU Talent removes excess gel from a sample

2.6. To clear the tissue samples, place each in 15 ml of clearing solution and incubate at 50 degrees C and 70 rpm for several days, until they become transparent.  Change the clearing solution at least once per day and remove any excess gel.

2.6.1. CU Talent transfers a tissue sample into a tube of clearing solution and places next to other samples already in clearing solution; Videographer, please get  clear shot of the tube and the sample inside to be used as a freeze frame to compare to 2.6.3 below
2.6.2. MED Talent places in incubator and begins rotation

2.6.3. CU Talent holds a sample in a tube showing its transparency; Editor, split the screen with this shot and a freeze frame from 2.6.1 (Show 2.6.1 on the left.  Label 2.6.1 as ‘before’ and 2.6.3 as ‘after’)

2.7. Transfer the samples in 15 ml of 0.1M PB with 0.1% Triton X-100 at 37°C and 70 rpm overnight.  Repeat the incubation 2 more times with fresh buffer. 
2.7.1. MED/CU Talent transfers a sample into PB/Triton X-100

2.7.2. WIDE/MED Talent places samples into incubator and starts rotator; B need another version for 2.8.2B here; C need another version for 2.10.2 of talent placing foil-covered samples into incubator
2.7.3. MED/CU Talent removes buffer from a sample and adds fresh buffer

2.8. Now that the tissue is cleared and free of any excess gel, submerge the samples in primary antibody in PB/Triton X-100 and incubate at 37°C and 70 rpm for two days. 
2.8.1. CU Talent submerges a sample in primary antibody

2.8.2. MED Use 2.7.2B here

2.9. After the incubation, use 15 ml of PB with 0.1% Triton X-100 to wash the tissue samples at 37°C and 70 rpm overnight.  Repeat the wash three times. 
2.9.1. CU Talent removes buffer from a sample and adds fresh PB/Triton X-100

2.9.2. FREEZE FRAME from 2.7.2 of talent placing samples into incubator
2.10. After removing the final wash buffer, add fluorescent secondary antibody solution in PB with 0.1% Triton X-100 and blocking serum and incubate in the dark at 37°C and 70 rpm for 1 day.
2.10.1. CU Talent adds secondary antibody to a sample

2.10.2. WIDE/MED Use 2.7.2C here

2.11. After washing the samples three times in 10 ml of PB/Triton X-100 at 37°C and 70 rpm overnight, perform three overnight washes in PBS (TEXT: 37°C, 70 rpm).  Finally, incubate the clarified tissue in 80% glycerol covered with foil overnight (TEXT: 37°C, 70 rpm).
2.11.1. MED/CU Talent removes wash buffer from samples
2.11.2. CU Talent adds PBS to samples – have PBS container labeled and visible
2.12. Confocal microscopy imaging is then performed in dark or dim light, though the lights are on in this video for visualization purposes.
2.12.1. CU Talent holds a sample in a coverglass chamber slide.
2.12.2. MED OVER SHOULDER Talent at confocal microscope scanning a sample on the screen
3. Results: Biliary Degeneration During Metamorphosis in Clarified Sea Lamprey 
3.1. Several important developmental events occur in the hepatobiliary system during sea lamprey metamorphosis. For example, as shown here, the bile duct and the gall bladder undergo apoptosis and degenerate.
3.1.1. LAB MEDIA Figure 1, Editor, point out the large dark blob at the left of the ‘L’, beginning with the top left, then the top right, then the bottom left, and then finally the same spot in the bottom right where the blob is gone
3.2. After using the modified clarification method and staining with liver cell marker cytokeratin 19 and anti-apoptotic marker Bcl2, laser scanning confocal microscopy was used to perform optical sectioning through the intact liver. The staining revealed that the degenerative process occurs in metamorphic stages 2-4.  The top panels are from the anterior and the lower panels are from the posterior end.  Shown here is the biliary tree and here are dark, dendritic looking apoptotic cells and surrounding canaliculi and ductules in the liver.
3.2.1. LAB MEDIA Figure 2, Editor, bring in the white arrows with the VO ‘Here is the biliary tree’ and bring in the black arrows with ‘and here are dark, dendritic looking…’
3.3. This figure represents three dimensional images reconstructed from the confocal z-series of three livers between metamorphic stages 2 and 3 labeled with antibodies against cytokeratin 19 and Bcl2.  The biliary tree and the dark dendritic looking apoptotic cells and surrounding canaliculi and ductules are marked by white and black arrows, respectively.
3.3.1. LAB MEDIA Figure 3
3.4. Shown here is a confocal optical section of the bile ducts of a specimen between metamorphic stages 2 and 3 with bile droplets in the lumen.
3.4.1. LAB MEDIA Figure 4, Editor, add the black arrows with the VO, ‘…with bile droplets in the lumen.’
4. Conclusion (said by authors on camera)
4.1. Author name Erin Walaszczyk: After watching this video, you should have a good understanding of how to clarify the entire tissue for further imaging analyses.
4.2. Author name Anne Scott: Don't forget that working with paraformaldehyde and polyacrylamide solutions  can be extremely hazardous and precautions such as wearing gloves and using the 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, 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.

3.3 -1_Weiming Li_Figure 3_Top Left - 3D animation of top left panel

3.3 -1_Weiming Li_Figure 3_Top Middle - 3D animation of top middle panel

3.3 -1_Weiming Li_Figure 3_Top Right - 3D animation of top right panel

3.3 -1_Weiming Li_Figure 3_Bottom Left - 3D animation of bottom left panel

3.3 -1_Weiming Li_Figure 3_Bottom Middle - 3D animation of bottom middle panel

3.3 -1_Weiming Li_Figure 3_Bottom Right - 3D animation of bottom right panel

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.
( 2011, Journal of Visualized Experiments


