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A.  Will you require JoVE to record video microscopy through a microscope? (Y/N) N 
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: tooth slice prepration, CS-AMEL preparation, CS-AMEL application, enamel regrowth, and binding strength assessment
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

     The most difficult aspect is the growth of a thick enamel-like layer with the hardness and modulus similar to those of natural healthy enamel. One possible strategy to improve mechanical properties will be the repeated application of CS-AMEL hydrogel as an effective way to obtain a thicker repaired layer. Digestion of the organic material during the mineralization process is another strategy for improving mechanical properties.
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 develop a protocol for fabricating an amelogenin-chitosan hydrogel for superficial enamel reconstruction. (Intro) This is accomplished by first preparing etched tooth slices. (P1) In the second step, fresh amelogenin-chitosan hydrogel is prepared. (P2) Next, the amelogenin-chitosan hydrogel is applied to the tooth slice surface. (P3) Finally, the tooth enamel is re-grown with the amelogenin-chitosan hydrogel in artificial saliva. (P4) Ultimately, ultrasonic treatment and nanoindenter can be used to assess the mechanical strength of the newly formed layer and its binding to natural enamel. (P5)
(P1) from graphic overivew.tif, if possible show (P1) tooth, and then have red dotted lines appear and slice tooth into (P1) tooth section OR show (P1) tooth with red dotted lines and animate/flash/outline lines and transition graphic to (P1) tooth slice
(P2) from graphic overview.tif, show beaker, then have “Amelogenin” text box appear and enter beaker, then “Ca2+ PO4” text box appear and enter beaker, then have text boxes shimmer/transition into blue “liquid” labeled “Chitosan” in beaker
(P3) if possible, show tooth slice from (P1), then have syringe from (P3) appear with blue chitosan in barrel, then chitosan is dispensed from syringe onto tooth slice
(P4) from (P3), show tooth with chitosan on it, then tooth enters (P4) beaker from graphic overview.tif, then grey “liquid” covers tooth with “Artificial Saliva” label
(P5) please show Fig-7.tif with “assess the mechanical strength of the newly formed layer” and fig4a.tif with “its natural binding to natural enamel”
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Janet Oldak: The implications of this technique extend toward the development of a technology that, when applied on the affected enamel surface in children and adults, halts early caries lesions, rebuilds lost enamel due to erosion, preserves tooth structure, and prevents the progression of tooth decay.  [Last 4 takes have photo of enamel in foreground] 
1.2. Janet Oldak: Demonstrating the procedure will be Dr. Qichao Ruana, a postdoctoral fellow from my laboratory.  

1.2.1. Interview style: Author saying the above 

1.2.2. 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. Acid-etched tooth slice preparation
2.1. Begin by selecting a human third molar without any restored caries. 
2.1.1. WIDE: Few seconds Talent selecting/picking up tooth
2.1.2. CU: Shot of 3rd molar without any restored caries
2.2. Use a water-cooled low-speed diamond saw to cut the crown longitudinally into 2 mm thick slices and then remove the root portion of the molar. 

2.2.1. CU: Few seconds root portion being removed

2.2.2. CU: Few seconds crown being cut with diamond saw

2.2.1A CU: Few seconds root portion being removed
2.3. Ultrasonically clean the slices for 2 minutes and then rinse them with deionized water 3 times.
2.3.1. CU: Few seconds slices being cleaned ultrasonically

2.3.2. MED: Few seonds Talent rinsing slices
2.4. To simulate erosive lesions, etch the tooth slices with 30% phosphoric acid for 30 seconds, then immediately rinse them with deionized water. 
2.4.1. CU: Few seconds tooth being etched with phosphoric acid

2.4.2. CU: Few seconds tooth being rinsed
2.5. Then ultrasonically clean the etched slices for 2 minutes again, and rinse them with deionized water 3 more times.
2.5.1. MED: Talent placing tooth to be cleaned in sonicator

2.5.2. MED: Few seconds Talent rinsing slices
3. Amelogenin-chitosan hydrogel preparation 

3.1. To prepare the chitosan stock solution, first dissolve 1% weight per volume chitosan in a 1% volume per volume acetic solution followed by stirring at 80°C overnight. 
3.1.1. WIDE: Few seconds Talent adding chitosan to beaker/container

3.1.2. CU: Few seconds solution being stirred (Videographer: if possible, get 80°C temp readout in frame)
3.2. After cooling the solution to room temperature, strain the chitosan through a 0.45 (m filter and then add 1 M sodium hydroxide to adjust the pH to 5.0.
3.2.1. MED: Talent pouring solution through strainer

3.2.2. MED: Few seconds sodium hydroxide being added to solution
3.3. To prepare the calcium and phosphate stock solution, weigh out the calcium chloride and mix a 0.1 M solution. 
3.3.1. MED – over the shoulder: Talent adding calcium chloride to weigh boat on scale

3.3.2. MED: Few seconds Talent mixing solution

3.4. Next, vortex the solution until it clears and adjust the pH value to 11 with 1 M sodium hydroxide.

3.4.1. CU: Few seconds solution being vortexed

3.4.2. CU: Few seconds sodium chloride hydroxide being added to solution (videographer didn't stop record after getting an ECU)
3.5. Then weigh out the dibasic sodium phosphate, mix a 0.1 M solution, and vortex until the solution is clear. 
3.5.1. CU: Few seconds sodium phosphate being added to weigh boat

3.5.2. CU: Few seconds solution being mixed

3.5.3. CU: Few seconds solution being vortexed
3.6. To prepare the amelogenin-chitosan hydrogel, add 960 (l of the freshly prepared 1% chitosan solution to a tube containing 200 (g of recombinant porcine amelogenin, then vortex the solution until clear. 

3.6.1. MED: Talent adding porcine amelogenin chitosan solution to tube of chitosan solution porcine amelogenin 
3.6.2. MED: Few seconds Talent vortexing solution

3.7. Now add 25 (l of 0.1 M calcium chloride solution followed by 15 (l of 0.1 M sodium phosphate dibasic solution to the amelogenin-containing chitosan solution. 
3.7.1. MED: Talent adds calcium chloride solution to chitosan THEN adds sodium phosphate dibasic solution to chitosan (Videographer: Split action into separate shots as necessary)

3.8. Vortex the solution for 5 minutes, then carefully add 1 M sodium hydroxide to adjust the pH of the amelogenin-chitosan solution to 6.5.  Amelogenin-chitosan hydrogel will form when the pH value reaches 6.5. 
3.8.1. CU: Few seconds solution being vortexed

3.8.2. MED: Few seconds sodium hydroxide being adding to chitosan solution

3.8.3. CU: Shot of Amelogenin-chitosan hydrogel forming, if possible, shot of pH value of 6.5 indicator in frame [Take 1 - no good.  Take 2 - Alt Take. Take 3 - PH]
4. Enamel regrowth in amelogenin-chitosan hydrogel

4.1. To initiate enamel regrowth in the amelogenin-chitosan hydrogel, first adjust the pH of the artifical saliva solution to 7.0 with 1 M sodium hydroxide and store the solution at 4°C.
4.1.1. WIDE: Few seconds Talent adding sodium hydroxide to solultion

4.1.2. MED: Talent placing solution at 4°C

4.2. Then use a syringe to apply about 20 (l of amelogenin-chitosan hydrogel to the etched tooth slice and place it in a desiccator at room temperature. 

4.2.1. CU: Shot of amelogenin-chtiosan hydrogel being added to slice
4.2.2. MED: Talent placing slide in dessicator [Take 3 is an ALT angle]
4.3. After 2 hours, add 300 ppm of sodium fluoride to the saliva solution, and then transfer the tooth slice to a beaker containing 30 ml of the solution. 
4.3.1. MED: Few seconds Talent adding sodium flouride to saliva solution

4.3.2. MED: Talent adding tooth to 30 ml saliva solution in beaker

4.4. Cover the beaker with aluminum foil, and then place the beaker in an oven at 37°C. 
4.4.1. MED: Talent covering beaker with foil

4.4.2. MED: Talent placing beaker in oven
4.5. Finally, remove the tooth slice after 3-7 days and place it in a desiccator at room temperature until dry.
4.5.1. MED: Talent removing tooth from beaker [Avoid talent dropping tooth in Take 2]
4.5.2. CU: Shot of tooth being placed into dessicator

5. Results: Comparison of newly-grown vs. original enamel properties
5.1. After repair by amelogenin-chitosan hydrogel for 7 days, an enamel-like layer with a thickness of 15 (m forms on the etched enamel surface. The newly-grown layer is made of highly ordered arrays of crystals with a diameter of ~50 nm, growing preferentially along the c-axis, perpendicular to the surface.
5.1.1. LAB MEDIA: fig3a.tif (Video Editor: with “growing … surface” please add/highlight/flash/other appropriate indicator white arrows)

5.2. Note that these needle-like crystals are organized into bundles, similar to the fundamental units of natural enamel.
5.2.1. LAB MEDIA: fig3b.tif (Video Editor: with “organized into bundles” please add/highlight/flash/other appropriate indicator red arrows)

5.3. The selected area electron diffraction image of the repaired layer exhibits an arc-shaped pattern, revealing a hierarchical alignment of the newly grown crystals along the 002 direction. 
5.3.1. LAB MEDIA: fig3c.tif (Video Editor: with “along … direction” please add/highlight/flash/other appropriate indicator white line and “002” text)

5.4. X-ray diffraction analysis confirms that the newly-grown layer is composed of apatite crystals, which are aligned along the crystallographic c-axis in accordance with the scanning electron microscopy and selected area electron diffraction observations. 
5.4.1. LAB MEDIA: fig3d.tif (Video Editor: “aligned … microscopy” please highlight/circle/indicate “002” peak)
5.5. In this image, the microstructure of the interface between the newly-grown layer and the natural enamel are shown. Note that the newly-grown crystals did not grow in the same direction as the original enamel crystallites and that the protein-mediated apatite growth results in a perpendicular orientation of the newly-grown crystals relative to the natural enamel crystals. 
5.5.1. LAB MEDIA: fig4a.tif 

(Video Editor: with “interface” please add/highlight dotted black line; 

with “newly-grown layer” please highlight/indicate “Newly grown layer” text/area of image; 

with “natural enamel” please highlight/indicate the “Enamel” text/area of image; 

with “Note … direction” please add/highlight/indicate/flash white arrows; 

with “original enamel crystallites” please add/highlight/indicate/flash black arrow; 

with “results … crystals” if possible, please add perpendicular intersecting lines across interface with newly grown layer side line in direction of white arrows and enamel side line in direction of black arrow [can be like in 4b])
5.6. There is no apparent gap at the interface between the newly-grown layer and the enamel substrate. At the nanoscale, the enamel and the regrown crystals fuse together to form a seamless interface. 
5.6.1. LAB MEDIA: fig4b.tif 

(Video Editor: with “newly-grown layer” please add/highlight/circle/otherwise indicate “Regrown Crystal” text; 

with “enamel substrate” please add/highlight/circle/otherwise indicate “Enamel Crystal” text; 

with “At the nanoscale … seamless interface” please highlight/add/flash/otherwise indicate black arrows and “Interface” text)
5.7. After 10 minutes of ultrasonic treatment, the newly grown layer formed in the amelogenin-chitosan hydrogel is still tightly bound to the enamel surface and the organized structure is preserved. For the sample treated with chitosan hydrogel without amelogenin, however, a large gap between the enamel and a repaired layer is observed.
5.7.1. LAB MEDIA: fig5.tif 

(Video Editor: with “the newly … enamel surface” please highlight/indicate the top left image; 

with “and the organized structure is preserved” please highlight/indicate the top right image; 

with “For … observed” please highlight/indicate the bottom images)
5.8. To clearly distinguish between the newly-grown layer and the natural enamel, in this experiment, the amelogenin in the newly-grown layer was immunofluorescenctly labeled.  
5.8.1. LAB MEDIA: fig6a.tif 

(Video Editor: with “newly-grown layer” please highlight/add the newly-grown layer text/area of image; 

with “natural enamel” please highlight/add the enamel text/area of image; 

with “the amelogenin… labeled” please highlight/outline/circle/otherwise indicate bright green line and/or add/highlight/flash white arrow)

5.9. The presence of amelogenin was then confirmed by the green fluorescence within the newly grown layer.
5.9.1. LAB MEDIA: fig6b.tif (Video Editor: with “The presence … fluorescence” please highlight/add/flash white arrows; with “within … layer” please add/highlight/flash “Newly grown layer” text)
5.10. As shown in the graph, after acid etching, the hardness and modulus of the enamel surface declines nearly 98 and 88%, respectively. The control group treated by chitosan hydrogel without amelogenin only demonstrates limited improvement in both hardness and modulus. In contrast, after mineralization in the amelogenin-chitosan hydrogel, an increase of nearly 4 times in the modulus and 9 times in the hardness is observed.
5.10.1. LAB MEDIA: Fig-7.jpg 
(Video Editor: with “after acid … hardness” please highlight/indicate the red data bar in the “artificial caries” column; 

with “and modulus” please highlight/indicate the blue data bar in the “artificial caries” column; 

with “control group … in both hardness and modulus” please highlight/indicate both red and blue data bars in the “No Amel” column; 

with “In contrast … in the modulus” please highlight the blue data bar in the “With Amel” column; 

with “and 9 … observed” please highlight the red data bar in the “with Amel” column)
6. Conclusion (said by authors on camera)
6.1. Qichao Ruan: After its development in vitro and further evaluation in in vivo models, this protocol can be expanded to design a technology for treating enamel defects, such as early caries lesions and eroded enamel.
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.  
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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


