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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) If yes, please list make and model of your microscope: ____________NO________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___NO_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps________1.1, 1.4, 4.3, 5.10, __________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __Consistent loading. Consistent loading is ensured by monitoring platen contact with the load cell.____________________________
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE): 
Conceptual Narrative:
The overall goal of the following experiment is to fabricate functional tissue engineered biocomposites for transplantation. (Intro)
This is achieved by applying precise uniaxial or biaxial mechanical strain to provide biophysical stimuli to cells in three dimensional biomaterial composites. (P1: Show only the bioreactor from the DeviceSchematic.psd image to begin with. Move the z-stage up and down and x-stage back and forth during the statement from the image in DeviceSchematic.psd.  As they are moving, add the Loading Device Output box with the shear and compression graphs.)
As a second step, the bioreactor is outfitted with a load cell, which provides force feedback and mechanical testing of the biocomposites during loading. (P2: As the Platen is moving from the animation in P1 add the Force Feedback arrow to the box and randomly show the numbers increase up to 5 grams when the platen is lowered and go back to 0 when it is raised. DeviceSchematic.psd)
Next, biocomposites are cultured over a period of weeks in order to induce macro-scale changes in construct biochemical content and strength. (P3: Play video, P1000345.MOV)
Results are obtained that show the effect of different types of loading based on the significant differences in glycosaminoglycan and collagen content scaffold thickness, and equilibrium modulus. (P4: Highlight the X-axis labels during the mention of “different types of loading”.  Then highlight the y-labels as they are mentioned. Combineddata.psd)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Bahar Bilgen: Though this method can provide insight into the effects of biaxial loading on engineered cartilage tissue, it can also be applied to other load-bearing tissues such as bone and tendon.
1.2. Bahar Bilgen: Demonstrating the procedure will be Amy Mei  and Rob Stefani 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. Biaxial Loading Bioreactor Design
2.1. To begin this procedure, set up a biaxial bioreactor as shown here. 

2.1.1. MED: Talent opens the door to the incubator to display the bioreactor.

2.2. The base of the bioreactor is composed of an aluminum plate measuring 25 cm x 30 cm x 12.5 mm.  The variable positioning options available allows for flexible mounting of tissue culture plates of different shapes and sizes.  

2.2.1. MED: Talent points out the base of the bioreactor.

2.2.2. CU: Talent adjusts the base mounts to fit a culture plate, then places the plate into place.

2.3. Next, ensure that the stages are mounted on the base so that the horizontal stage provides dynamic shear by oscillating only along the X-axis and the vertical stage provides dynamic compression by oscillating only along the Z-axis. 
2.3.1. MED: Talent uses the program to move the stage in the x-direction, *Fit the bioreactor on the screen as large as possible.

2.3.2. MED: Talent uses the program to move the stage in the z-direction, *Fit the bioreactor on the screen as large as possible.
2.4. The next step is to fabricate a custom polysulfone loading platen.  The polysulfone material is ideal because of its biocompatibility, ease of machining, and ease of sterilization. 
2.4.1. MED: Talent holds up a finished platen for the camera and rotates it.

2.5. Couple the platen to the bi-axial moving platform via a precision-machined right angle bracket. 
2.5.1. MED: Talent places the platen into place in the bioreactor.
2.6. The kinematic stops attached to the base plate have fine adjustment screws to allow for precise alignment of the culture plates not achievable by hand.

2.6.1. CU: Talent places a 24-well plate into place and uses the fine adjustment screw to align it under the platen.

2.7. Next, attach the stepper motor actuator to each platform which will acquire positional feedback for the software. The stepper motor actuators shown here have bidirectional repeatability of 0.1 μm and a resolution of 20 nm, translating to an accuracy of less than 3 μm over 50 mm of travel.
2.7.1. MED: Talent points out the location of the optical encoders.

2.7.2. CU: Show the optical encoders close up.

2.8. Control the movements of the stages using Thor-labs’ Advanced Positioning Technology software. The software controls the steeper motor in order to adjust the load parameters of frequency and amplitude of both shear and compression independently and simultaneously. 
2.8.1. MED Over the Shoulder: Talent at the computer works with the software adjusting the parameters listed above.
2.9. Next, position a miniature 5 pound load cell between the loading platen and the moving platform to provide the force feedback necessary for detecting contact between the platen and constructs as well as to evaluate loading responses. 

2.9.1. MED: Talent points out the load cell.

2.9.2. MED Over the Shoulder: Talent points to the load cell feedback on the computer screen at the point where the platen makes contact with the bottom of the plate or gel.

2.10. Ensure that the load cell has high accuracies of 0.15% to 0.25% full scale and that the display unit for the load cell has an RS-232 port to allow for data collection on a computer.
2.10.1. CU: Show the load cell close up. (TEXT: Accuracy 0.15%-0.25%)
3. Immobilization of Samples With Agarose 
3.1. In order to immobilize the samples within the wells of a 24-well plate, prepare a mould for a 1.5 mm thick agarose gel using a gel casting system with 1.5 mm spacers.  

3.1.1. MED: Talent prepares the mould for casting the agarose gel.

3.2. Once assembled, pour a solution of 4% agarose between the 2 glass plates and allow the mixture to cool.   
3.2.1. CU: Talent pours the agarose into the mould.

3.3. Then, remove the top plate and punch a 16 mm diameter disk from the agarose slab for each well sample.  
3.3.1. MED: Talent removes the top glass plate.

3.3.2. CU: Talent punches numerous 16 mm disks into the slab.

3.4. In each disk, punch a hole for the sample to be placed into.
3.4.1. CU: Talent punches out the center hole, and then a hole on the side of the disc.
3.5. Place the completed disks in the wells of a 24-well plate. Then, press fit 2.25 mm thick, 5 mm diameter tissue constructs into each of the gel holders.  The sample should protrude from the top of each agarose holder. 
3.5.1. MED: Talent places a disk into a well of the plate.

3.5.2. CU: Talent fine tunes the outer disk into place and then places the 2.25 mm thick construct into the center hole.

3.6. Next, add 1.5 mL of culture medium to each well and replace the cover. Then, place the plate back into the incubator until it is time for sample loading.

3.6.1. CU: Talent adds media to the top of a sample and replaces the plate cover.

3.6.2. MED: Talent places the plate into an incubator.

4. Mechanical Loading of Tissue Constructs
4.1. To begin mechanical loading of tissue constructs, secure the aluminum plate to the load cell and attach a sterile platen assembly to the vertical stage.  At all times, the incubator should be run in low-humidity conditions to prevent instrument failure. 
4.1.1. CU: Talent secures the aluminum plate to the load cell and attach a sterile platen assembly to the vertical stage.

4.2. Next, turn on stepper motor controller and the PC. 

4.2.1. MED: Talent turns on the components of the bioreactor. 

4.3. Open the Advanced Positioning Technology user program and go to the “Graphical Control” tab on both screens.  Press the “Home/Zero” button to send both stepper motors to the zero position which is defined as the top and right most position.
4.3.1. MED Over the Shoulder: Talent performs the above steps on the computer.

4.3.2. MED: Show the stage move back to the “home” position.

4.4. Prepare the samples for loading by removing some media from each well to prevent overflow during mechanical loading.

4.4.1. MED: Talent removes some media from the wells of the 24-well plate.
4.5. Next, place the 24-well plate into the bioreactor and carefully line up the plate with the platen using four adjustable kinematic locators.  Make sure to line the plate up flush with the front of the bioreactor base.
4.5.1. MED: Talent places the plate into the bioreactor

4.5.2. CU: Talent lines up the plate with the platen using the kinematic locators.
4.6. In the “Graphical Control” tab, manually fine tune the alignment by clicking on the position box to move it horizontally.  When the platen is aligned with the wells of the plate, begin to lower the platen until it first makes contact with the samples. 

4.6.1. MED Over the Shoulder: Talent fine tunes the alignment.

4.6.2. CU: Show the platen lowering into the plate until it makes contact.

4.7. Once the starting position is reached, go to the “Move Sequencer” tab and load the desired move sequence by pressing “Load”, or create your own program as described in the text protocol accompanying this video.  
4.7.1. MED Over the Shoulder: Talent goes to the “Move Sequencer” tab and load the desired move sequence
4.8. Next, press “Run” to begin the program. The software will direct the motors to apply the desired conditioning regimen to the samples.

4.8.1. MED Over the Shoulder: Talent presses “Run” to begin the program.

4.8.2. CU: Show the platen running the program.

4.9. When the program has finished, manually raise the platen so that it clears the top of the tissue culture plate.  If any samples are stuck to the platen, carefully put them back into the appropriate well using a sterile spatula. 
4.9.1. CU: Talent raises the platen so that it clears the top of the tissue culture plate.

4.9.2. CU: Talent removes any stuck sample so it drops back into its well.
4.10. Then, remove the 24-well plate from the bioreactor and replace the media. 
4.10.1. MED: Talent removes the plate from the bioreactor and places it into the cell culture hood where fresh media awaits.
4.11. Finally, carefully remove the platen from the load cell and then turn off instruments.
4.11.1. MED: Talent removes the platen and then turns off the instruments.

5. Results:  Mechanical Loading Alters Protein Expression of Tissue Engineered Cartilage
5.1. The use of the biaxial bioreactor described in this video had a significant effect on the amount of glucosaminoglycans and collagen secreted by cells within tissue engineered constructs. Conditioning took place 5 days a week for 3 hr per day with 10% compression strain and 5% shear strain at 1 Hz. 

5.1.1. LABMEDIA: Figure 6 (Video Editor: Show the top 2 graphs on the screen relating to GAG/sample and Collagen/sample.)

5.2. After 30 days in culture, the amount of glucosaminoglycans and collagen secreted by chondrocytes exposed to biaxial loading was significantly higher than control samples.  Uniaxial loading only significantly increased the amount of glucosaminoglycans.

5.2.1. LABMEDIA: Figure 6 (Video Editor: Show the top 2 graphs on the screen relating to GAG/sample and Collagen/sample.  Highlight the “Biaxial” columns when they are mentioned and the “compression” column for the GAG/sample graph with the last sentence.)

5.3. Additionally, biaxial loading created thicker constructs, but showed no effect on the elasticity of the constructs using this dosing protocol.

5.3.1. LABMEDIA: Figure 6 (Video Editor: Remove the previous 2 graphs and show the bottom two graphs on the screen. Highlight the “Biaxial” column in the thickness graph when mentioned.  Highlight “Young’s Modulus (kPa) with the word “elasticity”.)

5.4. Following 30 days of conditioning and culture, cross-sections of the tissue constructs were stained with typical markers of collagen including Alcian Blue, Safranin-O, and Collagen Type II. The 3 different groups include no conditioning, uniaxial loading, and biaxial loading.

5.4.1. LABMEDIA: Figure 7 (Video Editor: Highlight the columns and rows as they are mentioned by the text.)

5.5. While all the groups show positive staining with Alcian Blue and Safranin-O, the biaxial loaded samples show increased amounts of type II collagen compared to the no load and uniaxially loaded samples.

5.5.1. LABMEDIA: Figure 7 (Video Editor: Highlight the columns as they are mentioned by the text.)
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
6. Conclusion (said by authors on camera) 

6.1. Bahar Bilgen: After watching this video, you should have a good understanding of how to apply uniaxial or biaxial loads on developing tissue engineered constructs.
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.

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.
( 2012, Journal of Visualized Experiments


