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Questionnaire: 
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__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? Please list 4-6 individual steps using the step numbers listed in this document.  6.1-6.4_ 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document.  – 5.2,5.9
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? _Across the street__________________________________________________

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 procedure is to create a robotic platform to study sea lion swimming. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Author Name TBD: This method can help answer key questions in bio-fluid dynamics, such as how sea lions move the water around them when they swim. 
1.2. Author Name TBD: The main advantage of this technique is that we can explore sea lion locomotion in detail while in a controlled laboratory setting.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Author Name TBD: Though this method can provide insight into sea lion swimming, it can also be applied to other animal systems, such as dolphins, tuna, whales and other fish or aquatic mammals.   
Protocol (read by voice talent at JoVE):  
2. Design of the Base Piece

2.1. To begin, digitize a specimen of a Sea lion foreflipper [1-MED Over the Shoulder] or obtain it from an alternate source. Print the resulting point cloud at 68% of the full size and use it to create a three dimensional mold. [2-SCREEN] 
2.1.1. Talent sits at computer looking at scanned foreflipper image.

2.1.2. Screen capture video as talent prints the point cloud as described. Please submit this file as “Leftwich_SCREEN_2_1_2.mp4/mov” to your server page.
2.2. Next, design 3 different pieces to mimic the Sea lion foreflipper starting with the base. [1-MED-TXT]
2.2.1. Talent at bench/table along with the completed 3 pieces displaying them and then picking up the base. (TEXT: Base: Refers to the end of the part closest to the base of the foreflipper)  

2.3. In the CAD software, click on “sketch” and design the base piece so that it is proportional to the distance between the shoulder joint and the wrist of the specimen Sea lion flipper.   [1-SCREEN]
2.3.1. Screen capture video showing the initial steps used to sketch the base piece. Then open a file to show the completed base (minus the parts that are added next). Please submit this file as “Leftwich_SCREEN_2_3_1.mp4/mov” to your server page. (Video Editor: Cut the part where they open the “completed part” and fade between the beginning of the sketch and the final completed form.)

2.4. Add knuckles to the base by clicking on “Sketch” and drawing 2 circles at both ends of the part.  Then, click on ‘Boss Extrude’ to extrude the desired length from the plane of the base piece. [1-SCREEN-TXT]
2.4.1. Screen capture video as the 2 knuckles are sketched and extruded as described in this step. Please submit this file as “Leftwich_SCREEN_2_4_1.mp4/mov” to your server page. (TEXT: Outer Circle: 1” diameter, Inner Circle: 0.5” diameter)

2.5. Click on the sketch of the smaller circle at the knuckles and click ‘Cut Extrude’ to make room for the shaft. To strengthen this joint, click on ‘Fillet’ to smoothen the sharp joints. [1-SCREEN]
2.5.1. Screen capture video showing the smaller circle being cut extruded and smoothed as described above. Please submit this file as “Leftwich_SCREEN_2_5_1.mp4/mov” to your server page.
3. Design of the Middle Section

3.1. Next, design the middle section. [1-MED-TXT] Click on ‘Sketch’ and draw a trapezoid with a height of 2.25 inches and bases of 1.625 and 0.85 inches.  Then, click on ‘Extrude’ and input the extruded length as 0.165 inches to get the basic three-dimensional shape of the middle piece. [2-SCREEN]
3.1.1. Talent (back at bench) now picks up the middle section of the flipper and presents it to the camera. (TEXT: Middle Section: Proportional to the distance between the wrist joint and the knuckle joint.)
3.1.2. Screen capture video showing the talent click on sketch, draw the trapezoid, and extrude it. Please submit this file as “Leftwich_SCREEN_3_1_2.mp4/mov” to your server page.
3.2. As with the base, add knuckles on both ends so that they will fit inside the volume of the foreflipper. To accomplish this, make the diameter of the extruded cut 0.125 inches. [1-SCREEN]
3.2.1. Screen capture video showing the above step. Please submit this file as “Leftwich_SCREEN_3_2_1.mp4/mov” to your server page.
3.3. Next, connect the knuckles on the base end to the tip end of the base piece with an axel to form a hinge representing the wrist joint.  [1-SCREEN]
3.3.1. Screen capture video showing the axel being connected as described. Please submit this file as “Leftwich_SCREEN_3_3_1.mp4/mov” to your server page.
3.4. Then, click on ‘Sketch’ and create a tower as a rectangle on the base of the model. Extrude the sketch by selecting it, clicking on ‘Boss Extrude’, and setting the thickness of the tower to 0.165 inches. [1-SCREEN]
3.4.1. Screen capture video showing the above step. Please submit this file as “Leftwich_SCREEN_3_4_1.mp4/mov” to your server page.
3.5. Finally, click on ‘Fillet’ and select the model and one edge of the extruded tower to smooth the sharp joint and strengthen where the tower and the base of the middle piece are connected.  [1-SCREEN]
3.5.1. Screen capture video showing talent click on fillet and smooth the joint. Please submit this file as “Leftwich_SCREEN_3_5_1.mp4/mov” to your server page.
4. Design of the Tip Piece

4.1. Make the length of the tip piece proportional to the distance between the knuckle joint and the tip of the longest finger bone of a Sea lion. [1-MED] 
4.1.1. Talent (back at bench) now picks up the tip section of the flipper and presents it to the camera.
4.2. Do this by clicking on ‘Sketch’ and sketching the desired shape on the plane. Once the geometry is designed, click on extrude to get the basic three-dimensional shape of the tip piece. [1-SCREEN]
4.2.1. Screen capture video of the tip being designed and extruded.  If it works best to start and then skip to a completed section for extruding, do this instead of showing the entire process. Please submit this file as “Leftwich_SCREEN_4_2_1.mp4/mov” to your server page
4.3. Next, form the knuckles on both ends by making an extruded cut that is equal to the diameter of the axle, which is shown here as 0.125 inches. [1-SCREEN]
4.3.1. Screen capture video as talent makes the knuckles as described. Please submit this file as “Leftwich_SCREEN_4_3_1.mp4/mov” to your server page
4.4. Finally, add a tower to the base end of the piece on both sides.  [1-SCREEN-TXT] 
4.4.1. Screen capture of the above step. Please submit this file as “Leftwich_SCREEN_4_4_1.mp4/mov” to your server page (TEXT: Tower: 0.4 inches high x 0.165 inches thick)

5. Creating the Flipper 

5.1. Once all of the pieces have been created, 3D print the base, middle and tip pieces of the flipper.  [1-CU]

5.1.1. Show an example piece being 3D printed.
5.2. Then, reinforce the knuckles of the middle and tip piece by applying epoxy to the printed bone structures [1-MED] and laying 2 layers of ¾ inch long carbon threads onto the epoxy.[2-CU]  Apply the second layer at 45 degrees orientation with respect to the first.[3-CU]
5.2.1. Talent applies epoxy to the structures.

5.2.2. Talent adds carbon threads onto the epoxy

5.2.3. Talent adds 2nd layer of threads
5.3. Next, drill 0.05 inch diameter holes [1-MED] through the bottom of each tower which will be used to thread the Kevlar string. [2-CU]
5.3.1. Talent begins to drill the hole.  

5.3.2. Talent drills through the tower.
5.4. Place all of the bone pieces on a flat table.[1-MED]  Align the knuckles of the base and middle pieces and insert the axle.  Then, use the same technique to connect the middle and the tip piece together. [2-CU]
5.4.1. *Film as written
5.4.2. *Film as written

5.5. Use an adhesive on each end of each axle to ensure that the axle does not move laterally. [1-CU]
5.5.1. *Film as written
5.6. Next, cut four plastic tubes the length of the base bone piece and two tubes the length of the middle piece. [1-CU-TXT] Also, cut 4 pieces of Kevlar string, each 3 feet in length. [2-CU]
5.6.1. *Film as written (TEXT: Base bone = 8 cm, Middle piece = 6 cm)
5.6.2. *Film as written
5.7. Slide one string through an 8 cm tube and then a 6 cm tube. Slide a 2nd string through an 8 cm tube. Repeat the process with the remaining tubes and strings. [1-CU]
5.7.1. *Film as written
5.8. Place the tubes on top of the bone structures and use tape to hold them in position temporarily. [1-MED] Using an adhesive, permanently secure the tubes onto the bone structure and then remove the tape.  [2-CU]
5.8.1. *Film as written
5.8.2. *Film as written
5.9. Next, thread the Kevlar string from the tubes through the holes drilled onto the tip and middle pieces.  Make a small, secure knot once the string is through the hole. [1-CU]
5.9.1. Talent threads the string through the holes and knots it at the end.
6. Adding Skin to the Flipper

6.1. First, measure 200 mL of silicon and silicon medium in two different containers. [1-MED]
6.1.1. *Film as written
6.2. Pour both these liquids into a steel bowl and then add up to 10% paint thinner. [1-MED]  Use a stand mixer to mix the components thoroughly for 3 to 4 minutes. If desired, add color at this step to achieve the desired visual effects. [2-CU]
6.2.1. *Film as written
6.2.2. Talent mixes the components, adds color, and continues mixing.
6.3. Insert a rod into the knuckles of the base part and align it with the knuckles of the flipper mold. When the pegs fit into the cavities of the mold, the bone structure should be perfectly aligned. [1-CU]
6.3.1. *Film as written
6.4. While holding down on the two parts of mold, secure the parts by using a clamp for added compression. [1-CU]   Then, carefully pour the silicon mixture into the mold until it reaches the topmost knuckles of the bone structure. [2-MED]
6.4.1. *Film as written
6.4.2. *Film as written
6.5. Look for oozing of liquid from the bottom hole in the mold as a sign that the mixture is uniformly distributed. Once the oozing liquid is noticed, plug the hole to avoid further out-flow of the liquid. [1-CU]
6.5.1. Talent points to the hole in the bottom of the mold and after about 5-seconds show oozing liquid coming from the hole and the hole being plugged.

6.6. Leave the liquid to cure for four hours before removing the flipper robot from the mold.[1-MED]
6.6.1. Talent sets timer for 4 hours and sets it next to the mold.

6.7. Next, connect the flipper to a motor through a 3-pulley system and mount the flipper to the test system as described in the accompanying text protocol.  [1-MED]
6.7.1. *Film as written

6.8. Set the motion of the flipper by selecting the jogging function on the motor driver.  Pressing the ‘Up’ button rotates the flipper clockwise and the ‘Down’ button rotates the flipper anticlockwise.   [1-MED]
6.8.1. Talent controls the motor driver as described with the flipper in the background.

 (Videographer: Please be sure to get shots of 7.3.1 and 7.3.2 in the results section)
7. Results: Imaging of the Flow Around a Flapping Robotic Flipper
7.1. Shown here on the left is a foreflipper from a female California sea lion which was scanned and recreated into this robotic flipper.[1-LM]
7.1.1. Figure 1 (Video Editor: Label Figure 1a as “California Sea Lion Foreflipper” and place it on the left and label Figure 1b as “Robotic Foreflipper” and place it on the right. Highlight the image on the right when mentioned with the last half of the sentence.)

7.2. The digital scanned image shows a wire-frame view of the digital flipper.  From this image, one can see that the flipper has an airfoil-like shape that is thicker on the leading edge and is cambered, with its upper surface more convex and its inner surface concave.[1-LM]
7.2.1. Figure 2 (Video Editor: Highlight the right edge of the two pullouts with the words “airfoil-like shape that is thicker on the leading edge”, the top surface with the words “upper surface more convex” and the bottom surface with the words “its inner surface concave”.)

7.3. Once mounted to a recirculating flume like the one shown here. [1-MED] Dye can be injected upstream of the flapping flipper and the flow pattern can be imaged.[2-CU] Shown here are 3 points along the flipper cycle.  In the right panel, a vortex can be seen around the tip of the flapping robotic flipper.[3-LM]
7.3.1. Footage of the flume and flipper while the talent stands upstream.

7.3.2. Talent injects dye upstream of the flipper.
7.3.3. Figure 9 (Video Editor:  Highlight the right panel with the final sentence and point to the vortex.) 
8. Conclusion (said by authors on camera) 
8.1. Author Name TBD: Once mastered, this technique can be done in 4 and a half hours if it is performed properly. 
8.2. Author Name TBD: After watching this video, you should have a good understanding of how to create a robotic platform to investigate sea lion swimming.    
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.  

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 are included in the email accompanying the finalized script.
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