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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) _____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, 2.9, 3.1, 3.3, 3.9, 3.10_

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ___Threading fibers through the plates. Tapering of the fibers, use of precision tweezers, and practice help ensure success.___________________________
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to fabricate three-dimensional microvascular structures . (Intro)
This is accomplished by first creating sacrificial fibers by incorporating tin(II) oxalate into poly(lactic) acid fibers. (P1)
The second step is to pattern the fibers three-dimensionally using patterning plates (P2)
Next, the fibers are cast in an embedding resin . (P3)
The final step is to evacuate the fibers from the resin under heat and vacuum. (P4)
Ultimately, the microvascular system can be used for many purposes including heat exchange, mass transport, and self-healing systems . (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!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

Only one statement should be chosen and completed per author who will be on camera.

1.1. Author name ___Du Nguyen____: Generally, individuals new to this method will struggle because the degree of manual dexterity and visual awareness needed to work with the fibers is high. (take 3)

1.2. Author name _Aaron Esser-Kahn________: Visual demonstration of this method is critical as ___the chemical treatment of fibers and the stringing of patterned plates  are difficult to learn, because ___they require hand/eye coordination and specialized equipment. (take 5)

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Catalyzing Sacrificial Fibers

2.1. Start the fiber catalyst infusion process with a customized spindle, and a source of polylactic acid fibers of known diameter, here 200 µm.  Wrap the desired amount of the fibers around the lower three quarters of the spindle.  Reduce fiber overlap to provide maximum surface area exposure.

2.1.1. MED: Talent at bench with spindle and fibers

2.1.2. CU: Spindle and fiber

2.1.3. MED: Talent wrapping fibers on spindle

2.1.4. CU: Detail of wrapping and maximized surface area.

2.2. In a bottle that can be sealed, mix 400 mL of de-ionized water with 40 mL of Disperbyk   (pronounced Dis-per-bick) 130.  Close the bottle and shake it until a homogeneous solution is obtained. 

2.2.1. MED: Talent mixing water and Disperbyk

2.2.2. MED: Talent closing and shaking bottle

2.2.3. MED: Talent checking content, then setting bottle down

2.3. Next, place a 1000 mL beaker in a water bath at 37º C.  Pour 400 mL of triflouroethanol into the beaker.  Add the water/Disperbyk solution to the beaker and stir until uniform. 
2.3.1. MED: Talent putting beaker in water bath. 

2.3.2. MED: Talent pouring TFE into beaker

2.3.3. MED: Talent adding solution and stirring
2.4. Add 1 g of Malachite Green, or other dye, to the mixture and stir until dissolved.

2.4.1. MED: Talent adding dye

2.4.2. CU: Mixture being stirred

2.5. Now attach the spindle to the digital mixer and adjust the height so the spindle is half an inch from the bottom.  Set the mixer to 400 rpm and begin mixing.

2.5.1. MED: Talent attaching spindle to mixer and adjusting height

2.5.2. MED: Talent adjusting settings and starting the mixer

2.6. Slowly add 1.3 g of tin oxalate catalyst to the mixture.  Adjust the pH in the mixture using sodium hydroxide until the pH is approximately 6.8 to 7.2.

2.6.1. MED: Talent adding tin oxalate

2.6.2. MED over the shoulder: Talent monitoring pH while poised to add sodium hydroxide (take 2)
2.7. Next, secure a lid to the beaker and increase the spindle rotation to 500 rpm.  Maintain this for 24 hours. (TEXT over 2.7.2: 500 rpm for 24 hours) Within the first two hours, manually break up any agglomeration of tin oxalate that develops. 

2.7.1. MED over the shoulder: Talent placing lid on the beaker

2.7.2. MED: Talent increasing rpm setting and continuing mixing

2.7.3. MED: Talent checking for signs of agglomeration
2.8. At the end of 24 hours, have an oven preheated to 35º C.  Remove the spindle from the mixer....and place it in the oven.  Leave it to dry overnight. (TEXT over 2.8.3: Dry for at least 8 hours in 35º C oven) 
2.8.1. MED: Talent at oven, checking temperature (take 2)
2.8.2. MED: Talent removing spindle from mixer (take 2)
2.8.3. MED: Talent placing spindle in oven

2.9. After at least 8 hours of drying, remove the spindle from the oven.  Unwrap the fibers from the spindle.  Remove the excess catalyst from the fibers.

2.9.1. MED/WIDE: Talent returning to oven and removing spindle

2.9.2. MED: Talent at bench unwinding fibers (take 2)
2.9.3. MED: Talent removing excess catalyst (take 2)
3. Microvascular Gas Exchange Unit Fabrication 

3.1. Fabrication of the microvascular gas exchange unit begins with obtaining a pair of laser-cut brass patterning plates with the desired microvascular pattern.  Affix the plates on clip holders.

3.1.1. MED: Talent at bench holding patterning plates

3.1.2. LAB MEDIA: Brass patterning plates held by talent (Manuscript Figure 2B)

3.1.3. CU: Brass patterning plates being affixed to clip holders  (take 2)

3.2. Cut a 10 inch length of catalyzed fiber per microchannel. Use a plate cut to the fiber diameter to remove any remaining catalyst from the fibers.
3.2.1. MED over the shoulder: Talent measuring out lengths of fiber (take 2)

3.2.2. CU/ECU: Plate with fiber being introduced (take 4)

3.2.3. MED over the shoulder: Talent pulling fiber through plate (take 3)

3.3. Use the tip of a hot glue gun to taper the edges of the fiber.  Do this by slowly extruding the fiber tips.  Once done, thread the fibers through matching holes in the brass patterning plate pairs. 
3.3.1. MED: Talent with hot glue gun extruding fiber tip

3.3.2. CU/ECU: Extrusion of fiber tip

3.3.3. MED: Talent threading fibers

3.3.4. CU/ECU: First fiber threaded, second fiber underway

3.4. Next, screw the plates onto a molding box.  Make sure the fibers are not twisted when attaching the plates.  Then, string the fiber tips through the tuning pegs of the custom tensioning board.

3.4.1. MED: Talent mounting plates in molding box

3.4.2. CU: Detail of talent mounting plate

3.4.3. CU: Talent pulling tips through tuning pegs

3.4.4. CU: Final assembly (Videographer’s note: “take 1- 2 (angles in one shot)”

3.5. Tension the PLA fibers until taut.  Be careful not to over-tension and snap the fibers.  Remove excess particulates from the fiber pattern using compressed air.

3.5.1. MED: Talent adjusting tension

3.5.2. CU: Fibers under tension with talent using compressed air to clean them

3.6. Now mix polydimethylsiloxane base (TEXT: polydimethylsiloxane–PDMS) with its curing agent in a 10:1 volume ratio. Place the mixture in a desiccator jar.  De-gas the mixture for 10 minutes under vacuum 

3.6.1. MED: Talent at bench mixing materials

3.6.2. MED: Talent placing mixture in desiccator jar and starting vacuum (take 2)

3.7. Pour the PDMS mixture into the molding box, but not directly over the fibers. Use a 26 gauge needle to remove any bubbles in the molding box or between the fibers.  Once done, cure the assembly at 85º C for 30 minutes. (TEXT over 3.7.3: Cure at 85º C for 30 minutes)

3.7.1. MED over the shoulder: Talent pouring PDMS mixture

3.7.2. CU/MED: Talent using needle to remove air bubbles

3.7.3. MED: Talent carrying assembly to oven

3.8. When the box is cooled, un-fasten the brass plates from the molding box, making sure not to bend the plates or pull too hard.  Remove the cured first stage from the molding box.

3.8.1. MED: Talent at bench with box, unfastening plate.

3.8.2. CU: Brass plate being unfastened

3.8.3. MED: Talent removing cured first stage

3.9. Use a hypodermic needle with a gauge that is at least twice the outer diameter of the fibers to puncture holes in an RTV end-cap. With the needle in place, thread a fiber through the hole, then remove the needle.  The hole pattern should be similar to the brass patterning plate, but more widely spread out.  
3.9.1. MED over the shoulder: Talent with needle puncturing a hole in end-cap

3.9.2. CU/ECU: Needle puncturing hole in end-cap

3.9.3. CU/ECU: Fiber being threaded through hole and needle removed

3.9.4. CU: Pattern of strings
3.10. Next, fasten the end-caps to a larger molding box.  Pour a second stage of PDMS and remove any remaining gas bubbles.  Again, cure at 85º C for 30 minutes. (TEXT over 3.10.3: Cure at 85º C for 30 minutes)
3.10.1. MED: Talent fastening end-caps to a molding box

3.10.2. MED: Talent pouring PDMS

3.10.3. MED: Talent placing assembly in oven

3.11. After the second curing, cut any excess PLA fibers from the sample.  Place it in a vacuum oven at 210º C for 24 hours (TEXT over 3.12.2: Vacuum oven at 210º C for 24 hours), or until most of the PLA fibers have been evacuated.

3.11.1. MED: Talent removing excess fibers

3.11.2. MED: Talent placing assembly in vacuum oven

3.12. If any PLA cannot be removed, inject 1 mL of chloroform to dissolve what remains in the microchannels.  This completes the unit fabrication.

3.12.1. MED over the shoulder: Talent inspecting structure.

3.12.2. CU/ECU: Injection of chloroform into microchannel

3.12.3. CU/ECU: Final structure  (take 1)  //  Alt shot – take 1
4. Results: Fabrication of Microvascular Structure in a Resin

4.1. This procedure provides a method for fabricating microvascular structures in resin, as seen in the gas exchange unit shown at the top.  On the bottom left is a detail of a segment of the structure; dyes have been used for visual clarity.  On the right is the hexagonal pattern of 200 µm and 300 µm holes used to create the microchannels. The microchannels are completely hollow and can be separated by less than 50 µm.  The structure of the microvascular network is only limited by the structures that can be formed by the sacrificial fibers.  

4.1.1. LAB MEDIA: 50459_Esser-Kahn_Figure3.tif

4.2. It is possible for both leaks and plugs to appear within the microchannels.  On the left side  of this gas exchange unit is a plug.  These can often be removed with a solvent.  On the right side is an example of a leak.  These form when the sacrificial fibers are not thoroughly cleaned or well tensioned.  

4.2.1. LAB MEDIA: 50459_Esser-Kahn_Figure4.tif

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
5. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
5.1. Author name _Du Nguyen: Once mastered, this technique can be done in 45 minutes for creating the fibers and 60 minutes for fabricating microvascular units, if it is performed properly. (take 3)
5.2. Author name _Aaron Esser-Kahn________: After watching this video, you should have a good understanding of how to ___Form Sacrificial Fibers, Create 3-dimensional patterns, and troubleshoot the process of VaSC_____ .

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.  


[image: image2]
4.1- 50459_Esser-Kahn_Figure3.tif – microvascular gas exchange unit


[image: image3]
4.2- 50459_Esser-Kahn_Figure4.tif –microchannels with PLA plugs and leaks between channels

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
© 2012, Journal of Visualized Experiments
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