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[bookmark: BackToTop]A.  Will you require JoVE to record microscopy through an eyepiece, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.   Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) N
[bookmark: BackToQues]C.  Which of the steps in the script will viewers benefit most from seeing? Please list 4-6 individual steps by the numbers in this script.
Steps 2.7, 2.10, 3.2, 3.4, 3.6, 3.7

D.  What is the most difficult aspect of this procedure for the experimenter and what do you do to ensure success? Please list 1-2 steps by the numbers in this script.
Steps 3.7, 4.1
3.7: The etching process is probably the most difficult part, in the sense that we need to ensure complete removal of the metal foam. We work very diligently to ensure complete rinsing with FeCl3 and test the foam for traces of metal foam.
4.1: Make sure that the foam has been sterilized to ensure cell viability. Another aspect would be to maintain the usual cleanliness of typical tissue culture.
E.  Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? Two different buildings; the buildings are about 200 meters apart.

Authors: Please make any needed changes to the text manuscript during proofing.

1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (read by voice talent at JoVE)
VO TALENT: Please note: The authors are VERY particular on the pronunciation of elastomer. See their note in the intro.
The goal of this procedure is to prepare biodegradable three-dimensional foam-like cell scaffolds based on biocompatible side-chain liquid crystal elastomers (ill-last-uh-mer /ɪˈlæs tə mər/). (Intro)

B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Elda Hegmann: This method can help answer key questions in the liquid crystal and biomedical fields, such as the effects of LCE foam properties on cell proliferation and alignment. 
1.2. Robert Clements: The main advantage of this method over two-dimensional cell scaffolds is that it allows the study of spatial cell-cell interactions, which is rarely possible in 2D environments.

C.  Optional Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.3. [bookmark: IntroStatements]Marianne Prévôt: Generally, those new to this method will struggle with the tactile compression tests.
1.4. Richard Cukelj: We first had the idea for this method after having to change media over hundreds of petri dishes.
1.5. Lindsay Pauline: We wondered if LCEs could support muscle cells on a 3D network to eliminate the use of so many petri dishes.
1.6. Leah Bergquist: Visual demonstration of this method is critical, as some steps require careful manipulation of chemicals. Further, shaping the metal foam template may be challenging.

Authors: Some statements have been moved to the conclusion section to accommodate length restrictions.

[bookmark: Protocol]Protocol (read by voice talent at JoVE)
2. Synthesis of α-Three-Arm Star Block Copolymer (SBC-αCl)
2.1. First, fill a 20-mL ampoule (am-pool /ˈæm pu:l/) with a 2% by volume solution of PFOTES (P-F-O-T-E-S) in toluene. [1-MED-TXT] Stir the solution in the ampoule for 24 hours to silanize (sill-uh-nize /ˈsɪl ə naɪz/) the ampoule interior. [2-MED]
2.1.1. Talent adds PFOTES in toluene to the ampoule from a labeled container. (TEXT: PFOTES: 1H,1H,2H,2H-Perfluorooctyltriethoxysilane)
2.1.2. The solution stirring in the ampoule.
2.2. Rinse the silanized ampoule with isopropyl alcohol [1-MED] and dry it at 140 °C for 30 minutes. [2-MED-Over shoulder]
2.2.1. Talent rinses the ampoule with IPA.
2.2.2. Talent places the rinsed ampoule in an oven, with the temperature readout visible, if possible. 
2.3. Place 3.64 g of distilled epsilon-caprolactone (cap-row-lack-tone /ˌkæp roʊˈlæk toʊn/), 0.5 g of alpha-chloro-epsilon-caprolactone, and 0.25 mL of glycerol (gliss-uh-rall /ˈglɪs əˌrɔ:l/) in the dry ampoule. [1-MED-Over shoulder-TXT] Vortex the mixture for 1 minute. [2-CU]
2.3.1. Talent adds the reagents to the ampoule. (TEXT: See text protocol for synthesis of α-chloro-ɛ-caprolactone.)
2.3.2. The mixture being vortexed.
2.4. Then, add 4.90 g of D,L-lactide (D-L-lack-tide /ˈlæk taɪd/) to the mixture [1-?] and purge the ampoule atmosphere with nitrogen gas for 1 minute. [2-MED] Cover the ampoule opening with aluminum foil and heat the mixture at 120 °C for about two hours to melt the D,L-lactide. [3-MED]
2.4.1. Talent adds the D,L-lactide.
2.4.2.  Talent purges the ampoule with N2 gas.
2.4.3. Talent removes the ampoule, with the opening covered with tinfoil, from an oven and shows the camera the melted mixture.
2.5. Vortex the mixture to disrupt any unmelted solids, and then add 66 µL of tin(II) ethylhexanoate (eth-uhl hex-uh-no-ate /ˈɛθ əl ˌhɛk səˈnoʊ eɪt/) to the ampoule and vortex again. [1-MED-Over shoulder] Close the ampoule with aluminum foil and heat the mixture at 120 °C for 10 minutes to re-melt the D,L-lactide. [2-MED]
2.5.1. Talent adds the Sn(Oct)2 and vortexes the mixture.
2.5.2. Talent places the ampoule, with the opening covered in tinfoil, into the oven.
2.6. Once the D,L-lactide has melted again, vigorously vortex the mixture [1-CU] and purge the ampoule atmosphere with nitrogen gas. Seal the ampoule with a rubber septum. [2-MED]
2.6.1. The mixture being vigorously vortexed.
2.6.2. Talent purges the ampoule atmosphere with N2 gas, and then seals the ampoule with the septum.
2.7. Insert a needle connected to a vacuum line through the septum and start the vacuum. [1-MED] Flame-seal the neck of the ampoule, being careful not to melt the rubber stopper. [2-CU]
2.7.1. Talent pierces the septum with the vacuum line needle and opens the vacuum.
2.7.2. Talent slowly rotating the ampoule neck in the flame without burning the septum; the glass collapses in on itself.
2.8. Once the neck is sealed, heat the reaction mixture at 140 °C for 48 hours. [1-MED] Then, allow the mixture to cool to room temperature. Break open the ampoule and dissolve the viscous reaction mixture in 10 mL of dichloromethane. [2-MED-Over shoulder]
2.8.1. Talent places the sealed ampoule in an oven/sand bath.
2.8.2. Talent breaks open the ampoule at the mark, and shows the ampule with 10 mL of DCM.
2.9. Transfer the mixture to a separatory funnel. [1-MED] Place a flask containing 100 mL of methanol in a dry ice and acetone bath. Once the methanol has cooled, secure the separatory funnel over the flask. [2-MED-Over shoulder]
2.9.1. Talent transfers the solution to a sep funnel.
2.9.2. Talent checks that the MeOH is cool, and then secures the sep funnel over the flask in the dry ice/acetone bath.
2.10. Add the reaction mixture to the cold methanol at a rate of 2 drops every second. Collect the resulting white precipitate on filter paper. [1-CU] Dry the precipitate in a vacuum oven at 50 °C to obtain the three-arm alpha-chloro-SBC product. [2-MED]
2.10.1. Talent opens the stopcock of the separatory funnel enough to let the reaction mixture drip Twice every second. Author note: “We would like to avoid showing the full precipitation process… it will take too long. We can probably stop at the moment the drops fall and then we show the dried precipitate.”
2.10.2. Edited. Talent shows the precipitation inside the beaker. Might also be slated 2.10.1 but actually a new shot
2.10.3. Talent removes the precipitate from the vacuum oven and shows the off-white viscous product to the camera.
2.11. To prepare the alpha-cholesteryl-(kuh-less-tuh-rill /kəˈlɛs təˌrɪl/)-three arm SBC (S-B-C), the pendant chlorine atom is replaced by an azide (ey-zide /ˈeɪ zaɪd/). [1-LM] A click reaction with cholesteryl 5-hexynoate (hex-eye’n-oh-ate /ˌhɛk saɪˈnoʊ eɪt/) results in a pendant cholesteryl as the liquid crystal moiety (moy-ih-tee /ˈmɔɪ ɪ ti:/). [2-LM]
2.11.1. Extra slide to show on the video after 2_10_2.pdf: Show only the diagrams to the left of the arrow.
2.11.2. Extra slide to show on the video after 2_10_2.pdf: Show the SBC-αN3 diagram and label, the arrow with label and diagram, and the molecule diagram and SBC-αCLC label on the right of the diagram. Below “Click Reaction”, add “See text for synthesis of cholesteryl 5-hexynoate.”
3.  Fabrication of a Porous 3D Liquid Crystal Elastomer (LCE) Scaffold with Hexamethylene Diisocyanate (HDI) as a Crosslinker
3.1. To begin preparing the Liquid Crystal Elastomer (wherever you see L-C-E, please say this full name) scaffold, combine 0.75 g of alpha-cholesteryl-three-arm SBC with 0.25 mL of HDI (H-D-I) and 0.24 mL of distilled epsilon-caprolactone. Add to this 60 µL of tin(II) ethylhexanoate and vortex the mixture. [1-MED-TXT]
3.1.1. Talent combines the SBC-αCLC, HDI, ɛ-caprolactone, and Sn(Oct)2, and then vortexes the mixture. (TEXT: See text protocol for synthesis of SBC-Chol.)
3.2. Then, cut out a 1 cm by 4 cm piece of nickel metal foam. [1-MED-Over shoulder] Roll the nickel foam into a cylinder 1 cm in diameter and 1 cm tall to form a template for the LCE foam scaffold. [2-CU]
3.2.1. Talent cuts out a small piece of nickel metal foam
3.2.2. Talent rolls the piece of metal foam into a cylinder.
3.3. Place the template in a glass vial or aluminum foil enclosure and pour the LCE mixture over the template until it is completely covered. [1-CU]
3.3.1. Talent places the cylinder of metal foam in a glass or foil container, and then pours the elastomer mixture over the metal foam until it is completely covered.
3.4. Allow the template to sit in the LCE mixture for 2 minutes, and then remove the excess with a pipette. [1-MED] Heat the mixture and template at 80 °C overnight. [2-MED-Over shoulder]
3.4.1. Talent inspects the template, and then pipettes off the excess.
3.4.2. Talent places the elastomer-covered template in an oven.
3.5. Then, peel away the aluminum foil or break the glass. [1-MED] Use a razor blade to remove excess LCE to expose the nickel metal template. [2-CU] Place the foam in a flask and add 70 mL of a saturated aqueous solution of iron(III) chloride. [3-MED-TXT]
3.5.1. Talent peels off the foil/carefully breaks the glass vial.
3.5.2. Talent shaves away the LCE to expose the nickel metal.
3.5.3. Talent places the foam in a flask and adds saturated FeCl3 from a labeled container. (TEXT: Caution: The reaction of FeCl3 with H2O is exothermic. Prepare sat. aq. FeCl3 solutions in a fume hood.)
Authors: I have changed this to a text overlay, since cautionary statements are generally provided by text overlay unless they involve an explicitly shown part of the protocol.
3.6. Stir the foam in the solution for three days at room temperature to dissolve the nickel template. [1-MED] Every 24 hours, stir the foam in deionized water for 30 minutes, [2-MED] and then resume stirring in a fresh iron(III) chloride solution. [3-MED-Over shoulder]
3.6.1. The foam and FeCl3 solution stirring in a labeled flask.
3.6.2. The foam stirring in DIH2O in a labeled container.
3.6.3. Talent pours out a new flask of FeCl3 and transfers the foam from the DIH2O to the new FeCl3 solution.
3.7. After the third day of stirring, perform a tactile compression test on the LCE foam. [1-MED] Resistance to tactile compression indicates that the nickel template is still present in the foam. [2-LM]
3.7.1. Talent performs a tactile compression test on a foam sample that is not entirely free of nickel to show the resistance to tactile compression.
3.7.2. Talent performs a tactile compression test on a foam sample that has been stirred in FeCl3 for three days. For this step, use author video already sent. If it is long, maybe continue the visual into 3.8? Author note: “We changed the order between 3.7.1 and 3.7.2.” – but I’m not sure how they changed it, as they didn’t alter the VO, and the second step is LM.
3.8. Elda Hegmann: The nickel template must be completely eliminated. It is important to thoroughly rinse the LCE foam in FeCl3 until it is soft to the touch when a tactile compression test is performed. [1-MED]. 
3.8.1. Talent speaks towards the camera, interview style. 
3.9. The LCE foam scaffold is now ready to be characterized and used. Once the LCE foam is soft, [1-CU-TXT] rinse it with 70 % ethanol, to sterilize it. [2-MED] [3-MED-Over shoulder]
3.9.1. Talent performs a tactile compression test on a 1x5 sample from which the nickel has been completely etched. TEXT: For biological studies, foam is cut in small pieces to be inserted in cell wells.
3.9.2. Talent rinses the LCE foam with ethanol.
3.9.3. ADDED: Talent keeps foam in 70% EtOH. Editor: I’m not sure how this shot is intended to be used, please use if obvious/possible
4. Seeding the LCE Scaffold Using Sterile Techniques and Imaging the LCE Construct
4.1. [bookmark: _GoBack]To begin the seeding procedure, wash clean, dry LCE foam scaffolds twice in 1 mL of 70% ethanol to sterilize the elastomer surfaces. [1-MED-Over shoulder] Then, irradiate the scaffolds with UV light for 10 minutes. [2-MED]
4.1.1. Talent washes elastomers in 1 mL of 70% ethanol from a labeled container.
4.1.2. The scaffolds being irradiated by UV light.
4.2. Wash the scaffolds with another 1-mL portion of 70% ethanol. [1-MED] Rinse the scaffolds with 1 mL each of sterile water and phosphate-buffered saline. [2-MED]
4.2.1. Talent washes the scaffolds in 70% ethanol.
4.2.2. Talent washes the scaffolds in sterile water and then in PBS from labeled containers.
4.3. Load the sterilized LCE scaffolds into 24-well culture plates. [1-CU] Prepare and count a suspension of the cells of interest in the appropriate cell growth medium with penicillin and streptomycin (strep-tuh-my-sin /ˌstrɛp təˈmaɪ sɪn/). [2-MED-Over shoulder]
4.3.1. Talent places the LCE scaffolds into culture plates.
4.3.2. Talent reading the hematocytometer readout. A labeled container of growth medium should be visible in shot, if possible.
4.4. Dilute the cell suspension to 1.5 x 105 cells per 100 µL using growth medium. [1-MED] Deposit a drop of diluted cell suspension on top of each LCE scaffold. [2-CU]
4.4.1. Talent combines growth medium and cell suspension in a labeled secondary container.
4.4.2. Talent places a drop of cell suspension on each scaffold in the well plate.
4.5. Incubate the seeded LCE scaffolds at 37 °C in a 5% CO2 atmosphere for 2 hours. [1-MED-Over shoulder] Add another 0.5 mL of growth medium to each scaffold and continue incubation. [2-MED]
4.5.1. Talent places the LCE scaffolds in an incubator, with the temperature/CO2 conditions visible on a readout if possible.
4.5.2. Talent adds growth medium to the scaffolds.
4.6. Every 48 hours, wash the seeded scaffolds with 1 mL of PBS [1-MED] and add fresh growth medium. [2-MED] Continue incubating the scaffolds until the cells are ready for microscopy (my-cross-kuh-pee /maɪˈkrɒs kə pi:/). [3-MED]
4.6.1. Talent washes the scaffolds with PBS.
4.6.2. Talent adds growth medium to each scaffold.
4.6.3. The scaffolds in the incubator.
4.7. Robert Clements: These smectic LCEs enable the study of clinically relevant, complex tissue constructs while promoting cell growth and proliferation. To ensure cell viability, the foam must be sterilized and the cleanliness of tissue cultures must be maintained. [1-MED]
4.7.1. Talent speaks towards the camera, interview style.
4.8. To prepare for microscopy, fix the cells on the scaffolds with a solution of 4% paraformaldehyde (pair-uh-for-mal-duh-hide /ˌpær ə fɔ:rˈmæl dəˌhaɪd/) in PBS for 15 minutes. [1-MED-TXT] Soak the samples three times in 3 mL of PBS for 5 minutes. [2-MED]
4.8.1. Talent adds PFA in PBS from a labeled container to the scaffolds. (TEXT: Caution: Paraformaldehyde is toxic, corrosive, and flammable.)
4.8.2. Talent adds 3 mL of PBS to the samples.
4.9. Place one scaffold sample in an eppendorf tube. Stain the sample with a solution of 0.1% DAPI (dap-ee /ˈdæp i:/) in 500 µL of PBS for 10 minutes. [1-MED-TXT]
4.9.1. Talent transfers a scaffold sample to an eppendorf tube and adds DAPI from a labeled container. (TEXT: DAPI: 4’,6-Diamidino-2-phenylindole)
4.10. Soak the sample twice in 1 mL of PBS for 5 minutes, [1-MED] and then immediately image the sample with confocal (con-foh-cull /kɒnˈfoʊ kəl/) microscopy. Acquire image stacks spanning the sample [2-MED-Over shoulder] and analyze the data in an image processing program. [3-MED-Over shoulder]
4.10.1. Talent adds PBS to the sample.
4.10.2. Talent at the confocal microscopy instrument computer, looking at a representative acquired image.
4.10.3. Talent looking at a representative processed image in ImageJ.
Authors: Optional protocol statements have been edited to more clearly focus on the most critical aspects of the procedure. Please review these statements (3.8 and 4.7) to ensure that they correctly describe the importance of those steps.
5. Results: 3D Spatial Cell Cultures Prepared on Liquid Crystal Elastomer (LCE) Foams
5.1. A three-arm SBC with liquid crystal moieties (moy-ih-tees /ˈmɔɪ ɪ ti:z/) was cast on a nickel foam template with HDI as the crosslinker. [1-LM] The nickel template was removed by etching to obtain the LCE foam. Compression-deformation testing was periodically performed to monitor the etching process. [2-LM]
5.1.1. Figure 2 HDI (1).png
5.1.2. Figure5_Movie.mov: 00:12-00:24
5.2. Once the nickel had been completely dissolved, the compression-deformation testing showed a 70% reduction in size when compressed. Upon releasing compression, the LCE foam consistently recovered its original size and shape. [1-LM] This behavior is attributed to the liquid crystal moieties, as similar elastomer foams lacking the cholesterol-epsilon-caprolactone moiety did not recover from compression. [2-LM]
5.2.1. Figure5_Movie.mov: 00:24-00:37
5.2.2. Figure 2 HDI (1).png: Highlight the cholesterol group (the lower part of the vertical chain up to the O) in the upper diagram and the “CL” labels in the lower diagram.
5.3. SEM (S-E-M) of the internal foam morphology (more-fall-uh-jee /mɔ:rˈfɒl ə ʤi:/) showed an interconnected network of hollow foam struts. [1-LM] The regular morphology was attributed to the structure of the nickel foam, indicating that pore size and overall shape can be controlled by selection of an appropriate metal template. [2-LM]
5.3.1. Figure 6 a.png and Figure 6 b.png: During “hollow foam struts”, highlight the yellow arrow in 6a.
5.3.2. Figure 6 a.png, Figure 6 b.png, and Figure 4 HD.png
5.4. The foam was seeded with neuroblastoma (nyou-row-blass-stow-muh /ˌnjʊər oʊ blæˈstoʊ mə/) cells, which attached to the walls of the network within 2 days. Thirty days after seeding, confocal microscopy revealed that the cells extended over 100 µm of the LCE network and had formed multiple layers dispersed throughout the elastomer foam. [1-LM] Elongation of cell nuclei was observed, and was correlated to cell alignment. [2-LM]
5.4.1. Figure 7.jpg
5.4.2. Elongated cell image requested.png
6. Conclusion (Said by you on camera. Don’t forget to smile!)
6.1. Leah Bergquist: Once mastered, this technique can be done within 3-4 weeks if it is performed properly. After watching this video, you should have a good understanding of how to design and prepare LCE cell scaffolds with specific pore sizes and morphologies.
6.2. Richard Cukelj: While attempting this procedure, it’s important to fully characterize each product and to carefully monitor cell viability and expansion. Further, proper cell staining is necessary to easily acquire confocal microscopy images.
6.3. Elda Hegmann: Following this procedure, LCEs can also be exposed to external stimuli, such as stress or magnetic or electric fields, to answer additional questions about how the anisotropic molecular ordering of the LCEs affects cell response.
6.4. Robert Clements: The implications of this technique apply to the study of disease states, as it provides a platform to dynamically test the effects of external agents on simulated disease activity and the subsequent repair process.
6.5. Marianne Prévôt: Though these smectic LCE foams can provide insight into cell-cell interactions, they can also be used with other materials, such as semiconductors or metal nanostructures.
6.6. Lindsay Pauline: After its development, this technique paved the way for researchers in biomedical fields to design long-term experimental platforms mirroring living systems.
Authors: Some statements have been moved to this section from the introduction. Some of the shorter statements have been combined to account for this. The demonstrators will perform the procedure with the usual PPE, so it does not need to be mentioned here unless additional detail (e.g. safety goggles made of a specific material) is needed. A text overlay has been added stressing that paraformaldehyde should be handled with caution.
[bookmark: ProvidedMedia]PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. Specify the step or steps where each file will be used. If the file is not based on an existing figure, please provide a short description. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Formats: For static images, we prefer .tiff, .eps, Illustrator, Powerpoint, or Photoshop files with dimensions of at least 720 x 480 pixels and 300 dpi – the higher resolution, the better. Movie files should have at minimum these dimensions and be rendered as .mov, .mp4, or .avi files.

Upload each file to your project folder: http://www.jove.com/account/file-uploader?src=16912908

Please list all images, tables, movie files, or 3D-rendered animations that have been prepared for inclusion in the video below:

Authors: List your media filenames here.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)

Back to Results

General Preparation

Please review all steps using solutions or reagents that are not prepared during the filmed protocol. It’s critical for a smooth and organized shoot that all reagents are prepared and labeled in advance and on hand at the start of filming.

For any long incubation or reaction times in your procedure, prepare the specimens or samples in advance. After filming the preparation steps, shooting will continue with the pre-prepared specimens/samples.

All tubes/flasks should be labeled neatly before we arrive. (ex. Luciferase assay done in 96-well plates has negative/positive control wells and experimental samples labeled accordingly)

Please see the email accompanying the finalized script for detailed preparation instructions. Please see JoVE’s FAQ at http://www.jove.com/author/submission-faq if you have further questions.
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