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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No.   
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps. 
· Steps 3a.5 – 3a.8

· Steps 4.8 – 4.10
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
· The most difficult aspect of this procedure is producing a high quality PUA master mold.  The best way we’ve found the ensure success is to be vigilant about removing any bubbles in the PUA solution while rolling and to drop dispense only enough to just cover the entire surface area.  Having too much excess can lead to problems with nanopattern generation further along with the process.
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 produce biomimetic cell culture substrata to engineer the structure and function of macroscopic cardiac tissues. (Intro)
This is accomplished by first fabricating a silicon master with the desired topographic architecture by deep reactive ion etching. (P1)
Video editor or author, please find a diagram/ photo of “deep reactive ion etching” for P1.
The second step is to transfer the desired topographic pattern from the silicon master to a PUA (Text overlay: PUA: polyurethane acrylate) mold using UV-assisted capillary force lithography. (P2)
Video editor, use A for P2.
Next, the PUA mold is used as a template to fabricate cell culture substrata out of various polymeric materials depending on the desired application via (Video editor, add B, C, D, and text “UV-Assisted CFL”) UV-assisted or (Video editor, add E, F, G, H, and text “Solvent-Mediated  CFL”) solvent-mediated capillary force lithography. (P3)
The final step is to plate either primary or stem cell-derived cardiomyocytes onto the nanopatterned cell culture substrata for subsequent analysis. (P4)
Video editor, add the cartoon in the center with the text “Aligned Cardiomyocytes”.
Ultimately, bright field and immunofluorescence microscopy are used to show changes in cell morphology and contractile protein arrangement within the cardiomyocytes. (P5)
Video editor, please use LAB_MEDIA: 50039_Kim_Figure 4 for P5.
P1
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Jesse Macadangdang:  The main advantage of this technique over existing methods, such as micro-contact printing, is that capillary force lithography produces nanopatterned substrata that can induce structural alignment of cardiac tissue monolayers without relying on cell proliferation or migration.
1.2. Jesse Macadangdang:  Though this method can provide insight into the structure-function relationship of cardiac tissue, it can also be applied to other systems, such as cancer mechanobiology to study the impact of matrix topography on the migration.

Protocol (read by voice talent at JoVE):

2. Fabrication of PUA mold from silicon master
2.1. Begin this procedure by cleaning the silicon master surface with 100% ethanol or xylene and drying under O2/N2 gas.  Next, place the silicon master pattern side up in a Petri dish.
2.1.1. MED-over the shoulder:  Talent cleans the silicon master surface with 100% ethanol or xylene.
2.1.2. MED-over the shoulder:  Talent dries the silicon master under O2/N2 gas.

2.1.3. CU:  The silicon master as it is placed pattern side up in a petri dish.

2.2. For a silicon master with a 2 cm x 2 cm surface pattern, pipette 40 µL of PUA to it.  Then, place a sheet of 4 cm x 4 cm transparent polyester (Text overlay: PET: poly(ethylene terephthalate)) film over the dispensed PUA.  Press down on the PET (spell out as letters) sheet and spread the PUA underneath the sheet across the pattern face using a roller or flat edged surface so that the entire pattern is covered by the PUA prepolymer.
2.2.1. MED-over the shoulder:  Talent pipettes 40 µL of PUA to a silicon master.

2.2.2. CU:  A transparent polyester film as it is placed over the dispensed PUA.  Text overlay: PET: poly(ethylene terephthalate).
2.2.3.  MED-over the shoulder:  Talent presses down on the PET sheet and spreads the PUA underneath the sheet across the pattern face.
2.3. Then, place the silicon master, prepolymer, and PET approximately 10cm below a 20 Watt (Text overlay: 115V) UV light (Text overlay: (= 365 nm) for 50 seconds.  After curing, remove the PET film slowly with forceps.  PUA should attach to the PET film with a negative of the silicon master nanopattern.  Subsequently, cure the PUA/PET nanopatterns under UV for at least 12 hours prior to use.
2.3.1. MED-over the shoulder:  Talent places the silicon master, prepolymer, and PET approximately 10cm below a 20 Watt UV light.  Text overlay: 115V.  Text overlay: (= 365 nm.

2.3.2. MED-over the shoulder:  Talent removes the PET film slowly with forceps.

2.3.3. CU:  The PET film with the silicon master nanopattern as it is removed with PUA. 
2.4. To clean the silicon masters, place another film of PET on top of the master without the addition of PUA.  Expose it to the UV light (Text overlay: ( = 365 nm) for 50 seconds and remove the PET film.  Then, rinse the silicon master with 100% ethanol or xylene and dry under O2/N2 gas.
2.4.1. MED-over the shoulder:  Talent places another film of PET on top of the master without the addition of PUA.
2.4.2. CU:  The master as it is exposed to the UV light.  Text overlay: ( = 365 nm.

2.4.3. MED-over the shoulder:  Talent rinses the silicon master with 100% ethanol or xylene. Reuse the shot from 2.1.1.
3. Nanopatterning polyethylene glycol hydrogel polyurethane polymer
3.1. In this procedure, treat 18mm diameter circular glass slides by placing them in an ozone chamber for 10 minutes. Next place the slides on blocks of PDMS to temporarily secure them for easy handling. (Text Overlay: 10 minutes in ozone environment.)
3.1.1. MED-over the shoulder:  Talent places the glass slides in piranha solution.  Text overlay: 3:1 ratio of H2SO4 to H2O2. accompanying shot 3.1.1 showing Talent placing the glass slides in the ozone chamber.
3.1.2. MED-over the shoulder:  Talent air dries the glass slides. 

(shot 3.1.2 showing Talent placing the slides in the dish on blocks of PDMS)
3.1.3. MED:  Talent places the glass slides in an oxygen plasma machine. 

3.2. Next, apply a layer of glass primer to the surface of the glass slide.  Allow the primer to air dry for 30 minutes.
3.2.1. MED-over the shoulder:  Talent treats the glass slides with 10 mM 3(acryloxypropyl) trichlorosilane in anhydrous toluene.  Talent paints the glass slides on PDMS blocks with glass primer.
3.2.2. CU:  The glass slides as they are rinsed with toluene.

3.2.3. MED:  Talent air dries the glass slides.

3.3. Now, place the glass slides on a piece of printer paper.  Drop 10 μl of polyurethane pre-polymer (Text overlay: PEG: polymers polyethylene glycol PU: polyurethane) to the center of each glass slide and make sure no bubbles are generated.  
3.3.1. MED-over the shoulder:  Talent places the glass slides on a piece of printer paper.

3.3.2. CU:  The glass slides as PEG-DA 258 PU pre-polymer is dropped to the center of each of them.  Text overlay: PEG: polymers polyethylene glycol PU: polyurethane.
3.4. Then, place the PUA mold, pattern face down, onto the glass slide.  Disperse the PU pre-polymer uniformly across the surface of the glass slide by rolling a rubber cylinder roller along the PUA mold; the printer paper will absorb the polymer overflow.  Afterward, UV-cure them for 60 seconds under a 20 Watt UV lamp.  
3.4.1. MED-over the shoulder:  Talent places the PUA mold, pattern face down, onto the glass slide.

3.4.2. CU:  The glass slide as the PEG-DA PU pre-polymer is dispersed uniformly across its surface.
3.4.3. MED:  Talent places the glass slides under the UV lamp.
3.5. Subsequently, remove the sample from the UV light source and carefully peel the PUA mold from the PU coated glass slide.  Polymerization of the PU is considered complete when the PUA mold peels cleanly away from the sample and the PU glass slide has an iridescent appearance.  Then, place the samples in a desiccator for storage for as long as a month.
3.5.1. MED-over the shoulder:  Talent peels the PUA mold from PEG-DA PU coated glass slide.
3.5.2. CU:  The PEG-DA PU glass as it shows an iridescent appearance.

3.5.3. MED:  Talent places the samples in desiccator.
4. Cell seeding and culture
4.1. Now, attach ANFS (Text overlay: ANFS: anisotropically nanofabricated substrata) coverslips to a 35 mm tissue culture polystyrene dish.  Pipette 20 µL of NOA (Text overlay: Norland Optical Adhesive) to the bottom of the dish.  Gently place the NP-PU (Text overlay: NP: nanopatterned) coverslip on top of the NOA and allow the glue to spread out and cover the entire coverslip bottom.  After that, cure NOA by exposing the dish to UV for 10 min.
 For 4.1, everything is there and relatively unchanged, just a little rearranged to make it agree with lab reality. VO is unchanged.
Sequence of events:
Pipette NOA into the dish
Pick up the ANFS circular glass coverslip
Place the ANFS circle down onto the drop of NOA
Take the assembly away and expose to UV
4.1.1. MED-over the shoulder:  Talent attaches ANFS coverslips to a 35 mm tissue culture polystyrene dish.  Text overlay: ANFS: anisotropically nanofabricated substrata.
4.1.2. MED-over the shoulder:  Talent pipettes 20 µL of NOA to the bottom of the dish.  Text overlay: Norland Optical Adhesive.

4.1.3. CU:  The NOA as the NP-PEG -PU coverslip is placed on top of it.  Text overlay: NP: nanopatterned.
4.1.4. CU:  The NOA as it is exposed to UV.

4.2. Next, sterilize the NP substrata by rinsing it twice with 2 mL of 70% aqueous ethanol solution, each for 5 min.  Remove the ethanol by aspiration.  Allow the ANFS to completely air dry for about 1 hour under the UV sterilization lamp in the biological safety cabinet.
4.2.1. MED-over the shoulder:  Talent rinses NP substrata with ethanol.

4.2.2. MED-over the shoulder:  Talent removes the ethanol by aspiration.

4.2.3. MED:  Talent places ANFS under UV sterilization lamp in the biological safety cabinet.
4.3. To enhance the cellular adhesion, coat the ANFS in fibronectin overnight by first diluting the fibronectin in DI water to 5 µg/mL.  Next, pipette 2 mL of fibronectin solution into a dish.  Then, place the ANFS in the incubator at 37 degree Celsius and 5% CO2 overnight.
4.3.1. MED-over the shoulder:  Talent dilutes the fibronectin in DI water.

4.3.2. CU:  The dish as 2 mL of fibronectin solution is pipetted into it.

4.3.3. MED:  Talent places ANFS in the incubator.
4.4. Obtain NRVMs (Text overlay: NRVMs: neonatal rat ventricular myocytes), hESC-CMs (Text overlay: hESC-CMs: H7 human embryonic stem cell-derived cardiomyocytes), or other cardiac cells of interest.  Centrifuge the cell sample at 1,000 rpm for 3 min to pellet the cells.  Carefully remove the supernatant by aspiration and make sure not to disturb the pellet.
4.4.1. MED:  Talent pointing at/ showing the cells of interest.  Text overlay: NRVMs: neonatal rat ventricular myocytes.  Text overlay: hESC-CMs: H7 human embryonic stem cell-derived cardiomyocytes.  
4.4.2. MED:  Talent places the cell sample in centrifuge.

4.4.3. MED-over the shoulder:  Talent removes the supernatant by aspiration.
4.5. After that, resuspend the cells in culture media to a concentration of 4.6x106 cells/mL.  Carefully pipette 200 µL of cell suspension onto the sterilized ANFS and make sure the cell suspension remains on the coverslip.
4.5.1. MED-over the shoulder:  Talent resuspends the cells in culture media.

4.5.2. MED-over the shoulder:  Talent pipettes 200 µL of cell suspension onto the sterilized ANFS.
4.6. Next, place the cells in the incubator at 37 degree Celsius and 5% CO2 for 4 hours to allow the cells to attach to the ANFS.  Then, add 2 mL of additional warm culture media to the dish and place the cells in the incubator again under the same conditions.
4.6.1. MED:  Talent places the cells in the incubator.

4.6.2. MED-over the shoulder:  Talent adds 2 mL of additional warm culture media to the dish.

4.6.3. CU:  The cells as they are placed in the incubator.
4.7. After 24 hours, remove the media and wash with 2 mL of DPBS twice to remove excess cells.  After that, add 2 mL of warm culture media to the dish.  Place the cells in an incubator under the same conditions, and culture the cells to confluence; replace media every other day.  
4.7.1. MED-over the shoulder:  Talent wishes the cells with 2 mL DPBS.

4.7.2. MED-over the shoulder:  Talent adds 2 mL of warm culture media to the dish.

4.7.3. MED:  Talent places the cells in incubator.
5. Results:   Capillary force lithography for cardiac tissue engineering
5.1. This figure shows the representative bright field images of NRVMs after 7 days of culture and hESC-CMs after 48 hours of culture.  (Video editor, highlight Figure 3B,D) NRVMs and hESC-CMs on the NP surfaces (Video editor, add red double heads arrows) show obvious structural anisotropy and alignment, whereas (Video editor, highlight Figure 3A,C) cardiomyocytes on unpatterned surfaces are randomly oriented.  

5.1.1. LAB_MEDIA:  50039_Kim_Figure 3

5.2. Immunohistochemical analysis highlights the impact of the nanotopography on cell cytoskeletal alignment. Actin microfilaments (Text overlay: F-actin) and α-sarcomeric actinin in cells cultured on the ANFS become aligned along the nano-ridges but remain randomly distributed in cells on unpatterned substrata.
5.2.1. LAB_MEDIA:  50039_Kim_Figure 4
6. Conclusion (said by authors on camera)

6.1. Jesse Macadangdang:  While attempting this procedure, it’s important to remember to sterilize the substrata after production and prior to seeding cells, as contamination can be a big problem.

6.2. Jesse Macadangdang:  After its development, this technique paved the way for researchers in the field of cardiovascular biology to explore cardiac maturation in stem cell-derived cardiomyocytes.

6.3. Jesse Macadangdang:  After watching this video, you should have a good understanding of how to produce biomimetic cell culture substrata via capillary force lithography for cardiac tissue engineering applications.

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.
( 2011, Journal of Visualized Experiments


