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*Authors, please fill out part C and D of the questionnaire below for the videographer. Make sure the step numbers reflect those in this document and not the submitted manuscript.
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   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)___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 steps using the step numbers listed in this document. ___________________________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.___________________________

E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? _____2 km apart____ 
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 perform surface modification of a cell-culture scaffold using the photocatalytic activity of titanium dioxide. (Intro)
This is achieved by depositing a thin layer of titanium dioxide onto a glass coverslip and then coating it with an octadecylsilane to render the whole surface hydrophobic. (P1: Start by showing a plane glass surface with label as shown in the overview images and dissolve in the titanium dioxide (TiO2) layer when mentioned and add the label. Next, add the OTS SAM coating as shown along with the label when “octadecylsilane” is mentioned.)
As a second step, the substrate is blocked by immersing it in cell culture medium containing serum albumins.  The albumin adsorbs to the surface and makes it non-permissive to cell adhesion. (P2: Have the sample from the end of p1 appear as if floating amidst a bunch of pink ovals which symbolize the albumin as shown in the overview.  Then, have the albumin slowly attach to the OTS SAM surface.  With the last sentence, have cells like the PC12 cells shown in the later step approach the albumin surface, but bounce off of it.)  
Next, the sample is transferred to an aqueous solution containing collagen, and a focused UV light is then used to irradiate the surface. This allows collagen molecules to adsorb selectively to the photo-irradiated region and renders the region permissive to cell adhesion.  (P3: Add a number of “collagen” molecules to the screen so the sample appears immersed in it.  When the UV light is mentioned, add the pink light so it goes through the surface and removes the OTS SAM and albumin in a small region as shown.  Then, have the collagen molecules absorb to the surface with the words “allows collagen molecules to adsorb selectively”. With the words “permissive to cell adhesion” add images of the cells and have a few attach to the collagen on the patterned region.)
This process can be repeated in order to pattern multiple proteins or cell types. (P4: Show the last to frames of the overview where a cell is attached to the previously patterned region, then add the UV light again and show another protein binding to the coated surface.)
We show in this video how the adhesive region of PC12 cells can be selectively modified via UV-irradiation. (P4: Figure 4)
Schematic was uploaded as “fig - overview (1).pptx”
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B.  Interview: (Said by you on camera. Don’t forget to smile!)   
1.1. Yamamoto: We first had the idea for this method, when we realized that titanium dioxide photocatalysis is commercially applied as self-cleaning glass windows that remove organic contaminants on the surface upon light irradiation.

1.2. Tanii: Demonstrating the procedure will be Kohei Sekine, a grad student 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. Preparation of Titanium Dioxide-coated Glass Coverslip

2.1. Start by numbering the coverslips using a diamond scriber in a way that assists in ensuring the correct side of the sample is facing up. Then, clean the coverslips, first under running double distilled water, then by immersing them in piranha solution for 10 minutes
2.1.1. MED: Talent numbers the coverslips. 

2.1.2. MED: Talent places the coverslips in the piranha solution. (TEXT: Piranha Solution: H2SO4:H2O2 = 4:1). 
2.2. After 10 min, rinse the coverslips 8 times in double distilled water and dry them under nitrogen flow.  
2.2.1. MED: Talent removes the coverslips from the bath and rinses them with di water.

2.2.2. CU: Talent dries the coverslip under nitrogen.
2.3. Next, set a titanium oxide target into a radio-frequency sputtering system and then attach the clean coverslips onto the sample holder using a polyimide tape. 
2.3.1. ADDED: Wide shot of the equipment. MED: Talent inserts target into RF system. (We just filmed a shot that shows the target set in the sputtering chamber.)
2.3.2. CU: Talent attaches coverslips to the sample holder.

2.4. Place the sample holder in the sputtering chamber and evacuate the chamber until the pressure reaches 2.0×10-4 Pa. Next, introduce argon gas into the chamber and set the deposition pressure to 4.0 mTorr. 
2.4.1. CU: Talent sets sample in the chamber and secures it in place.

2.4.2. CU: With the pressure showing 2.0×10-4 Pa, talent introduces argon into the chamber at 4 mTorr
2.5. While keeping the shutter closed, gradually increase the RF power to 70 W.  Then, open the shutter and sputter for 15 min to obtain a film with a thickness of 120-150 nm.  
2.5.1. CU: Talent increases power to 70W and then opens the shutter.
3. Surface Coating with Cell-repellent Film

3.1. Begin by drying a glass beaker and forceps in an oven at 120 °C for 30 minutes.

3.1.1. MED: Talent places items in an oven as described.

3.2. Next, place the coverslips into a plasma reactor and treat the titanium dioxide surface with oxygen plasma for 5 minutes at 200 W with an oxygen flow of 100 sccm (pronounced: standard cubic centimeter/minute) to create a more hydrophilic surface.
3.2.1. MED: Talent places coverslips into plasma reactor. (Filmed by authors)
3.2.2. CU: Talent initiates plasma within reactor. (Filmed by authors)
3.3. Then, remove the samples and immerse them in double distilled water to confirm that the surface is super-hydrophilic and dry the surface thoroughly under nitrogen flow.
3.3.1. CU: Talent removes the samples. (Filmed by authors)
3.3.2. CU: Talent places the samples in ddh20 and then pulls it out showing how hydrophilic the surface is.

3.3.3. CU: Talent dries sample under nitrogen flow.
3.4. Next, move the samples, the dried beaker, and forceps into a nitrogen filled glove bag and prepare a 1 mM solution of octadecyltrichlorosilane dissolved in toluene. 
3.4.1. MED: Talent adds items to the glove bag.

3.4.2. CU: Talent prepares solution.

3.5. Immerse the sample in the solution for 1 hour at room temperature to form a self-assembled monolayer on top of the titanium oxide.
3.5.1. CU: Talent adds coverslips to solution.
3.6. Then, remove any physisorbed molecules by sonicating the sample in toluene… acetone… ethanol… and finally double distilled water for 5 min each. Then, rinse the sample four times in fresh double distilled water and dry the surface under nitrogen flow. 
3.6.1. MED: Talent places sample in beaker of solvent and turns on sonicator.

3.6.2. MED: Talent removes sample from first beaker and places into a 2nd beaker, then starts sonicator again. (Please use the retake version, one using the stainless steel tray.)
3.6.3. CU: Talent rinses the sample in dI water.
4. Ex-situ Surface Patterning

4.1. Sterilize the coated coverslips by immersing the samples in 70% ethanol for 5 minutes. Then rinse the samples twice in sterile double distilled water.
4.1.1. MED: Talent places the samples under 70% ethanol

4.1.2. CU: Talent rinses samples in water.
4.2. Next, place the sample in a 35-mm dish, and add 2 ml of PC12 (pronounced P-C-twelve) growth medium. Incubate the samples for at least 3 hours in a CO2 buffered incubator at 37°C while the serum albumins in the media absorb onto the surface of the coverslips.
4.2.1. CU: Talent places samples into dishes and covers them with media.

4.2.2. MED: Talent places samples into the incubator.
4.3. While waiting, set up the inverted fluorescence microscope by first turning on the arc lamp. Then, insert the UV filter cube and rotate the objective lens to one with 20x magnification. 
4.3.1. MED: Talent walks over to microscope and turns on arc lamp.

4.3.2. CU: Talent inserts the filter cube

4.3.3. CU: Talent rotates objective lens to the 20x lens
4.4. Measure the light intensity using a UV-intensity meter and calculate the irradiation time for a dose of 200 J/cm2.  Next, use a stage micrometer and set the diameter of the region to be irradiated to 200 µm by adjusting the field diaphragm.  
4.4.1. CU: Talent places UV meter in line with light and measures the intensity.

4.4.2. CU: Talent places micrometer on stage, then looks through optics and adjusts the field diaphragm.
4.5. After the 3 hr incubation, supplement the medium covering the coverslips with 200 µl of 3.0 mg/ml type-4 collagen.
4.5.1. MED: Talent removes coverslips from incubator

4.5.2. CU: Talent adds collagen to the media.
4.6. Then, transfer the 35-mm dish to the microscope stage and focus the microscope onto the sample surface using the scratch marks.  Irradiate an area of the coverslip with UV-light at a dose of 200 J/cm2. 
4.6.1. MED: Talent places the dish onto the stage, looks through the optics and focuses on the sample.

4.6.2. SCREEN: Screen capture as talent aligns the sample.

4.6.3. CU: Show sample as it is being irradiated.
4.7. Then, replace the medium with 2 ml of fresh growth medium, with NGF and without type 4 collagen, and place the sample back in the incubator.
4.7.1. MED: Talent replaces the growth medium.

4.7.2. MED: Talent places sample back into incubator.
5. Cell Culture and In-situ Surface Patterning

5.1. Harvest cultured NGF-differentiated PC12 cells in a 15 ml conical tube and centrifuge the tube at 150 × g for 4 minutes.  Then, aspirate the supernatant, and add 1 ml of the growth medium.  Resuspend the cells by gently pipetting up and down.
5.1.1. MED: Talent removes cells from plate and places them in a 15-ml tube.

5.1.2. MED: Talent places the tube in the centrifuge and starts it with the conditions listed above showing.

5.1.3. CU: Talent aspirates the supernatant and then adds growth media and resuspends cells.
5.2. Using a hemocytometer, count the cell density and add 3.0×105 cells to a 35-mm dish containing the modified coverslips. Incubate the dish for 1-2 days in a 5% CO2 incubator at 37 °C. 
5.2.1. CU: Talent adds cell mixture into hemocytometer.

5.2.2. CU: Talent seeds cells onto the modified coverslip.

5.2.3. MED: Talent covers the dish and places it in the incubator.
5.3. After 1-2 days of culture on the ex-situ modified surface, use a microscope to confirm that the cells are attaching and growing only on the UV-irradiated region of the coverslips.  
5.3.1. MED: Talent looks at cells through microscope.

5.3.2. SCREEN: Screen capture as talent confirms cells are attached to the correct areas.
5.4. Then, add 67 ul of type 4 collagen to the dish with the cultured cells so that the final concentration of collagen is 100 µg/ml. 
5.4.1. MED: Talent removes cover from dish and draws up collagen solution. 
5.4.2. CU: Talent adds collagen to the dish.
5.5. With the microscope set up for surface patterning, place the dish on the microscope stage and position the irradiation region adjacent to the current cell location.  Irradiate the coverslip with UV light at a dose of 200 J/cm2.  
5.5.1. MED: Talent positions plate on microscope stage.

5.5.2. SCREEN: Screen capture showing talent positioning plate.

5.5.3. CU: Coverslip is irritated with UV light.
5.6. After irradiation, replace the medium with one devoid of collagen and place the sample back in the incubator. Try to complete processing of a single sample within 30 minutes. 
5.6.1. MED: Talent removes media from coverslip and adds fresh media.(TEXT: Caution: Be extremely careful when moving the sample to prevent cell detachment.)
5.6.2. MED: Talent places the sample back into the incubator.
6. Results: Surface Modification Enhances Protein based Cell Adhesion
6.1. This is a cross-sectional scanning electron microscopy image of the sputter-deposited titanium dioxide film. From the observation, the thickness of the film was estimated to be approximately 150 nm. Also noticeable here is the flatness of the deposited TiO2 film. [7.1.1 - LM]
6.1.1. Figure 2a (Video Editor: Emphasize the TiO2 label and double sided arrow with the words “Thickness of the film”. Add arrows pointing to the top surface of the sample with the last sentence.)

6.2. Further analysis by atomic force microscopy revealed that the root-mean-square roughness of the surface was only 0.2 nm.[7.2.1 - LM]
6.2.1. Figure 2b
6.3. The type 4 collagen in solution adsorbs preferentially to the UV-irradiated region when the albumins are displaced by the laser [7.3.1 - LM]. To demonstrate the versatility of this approach, other proteins, such as fibronectin, have also been patterned using the same technique. [7.3.2 - LM] 
6.3.1. Figure3a (Video Editor: Draw a red octagonal shape outlining the green region)

6.3.2. Figure 3b (Video Editor: Draw a red octagonal shape outlining the green region)
6.4. Here, cells are growing on the ex-situ patterned region of the coverslip and right next to them, in the area defined by the dotted line, the coverslip was recently UV-irradiated in situ and coated with type 4 collagen. [7.4.1 - LM]  Over the next 5 days, cells proliferate and migrate to cover the newly coated region.[7.4.2 - LM]
6.4.1. Figure 4a (Video Editor: Highlight the region within the octagon when it is mentioned.)

6.4.2. Figure 4b-d (Video Editor: Overlay the images and show them in order for a few seconds each, ending with Figure 4d.  Add labels to the images “2 Days” for 4b, “3 Days” for 4c, and “5 Days” for 4d) 
7. Conclusion (said by authors on camera) 
7.1. Yamamoto: The procedure presented here can be employed to arbitrarily manipulate cells under culture and, potentially, to pattern multiple types of cells to construct elaborate co-culture systems.  
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.
7.1.1 – 110k_1.tif   




1280 x 960 px2
7.2.1 – fig2B.png




1222 x 360 px2
7.3.1 – Fl-ColIV dose200_3.png


768 x 768 px2
7.3.2 – Fn-rhod.png




455 x 455 px2
7.4.1 – 0h 10x.png




1344 x 1024 px2 (should be trimmed)

7.4.2 – 2d 20x.png, 3d 20x.png, 5d 20x.png

1344 x 1024 px2
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.
( 2013, Journal of Visualized Experiments


