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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  

Can you record movies/images using your own microscope camera? N
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: Nikon Eclipse TS100
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? N 

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. (Please do not list entire sections.) 3.1.1, 3.1.2, 3.2.1, 3.2.2, 3.2.3
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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. (Please do not list entire sections.) 3.2.1, adding basal membrane matrix to plate must be rapid, using pre-cooled tips, to avoid unintentional polymerization. 
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? N
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Bao: The O9-1 cell line is a very useful tool for studying neural crest cells in vitro, with a great potential for use in a wide range of applications in various fields of research [1-MED].
1.1.1. Named author states the above, looking slightly off to the side. Interview style.
1.2. Bao: O9-1 cells have obvious advantages such as easy access and obtaining sufficient cell numbers for experiments, making it a powerful method complementary to in vivo studies of neural crest cells [1-MED].  
1.2.1. Named author states the above, looking slightly off to the side. Interview style. 

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
N/A

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
N/A

D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
N/A

Protocol: (read by voice talent at JoVE)
2. O9-1 Cell Culture
2.1. To begin, prepare basal media for O9-1 cell culture according to the text protocol [1-MED]. Then, filter the basal media [2-CU]…and wrap it in foil to protect it from the light [3-CU]. 
2.1.1. Talent places a labeled container of media on the lab bench. 
2.1.2. Talent passes the media through a filter. 

2.1.3. Talent wraps the media container in foil. 

2.2. After this, collect conditioned basal media from inactivated STO cells according to the text protocol [1-MED].

2.2.1. Talent places a labeled container of conditioned basal media on the lab bench. 
3. Recovery of O9-1 Cells
3.1. First, thaw an aliquot of basement membrane matrix on ice for 2 hours [1-MED]. Then, dilute the basement membrane matrix with filter-sterilized D-M-E-M with 10% F-B-S to a final concentration of 0.5 milligrams per milliliter [2-CU].
3.1.1. Talent places the basement membrane on ice. Videographer: Obtain multiple takes, this is repeated. 
3.1.2. Talent adds DMEM to the basement membrane matrix. 

3.2. Coat the plate with the basement membrane matrix at room temperature for 1 hour [1-CU]. Then, aspirate the basement membrane matrix while tilting the plate [2-CU]. Dry the plates at 37 degrees Celsius for 30 minutes [3-CU].
3.2.1. Talent adds the basement membrane matrix to the plate. Videographer: Obtain multiple takes, this is repeated.
3.2.1.1. Added shot: Talent agitates the plate to make sure the whole plate is evenly covered with basement membrane matrix. 

3.2.2. Talent tilts the plate while aspirating the basement membrane matrix.

3.2.3. Talent places the plate in the incubator to dry. 

3.3. Bao: When adding the basement membrane matrix to the plate, make sure the solution cover the well evenly to maintain cell characteristics and avoid unnecessary variations between experiment [1-MED].

3.3.1. Named author states the above, looking slightly off to the side. Interview style. 

3.4. Recover O9-1 cells by placing a cryovial into a 37 degrees Celsius water bath [1-MED]. Slowly swirls the vial until the solution completely turns to liquid [2-CU].

3.4.1. Talent places a cryovial into the water bath. 

3.4.2. Talent swirls the vial until the solution turns to liquid. Videographer: After the solution turns to liquid, the protocol must progress rapidly to the next step. 

3.5. After this, transfer the cell solution from the cryovial to a 15-milliliter centrifuge tube [1-CU]. Add 5 volumes of D-M-E-M with 10% F-B-S to the tube to resuspend the cells [2-CU].

3.5.1. Talent transfers the cell solution (obtained in previous step) to a centrifuge tube. 

3.5.2. Talent adds DMEM with FBS to the centrifuge tube.

3.6. Centrifuge the cells for 3 minutes at 180 g’s [1-MED]. Then, aspirate the supernatant, taking care not to disturb the pellet [2-CU]. 

3.6.1. Talent places the tube into the centrifuge, shuts the lid, and starts the spin. 

3.6.2. Talent aspirates the supernatant. Show detail of the pellet remaining undisturbed while the talent removes the supernatant. 

3.7. Next, resuspend the pellet in conditioned basal media supplemented with L-I-F and b-F-G-F [1-CU-TXT].

3.7.1. Talent adds supplemented basal media to the pellet and taps the tube to resuspend the pellet in the liquid. TEXT: Count cells with a hemocytometer

3.7.1.1. Added shot: Talent agitates the plate to ensure cells are seeded evenly throughout the plate.

3.8. Seed the cells in a 6-well plate [1-CU-TXT]… and allow the cells to attach and grow in a standard cell culture incubator overnight [2-MED].
3.8.1. Talent pipets the cells into a 6-well plate. TEXT: 10,000 – 15,000 cells/cm2; 100,000 cells/well. Videographer: Obtain multiple takes, this is repeated.
3.8.2. Talent places the plate into a cell culture incubator. Videographer: Obtain multiple takes, this is repeated.
3.9. Ensure the cells are attached [1-LM]… before changing the media [2-CU-TXT].

3.9.1. Video editor: show Figure 2 – an example of what healthy, attached cells look like.
3.9.2. Talent changes the medium in the plate. TEXT: Change media the day after O9-1 cell recovery
4. Passage of O9-1 Cells
4.1. When the O9-1 cells reach 80% confluency, thaw the basement membrane matrix [1-MED]… and prepare a basement membrane matrix-coated plate as described previously [2-CU]. Then, add basal media supplemented with L-I-F and b-F-G-F to the membrane matrix [3-CU-TXT].
4.1.1. Use 3.1.1.

4.1.2. Use 3.2.1.

4.1.3. Talent adds supplemented basal media to the basement membrane matrix. TEXT: See text for alternate methods

4.2. Gently rinse the wells with 2 milliliters of D-P-B-S twice [1-CU]. Then, dissociate the cells with 1 milliliters of 0.05% trypsin-E-D-T-A at 37 degrees Celsius for 3 minutes [2-MED].

4.2.1. Talent rinses the wells of the plate with DPBS once. 

4.2.2. Talent adds trypsin EDTA to the plate. 

4.3. Neutralize the trypsin with an equal amount of D-M-E-M with 10% F-B-S by repeatedly pipetting the liquid over the whole surface of the well [1-CU].
4.3.1. Talent pipets DMEM with FBS over the surface of the wells of the plate. 

4.4. Then, transfer the cell solution to a centrifuge tube [1-CU]… and centrifuge for 3 minutes at 180 g’s [2-MED]. Aspirate the supernatant without disturbing the pellet of cells [3-CU].
4.4.1. Talent transfers the cell solution to a centrifuge tube.

4.4.2. Talent places the tube into the centrifuge. 

4.4.3. Talent pipets the supernatant out of the tube. 
4.5. Next, resuspend the cell pellet by gently pipetting conditioned basal media supplemented with L-I-F and b-F-G-F [1-CU-TXT]. Seed the cells to the coated plate as described previously [2-CU].
4.5.1. Talent pipets the media over the pellet gently to resuspend it. 

4.5.2. Use 3.7.1.

4.6. Then, allow the cells to attach and grow in a standard cell culture incubator [1-MED].

4.6.1. Use 3.7.2.

5. Freezing of O9-1 Cells

5.1. First, prepare the 2x freezing media according to the text protocol [1-MED]. Then, filter-sterilize the media [2-CU-TXT].

5.1.1. Talent places a container of labeled 2x freezing media on the lab bench. 

5.1.2. Talent passes the media through a filter. TEXT: Media must be made the day it is used

5.1.3. Talent places the media in the freezer. TEXT: Freeze cells until 80% confluency

5.2. Rinse the wells of the plate with D-P-B-S twice, pipetting gently to avoid losing cells [1-CU]. Next, dissociate the cells with 0.05% trypsin-E-D-T-A at 37 degrees Celsius for 3 minutes [2-CU] … and neutralize the trypsin with an equal amount of 10% F-B-S in D-M-E-M [3-CU].
5.2.1. Talent rinses the wells of the plate once with a pipette. 

5.2.2. Talent adds trypsin-EDTA to the plate. 

5.2.3. Talent adds FBS solution to the plate. 

5.3. Transfer the contents of the plate to a centrifuge tube [1-CU]… and centrifuge for 3 minutes at 180 g’s [2-MED]. Then, aspirate the supernatant and add 2 milliliters of P-B-S to resuspend the pellet [3-CU].

5.3.1. Talent uses a pipette to transfer the liquid from the plate to a centrifuge tube. 

5.3.2. Talent places the tube into the centrifuge and shuts the lid. Videographer: Obtain multiple takes, this is repeated.
5.3.3. Talent removes the supernatant and adds PBS to the tube and taps the tube to resuspend the pellet. 

5.4. Centrifuge the cell solution once more [1-MED]… and aspirate the supernatant [2-CU]. Adjust the amount of basal media in the tube as needed and add an equal amount of 2x freezing media [3-CU].

5.4.1. Use 5.3.2.

5.4.2. Talent removes the supernatant from the tube. 

5.4.3. Talent adds basal media and freezing media to the tube. 

5.5. Next, transfer the cells to labeled cryovials [1-CU]. Place the cryovials inside of a polystyrene box with a lid to achieve a slow cooling rate of -80 degrees Celsius for 24 hours [2-CU].
5.5.1. Talent uses a pipette to transfer the cells to labeled cryovials. 

5.5.2. Talent places the cryovials into a box and then places the lid onto the box. 
6. Manipulation of O9-1 Cells and Differentiation of O9-1 Cells into Osteoblasts
6.1. To perform s-i-R-N-A knockdown in O9-1 cells, recover and seed the cells [1-CU-TXT].
6.1.1. Talent seeds cells in a 6-well plate. TEXT: Grow cells to 60 – 80% confluency

6.2. Dilute liposomes in an appropriate volume of serum free media [1-CU]. Then, dilute s-i-R-N-A in serum free media according to the text protocol [2-CU].
6.2.1. Talent dilutes liposomes in serum free media. 

6.2.2. Talent dilutes siRNA in serum free media. 

6.3. After this, add the diluted s-i-R-N-A to the diluted liposomes according to the manufacturer’s instructions [1-CU]. Mix the solution by pipetting and incubate [2-MED].

6.3.1. Talent adds the siRNA to the liposomes. 

6.3.2. Talent pipettes the solution and places it in the incubator. Talent mixes the solution and incubates the mixed solution at room temperature for 5 minutes. 
6.4. Next, add an appropriate volume of s-i-R-N-A-lipid complex to the cells [1-CU]. Then, incubate the cells for 24 hours in a standard cell culture incubator [2-MED].
6.4.1. Talent adds siRNA-lipid complex to the cells. 

6.4.2. Use 3.7.2.

6.5. Prepare the osteogenic differentiation media according to the text protocol [1-MED]. Finally, detect osteocalcin, an osteoblast marker, in differentiated osteoblasts by immunostaining [2-CU].
6.5.1. Talent places the labeled osteogenic differentiation media container onto the lab bench.

6.5.2. Talent adds the osteogenic differentiation media to the 6-well plate. 
7. Results: Yap-null Cells Fail to Differentiate into SMA-positive Smooth Muscle Cells
7.1. In this protocol, knockdown experiments to study the effects of Yap and Taz loss-of-function in O9-1 cells were performed [1-LM].
7.1.1. Figure 3 

7.2. Most wild-type O9-1 cells gave rise to SMA-positive smooth muscle cells [1-LM]. Yap-null cells, however, generally failed to differentiate into SMA-positive smooth muscle cells [2-LM]. This indicates that Yap plays a critical role in the differentiation of neural crest cells into smooth muscle cells [3-LM].

7.2.1. Figure 5A: Video editor: This shows wild-type O9-1 cells. Arrows indicate SMA-positive cells. Emphasize some of the SMA-positive cells when VO references them. 
7.2.2. Figure 5B: Video editor: This shows Yap knockdown cells. Arrows indicate SMA-positive cells. Emphasize the SMA-positive cell.
7.2.3. Figure 5A and 5B: Video editor: Arrows indicate SMA-positive cells. Emphasize that 5A has more SMA-positive cells than 5B.
8. Conclusion (said by authors on camera)

8.1. Bao: While attempting this procedure, it’s important to remember to handle the O9-1 cell line gently and carefully during the entire process. Make sure to dilute and use the basal membrane matrix properly and use 0.05% trypsin for cell dissociation [1-MED].
8.1.1. Named author states the above, looking slightly off to the side. Interview style. Video editor: Use representative footage from 3.1 and 3.2.
8.2. Bao: Don't forget that during the preparation before O9-1 cells culture, working with Mitomycin C can be extremely hazardous and precautions such as wearing a lab coat and gloves should always be taken while performing this procedure [1-MED].  
8.2.1. Named author states the above, looking slightly off to the side. Interview style. 

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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