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[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Y 
Can you record movies/images using your own microscope camera? (Y/N) Y
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) N
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps 2.3, 2.6, 2.7, 2.8, 2.12, 2.13
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
Steps 2.3, 2.8
2.3: Make sure the water is heated to more than 60 °C by hot plate. Make sure no visible P-IA is observed and the solution becomes clear after 1 h stirring on a hot plate. 
2.8: Adding the crosslinking solution should be gentle. The P-IA film is fragile.
[bookmark: Introduction]E.  Filming: Will filming need to take place in multiple locations? (Y/N) N

1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (Spoken by voice talent at JoVE.)

The overall goal of this experiment is to prepare either unmodified or oligopeptide- (oll-ih-go-pep-tide /ɒlˌɪ goʊˈpɛp taɪd/) or extracellular-matrix-grafted polyvinyl-alcohol-co-itaconic-acid (it-uh-kawn-ik /ˌɪt əˈkɒn ɪk/) hydrogels with the optimal elasticity for culturing and passaging (pass-uh-jing /ˈpæs ə ʤɪŋ/) stem cells. (Intro)

1.0. This experiment is being performed in the laboratory of Professor Akon Higuchi. [1-LM]
1.0.1. Professor Higuchi portrait: Figure 57314_Higuchi_2017_Portrait Video editor: The authors requested to have Professor’s figure, since he couldn’t be there for the shoot. Ryan said it’s OK.

B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  

1.1. Akon Higuchi: This method can help answer key questions in the stem cell research field about long-term culture of stem cells under xeno-free conditions. Not sure who spoke since Higuchi wasn’t there.
1.2. Tzu-Cheng Sung: The main advantage of this technique is that it provides a platform to investigate the effect of hydrogel elasticity on stem cell differentiation into specific lineages.
[bookmark: _GoBack]D. Introduction of Demonstrator (Said by you on camera. Don’t forget to smile!)
1.3. Chih-Hsien Pan: Demonstrating the procedure will be me, Jia-Sin Yang, and Yeh-Chia Tseng, grad students from Professor Higuchi’s laboratory.
1.3.1. Chih-Hsien Pan speaks towards the camera, interview style
1.3.2. Jia-Sin Yang looks up from a microscope and acknowledges the camera.
1.3.3. Yeh-Chia Tseng looks up from the workbench and acknowledges the camera.

E.  Ethics Title Card (For human subjects or animal work. Does NOT count toward the introduction word limit.)
1.4. Procedures involving animal subjects have been approved by the Taiwan Landseed Hospital (IRB-13-05) and the National Central University at Cathay General Hospital.

[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. Polyvinyl Alcohol-Co-Itaconic Acid (P-IA) Hydrogel Dish Preparation and Grafting
2.1. To begin the procedure, place 20 g of P-IA (P I-A) and 200 mL of ethanol in a 500-mL conical flask. [1-MED] Stir the mixture for 24 to 30 hours, replacing the ethanol every 8 to 10 hours. [2-MED]
2.1.1. Talent adds ethanol to the pre-weighed P-IA in a flask.
2.1.2. With the flask already on a stir plate and containing a stir bar, talent starts the mixture stirring.
2.2. Collect the purified P-IA on a Büchner (byeu-hner /ˈby: çnər/ (Ger.) /bjyu: hjnər/) funnel. [1-MED] Dry the P-IA under vacuum at room temperature for 24 hours. [2-CU]
2.2.1. Talent pours washed P-IA into a Büchner funnel set up on a vacuum flask.
2.2.2. The P-IA drying in a vial/flask under vacuum.
2.3. Next, over the course of 15 minutes, slowly dissolve 50 mg of purified P-IA in 100 mL of ultrapure water. [1-MED-TXT] Heat the solution to above 60 °C, and stir for 1 hour. [2-CU] Confirm that the solution has become clear before proceeding. [3-CU-TXT]
2.3.1. Talent adds a small amount of purified P-IA from a 50-mg sample to 100 mL of ultrapure water and waits for the P-IA to disperse. (TEXT: Use 0.5 wt% P-IA instead for rheometry measurements.)
2.3.2. Talent adds the last small portion of purified P-IA to the ultrapure water and starts heating the P-IA solution.
2.3.3. A clear P-IA solution stirring on the hot plate. (TEXT: Caution: Do not heat above 95 °C to avoid explosive boiling.)
2.4. Then, turn off the heat. Allow the P-IA solution to cool to room temperature on the cooling hot plate while stirring. [1-MED-Over shoulder] Continue stirring the solution at room temperature for 48 hours. [2-MED]
2.4.1. Talent turns off the hot plate heat and leaves the clear solution stirring on the hot plate.
2.4.2. Talent checks that the solution has reached room temperature, and then leaves it stirring.
2.5. Then, leave the P-IA solution undisturbed at room temperature for 20 to 24 hours to ensure that visible air bubbles are not present in the solution. [1-MED]
2.5.1. Talent turns off the stir motor and observes the solution as stirring stops.
2.6. Next, dispense 1 mL of the P-IA solution into each of eight 35-mm tissue-culture-treated dishes. [1-MED] Dry the dishes in an oven at 45 °C for 2 days [2-MED-Over shoulder] to produce P-IA films in the dishes. [3-CU]
2.6.1. Talent draws up 1 mL of the P-IA solution and dispenses it into a 35-mm dish.
2.6.2. Talent removes a dish from the oven.
2.6.3. Talent shows the P-IA film in the dish to the camera.
2.7. Next, add to 10 mL of ultrapure water 100 µL of a high-purity aqueous (ey-kwee-uhs /ˈeɪ kwi: əs/) 25% glutaraldehyde (glue-tuh-ral-duh-hide /ˌglu təˈræl dəˌhaɪd/) solution, 2 g of sodium sulfate, and 100 µL of sulfuric acid. [1-MED] Stir the mixture well to obtain the crosslinking solution. [2-CU]
2.7.1. Talent draws up 100 µL of the glutaraldehyde solution and adds it to the ultrapure water.
2.7.2. With all reagents having been added to the ultrapure water, talent starts the mixture stirring or vortexing (whichever is normally used).
2.8. Gently add 1 mL of the crosslinking solution to each dish, [1-MED] being careful not to damage the fragile P-IA films. [2-CU]
2.8.1. Talent draws up 1 mL of the crosslinking solution from a labeled container.
2.8.2. Talent adds 1 mL of the crosslinking solution to a P-IA dish.
2.9. Leave each film immersed in the crosslinking solution for 0.5, 1, 2, 4, 6, 12, 24, or 48 hours to obtain the hydrogels. [1-MED] Rinse each hydrogel with 1 mL of ultrapure water after its crosslinking period. [2-MED]
2.9.1. One or more P-IA dishes sitting in the workspace, each containing 1 mL of crosslinking solution.
2.9.2. Talent rinses one hydrogel dish with 1 mL of ultrapure water.
2.10. Sterilize each hydrogel by immersion in an aqueous 75% ethanol solution for 1 minute. [1-MED] Rinse each sterilized hydrogel with ultrapure water six times. [2-MED]
2.10.1. Talent adds 75% EtOH to a hydrogel dish.
2.10.2. Talent rinses the sterilized hydrogel with 1 mL of ultrapure water at least twice.
2.11. Cover the hydrogels in fresh ultrapure water, place the lids on the dishes, and store the hydrogel dishes in a clean area until ready for activation and grafting. [1-MED]
2.11.1. Talent places one or more covered dishes (with the hydrogels under ultrapure water) in a clean storage area.
2.12. Next, activate each sterilized hydrogel by immersion in 1 mL of an aqueous solution containing 10 mg/mL each of EDC (E-D-C) and NHS (N-H-S) [1-CU-TXT] either for 1 hour at 37 °C or 4 hours at 4 °C. [2-MED]
2.12.1. Talent draws up 1 mL of the activation solution and gently adds it to the sterilized hydrogel. (TEXT: Activation solution: 10 mg/mL N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (EDC), 10 mg/mL N-hydroxysuccinimide (NHS))
2.12.2. Talent places the hydrogel with activation solution in the incubator/refrigerator.
2.13. Then, rinse each activated hydrogel with 1 mL of pH 7.2 phosphate-buffered saline three times. [1-MED] Immerse each hydrogel in 1 mL of a solution of either oligopeptides or ECMs (E-C-ems) in PBS (P-B-S) [2-CU-TXT] for 24 hours at 4 °C. [3-MED-Over shoulder]
2.13.1. Talent rinses the activated hydrogel with PBS.
2.13.2. Talent gently adds the grafting solution to the hydrogel. (TEXT: 100-1,500 µg/mL oligopeptides or 10-100 µg/mL extracellular matrices (ECM) in 1 mL PBS; All PBS used is pH 7.2)
2.13.3. Talent places the hydrogel with the grafting solution in a refrigerator.
2.14. Finally, wash each hydrogel with 1 mL of ultrapure water three times after grafting is complete. [1-MED]
2.14.1. Talent rinses a grafted hydrogel with 1 mL of ultrapure water at least once.
3. Passaging of Undifferentiated Human Embryonic Stem (ES) and Human Induced Pluripotent Stem (iPS) Cells on Hydrogels
3.1. Use standard methods to culture human ES (E-S) or iPS (I-P-S) cells on a membrane matrix in 6-cm culture dishes until near-confluent (con-floo-ent /ˈkɒn flu ənt/). [1-MED-Over shoulder]
3.1.1. Talent places one or more 6-cm culture dishes containing ES or iPS cells at near-confluence in the workspace.
3.2. Then, incubate the cells in DMEM/F12 (dee-mem F-twelve) supplemented with 2.0 mg/mL of dispase II (dis-pace two /ˈdɪs peɪs/) at 37 °C for 8 to 10 minutes. [1-MED-Over shoulder-TXT] Rinse the cells twice with DMEM/F12. [2-MED]
3.2.1. Talent adds DMEM/F12 medium with 2.0 mg/mL dispase II to a 6-cm culture dish of ES or iPS cells. (TEXT: Incubate at 37 °C for 8-10 min)
3.2.2. Talent rinses the cells with DMEM/F12.
3.3. Add 2 mL of DMEM/F12 to each culture dish and detach weakly-adherent colonies with a pipette or cell scraper. [1-CU] Collect the cells in 15-mL centrifuge tubes and centrifuge the cells at 160 x g for 5 minutes at 37 °C. [2-MED-Over shoulder]
3.3.1. Talent adds 2 mL DMEM/F12 to the dish and uses a pipette or cell scraper to detach weakly adherent colonies.
3.3.2. Talent places a centrifuge tube containing the cell mixture in a centrifuge.
3.4. Discard the supernatant and resuspend the cells in 1 mL of xeno-free (zee-no /ˈzi: noʊ/) 8-component medium. Count the cell density in the suspension. [1-CU]
3.4.1. With the supernatant already having been removed, talent adds E8 medium to the pelleted cells and gently resuspends the cells.
3.5. Then, obtain culture dishes or multi-well plates containing sterilized P-IA hydrogels grafted with either oligopeptides or ECMs. [1-MED-TXT]
3.5.1. Talent places hydrogel culture dishes or multi-well plates in the workspace. (TEXT: Hydrogel preparation and grafting solution volumes for 6-well plates: 1 mL; for 12-well plates: 600 µL)
3.6. Load the appropriate volumes of the cell suspension onto the hydrogels. Passage the cells on grafted P-IA hydrogels until 80% confluent the desired number of times. [1-MED-TXT]
3.6.1. Talent adds the cell suspension to the hydrogel dishes/wells. (TEXT: 1-5 x 104 cells/cm2 for passaging)
4. Characterization of the Expression of Pluripotency Proteins by Immunostaining
4.1. To begin the immunostaining (immuno-staining) process for a 24-well plate of passaged (pass-ejd /ˈpæs əʤd/) human ES or iPS cells on grafted hydrogels, add 0.5 mL of 4% paraformaldehyde (pair-uh-for-mal-duh-hide /ˌpær ə fɔ:rˈmæl dəˌhaɪd/) by volume to each well. [1-MED] Incubate the cells at 4 °C for 15 minutes to fix the cells. [2-MED-Over shoulder]
4.1.1. Talent adds 0.5 mL 4% paraformaldehyde to 2 wells of the 24-well plate.
4.1.2. With paraformaldehyde now in every well, talent places the 24-well plate in a refrigerator.
4.2. Aspirate the paraformaldehyde solution from the wells. [1-MED] Add 1 mL of PBS to each well and aspirate the PBS. Perform this PBS rinse three times in total. [2-CU]
4.2.1. Talent aspirates the paraformaldehyde solution from a well.
4.2.2. Talent adds 1 mL of PBS to a well and aspirates it.
4.3. Then, add 0.5 mL of 0.3% octoxynol-9 (ock-toh-zy-nol nine /ˌɒk təʊˈzaɪ nɒl/) by volume in PBS to each well. [1-MED] Incubate for 30 minutes at room temperature. [2-CU]
4.3.1. Talent adds 0.5 mL 0.3% Triton X-100 to a well.
4.3.2. The plate resting at room temperature, with 0.3% Triton X-100 in every well.
4.4. Aspirate the octoxynol-9 solution, add 300 µL of 2% BSA (B-S-A) in PBS to each well, and incubate for another 30 minutes at room temperature. [1-MED-Over shoulder]
4.4.1. With the Triton X-100 having been replaced with BSA in all but one well, talent aspirates 0.3% Triton X-100 from one well, replaces it with 300 µL of 2% BSA, and sets the plate aside to incubate.
4.5. Aspirate the 2% BSA solution from the cells and add the primary antibodies. [1-CU] Incubate the cells for 1 day at 4 °C. [2-MED-Over shoulder-TXT]
4.5.1. Talent adds the primary antibodies to one well.
4.5.2. With every well filled with the primary antibody solutions, talent places the plate in a refrigerator. (TEXT: See text for more information about antibody solutions.) 
4.6. Then, aspirate the primary antibody solutions and wash the cells with 300 µL of 0.05% polysorbate 20 (paul-ee-sore-bait twenty /ˌpɒl i:ˈsɔr beɪt/) in PBS three times. [1-MED] Add 300 µL of secondary antibodies specific to the primary IgG (I-G-G) subtype in 2% BSA to each well. [2-MED]
4.6.1. Talent washes one well with Tween-20.
4.6.2. Talent adds the secondary antibody solutions to one well. 
4.7. Incubate the cells for 1 hour at room temperature in the absence of light. [1-MED] Finally, wash the cells with 300 µL of 0.05% polysorbate 20 in PBS three times in the dark. Image the stained cells with fluorescence microscopy (my-cross-kuh-pee /maɪˈkrɒs kə pi:/). [2-MED-Over shoulder]
4.7.1. With every well filled with the secondary antibody solutions, talent places the plate in a dark storage area.
4.7.2. Talent looks at a representative fluorescence microscopy image (on a computer) of cells passaged in a 24-well plate.
5. Results: Human ES and iPS Cell Pluripotency on Conventional Dishes and Hydrogel Dishes
5.1. P-IA hydrogels crosslinked for 24 hours and grafted with vitronectin-derived (vih-tro-neck-tin /ˌvɪ troʊˈnɛk tɪn/) oligopeptides supported cultures of human ES and iPS cells for at least 10 to 20 passages. [1-LM] Human ES cells cultured on commercially-available coated dishes were found to be more easily differentiated at the edges of the colonies. [2-LM] Differentiated cells were not observed on the hydrogels, indicating that human ES cells maintained their pluripotency (plooer-ih-poe-tn-see /ˌplʊər ɪˈpoʊ tn si:/). [3-LM]
5.1.1. Figure 3 (57314_Higuchi_Figure 3.tif): Highlight 3Aa-c and 3Ba-b. (See FIG 3.tif for panel labels.)
5.1.2. Figures 2A and 2C (57314_Higuchi_Figure 2A and 2C.tif)
5.1.3. Figures 2B and 2D (57314_Higuchi_Figure 2B and 2D.tif)
5.2. Pluripotency proteins were satisfactorily expressed on human ES cells cultured on hydrogels grafted with three different vitronectin-derived oligopeptide designs for 10 passages. Satisfactory expression was also observed on recombinant (ree-kom-bih-nuhnt /ri:ˈkɒm bɪ nənt/) vitronectin-coated dishes. [1-LM] Similar results were observed for human iPS cells. [2-LM]
5.2.1. Figure 3A (57314_Higuchi_Figure 3A.tif)
5.2.2. Figure 3B (57314_Higuchi_Figure 3B.tif)
5.3. Both human ES and iPS cells differentiated into cells derived from all three germ layers after cultivation on P-IA hydrogels and on recombinant vitronectin-coated dishes for at least 10 passages. [1-LM]
5.3.1. Figures 4B and 5B (57314_Higuchi_Figure 4B.tif and 57314_Higuchi_Figure 5B.tif)
5.4. Human ES cells cultivated on hydrogels grafted with vitronectin-derived oligopeptides were injected into NOD (nod) mice. The harvested teratomas (terr-uh-toe-muhz /ˌtɛr əˈtoʊ məz/) exhibited cells originating from all three germ layers, indicating that pluripotency is maintained in vivo (in vee-vo /ɪn ˈvi: voʊ/). [1-LM]
5.4.1. Figures 6Ab-d and 6Bb-d (57314_Higuchi_Figure 6Ab-d.tif and 57314_Higuchi_Figure 6Bb-d.tif)

6. Conclusion (Said by you on camera. Don’t forget to smile!)
6.1. Tzu-Cheng Sung: Following this procedure, methods like medium screening can be performed to answer additional questions, like the effect of culture material on stem cell differentiation and proliferation.
6.2. Chih-Hsien Pan: After its development, this technique paved the way for researchers in the field of stem cell cultivation to explore tissue or organ regeneration in regenerative medicine.
6.3. Tzu-Cheng Sung: Once mastered, this technique can be done in 4 days if it is performed properly.
6.4. [bookmark: _Hlk479076977]Yeh-Chia Tseng: After watching this video, you should have a good understanding of how to prepare the P-IA hydrogel dishes both with and without ECM.
6.5. Tzu-Cheng Sung: While attempting this procedure, remember to set up a clean environment for preparing P-IA hydrogel dishes.
6.6. Jia-Sin Yang: Don’t forget that working with ethanol, hot water, and sulfuric acid can be extremely hazardous. The appropriate lab coat, gloves, and protective glasses should always be worn while performing this procedure.

[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. 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

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .tiff, .png, .eps, .ai, .psd, .pdf
Preferred movie formats: .mov, .mp4, .avi

If figures or tables were created as .xlsx files, please provide those as well.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17480818

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· 5.1.1 – 57314_Higuchi_Figure 3
· 5.1.2 – 57314_Higuchi_Figure 2A and 2C
· 5.1.3 – 57314_Higuchi_Figure 2B and 2D
· 5.2.1 – 57314_Higuchi_Figure 3A
· 5.2.2 – 57314_Higuchi_Figure 3B
· 5.3.1 – 57314_Higuchi_Figure 4B
· 5.3.2 – 57314_Higuchi_Figure 5B
· 5.4.1 – 57314_Higuchi_Figure 6Ab-d
· 5.4.1 – 57314_Higuchi_Figure 6Bb-d


General Preparation

It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. All tubes, flasks, and plates should be clean, dry, and neatly labeled.

If your procedure includes long incubation, reaction, heating, or calculation times, prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Please contact your script editor if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
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