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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___NO____  (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)___NO_____ 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 by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 

1.3.6) Prior to starting a differentiation remove any pluripotent colonies that appear to contain differentiated cells, irregular borders, or transparent centers 28. Mechanically dislodge and aspirate the irregular colonies with a pipette under a laminar flow hood with a dissecting microscope.

2.6) Aspirate the Matrigel solution from the 10 cm dish prepared in step 2.1 and wash with DMEM/F12 to remove clumps. Plate the hPSCs at a 1:2 ratio onto the Matrigel plate. Add hESC-medium containing 10 μM Y-27632 dihydrochloride up to 10ml. Incubate at 37 °C overnight.  Note: The differentiation should be initiated (day 0) when the hPSCs are 80% confluent. The cells can be fed daily with hESC-medium containing 10 μM Y-27632 dihydrochloride until beginning the differentiation.

4.5) Plate 10 μl droplets close to each other (without them touching) onto the dried PO/Lam/FN 10 cm dishes. If the plate has been sufficiently dried, the droplets should have well defined edges and not run.

5.2) Passage cells once a week at a ratio of ~1:6 (plating as droplets is no longer necessary at this stage). Use Accutase to dissociate cells and wash twice with plain Neurobasal medium before re-plating in Full Melanocyte medium. Cells should continue to be maintained on PO/LAM/FN plates. 
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 to be filmed by their protocol numbers. (Please do not list an entire section.) _Maintaining the cells at the correct density_
E.  Will the filming need to take place in multiple locations? (Y/N) __NO_____ If yes, how far apart are the locations? ___________________________________________________ 

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. Experimental Goal (read by voice talent at JoVE):

The overall goal of this protocol is to differentiate human pluripotent stem cells into fully pigmented, mature melanocytes.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. SCOTT: This method can help answer key questions in melanocyte biology, such as the important factors during melanocyte development. Additionally, this platform allows for identifying genes implicated in disease, and for screening therapeutic drugs.
1.2. SCOTT: The main advantage of this technique is that a large number of pigmented melanocytes can be rapidly produced from embryonic or pluripotent stem cells, whereas patient-derived samples generally contain relatively few melanocytes.
(Note to Authors: Statements have been edited slightly for length.)

Protocol (read by voice talent at JoVE):
2. Coating of Culture Dishes
2.1. After aliquoting and freezing gelatinous protein [2.1.1-WIDE], thaw and resuspend a 1 ml aliquot in 19 ml of DMEM/F12 [2.1.2-MED/CU].
2.1.1. Establishing shot of talent at bench with reagents
2.1.2. Show talent transferring thawed aliquot of protein into DMEM/F12, pipetting up and down. If possible, show “DMEM/F12” label in frame.
2.2. Then, introduce 5 ml of this mixture onto a single 10 cm tissue culture dish [2.2.1-CU]. After preparing several such plates, proceed to incubate them for 1 h at room temperature [2.2.2-MED-over the shoulder].
2.2.1. *Film as written
2.2.2. Show talent sitting at hood, placing plates off to the side
2.3. Next, begin to prepare plates coated with PO (Pronounced: P-O), laminin, and fibronectin, by first adding PBS containing 15 μg/ml PO to a culture dish [2.3.1-CU-TXT]. Then, incubate the plates overnight at 37C in a humidified incubator [2.3.2-MED/MED-over the shoulder].
2.3.1. If possible, show “PO” Text label in frame; TEXT: PO: poly-L ornithin hydrobromide 
2.3.2. MED/MED-over the shoulder-Several shots of talent placing plate in incubator, closing door. Shot will be repeated later.
2.4. Afterwards, aspirate the solution, and wash the dishes three times with 1X PBS [2.4.1-MED]. Continue coating by adding 10 ml of PBS containing 1 μg/ml mouse laminin-I and 2 μg/ml fibronectin [2.4.2-CU]. Then, incubate the dishes as previously described [2.4.3-MED-TXT].
2.4.1. Show talent first aspirating the solution, and introducing PBS into the dish.
2.4.2. If possible, show “Laminin-I/Fibronectin” label in frame. 
2.4.3. Repeat shot 2.3.2; TEXT: Note: Plates can be left in the incubator for up to 2 weeks. 
3. Maintenance of Human Pluripotent Stem Cells (hPSCs)
3.1. To begin, add 0.1% gelatin in PBS to a 10 cm dish [3.1.1-CU], and leave it at room temperature for 5 min [3.1.2-CU]. As this plate is being coated, place frozen mouse embryonic fibroblasts or “MEFs” (Pronounced: MEF’s) in a 37C water bath to quickly thaw them [3.1.3-MED].
3.1.1. Show “0.1% Gelatin” label in frame.
3.1.2. Show talent setting timer for 5 min
3.1.3. *Film as written
3.2. Next, aspirate the gelatin from the dish, and plate MEFs at a density of approximately 50,000 cells/cm2 in DMEM supplemented with 10% fetal bovine serum [3.2.1-CU].
3.2.1. Show talent first aspirating solution from dish, then adding cells/medium to dish. If possible, show “MEFs/DMEM/Serum” label in frame
3.3. After incubating the dish overnight at 37C, aspirate the medium, and wash the prepared MEF plate with 1X PBS [3.3.1-CU].
3.3.1. Show talent first aspirating medium, then introducing PBS into plate. If possible, show “1X PBS” label in frame.
3.4. Proceed to add 10 ml of previously-prepared hESC (Pronounced: h-E-S-C) medium containing human pluripotent stem cells—abbreviated as hPSCs (Pronounced: h-P-S-C’s)—to a 10 cm dish [3.4.1-CU-TXT].
3.4.1. Show talent introducing medium into dish, with tube labeled as “hESC Medium/hPSCs” in frame. TEXT: hESC: human embryonic stem cell; See text protocol for medium composition.
3.5. After seeding cells at a density of 5 million cells per dish, incubate the plates at 37C in 5% CO2 [3.5.1-WIDE]. Proceed to feed the cells daily with 10 ml of fresh hESC medium [3.5.2-MED]. 
3.5.1. Show talent walking over to incubator, placing dish with cells into it.
3.5.2. Show talent in hood introducing medium into dish from which old/used medium has been aspirated. If possible, show “hESC Medium” label in frame.
3.6. Prior to commencing differentiation, inspect the plate for any colonies that appear to contain differentiated cells, irregular borders, or transparent centers [3.6.1-LM]. Under a dissecting microscope in a laminar flow hood, mechanically dislodge any such irregular colonies with a pipette [3.6.2-MED].
3.6.1. Irregular Colony.ai: Show entire image, initially without red arrow. When “differentiated cells” occurs in the narrative, have the red arrow appear.
3.6.2. Show talent sitting at hood, using a scraper (or desired tool) to dislodge colonies.
WE FILMED TWICE, ONCE WITH SCRAPER ONCE WITH PIPETTE. EITHER APPROACH IS CORRECT SO MAYBE BEST TO SHOW BOTH.
4. Plating hPSCs for Differentiation
4.1. To perform coating with gelatinous protein, such as Matrigel, first aliquot and freeze the protein in 1 ml parts, in order to avoid repetitive freeze thaw cycles [4.1.1-MED].
4.1.1. Show talent preparing a 1 ml aliquot of Matrigel/protein (if possible, do NOT show “Matrigel” label in frame)
4.2. Then, thaw and re-suspend a 1 ml frozen aliquot with 19 ml of DMEM/F12 [4.2.1-MED/CU]. Proceed to plate 5 ml of this mixture onto a 10 cm dish, and incubate the dishes for 1 hour at RT [4.2.2-MED].
4.2.1. Show talent introducing 1ml aliquot into tube of DMEM/F12, and pipetting up and down
4.2.2. Show talent introducing mixture into dish, moving dish off to side.
4.3. Afterwards, aspirate the gelatinous protein immediately before plating the cells and wash with DMEM/F12 [4.3.1-CU].
4.3.1. Show talent aspirating protein, washing with DMEM/F12
4.4. As this dish is being coated, select a plate where hPSCs are at approximately 80% confluency [4.4.1-LM]. Proceed to aspirate the hESC medium...and then wash the cells with PBS [4.4.2-MED]. After removing the PBS, add 3 ml of 0.05% trypsin-EDTA to the plate [4.4.3-MED/CU].
4.4.1. 80Confluency.tif: Show entire image. Scale bar/associated text can remain in image. THIS IS THE IMAGE OF CELLS PRIOR TO D0 OF DIFFERENTIATION. NOT THE hES CELLS PRIOR TO PASSAGING FOR DIFFERENTIATION.
4.4.2. Show talent aspirating medium from plate, then adding PBS to dish.
4.4.3. Show talent introducing trypsin solution into plate. If possible, show “0.05% trypsin-EDTA” label in frame.
4.5. Proceed to vigorously shake the dish horizontally for two minutes until the MEFs are observed under a microscope to begin to lift off as single cells [4.5.1-MED/CU]. During this time, expect the hPSC colonies to remain attached to the plate [4.5.2-LM].
4.5.1. Show talent moving plate with solution/cells from side to side.
4.5.2. Floating MEF.tif: Show entire image (ring of adhered cells surrounding black/cell-less space).
4.6. Proceed to aspirate the trypsin once the MEFs have lifted, but before the hPSC colonies have detached [4.6.1-MED].
4.6.1. Show talent aspirating medium
4.7. Then, to the plate add 10 ml of hESC medium containing 10 M Y-27632 (Pronounced: Y-2-7-6-3-2) dihydrochloride—a ROCK (Pronounced: rock) inhibitor [4.7.1-CU-TXT]. Afterwards, detach the cells by pipetting up and down over the colonies [4.7.2-MED/CU].
4.7.1. If possible, show “Y-27632” label in frame; TEXT: ROCK: Rho-associated coiled kinase
4.7.2. *Film as written
4.8. Next, return to the dish with the gelatinous protein, and aspirate the solution [4.8.1-MED]. Wash this dish with DMEM/F12 to remove any clumps...and into it plate hPSCs at a 1:2 ratio [4.8.2-MED/CU-TXT].
4.8.1. *Film as written
4.8.2. Show talent aspirating DMEM/F12 from dish (if possible, show “DMEM/F12” label in frame), then introducing cell solution into it (if possible, show “hPSC” label in frame); TEXT: Plating should result in approximately 100,000 cells/cm2. 
4.9. Then, to the plate add hESC medium containing 10 M Y-27632 dihydrochloride up to 10 ml [4.9.1-CU]. Incubate the cells at 37C overnight [4.9.2-MED].
4.9.1. If possible, show “Y-27632” label in frame
4.9.2. Show talent placing plate into incubator
5. Induction of Neuronal Differentiation
5.1. Feed the cells daily with ROCK inhibitor-supplemented medium [5.1.1-MED/CU]. When the hPSCs reach 80% confluency, proceed to initiate neural differentiation and designate this time point as day 0 [5.1.2-LM-TXT].
5.1.1. Show talent introducing medium into plate from which medium has been aspirated. If possible, have “Y-27632” label in frame.
5.1.2. 80Confluency.tif: Show entire image. When “day 0” occurs in the narrative, include “Day 0” text in the upper right of the image.
5.2. To commence differentiation, feed the cells on day 0 and day 1 with 10 ml of KSR (Pronounced: K-S-R) differentiation medium containing 100 nM LDN193189 (Pronounced: L-D-N-1-9-3-1-8-9)—a BMP inhibitor (Pronounced: B-M-P)—and 10 M SB431542 (S-B-4-3-1-5-4-2)—an inhibitor of activin and nodal [5.2.1-MED/CU-TXT].
5.2.1. Show talent aspirating medium from dish, then introducing new medium into plate. If possible, show “100 nM LDN/10 M SB” label in frame. TEXT: Day 0 and 1: See text protocol for KSR differentiation medium composition.
5.3. Continue on day 2 by replacing the medium with that containing the same concentrations of the BMP and activin and nodal inhibitors, plus 3 M CHIR99021 (Pronounced: chir-9-9-0-2-1)—a WNT (Pronounced: “wint”) agonist [5.3.1-CU-TXT].
5.3.1. Show medium being aspirated from dish, new medium being introduced into it. If possible, show “100 nM LDN/10 M SB/ 3 M CHIR” label in frame; TEXT: Day 2
5.4. Then, on day 3, feed the cells with KSR differentiation medium supplemented with only 10 μM SB431542 and 3 μM CHIR99021 [5.4.1-MED/CU-TXT].
5.4.1. If possible, show “10 μM SB/3 μM CHIR” label in frame; TEXT: Day 3
5.5. After preparing a mixture of 75% KSR differentiation medium and 25% N2 (Pronounced: N-2) differentiation mediumwhich also contains 3 μM of the WNT agonistfeed the cells with 15 ml of this liquid on days 4 and 5 [5.5.1-CU-TXT].
5.5.1. If possible, show “75% KSR/25% N2/CHIR” label in frame; TEXT: Days 4 and 5: See text for N2 differentiation medium composition.
5.6. Next, on days 6 and 7, feed the cells with 15 ml of medium consisting of 50% KSR differentiation medium and 50% N2 differentiation medium, which has also been supplemented with 3 μM CHIR99021, 25 ng/ml BMP4 (Pronounced: B-M-P-4), and 100 nM EDN3 (Pronounced: E-D-N-3) [5.6.1-MED/CU-TXT].
5.6.1. Show talent aspirating medium from plate, introducing new medium into dish. If possible, show “CHIR/BMP4/EDN3” label in frame; TEXT: Days 6 and 7
5.7. Then, on days 8 and 9, feed the cells with 20 ml of 25% KSR differentiation medium and 75% N2 differentiation medium, supplemented with the same concentrations of factors used on days 6 and 7 [5.7.1-MED/CU-TXT].
5.7.1. Show talent aspirating medium from dish, adding new medium to it; TEXT: Days 8 and 9
5.8. Proceed to continue with neural differentiation on day 10 by feeding the cells with 20 ml of N2 differentiation medium containing 3 μM CHIR99021, 25 ng/ml BMP4, and 100 nM EDN3 [5.8.1-MED/CU-TXT].
5.8.1. If possible, show “N2/CHIR/BMP4/EDN3” label in frame; TEXT: Day 10
6. Replating in Droplets for Neural Crest Specification
6.1. On day 11, aspirate the solution from dishes previously coated with PO, laminin-I, and fibronectin [6.1.1-MED]. Then, leave the plates uncovered in a tissue culture hood for approximately 10-15 min, allowing them to dry completely [6.1.2-MED].
6.1.1. *Film as written
6.1.2. Show talent moving plates—without lids, and from which solution has been removed)—to back of tissue culture hood
6.2. Proceed to remove the medium from the day 11 cells...and wash them with PBS [6.2.1-CU]. Then, add 4 ml of cell detachment solution to the dish [6.2.2-MED/CU], and incubate it at 37C for 25 min [6.2.3-WIDE]. 
6.2.1. Show talent aspirating medium from cells, then introducing PBS into the plate
6.2.2. MED/CU-multiple shots of talent adding detachment solution to dish. If possible, show “Detachment Solution” label in frame. Shot will be repeated later.
6.2.3. Show talent walking over to incubator, placing dish into it
(Note to Authors: Specific references to Accutase have been removed from the script, as this term is trademarked.)
6.3. Following incubation, add 5 ml of full melanocyte medium to the dish [6.3.1-MED-TXT], and resuspend the cells by manually pipetting up and down until they have lifted off the plate [6.3.2-CU].
6.3.1. If possible, show “Full Melanocyte Medium” label in frame; TEXT: See text protocol for composition of full melanocyte medium.
6.3.2. Show talent pipetting medium/cells up and down several times in dish
6.4. Transfer the suspension to a 15 ml tube [6.4.1-CU], and spin the cells down for 5 min at 200 x g [6.4.2-MED]. After counting cells using trypan blue exclusion and a hemocytometer, resuspend them in full melanocyte medium at a density of 2 x 106 cells/ml [6.4.3-CU].
6.4.1. *Film as written
6.4.2. Show talent placing tube into centrifuge, closing lid of centrifuge
6.4.3. Show talent resuspending cells in tube. If possible, show “Full Melanocyte Medium” label in frame.
6.5. Plate 10 l droplets of the cell suspension onto the dried, coated dishes [6.5.1-CU]. Ensure that the droplets are close to one another—but not touching—have well-defined edges, and do not run [6.5.2-LM].
6.5.1. Show talent pipetting drop of medium into dish in which there are already several other drops
6.5.2. Droplet Crop.tif: Show entire image (pink dots of medium in dish).
6.6. To allow the cells to adhere, let the droplets stand at room temperature for 10-20 min [6.6.1-CU]. Afterwards, slowly add 10 ml of full melanocyte medium to the dish, being careful not to disturb the attached cells [6.6.2-CU]. Then, move the dish to the incubator [6.6.3-WIDE].
6.6.1. Show talent setting timer for ~20 minutes
6.6.2. *Film as written
6.6.3. Show talent walking over, placing dish in incubator
7. Expanding melanocyte progenitors
7.1. Feed the cells every 2-3 days with full melanocyte medium [7.1.1-CU], and expect to observe pigmentation in clusters of cells by the end of the first week [7.1.2-MED-over the shoulder].
7.1.1. Show talent introducing medium into plate from which liquid has been aspirated. If possible, show “Melanocyte Medium” label in frame.
7.1.2. Show talent observing plate under microscope.
7.2. Once a week, passage cells by first dissociating them with cell detachment solution as previously described [7.2.1-MED/CU]. After collecting and centrifuging the cells, wash them twice with plain Neurobasal medium [7.2.2-CU]. 
7.2.1. Repeat shot 6.2.2
7.2.2. Show talent introducing medium into tube with cell pellet, pipetting cells/pellet up and down. If possible, show “Neurobasal Medium” label in frame.
7.3. Then, replate the cells at a ratio of 1:6 in full melanocyte medium on dishes coated with PO, laminin-I, and fibronectin [7.3.1-CU-TXT].
7.3.1. *Film as written; TEXT: Note: At this stage, droplets are no longer necessary.
7.4. [added] Around 30 days of differentiation, the cells will appear deeply pigmented, which is easily visualized when plated at high density, or pelleted when passaging [FOOTAGE OF BOTH TAKEN]. 
7.4.1. FULL DESCRIPTION WAS DESCRIBED BY TALENT INTO THE CAMERA MICROPHONE.

8. Results: Derivation of Mature Melanocytes from hPSCs Using a Feeder-Free Method
8.1. Shown here is a bright field image of cells from a transgenic pSOX10:GFP human embryonic stem cell line cultured until day 11 of the described differentiation protocol—before cells are replated. Evident in these cultures are dark, defined ridges of cells [8.1.1-LM].
8.1.1. JoVE Figure 1B with Arrow.ai: Show full image (brightfield image of cells, with dark areas), but initially without the arrow. Also include “Day 11” text onscreen. When “dark ridges” occurs in the narrative, include the red arrow pointing to one of the darker areas in the culture onscreen.
8.2. When these cultures were assessed for GFP signal, the dark ridges were enriched for SOX10+ cells. As SOX10 is a transcription factor upregulated by neural crest stem cells and maintained in melanoblasts, these results suggest that by day 11, this differentiation method enriched for cells that will eventually give rise to melanocytes [8.2.1-LM].
8.2.1. JoVE Figure 1 20150807.pdf: Show panel C (SOX10/green fluorescence in cells), but without the “C” text. The “SOX10” text, scale bar/associated length can remain in the panel. Also include “Day 11” text onscreen.
8.3. As evidence of this, by day 20 of the protocol, cultures contain unpigmented, maturing, and fully mature, pigmented melanocytes [8.3.1-LM]. At day 25, the same types of cells are observed in cultures [8.3.2-LM].
8.3.1. JoVE Figure 2 20150807.pdf: Show panel B, but without the B text; include “Day 20” text onscreen. Scale bar and associated length can remain in the panel. 
8.3.2. JoVE Figure 2 20150807.pdf: Show panels C and E (in same orientation as the figure, with C above E) but without the “C” and “E” text. Scale bars/associated lengths can remain in the panels. Include “Day 25” text onscreen.
8.4. [bookmark: _GoBack]The presence of maturing and pigmented melanocytes in these preparations are confirmed through staining with two melanin production proteins: TYRP2 (Pronounced: T-Y-R-P-2,), which serves as a marker of both melanoblasts and melanocytes; and TYRP1, which is a late stage melanocyte marker only expressed here in pigmented melanocytes [8.4.1-LM].
8.4.1. JoVE Figure 2 20150807.pdf: Continue from above. Have C/E slide over to left of screen. Then, next to them have panels D and F appear (in the same orientation, with D above F), but without the “D” and “F” text. All other text/scale bars can remain in the panels. When “TYRP2” occurs in the narrative, highlight the “TYRP2” panel (on the upper right of the screen). Then, when “TYRP1” occurs in the narrative, highlight the panel on the lower right (labeled as TYRP1).

9. Conclusion (said by authors on camera)
9.1. Scott: Once mastered, this protocol can be employed to differentiate human pluripotent stem cells into mature, pigmented melanocytes in 25 days. The protocol mimics normal human development, as the cells proceed through a neural crest and then melanoblast intermediate.
(Note to the Authors: The above statement has been edited to conform to the length restrictions.)

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.  

There will be four images in addition to the images in the results section. I will collect images next week and send them over.

1) image of irregular, differentiated hES colonies
2) 80% confluent hES on matrigel to indicate start of differentiation
3) MEFs floating with hES still attached to start differentiation
4) Droplets on PO/LAM/FN

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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