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A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)? I will use a dissection microscope but an enlargement of my culture plate will be enough to show what I’m doing 
B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? no 

C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) from 2.2-2.7  and from 4.1 to 4.7
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  
High efficiency of infection (checking efficiency by immunostaining and RNA is essential) and good quality of infected hESC-colonies grown on mefs (Fig.1C)

E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations) NO (it will be stem cell culture room and my bench)
Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to generate myospheres - EB-like structures composed of skeletal muscle cells - from human embryonic stem cells. (Intro)  This is accomplished by reprogramming the cells by lentiviral infection of Baf60c. (P1)  The second step of the procedure is to infect the same cells with a second virus, the MyoD lentivirus. (P2) The infected cells are then induced to form EB-like aggregates for five days in serum-based culture medium. (P3) Then, the EB medium is exchanged for a serum-free differentiation medium and the aggregates are grown for two more weeks into myospheres. (P4)  Ultimately, immunofluorescence is used to visualize sections of OCT embedded aggregates. (P5)
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Video editor:

P1 – Start with just the blue cells in the dish.  Next, bring in the word “BAF60C” and move it over the cells from above, it should become transparent above the cells, but remain legible.  Third, flash the lightning bolt over the dish – add a flash to the screen.  Have the word “BAF60C” then split into five words and each shrinks and fades into one of the five cells.

P2 – Same as P1, but word is now “MyoD”.

P3 – Fade the provided graphic of three bunched up circles.  Keep the EB Medium title below the cells.  Put the day counter in the corner.  Have it go from 0 to 5 days in 1 day increments.

P4 – Slide the EB Medium title out and slide in the DM Medium title in.  Now, make the small bunches sort of stretch and grow into the shape and color of the bunches for the P4 graphic, while the day counter clicks up from 5 to 20 days.  (15 days is written in the provided graphic, but that isn’t including the previous 5).

P5 – Fade out the bunched balls and titles and fade in the provided image for P5.

1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1
Sonia Albini: The main advantage of this technique is the high yield direct generation of skeletal muscle cells, that unlike derivation from mesenchymal or mesodermal progenitors, does not require FACS-sorting and is therefore compatible with 3D culture systems.

Protocol Chapters (read by a voice talent at JoVE):
2. Infection Procedure

2.1. The day before the infection, to hESCs in 6-well plates, add hES Cell Cloning & Recovery Supplement to the medium at one-thousand-X, for a final concentration of 2 µM.
2.1.1. WID: talent arrives to hood with cell plate
2.1.2. MED: takes aliquots of supplement and adds them to each well of plate, show how the supplement is mixed into the media.
2.2. The next day, infect the hESCs with high titer BAF60C-GFP lentivirus.  First, dissociate a well of cells into a single-cell suspension by adding 1 ml of TrypLE and incubating the plate for five minutes. (TEXT: 5 min, 37 °C)
2.2.1. WID: talent appears as though it is the “next day” – at bench/hood taking aliquot of trypsin 
2.2.2. MED: adding Trypsin aliquot to plate, show clearly labeled bottle on bench
2.2.3. WID: moving the plate to the incubator
Authors prepare to make many subtle changes in wardrobe to help the “day” progress over this multi-day procedure – get creative!  Even simple lab coat content changes work.
2.3. Then, collect and transfer the suspension to a 15-ml tube.  Add 9 ml of the prepared medium and spin the cells down at 1200 rpm for five minutes. 
2.3.1. MED: at bench with plate of cells, takes content of dishes in plate and moves them to 15-ml tube with pipette – next, takes aliquot of medium and adds that to tube as well
2.3.2. WID: loading the tube into the centrifuge and starting the spin cycle
2.4. While waiting, to a milliliter of mTESR1, add polybrene at a 6 micrograms/milliliter final concentration and the hESC recovery supplement at 2 µM.
2.4.1. MED: at bench, takes aliquot of mTESR1, adds beads and adds supplement – three stock bottles all clearly labeled and present on bench
2.4.2. CU: mixing up the prepared solution
2.5. Then, resuspend the cells in this solution and transfer them to a single well of a 6-well, low-attachment plate.
2.5.1. MED: returns to bench carrying tube, removes supernatant and ejects into waste, then adds the prepared solution (above)
2.5.2. CU: mixing the cells into solution
2.6. Now, add the concentrated BAF60C virus at a multiplicity of infection of 100 million.
2.6.1. MED: aliquot of virus taken and added to the cell suspension, show any mixing done, if any (virus stock will probably be too small to read label of, but show talent dialing in the proper volume on pipettor) (tube containing virus and tips used for virus discarded into a 10% bleach falcon tube).
2.7. Incubate the plate for 3 hours with the virus, then, collect the cells and divide them into two matrigel-coated plate wells.  To each well, add 2 ml of mTESR1 with 2 µM supplement and, then, incubate the cells overnight at 37 ºC.
2.7.1. WID: loading tube into the incubator, then starting timer and magnetically attaching it to the incubator
2.7.2. MED: at bench, arrives with tube of cells and divides content to two matrigel-coated wells (matrigel removed before adding medium). Next, takes 2 ml aliquots of supplemented mTeSR1 media and adds them to each plate, swirls into cells
2.7.3. WID: leaving the bench with the plates to the incubator, following
2.8. The next day, replace the media with the fresh media.  The cells will appear already clump.

2.8.1. WID: “next day” attire - at hood, replacing media in plates
2.9.2 [moved] LAB MEDIA: Figure 2B
2.9. After 48 hours from the onset of the infection check the fluorescence to evaluate the infection efficiency.

2.9.1. WID: talent setting cells under the microscope to check their fluorescence

2.9.2. [moved] LAB MEDIA: Figure 2B 

2.10. Continue the daily media changes, until the cells are at 80% confluence.  Then, dissociate the cells and add MyoD virus to the cells using the same protocol.

2.10.1. WID: talent at bench, loading pipette with TrypLE and showing MyoD virus tube + tubes of polybrene hESC supplement
2.10.2. MED: adding pipette content to plate, then repeating by adding TrypLE to second plate  
3. Culturing the Infected Cells
3.1. Maintain the infected cells with daily medium changes until they reach 80% of confluence. The day before this growth point, plate MEFs on matrigel-coated plates at one thousand cells per square centimeter.
3.1.1. WID: talent at hood, preparing to plate MEF cells

3.1.2. MED: adding MEF cells to Matrigel plate (aspirate matrigel off the plate and replace with mefs-containing medium)
3.1.3. CU: adding cells to a plate, in detail 
3.2. To passage the infected cells to the MEFs plate, the next day use TrypLE to dissociate them and transfer the cells to a 15-ml tube. 
3.2.1. Reuse 2.2.2 and 2.3.1
3.3. To the cells, add 9 ml of hESC medium and centrifuge them down at 1200 rpm for five minutes.

3.3.1. MED: at bench, with tube of cells, takes aliquot of hESC medium (clearly labeled bottle) and adds to tube [videographer comment: The first take the talent wears white gloves, which I don't believe match up with the previous shot.]
3.3.2. Reuse 2.3.2

3.4. Re-suspend the pelleted cells in a fresh six milliliters of hESC medium.

3.4.1. CU: side view of tube of pellet + supernatant – supernatant sucked off an 6 ml of new solution added back, then mixed into the pellet [take 3 is best]
3.5. Now, remove the medium from two plates of MEF cells and add the infected cells to them.  Incubate the cells for several days.
3.5.1. MED: removing media from MEF plates, adding cells in tube to MEF plates

3.5.2. WID: loading plates into incubator
3.6. Once at 80% of confluence, remove all the media and add a millilter of collagenase IV at 1 mg per milliliter.  

3.6.1. WID: talent at scope with cells on stage, finishes examining the dish and takes it to the bench

3.6.2. MED: removing the media from the plates and adds back collagenase from clearly labeled bottle

3.7. After five minutes in collagenase at 37 ºC, replace the collagenase with a milliliter of hESC. 
3.7.1. WID: returning to bench, carrying plates

3.7.2. MED: removing media from plates and adding 1 mL of hESC to the well.
3.8. Then, under a dissection microscope, scrape the colonies up using a 10 ml pipette tip.  Transfer the colonies to a 15-ml tube and allow them to settle.
3.8.1. CU: plate on stage, talent scraping/sucking colonies with pipette 
3.8.2. CU: ejecting content into 15 ml tube, then more added to the tube, film until solids settle to the bottom of tube (>3 min shot to be edited down) 
3.9. After three minutes, remove the supernatant and resuspend the cells in hESC.
3.9.1. MED: talent sucks supernatant from tube and adds back hESC

3.10. Then, plate the cells at a one to four ratio to MEF plates.

3.10.1. MED: adding content of tube to several MEF plate

4. EB-like Induction and Differentiation
4.1. The infected cells need to be at a high number and have formed good quality colonies for this procedure.
4.1.1. LAB MEDIA: Figure 2C (at this point there are 4 wells total, but I will work with just one well to show all the rest).
4.2. Remove the media from each well and add 1 milliliter of collagenase IV at one milligram per milliliter concentration.
4.2.1. WID: talent at bench, removing media from MEF plates with cells
4.2.2. MED: adding 1 mg/ml collagenase 
4.3. As before, end the collagenase reaction after five minutes by replacing it with EB medium and then, quickly, use a microscope to scrape up the colonies.
4.3.1. Reuse 3.7.1 and 3.7.2 Shot new versions
4.3.2. WID: talent takes plate to scope and prepares to scrape cells
4.4. Using a 10 ml pipette tip, it is possible to dissociate the cells into small cell clumps. 
4.4.1. ECU: on plate – pipette scraping cells into clumps
4.5. Collect these aggregates into a 15 ml tube and, after they have settled for about three minutes, remove the supernatant.
4.5.1. CU: pipette moves cells to 15-ml tube, more added, show them settle (long shot, like previous with similar instruction)
4.6. Re-suspend the cells in three milliliters of EB medium and transfer everything to a single well of a 6-well, low attachment plate.  Incubate this plate overnight.
4.6.1. CU: removing supernatant over the settled solids in the tube
4.6.2. MED:  at bench, adding EB media to the tube and then mixing – next, adding the mix to one well of a 6-well plate
4.7. The next day check them for large colony chunks.  If any are found, break them up by flowing them through a 5-ml pipette a few times.
4.7.1. WID: talent looking “next day” – arrives at scope with plates and observes them under scope
4.7.2. LAB MEDIA: figure 2D 
4.8. If there are many floating single cells, collect aggregates by sedimentation and replace with fresh EB medium.
4.8.1. MED: taking media+cells from the plate under the scope and adding them to 15-ml tube, repeating a few times
4.9. Replace the media every other day.
4.9.1. WID: talent gets up from scope takes the plate of cells off of stage and the tube, then leaves the scene
4.10. After five days of culturing, collect the cell aggregates and wash them once with 2 ml of PBS, allowing the cells to sediment under normal gravity.
4.10.1. Reuse 4.8.1 
4.10.2. MED: at bench, adding PBS to cell pellet and setting the tube down to settle – talent steps away
4.11. Then, replace the PBS with 3 ml of DM medium and return the cells to the same plate wells. Over the next 15 days of culture, replace the medium every three days.
4.11.1. MED: talent returns to bench and removes solution from tube
4.11.2. MED: adds DM to tube from clearly labeled bottle, then mixes and add cells back to plates that ready to load
4.12. During this time, myospheres will form.
4.12.1. LAB MEDIA: Figure 2E 
4.12.2. LAB MEDIA: Figure 2F
5. Myogenic Differentiated Human Embryonic Stem Cells
5.1. Human embryonic stem cells were infected with BAF60C carrying GFP fluorescence.  After 72 hours, the cells were FACS-sorted.  cells expressing BAF60C were grown to about 75% confluency and then infected with MyoD lentivirus.   Exogenous gene expression was detected in the infected cells.

5.1.1. LAB MEDIA: Figure 1B

5.2. The expression and distribution at the protein level was examined next.  GFP corresponds to BAF60C-expression and a MyoD antibody was used to check for MyoD expression.

5.2.1. LAB MEDIA: Figure 1C

5.3. Fifteen days after the hESCs began to form EB-like aggregates, a portion of the myospheres was embedded in O.C.T. compound and sectioned.  The sections stained positive for myogenin and myosin heavy chain markers.

5.3.1. LAB MEDIA: Figure 1D

5.4. Starting from day 10, it was possible to observe sporadic contraction in the myospheres.  Some myospheres assumed different or unusual shapes, perhaps due to fusion between myospheres.
5.4.1. LAB MEDIA: movie 1

5.4.2. LAB MEDIA: movie 2
6. Conclusion Interview (spoken by you on camera)
6.1. Sonia Albini: This technique will advance research in the field of disease modeling and therapy because myospheres can be generated from iPSCs of patients affected by different muscular disorders providing a disease-in-a-dish model for drug screening and investigation of disease pathogenesis. 
List of Provided Media Filenames and Descriptions (fill this in)

Graphical overview.pptx – image for schematic

Authors, continue this list with the file names of the moveies and individual image panels you created for each LAB MEDIA.  Each file should be in your project folder.
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.

( 2013, Journal of Visualized Experiments


