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A.  Will you require JoVE to record video microscopy through a microscope? N

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of the following experiment is to generate integration-free induced pluripotent stem cells from a small amount of peripheral blood. (Intro) This is achieved by culturing isolated peripheral blood mononuclear cells in defined growth factors to yield an erythrocyte progenitor population that is very responsive to reprogramming. (P1) As a second step, non-integrating episomal plasmids carrying reprogramming genes are introduced into the erythroblasts by nucleofection to initiate the reprogramming process. (P2) Next, the nucleofected cells are plated onto a layer of irradiated mouse embryonic fibroblasts to allow for continued reprogramming. (P3) Ultimately, successfully reprogrammed induced pluripotent stem cell colonies can be identified based on their morphological characteristics, alkaline phosphatase activity, positive immunocytochemistry for pluripotency markers, and expression of endogenous pluripotency genes. (P4)

(P1) 2.6.1. adding medium to cells or 2.7.1. adding plate to incubator
(P2) 3.7.1. adding cuvette to nucleofection machine OR 3.7.2. program being run
(P3) 5.2.2. cells being added to well
(P4) Figure 2.tif (with “morphological characteristics” please highlight the top left image; with “alkaline phosphatase activity” please highlight the bottom left image; with “positive … markers” please highlight the highlight the top and bottom 2nd, 3rd, and 4th images; with “expression … RT-PCR” please highlight the far right image)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Jesse Hubbard: The main advantage of this technique over existing methods, like viral-based reprogramming, is that this protocol ensures the consistent generation of integration-free iPSC.   

1.2. Brian Hayes: Demonstrating the procedure will be Michele Murphy, a technician from our 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. Ficoll separation of PBMCs and expansion of erythroblasts – days 0-6
2.1. Begin by diluting peripheral blood at a 1:1 ratio in DPBS. Then, in a 15 ml round-bottom polystyrene tube, carefully layer 7 ml of the diluted blood onto 3 ml of room temperature Ficoll-Hypaque.
2.1.1. WIDE: Few seconds Talent adding blood to DBPS (or DPBS to blood)

2.1.2. MED: Talent adding diluted blood onto at least one tube of Ficoll-Hypaque
2.2. After separating the sample for 30 minutes at 400 x g and room temperature, the PBMCs will have settled in the cloudy white interface layer between the plasma and the Ficoll-Hypaque. 
2.2.1. MED: Talent removing tube(s) from centrifuge

2.2.2. CU: Shot of layers of one separated sample 

(Video Editor: with “settled … layer” please indicate the white cloudy layer with an arrow and “PBMCs”; 

with “between the plasma” please highlight the plasma layer with an arrow and “Plasma”; 

with “and the Ficoll-Hypaque” please highlight the separation media layer with and arrow and “Ficoll-Hypaque”)

2.3. Using a sterile transfer pipette, transfer the PBMCs into a 15 ml conical tube, and bring the volume up to 10 ml with fresh DPBS.
2.3.1. CU: Few seconds layer being collected

2.3.2. CU: Shot of volume being brought up to 10 ml
2.4. Then, after counting the cells, transfer 2 x 106 PBMCs into a new 15 ml conical tube and spin down the remaining cells.

2.4.1. MED: Talent dispensing cells into 15 ml conical tube

2.4.2. MED: Talent placing tube(s) into centrifuge 

2.5. Freeze the pelleted cells at a 2 × 106 PBMCs/ml concentration in 90% fetal bovine serum with 10% dimethyl sulfoxide.
2.5.1. CU: Shot of pellet if visible, then FBS/DMSO being added to at least one aliquot of cells
2.6. Then after spinning down the PBMCs that were set aside, resuspend the pellet in 2 ml of freshly prepared Expansion Medium and plate them into one well of a 12-well tissue culture plate.

2.6.1. CU: Shot of pellet if visible, then medium being added to cells (TEXT: See text for all media/reagent preparation) 
2.6.2. CU: Cells being added to at least one well

2.7. Incubate the cells in a 37°C humidified incubator with an atmosphere of 5% O2, 5% CO2, and 90% N2. 
2.7.1. MED: Talent placing plate into incubator

2.7.2. [moved] CU: Tube(s) being placed into centrifuge

2.8. Then on day 3 and 6 replace the media by collecting the cells from the well, washing the well with 2 ml of QBSF-60 (Pronounce: Q-B-S-F-sixty) to collect any remaining cells, pelleting the cells by centrifugation, and then resuspending the pellet in 2 ml of fresh Expansion Medium. 
2.8.1. CU: Few seconds at least one well being washed with QBSF-60

2.7.2. [moved] CU: Tube(s) being placed into centrifuge.
2.8.2. CU: Shot of pellet if visible, then medium being added to cells
2.9. Then return the cells to the same 12-well plate and continue the incubation.

2.9.1. MED: Talent adding cells to at least one well

2.9.2. CU: Plate being placed in incubator
3. Reprogramming Cells by Nucleofection – Day 9

3.1. On day 9, pipet the reprogramming plasmids into a sterile 1.5 ml Eppendorf tube as outlined in the table:

3.1.1. WIDE: Few seconds Talent pipetting plasmid into at least one Eppendorf
3.1.2. LAB MEDIA: 52009_Ramakrishnan_Table1.tif
3.2. Next, mix the nucleofection solution with the Supplement supplied by the manufacturer and transfer the mixture into a sterile 1.5 ml Eppendorf tube.
3.2.1. MED: Few seconds Talent mixing solution with supplement

3.2.2. CU: Shot of mixture being added to at least one eppendorf tube
3.3. Then dispense 2 ml of Expansion Medium into one well of a new 12-well plate and equilibrate the medium in the humidified 37°C incubator until the cells are ready.

3.3.1. MED – over the shoulder: Talent adding medium to well

3.3.2. CU: Plate being placed into incubator
3.4. Collect the cells, wash the cell culture well as just demonstrated, and wash the cells in 5 ml of DBPS.

3.4.1. MED: Talent aspirating cells from well 
3.4.2. [combined with 3.4.1] MED: Talent adding wash to well

3.4.3. MED: Talent placing tube(s) into centrifuge
3.4.4. [added] Aspirate the supernatant and resuspend the pellet in 5 ml of DPBS

3.4.5. [added] Place tubes in centrifuge, centrifuge at 300xg for 5 minutes.

3.4.6. [added] Aspirate the supernatant.

3.5. Then resuspend the cell pellet in 100 microliters of nucleofection solution + Supplement, taking care to avoid generating bubbles, and transfer the cell suspension into the tube containing the reprogramming plasmids. 
3.5.1. CU: Shot of pellet, then nucleofection solution + supplement being added

3.5.2. [combined with 3.6.1] CU: Cells being added to plasmids (Videographer: Combine 3.5.2. and 3.6.1. if necessary/appropriate)

3.6. Mix the cells by pipetting up and down once, and transfer the entire solution to the bottom of a nucleofection cuvette.
3.6.1. [combined with 3.5.2] CU: Few seconds trituration of cells (Videographer: Combine 3.5.2. and 3.6.1. if necessary/appropriate) 
3.6.2. CU: Solution being dispensed into cuvette
3.7. Then place the cuvette into the nucleofection machine and run Program T-019. 

3.7.1. MED: Talent placing cuvette into machine

3.7.2. SCREEN: Readout showing “T-019” or similar OR MED – over the shoulder: Talent at computer, running program T-019 OR MED: Talent pressing start or similar

3.8. Now add 100 microliters of the equilibrated Expansion Medium to the nucleofection cuvette, and immediately collect the entire sample, avoiding any white, floating dead cell debris, and deposit it into the well of the pre-warmed medium.
3.8.1. MED: Talent adding medium to cuvette

3.8.2. CU: Few seconds sample being aspirated without collecting debris

3.8.3. MED: Talent dispensing medium into pre-warmed medium
3.9. Then place the cells back into the humidified incubator.
3.9.1. MED: Talent placing plate into incubator
4. Plating Feeder Cells - Day 10/11
4.1. On Day 10 or 11, coat each well of a 6-well tissue culture plate with gelatin with 1 ml of 0.1% gelatin in HBSS and then place the plate in the humidified incubator for at least 5 minutes.

4.1.1. WIDE: Talent adding gelatin to at least one well

4.1.2. MED: Talent placing plate into incubator

4.2. During the incubation, transfer one vial of thawed 2 × 106 3000 cGy (centiGray) irradiated mouse embryonic fibroblasts, or MEFs, into 10 ml of pre-warmed MEF Media and then centrifuge the cells.

4.2.1. MED: Talent adding MEFS to MEF media

4.2.2. MED: Talent placing tube(s) into centrifuge
4.3. While the cells are spinning down, aspirate the gelatin solution from the 6-well plate and then resuspend the MEFs in 12 ml of fresh MEF Media.

4.3.1. CU: Few seconds gelatin being aspirated from at least one well

4.3.2. CU: Shot of pellet if visible, then media being added to cells

4.4. Immediately dispense 2 ml of MEFs into each well of the gelatin-coated 6-well plate and place the plate back into the humidified incubator until Day 12.
4.4.1. MED: Talent adding MEFS to 1-2 wells

4.4.2. CU: Plate being placed into incubator
5. Plating Cells on Feeder Cells and Changing Medium – Day 12

5.1. On day 12, collect the nucleofected cells from the well into one 15 ml conical tube, washing the well as demonstrated to collect any remaining cells. (Note: this hopefully clears up any suggestion that the wells’ contents are mixed and combined, which is not correct.)
5.1.1. WIDE: Talent adding cells to tube

5.1.2. MED: Few seconds Talent washing at least one well

5.2. After spinning down the cells, resuspend the pellet in 12 ml of freshly prepared Reprogramming Medium and dispense 2 ml of cells into each well of feeder cells in the 6 well plate.
5.2.1. CU: Shot of pellet if visible, then medium being added to cells

5.2.2. MED: Talent adding cells to at least one well

5.3. Next, centrifuge the plate for 30 minutes at 75 x g and room temperature and then place the plate back into the humidified incubator, changing the medium every other day for 1-2 weeks.

5.3.1. MED: Talent placing plate into centrifuge

5.3.2. CU: Plate being placed into incubator

5.3.3. MED: Talent aspirating media OR adding media to at least one well, with Expansion medium container label visible in frame
5.4. Once the inducible pluripotent cell colonies appear, begin feeding the cells with freshly prepared human embryonic stem cell medium containing histone deacetylase inhibitors. 
5.4.1. MED: Talent adding hESC medium to at least one well, with hESC container label visible in frame (TEXT: Refresh medium daily)
6. Results: Representative nucleofected and inducible pluripotent stem (iPS) cells
6.1. Three days after nucleofection and before plating the nucleofected cells onto the inducible MEFs, the efficiency of a successful nucleofection should be estimated by fluorescence microscopy for eGFP. For example, shown here is a typical nucleofection experiment with approximately 5-10% of the total cell population expressing eGFP.

6.1.1. LAB MEDIA: 52009_Ramakrishnan_Figure 1+scale.tif (Video Editor: if possible, indicate one to a few  bright green cells with an arrow or other appropriate indicator)
6.2. Reprogrammed inducible pluripotent stem cell colonies will begin to appear approximately two weeks after nucleofection. The colonies are generally circular with well-defined borders and may be identified by their characteristic human embryonic stem cell morphology, including small, tightly packed cells with a high nuclear to cytoplasmic ratio and visible nucleoli.
6.2.1. LAB MEDIA: 52009_Ramakrishnan_Brightfield.tif (Video Editor: If possible, with “generally … borders” please outline/otherwise indicate the colony in center of image; with “including … nucleoli” please highlight/magnify/zoom into area within outline/colony in center of image)

6.3. Of the representative lines that have been completely characterized, all test positive for alkaline phosphatase activity …

6.3.1. LAB MEDIA: 52009_Ramakrishnan_AP.tif

6.4. … express the standard pluripotency markers …

6.4.1. LAB MEDIA: Authors: Please submit one file containing all of the fluorescent images (but NOT the brightfield, AP, or RT-PCR data) (and NOT as separate individual files of each image)
6.5. … and reactivate endogenous pluripotency genes.
6.5.1.  LAB MEDIA: 52009_Ramakrishnan_PCR.tif

7. Conclusion (said by authors on camera)
7.1. Jesse Hubbard: Once mastered, this technique can consistently generate integration-free iPSC in 4 weeks if it is performed properly.

7.2. Brian Hayes: Following this procedure, differentiation studies can be performed to answer questions about any tissue type.
Many screenshots were taken of the cells in different stages throughout the protocol. These shots are spoken over to give context, and the shots are labeled with some identifying information as well. There was one error: one of these shots was incorrectly labeled “New Cells, Day 1.” It should read “New Cells, Day 0.”
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, 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.  

All requested files are provided with the following titles:

3.1 - 52009_Ramakrishnan_Table1.tif – table outlining the appropriate amount of each plasmid to be included in the nucleofection reaction

6.1 – 52009_Ramakrishnan_Figure1+scale.tif – combined bright field and fluorescent imaging of cells three days after nucleofection showing GFP positivity, scale bar is 100 μm
6.2 - 52009_Ramakrishnan_Brightfield.tif – bright field imaging of iPSC colony growing on iMEF, scale bar is 100 μm

6.3 - 52009_Ramakrishnan_AP.tif – bright field imaging of iPSC colony stained for alkaline phosphatase activity, scale bar is 100 μm
6.3 - 52009_Ramakrishnan_TRA-1-60.tif  - fluorescence microscopy of iPSC colony staining positive for TRA-1-60 pluripotency marker, scale bar is 100 μm
6.3 - 52009_Ramakrishnan_TRA-1-81.tif  - fluorescence microscopy of iPSC colony staining positive for TRA-1-81 pluripotency marker, scale bar is 100 μm
6.3 - 52009_Ramakrishnan_SSEA4.tif  - fluorescence microscopy of iPSC colony staining positive for SSEA4 pluripotency marker, scale bar is 100 μm
6.3 - 52009_Ramakrishnan_PCR.tif – gel image of RT-PCR products showing endogenous expression of four pluripotency genes, Oct4 (O), Sox2 (S), Klf4 (K), and cMyc (M).
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.
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