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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 number. 2.8 to 2.11; 3.2 to 3.7 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. The most difficult aspect: 2.8, and 2.8.4 to ensure success
E.  Will the filming need to take place in multiple locations? (Y/N) __No_____ If yes, how far apart are the locations? 

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to generate highly pure sinus-nodal cells. (Intro)
This is accomplished by first inducing cell differentiation by modifying the medium and making hanging drops that result in the formation of embryonic bodies of a defined size. (P1, Editor, begin with the clump of cells at the top of the schematic.  Then for ‘make hanging drops.’ Bring in the bar with the blue half circles below it and place the cells from the clump into the blue half circles as shown.  Then transfer the drops with cells into the next panel down that says EBs in suspension culture.)
Next, the embryonic bodies are seeded on a gelatin coated dish, so that they form a cell layer. (P2, Editor, transition to the next panel down where the cells are in a gelatin coated dish settled to the bottom.)
Then, the antibiotic selection is initiated and only cardiomyocytes survive. (P3, Editor, have cells come out of the gelatin coated dish as shown in the next panel below.  Then separate the cells that are ‘beating’ from the cells that aren’t, as shown in the next panel down.)
Finally,  the cell layer is dissociated to obtain fast beating single sinus-nodal cells or small sinus-nodal bodies. (P4, Editor, transition to the two side by side panels that show the iSABs and the iSAB derived single cells.)
Ultimately, live cell imaging is used to show high beating frequencies of sinus-nodal cells. (P5, Editor, use Figure 3 here.)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Author name Christian Rimmbach: The main advantage of this technique over existing methods is that highly pure sinus-nodal cells can be generated with can be used e.g. for drug testing.  
1.2. Author name Robert David: This method can help answer key questions in diseases of the sinus node, because the cells provide us insights into the mechanisms. 
1.3. **Author name Robert David: Demonstrating the procedure will be Julia Jung a PhD student from my laboratory. (Add additional mention of demonstrators as necessary).  

1.3.1. Interview style: Author saying the above 

1.3.2. 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. Differentiation Procedure

2.1. Beginning with an ES cell line, and pluripotent stem cells co-cultivated with irradiated feeder cells as outlined in the text protocol, two days before the differentiation procedure, remove the PSCs from the feeder cells, by first aspirating the medium. 

2.1.1. WIDE Talent at hood places cells on bench; B need another version of this of talent approaching hood and placing cells on bench for 2.12.1 below
2.1.2. CU Talent opens cells and aspirates medium

2.2. Use 10 ml of PBS to wash the cells then add 7 ml of Collagenase IV solution and incubate the cells for 10 minutes at 37(C.  

2.2.1. CU Talent adds PBS to cells to wash

2.2.2. CU MED Talent adds Collagenase IV solution

2.2.3. WIDE Talent places cells into incubator; B need another version of talent placing 15 ml tube into incubator for 2.5.4 below; C need another version of talent placing flask into incubator for 2.7.2 below; D need another version for 3.3.2 below
2.3. Next, place a sterile 40 um filter in a 50 ml tube.  Then carefully rinse the PSC colonies by pipetting the collagenase solution up and down 5 times.  

2.3.1. CU Talent places filter into 50 ml tube

2.3.2. CU Talent pipettes the collagenase solution up and down

2.4. Transfer the cell suspension to the filter and use 8 mL of PBS to rinse the filter three times.  Then turn the filter over and place it upside down in a Petri dish and pipette 10 ml of PBS on the bottom of the filter to remove the PSC colonies.
2.4.1. CU Talent transfers cells suspension to filter
2.4.2. CU MED OS Talent adds PBS to filter

2.4.3. CU Talent turns filter over and places upside down in Petri dish

2.4.4. CU Talent pipettes PBS onto filter to release PSC colonies

2.5. Now, transfer the cell suspension to a 15 ml tube and centrifuge for 5 minutes at 300 x g.  Remove the PBS, suspend the cells in 1 ml of Accutase and incubate at 37(C for 5 minutes.
2.5.1. MED/CU Talent transfers cell suspension into tube

2.5.2. MED Talent places tube into centrifuge; B need another version of talent placing 50 ml tube into centrifuge for 3.4.2 below
2.5.3. CU + ECU Talent adds Accutase to cells

2.5.4. Use 2.2.3B here  MED: Talent places tube in incubator
2.6. After the incubation, add 10 ml of PBS, mix the cell solution by pipetting up and down 5 times, and centrifuge for 5 minutes at 100 x g.   Once the PBS is removed, use 10 ml of cell cultivation medium to resuspend the cells, and determine the cell number.

2.6.1. CU Talent adds 10 ml of PBS to tube and pipettes up and down

2.6.2. FREEZE FRAME from 2.5.2 of CU talent placing tube into centrifuge

2.6.3. CU Talent adds cell cultivation medium to resuspend cells
2.6.4. MED Talent at scope counting cells with hemocytometer

2.7. Seed 15,000 cells/cm2 in a 75 cm2 filter flask and cultivate them for 2 days at 37(C and 5% CO2 when the flask should be 50-70% confluent.

2.7.1. CU Talent seeds cell in flask
2.7.2. Use 2.2.3C here MED: Talent places tube in incubator
2.7.3. LAB MEDIA Image of 50-70-% confluent cells (Authors will provide)
2.8. After harvesting the cells and resuspending in differentiation medium according to the text protocol, pipette 20 ml of water and 5 ml of hanging drop, or HD solution into a quadratic petri dish to avoid drying out the HDs.

2.8.1. CU/ECU Talent pipettes water and HD solution into quadratic petri dish

2.9. Next, pipette up to 50 ml of cell suspension in a tray.  Then, turn over the lid of the petri dish and using a 12-channel pipette, place 180 HDs each containing 20 microliters of cell suspension onto the lid.  Carefully turn over the lid and place it on the Petri dish.
2.9.1. CU MED Talent pipettes cell suspension into tray

2.9.2. CU MED Talent turns over lid of Petri dish

2.9.3. CU Talent uses 12-channel pipette to place drops of cell suspension on lid

2.9.4. CU Talent carefully turns over lid and places on Petri dish

2.10. After incubating for two days to let the cells form EBs, carefully turn over the lid of the quadratic Petri dish and transfer the EBs derived from two Petri dishes into a 50 ml tube.

2.10.1. LAB MEDIA Image of EBs (Authors will provide)
2.10.2. CU Talent carefully turns over lid of quadratic Petri dish 

2.10.3. CU Talent transfers EBs to 50 ml tube

2.11. Wait 10 minutes to let the EBs settle to the bottom of the tube.  Then aspirate as much medium as possible, use 10 ml of differentiation medium to suspend the EBs, and transfer the suspension to a 10 cm Petri dish.

2.11.1. ECU EBs settled to the bottom of the tube

2.11.2. CU/ECU Talent aspirates as much medium as possible

2.11.3. CU MED OS Talent adds differentiation medium and transfers suspension to Petri dish

2.12. Once the cells have been cultured in suspension for 4 days according to the text protocol, transfer the EBs to one gelatin coated 10 cm2 cell culture dish and incubate (TEXT:  37(C, 5% CO2, change medium every two days).

2.12.1. WIDE Use 2.1.1B here Talent approaches bench
2.12.2. CU Talent transfers EBs to gelatin coated cell culture dish
2.12.3. Added shot: MED of 2.12.2.

2.13. Over the next 2-6 days, under a microscope, check the cells for beating foci and the formation of a cell layer (TEXT: change medium daily).  

2.13.1. MED Talent at scope checking for beating foci 
2.13.2. LAB MEDIA Rimmbach et al movie.wmv, Editor, make this a split screen with 2.13.1; or shrink 2.13.1 and place in top corner with 2.13.2 as full size
3. Selection of Sinus Nodal Cells

3.1. Three days after the cells have started beating (TEXT:  ~ days 12-15), aspirate the medium and add 10 ml of fresh differentiation medium containing 400 ug/mL of G418 to the cells. 

3.1.1. MED/CU Talent aspirates medium

3.1.2. CU Talent adds differentiation medium with G418 to cells

3.2. Four days later, carefully remove the medium without aspirating the cell layer.  Then add 10 ml of PBS to wash the cells.  After carefully removing the PBS, add 10 ml of collagenase IV solution and transfer the cells to a 50 ml tube.

3.2.1. CU/ECU Talent carefully removes medium

3.2.2. CU MED OS Talent adds PBS to wash cells

3.2.3. CU Talent adds collagenase solution

3.2.4. CU MED OS Talent transfers cells to 50 ml tube; Editor, place this step next to 3.2.2 as a split screen, bring it in with VO
3.3. Next, after incubating at 37(C for 5 minutes, vigorously mix the suspension by pipetting up and down 10 times and incubate the cells at 37(C for an additional 5 minutes.  A suspension of small clusters should be present (TEXT: refer to text protocol for additional details).  
3.3.1. CU Talent vigorously mixes suspension by pipetting up and down

3.3.2. Use 2.2.3D here CU Talent places tubes in incubator
3.3.3. ECU Talent holds tube up for camera to show small clusters (if not visible, talent will provide an image) Lab Media: Clusters
3.4. Then, add 20 ml of PBS and centrifuge at 100 x g for 10 minutes.  Carefully aspirate the PBS and if generating induced sino-atrial bodies, or iSABS, use 12 ml of differentiation medium containing 400 ug/ml of G418 to resuspend the cells and seed 2 ml each onto 6 wells of a 24 well gelatin-coated plate.
3.4.1. CU Talent adds 20 ml of PBS

3.4.2. Use 2.5.2B here MED Centrifuge
3.4.3. ECU + MED Talent carefully aspirates supernatant

3.4.4. CU MED OS Talent adds differentiation medium and resuspends cells

3.4.5. CU Talent seeds cells into 24-well gelatin coated plate
3.5. To generate single nodal cells, rather than adding differentiation medium, after removing the PBS, use 5 ml of Accutase to suspend the cells and incubate at 37(C for 5 minutes.  

3.5.1. CU Talent adds Accutase to cells

3.5.2. FREEZE FRAME from 3.3.2 (2.2.3D) MED Incubator
3.6. Pipette up and down to vigorously mix the suspension.  After incubating at 37(C for 5 minutes, add 20 ml of PBS and centrifuge for 5 minutes at 100 x g.

3.6.1. CU Talent pipettes up and down vigorously

3.6.2. FREEZE FRAME from 3.4.1 MED OS Talent adds PBS
3.6.3. FREEZE FRAME from 3.4.2 (2.5.2B) CU of talent placing tube into centrifuge

3.7. With 12 ml of differentiation medium containing G418, suspend the cells and seed 2 ml each onto 6 wells of a 24-well gelatin coated plate.  Culture and perform analysis of cells according to the text protocol.

3.7.1. CU Talent finishes suspending cells and seeds 24-well plate; Videographer, get enough footage for entire VO here

4. Results: Generation of Cardiac Pacemaker Cell Aggregates
4.1. Using the protocol demonstrated in this video, iSABs can be generated from pluripotent stem cells with a beating frequency of ~450 beats per minute.
4.1.1. LAB MEDIA Rimmbach et al movie.wmv
4.2. As seen here, after dissociation of iSABs, the observed single cells show the typical shapes of cells of the sinus node, that includes spindle and spider cells.
4.2.1. LAB MEDIA Figure 1, Editor, point out A for spindles and B for spiders

4.3. These cells show high expression levels of proteins essential for the function of the sinus node like hyperpolarization-activated cyclic nucleotide-gated cation channel 4 (Hcn4), Connexin45, Connexin30.2, and Myh6.  
4.3.1. LAB MEDIA Figure 2A-C, Editor, for Hcn4, point out the yellow signal in A and for Connexin45, point out the magenta areas in B.  For Cx30.2, point out the yellow in B and for Myh6, point out the magenta in C.

4.4. When treated with the channel blocker ZD7288 or the muscarinic receptor agonist carbachol, the iSAB-derived cells exhibit a significantly reduced beating frequency.  The β-adrenoreceptor agonist isoprenaline, on the other hand, leads to an elevated beating frequency.
4.4.1. LAB  MEDIA Figure 3A-C, Editor, point out the white bar in each graph with the VO 
5. Conclusion (said by authors on camera)
5.1. Author name Robert David: After its development, this technique paved the way for researchers in the field of cardiac diseases to explore the mechanisms of sinus-nodal cells.
5.2. Author name Christian Rimmbach: After watching this video, you should have a good understanding of how to generate fully functional sinus-nodal cells from pluripotent stem cells.
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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


