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Title: Modified mouse embryonic stem cell based assay for quantifying cardiogenic induction efficiency
Authors, please fill out the brief questionnaire below.   
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)?  _____N_____

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ____N_____

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__1>

Making embryonic bodies in 96-well plates; 2> adding and washing out signaling modulators; 3> monitoring the embryonic bodies contraction; 4> quantify the contracting embryonic bodies

D.  What is the single most difficult aspect of this procedure?  Washing out signaling modulator without removing embryonic bodies
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Conceptual Narrative:
The overall goal of the following experiment is to identify the crucial temporal regulation required for cardiomyocyte differentiation in mouse embryonic stem (ES) cells (Intro).
This is achieved by first forming embryonic bodies (EBs) in a 96 well-round bottom plate to standardize EB formation (P1). 
As a second step, protein or chemical modulators are added to EBs over a pre-determined time course, which will allow for temporal control of the pathways under examination (P2).   

Next, beating EBs are quantified manually in order to determine the induction efficiency of various signal modulation schemes (P3).
Results are obtained that show which signaling pathways are essential for cardiomyocyte differentiation and the duration these pathways must be activated based on the percentage of beating EBs formed and confirmation using the hanging drop method (P4).
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Ada Ao: The main advantage of this technique over existing methods, like hanging drops, is that it standardizes and simplifies a labor intensive procedure and allows for a straightforward readout for quantification.   

1.2) Charles Williams: This method can help answer key questions in the stem cell biology field, such as identifying the essential signaling regulation that directs differentiation toward the desired cell type.  

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Embryonic Body (EB) formation using 96-round bottom well microtiter plates 

2.1. To begin this procedure, grow mouse embryonic stem (ES) cells in 10-cm cell culture plates with mouse ES cell medium supplemented with Leukemia inhibitory factor (LIF).
Shots:
2.1.1. WIDE: Talent approaches incubator and takes out 10-cm cell culture plates of ES cells from the incubator.
2.2. When the ES cells are at 50-70% confluence, they are ready for use.
Shots:
2.2.1. MED: Talent checking the cells under the microscope.
2.2.2. LAB MEDIA: Figure 1. Representative image of 50~70% confluent CGR8 ES cells grown in the ES medium.
2.3. Remove ES media and rinse cells once with 5 ml sterile PBS. 
Shots:

2.3.1. MED/over the shoulder: Talent by the hood removing ES media from a plate of cells and replacing it with PBS.
2.3.2. CU: PBS being aspirated from a plate.

2.4. Add 2 ml 0.05% trypsin/EDTA to each plate and incubate plates at 37ºC for 3-5 minutes.

Shots:

2.4.1. CU: 2 ml 0.05% trypsin/EDTA being added to a plate.

2.4.2. MED: Talent putting the plates into the 37ºC incubator.

2.5. Next quench the trypsin/EDTA with 3 ml of ES media per plate and transfer cells to a 50-ml falcon tube.
Shots:

2.5.1. CU: 3 ml ES media being added to a plate.

2.5.2. MED: Talent transferring cells (from all plates) to a 50-ml falcon tube.
2.6. Spin at 1000 rpm for 3 minutes (text: 1000 rpm; 3 minutes).
Shots:

2.6.1. MED: Talent putting the 50-ml tube into the centrifuge, closes the lids, and sets the speed and time.
2.7. After centrifugation, remove the supernatant and resuspend the cell pellet with the desired amount of EB media. 
Shots:

2.7.1. CU: Supernatant being removed from 50-ml tube.

2.7.2. CU: Cell pellet being resuspended in EB media.

2.8. Count the cell number and then dilute cells to 5 x103 cells/ml (text: 5 x103 cells/ml) in EB media.
Shots:

2.8.1. MED: Talent counting cells with hemacytometer under microscope.

2.8.2. CU: Cells being diluted to right concentration with EB media.
2.9. Use a multichannel pipette to add 100µl of EB media containing cells into each well of a 96- round bottom well microtiter plate. The number of 96-well plates required will depend on the number of conditions/time points of the experiment. Author:  For the filming, why don’t you prepare two 96-well plates?  We will prepare two plates.
Shots:

2.9.1. MED: Talent using a multichannel pipette to pipette up cells from dish/tray.
2.9.2. CU: Match the action above: multichannel pipette dispelling 100 µl cells into the wells of a 96-well plate.
2.10. Place the 96-round bottom well microtiter plates into a humidified 37ºC/5% CO2 incubator. 
Shots:

2.10.1. MED: Talent putting the 96-well plates into the incubator.

3. Identification of critical time windows of key signaling pathway(s) for cardiogenesis
3.1. To identify critical time windows of key signaling pathways for cardiogenesis, modulators of specific signaling pathways are added to the ES cells in the 96-round bottom well plates.

Shots:

3.1.1. MED: Talent approaching the work area (hood?) with a 96-well plate with ES cells.
3.2. Add the signaling modulator into each well at various time points (text: such as day 0, day 1, day 2, day 3, etc.). Half of the wells in each 96-well plate (48 wells) are used for each starting time point of treatment. A vehicle control is added to the other half of the wells for each time point. Author:  Please clarify -- is one well of cells used per time course per modulator? Or do you have multiple wells with the same time course and if so how many wells per time course? 48 wells are used for one same time course treatment and another 48 wells are used for vehicle control in a 96 well plate.

Shots:

3.2.1. CU: A modulator being added to one of the wells in the 96-well plate.
3.2.2. LAB MEDIA:  Diagram from P2 of Schematic Overview.  Author:  Please resubmit that panel as a separate figure. (Video editor:  this is to illustrate that half the wells are used for the modulator and the other half for the control)
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3.2.3. Talent - interview style to camera: “At different stopping points, the signaling modulator will be washed out by changing the EB media in the well.  Great care must be taken when performing this step to avoid removing the embryonic bodies when changing the media.”
3.3. At different stopping time points, wash out the modulators by changing EB media for the wells. For example, to get a 2-day treatment for ES cells starting from day 0, wash out the modulators at day 2. Author:  Since this is a critical step, do you want to elaborate on how you ensure that the EBs do not get disrupted or removed while the media is being changed? Do you just try to be really careful when aspirating the media? After washing out the EB media, do you return the plate to the incubator until day 7?  If so, can we add that to the script?  Tilt a 96 well plate by about 10 degree angle, gently remove the medium from the plate with multi-channel pipette and the then add back plain EB medium. 

Shots:

3.3.1. MED/over the shoulder: Multiple takes from different angles of talent in the hood aspirating the EB media from the well(s) of one of the 96-well plates.  Shot will be repeated later.
3.3.2. CU: Multiple takes from different angles of new EB media being added to the wells.  Shot will be repeated later.
3.4. For any treatment longer than 48 hours, change the EB media supplemented with fresh modulators every two days until the desired stopping time points.

Shots:

3.4.1. Use shot from 3.3.1.

3.4.2. Use shot from 3.3.2.

3.5. Seven days after EB induction (when cells were transferred to 96-well plates) examine EB contraction under a microscope. Score the wells with contracting EBs as positive ones to get percentages of contracting EBs for each different treatment time course.

Shots:

3.5.1. MED: Talent examining a 96-well plate under the microscope.

3.5.2. LAB MEDIA: Movie of a contracting EB from a 96-well plate.
3.6. The critical time points for ES cardiogenesis are the time windows that contained the highest percentage of contracting EBs treated by signaling modulators when compared to the vehicle control. Author:  Can we move this line to the Results section? Yes.
4. Verification of time windows of signaling for cardiogenesis in EBs made from hanging droplets

4.1. The time windows of signaling for cardiogenesis identified by the 96-well plate experiments can be verified in EBs made from hanging droplets.  To make hanging EB droplets, first prepare Petri dishes by adding 3-4 ml of PBS to prevent evaporation of the droplets later. 
Shots:

4.1.1. MED: Talent setting out Petri dishes (2?) and then adding PBS to the dishes.
4.2. Next, ES cells prepared at a final density of 2.5x104 cells/ml (text: 2.5x104 cells/ml) are poured into a bacterial dish for easy access.
Shots:

4.2.1. MED: Talent pouring ES cells into a bacterial dish.
4.3. Using a multichannel pipette, add 20 μl drops of ES cells (text: containing about 500 cells) onto the inverted lids of the Petri dishes.  Do not allow the individual droplets to touch each other. Generally one lid can fit up to 80 drops.
Shots:

4.3.1. MED:  Talent pipetting up ES cells with a multichannel pipette.

4.3.2. CU: Match action above: A row of 20 μl drops of ES cells being pipetted onto one of the Petri dish lids.

4.3.3. CU: A shot of a lid with ~80 ES droplets on it.
4.4. Then flip the lid back over the Petri dish containing PBS. Incubate for 48 hours in a 37ºC 5% CO2 incubator (text: 48 h; 37ºC 5% CO2) to allow EB formation.
Shots:

4.4.1. CU: Lid with hanging droplets being flipped over the Petri dish with PBS.

4.4.2. MED: Talent placing the two dishes into the incubator.
4.5. After 48 hours, wash down the EBs formed from hanging droplets from each lid with 3 ml of EB media. Pool 2 lids of EBs into a new Petri dish.

Shots:

4.5.1. CU: Talent using 3 ml EB media to wash down the EBs from one dish of hanging droplets.

4.5.2. MED: Talent transferring the EBs in media from both dishes into a new Petri dish.

4.6. Add EB media to a total volume of 10 ml. Incubate the Petri dish for 4 days in a 37ºC 5% CO2 incubator (text: 4 days; 37ºC 5% CO2).
Shots:

4.6.1. CU: EB media being added to the Petri dish.

4.6.2. MED: Talent putting the Petri dish into the incubator.
4.7. At day 4, transfer EBs in suspension onto 0.2% gelatin coated 6-well plates. In general 30 EBs are transferred to each well.
Shots:

4.7.1. CU: EBs being transferred to the wells of a 0.2% gelatin coated 6-well plate.
4.8. Incubate signaling modulators at the time period identified from the 96-well plate experiments.
Shots:

4.8.1. MED: Talent adding a signaling modulator to the wells of the 0.2% gelatin coated 6-well plate.
4.9. Seven days after the hanging droplets were made, observe the EBs under the microscope for EB contraction.
Shots:

4.9.1. MED: Talent putting the 6-well plate under the microscope for observation.
5. Quantifying EB contraction to determine critical time points for ES cardiogenesis (Results)
5.1. ES cells grown in the round bottom wells of a 96-well microtiter plate will form EBs, as shown in this representative image of an EB formed at day 4.
Shots:

5.1.1. LAB MEDIA: Figure 2.
5.2. The critical time points for ES cardiogenesis are the time windows that contained the highest percentage of contracting EBs treated by signaling modulators when compared to the vehicle control. Shown here is a spontaneously contracting focus of cardiomyocytes formed from Dorsomorphin-treated ES cells at day 10 of differentiation on a 96-well microtiter plate.
Shots:
5.2.1. LAB MEDIA: movie of contracting EB from a 96-well plate.
5.3. The critical time point for ES cardiogenesis identified by the 96-well plate experiment is confirmed by adding modulators to EBs made from hanging droplets.  EB contraction is observed under the microscope as shown here.

Shots:

5.3.1. LAB MEDIA: Phase contrast movie of spontaneously contracting EBs in gelatin plate 10x
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597
6. Conclusion
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
6.1. Ada Ao: After watching this video, you should have a good understanding of how to efficiently identify critical temporal regulation windows of key signaling pathways in ES cardiogenesis.
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 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.  

Schematic Overview graphics.
1.2-  Figure 1.tif      phase contrast of ES cell confluence  5x                           

2.3- Figure 2.tif       phase contrast of formed EBs in 96-well plates 10x. 

 2.3- movie. avi       movie of contracting EBs in 96-well plate 10x
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.
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