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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __N_______ 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)__N______ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps________3.2, 3.6, 3.8, 3.9__________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Molding of the gel in the proper manner.______________________________

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.  
Procedural Narrative:
The overall goal of this procedure is to generate engineered muscle tissues. (Intro)
This is accomplished by first culturing satellite cells, or a myoblast cell line, to achieve the required number of cells. (P1. Have the left panel of cells visible and then have the rest of the cells appear one-by-one until the image on the right is formed). 
The second step is to make the anchoring points. (P2 Have the two grey pieces appear in the circle (left image of 2)). 
Next, the cells are mixed with a gel and the resulting mixture is casted between the anchoring points. (P3 Some ‘cells’ from P1 move into the ‘gel’ (orange oval) and swirl around to denote mixing. Then have the orange oval and cells move between the two grey pieces and become the orange oblong (as shown) but also have a couple of the cells visible on top of the orange oblong (not shown)). 
The final step is to differentiate the cells into muscle tissue. (P4 Have the cells from P3 thin and elongate so they are stretched out between the two grey pieces. See 4267_van_der_Schaft_Fig_3 for what it looks like in the dish.) 
Ultimately, electrical stimulation can be used to induce contractions of the cells and fluorescent staining and fluorescent or confocal microscopy can be used to detect the sarcomeric organization of the cytoskeleton in the differentiated muscle cells. (P5 4267_van_der_Schaft_Fig_4)
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!)  

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.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Author name Daisy van der Schaft: The main advantage of this technique over existing methods, like using a polymeric based scaffold, is that the muscle cells will align in one direction in these tissues.   

1.2. Author name Daisy van der Schaft: The implications of this technique extend toward therapy of patients suffering from muscle loss, because when tissues are made in future without the addition of for example matrigel and patient own cells these could be used for transplantation.  

1.3. Author name Carlijn Bouten: Though this method can provide insight into development of muscle damage, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as regenerative medicine and cultured meat.

1.4. **Author name Daisy van der Schaft: Demonstrating the procedure will be Ariane van Spreeuwel.  

1.4.1. Interview style: Author saying the above 

1.4.2. 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):

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. Culture of Myoblast Progenitor Cells. 

2.1. Methods for isolating and freezing murine myoblast progenitor cells have been described elsewhere (TEXT: Li Y, Pan H, Huard J. Isolating stem cells from soft musculoskeletal tissues. J Vis Exp. 2010;(41)). Please consult the written protocol for full references. 
2.1.1. TITLE CARD. 
2.2. After retrieving the vial of mouse myoblast progenitor cells (TEXT: ~25,000 cells per vial) from liquid nitrogen place the vial in a water bath at 37 °C to thaw. 

2.2.1. WIDE: Talent approaching the water bath with the vial of cell. Talent places the vial in the water bath. 

2.3. Then add 10ml of warmed growth medium (TEXT: See written protocol for media composition) to a 25 cm2 Matrigel coated tissue culture flask. 
2.3.1. MED: Talent at tissue culture hood with bottle of media and the Matrigel coated flask. Talent ejects 10 ml of media into the flask. 
2.4. As soon as the cells are thawed, add the contents of the vial to the media in the tissue culture flask. Incubate the cells at 37°C and 5% CO2.
2.4.1. MED: Talent pipettes the solution of cells from the vial and ejects the volume into the flask. 
2.4.2. MED – over the shoulder: Talent places the flask of cells into the incubator. 

2.5. On day three of incubation harvest the cells with trypsinization and centrifugation at 1000 rpm. Then passage the cells into a 75 cm2 Matrigel coated tissue culture flask. 
2.5.1. MED – over the shoulder: Talent placing the tube of trypsin/cell suspension in the centrifuge. 
2.5.2. MED: Talent at tissue culture hood. Talent re-suspends the cell pellet in media and then transfers the suspension to a 75cm2 flask. 
2.6. Split the cells every three days and on day 6, passage the cells into a 150 cm2 Matrigel coated tissue culture flask. 
2.6.1. MED – over the shoulder: Talent removing the 75cm2 flask from the tissue culture incubator. 
2.6.2. CU: Cell suspension being ejected into a 150cm2 flask. 
2.7. On day 9, transfer the cells from the 150 cm2 Matrigel coated tissue culture flask into a triple 150 cm2 Matrigel coated tissue culture flask or three 150 cm2 flasks. 
2.7.1. MED: Talent at tissue culture incubator. Talent has the cell suspension form the 150 cm2 flask and pipettes a third of it into each compartment of the triple flask or into three 150 cm2 flasks. 

3. Engineering Skeletal Muscle Tissues. 

3.1. On day 12 of incubation the cells are ready for seeding into a muscle construct. 
3.1.1. TITLE CARD. 
3.3.  On day 12 of incubation the cells are ready for seeding into a muscle construct. Begin by cutting segments of Velcro of approximately 5 mm square with one edge in a triangular shape, as illustrated by this schematic. Only the soft side of the Velcro is used. (Move step 3.3(cutting Velcro) before 3.2 (preparing glue))
3.3.1.  MED: Talent at the tissue culture hood cutting the square segments of Velcro 

3.3.2.  LAB MEDIA: 4267_van_der_Schaft_Fig_1
3.2. Then prepare silicon glue by mixing the elastomer with the curing agent in a 10:1 ratio. 
3.2.1. MED: Talent mixing the elastomer and curing agent. 
3.3. Then, cut segments of Velcro of approximately 5 mm square with one edge in a triangular shape, as illustrated by this schematic. Only the soft side of the Velcro is used.

3.3.1. MED: Talent at the tissue culture hood cutting the square segments of Velcro. 

3.3.2. LAB MEDIA: 4267_van_der_Schaft_Fig_1. 

3.4. Then glue two pieces of Velcro into each well of a 6-well culture plate, leaving approximately 12 mm between the pieces and leave to dry overnight.
3.4.1. CU: Two pieces of Velcro are glued into the last well of a 6-well plate (the other wells already contain glued Velcro) with 12mm between each piece. 
3.5. The next day, sterilize the wells and Velcro by adding 70% ethanol to the wells and incubating for 15 minutes. Next, rinse the wells three times with PBS. Leave the third wash in the wells and expose the plate to UV light for 15 minutes. Then aspirate the PBS and transfer the plates to the tissue culture incubator until ready to use. 
3.5.1. MED – over the shoulder: Talent at tissue culture hood pipetting ethanol into the wells of the 6-well plate. 

3.5.2. MED: Talent pipetting from a bottle of PBS into the empty wells of the plate. 

3.5.3. WIDE: Talent closes the window of the tissue culture hood and turns on the UV light (the plate containing Velcro and PBS is in the hood). TEXT: 15 minutes. 

3.5.4. MED - over the shoulder: Talent aspirating the PBS from the wells and then getting up from the tissue culture hood with the plate. 
3.6. Prepare a solution of 3.2mg/ml collagen in sterile 0.02% acetic acid. Place the collagen solution on ice along with Matrigel solution that has been previously thawed in the refrigerator. 
3.6.1. MED: Talent at tissue culture hood with a bucket of ice containing the Matrigel. Talent adds the collagen to a falcon tube containing 0.02% acetic acid (labeled ‘3.2 mg/ml collagen in 0.02% acetic acid’). 

3.6.2. CU: Shot of the ice bucket containing matrigel as the tube of collagen is placed on ice. 
3.7. Next, harvest the cells by trypsinization and centrifugation, then re-suspend the cell pellet in growth medium and perform a cell count according to standard procedures. Once the cells have been counted, place the tube containing the cells in the tissue culture incubator. 
3.7.1. MED: Talent places a tube of cell suspension in the centrifuge. 

3.7.2. MED – over the shoulder: Talent at the tissue culture hood with the tube and media. Talent re-suspends the cell pellet in media. 

3.7.3.  MED – over the shoulder: Talent performing cell count. 

3.7.4. WIDE: Talent places the tube containing the cells in the tissue culture incubator. 
3.8. The matrix solution is prepared by mixing the solutions on ice in the following percentages: 51.3% Collagen solution, 0.2% 0.5M NaOH, 8.6% Matrigel and 39.9% growth medium. Ensure that the final solution is pink in color as an increase in pH can result in rapid gelation.  The final volume depends on the number of wells to be plated. This table shows the volumes for 10 muscles. 
3.8.1. MED: Talent at tissue culture hood with the ice bucket and a centrifuge tube and the various solutions. Talent pipettes the collagen solution into the centrifuge tube, followed by the NaOH, Matrigel and growth medium. 

3.8.2. CU: Shot of the final solution. 

3.8.3. LAB MEDIA: 2467_van_der_Schaft_table1.  

3.9. Ensure that the cells are fully re-suspended and transfer 750,000 to 1,250,000 cells per construct to a fresh centrifuge tube. Centrifuge at 1000 rpm for 5 minutes. 
3.9.1. MED – over the shoulder: Talent pipettes the cell suspension up and down a couple of times and then transfers a volume to a fresh centrifuge tube. 

3.9.2. MED: Shot of the centrifuge spinning the cells. TEXT: 1000 rpm for 5 min. 
3.10. Aspirate the supernatant and re-suspend the cell pellet in a small but sufficient volume of the matrix mixture. Then once the pellet is fully re-suspended, add the cells to the remaining volume of matrix mixture. 
3.10.1. MED: Talent aspirates the supernatant. 

3.10.2. CU: The pellet is resuspended in a small volume of matrix mixture. 

3.10.3. MED: The resuspended cells are added to the required volume of matrix mixture. 
3.11. Now, after retrieving the pre-warmed plates from the incubator, pipette 0.35 to 0.4 mL of the cell-matrix mixture into each piece of Velcro. Then, begin to pipet the mixture from the center between the attachment sites and extend to the Velcro. Finally, use the remainder of the gel to fill up the gap between the two Velcro anchors and pipet around the Velcro pieces.
3.11.1. CU: Shot of the plate ready to receive the mixture. The appropriate volume of cell mixture is pipetted onto one of the Velcro pieces and then the other. Then the mixture is pipetted into the center and extends to one piece of Velcro and then the other. Lastly, mixture is pipetted into the gap and around the Velcro pieces.
3.12. Cover the plate and leave at room temperature for 5-10 minutes, then gently tap the dish and visually inspect to see if the gel is rigid. If so, the dishes can be gently transferred to the tissue culture incubator. 
3.12.1. MED – over the shoulder: Talent covers the plate and then leaves the tissue culture hood. TEXT: 5-10 minutes. 

3.12.2. MED: Talent returns to the plate in the hood, lifts the lid and inspects the plate. 

3.12.3. CU: Shot of the rigid constructs. 

3.12.4. MED: Talent places the plate in the TC incubator. 
3.13. After 1-2 hours in the incubator, gently overlay each gel with 4 mL of pre-warmed growth medium. Then return the plate to the tissue culture incubator. 

3.13.1. CU: Shot of plate in the tissue culture hood. 4ml of media is pipetted into each of the wells (only need to show the first 2 wells or so in the video).  

3.13.2. MED: Shot of the plate in the incubator. 
3.14. After 24 hours, replace the growth medium with differentiation medium (TEXT: See written protocol for details). Repeat the media change every 2-3 days. 

3.14.1. CU: Shot of the old media being pipetted from the wells of the plate. 
3.14.2. CU: Fresh growth media being added to the same wells of the plate. 

3.15. Mature oriented muscle fibers should be apparent on day seven of culture. At this point the fibers can be electrically stimulated. 
3.15.1. MED: Talent removing the plate from the incubator. 

3.15.2. CU: Shot of the mature culture on day 7. 
4. Electrical Stimulation of Muscle Fibers. 
4.1. First, sterilize the electrodes from the Ionoptix plate with 70% ethanol for 15 minutes and dry under UV light for 30 minutes. 
4.1.1. CU: Talent pouring 70% ethanol into a dish containing the electrodes and placing the lid on the dish. TEXT: 15 minutes. 

4.1.2. MED: Talent removes the ethanol and turns on the UV light. TEXT: 15 minutes. 
4.2. Then, place the sterilized electrodes onto the culture plate ensuring that the electrodes are placed parallel to the muscle construct as shown in this picture showing the bottom of a plate. The white arrows indicate the electrodes. 
4.2.1. CU: The electrodes are placed onto the culture plate. 
4.2.2. LAB MEDIA: 4267_van_der_Schaft_Fig_2. 

4.3. Cover the plate with its lid and transfer to the tissue culture incubator. Connect the Ionoptix C-pacer with the appropriate cables and apply the stimulation protocol. Here, 4 Voltz per centimeter, 6 milisecond pulses at a frequency of 2 Hz are used. 
4.3.1. MED: Talent places the lid on the plate and takes it out of the hood. 

4.3.2. MED – over the shoulder: Talent connects electrodes and C-pacer with the appropriate cables and then starts the stimulation protocol. 
4.4. Electrical stimulation is usually done for a period of 48 hours. Change the culture media every 24 hours during stimulation. 
4.4.1. MED: Talent opens the tissue culture incubator to reveal the constructs undergoing stimulation. 

4.4.2. MED – over the shoulder: Talent pipettes off the media to begin changing the tissue culture media during stimulation. 
5. Results: Characteristics of Muscle Constructs. 
5.1. This image shows a typical example of a mature muscle construct. The size of the tissue is approximately 8 mm long, 2 mm wide and 0.5 mm thick. 
5.1.1. LAB MEDIA: 4267_van_der_Schaft_Fig_3. 
5.2. This image shows a typical example of a muscle progenitor cell in engineered skeletal muscle tissues. Frozen sections of non-stimulated murine bioarticfical muscles  (mBAMs) at day 8 of differentiation were stained for sarcomeric α-actinin, shown in red; sarcomeric myosin, shown in green; and nuclei, shown in blue. The panels on the right are magnifications of the boxed areas. 
5.2.1. LAB MEDIA: 4267_van_der_Schaft_Fig_4 (bottom 3 panels) 
5.3. The protocol can also be used on C2C12 cells. This image shows differentiated C2C12 cells stained in the same manner as shown in the last image. Sarcomeric α-actinin, is shown in red; sarcomeric myosin, is shown in green; and nuclei are shown in blue. Again the panels on the right are magnifications of the boxed areas. 
5.3.1. LAB MEDIA: 4267_van_der_Schaft_Fig_4 (top 3 panels). 

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/video/1597/results-example-mably?access=ksw0bprj
6. Conclusion (said by authors on camera)

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. You may revise the given prompts if necessary to better fit your protocol.
6.1. Author name Ariane van Spreeuwel_: While attempting this procedure, it’s important to remember to to keep everything on ice___________.

6.2. Author name Daisy van der Schaft________: Following this procedure, other methods like quantitative PCR_____________ can be performed in order to answer additional questions like changes in gene expression pattern_____________.

6.3. Author name Carlijn Bouten________: After its development, this technique paved the way for researchers in the field of regenerative medicine__________ to explore mechanically induced tissue morphogenesis and adaptation using engineered tissue models. It also aided in the design of engineered cardiac muscle models.
6.4. Author name Daisy van der Schaft_________: After watching this video, you should have a good understanding of how to generate engineered muscle tissues using a hydrogel based scaffold _____________ (restate overall goal of the procedure mention specific steps).

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.  

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.
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