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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  No
Can you record movies/images using your own microscope camera? (Y/N) 
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N)  Yes
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
The most important steps for the viewer to see are steps 2.2.1, 2.4.1, 2.6.2, 2.12.1 and 3.13.2.

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)

The braces manufactured in steps 2.4.1 and 2.4.2 have to be bent rather precisely. To ensure a good fit, we use a jig as a template for bending and also test the fit of each brace into a silicone rack. We discard braces that do not slide easily into the hollow silicone posts. 
5. Will the filming need to take place in multiple locations? (Y/N) No
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Benjamin Becker: This system can be used to expose engineered heart tissues to varying regimens of afterload in order to study the effect of these stimuli on tissue force development, remodeling, and maturation [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera. 

1.2. Benjamin Becker: Our technique allows one to precisely subject beating tissues to a broad range of customizable afterload routines over prolonged periods of culture, without even needing to open the cell culture plate [1].  

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera. 

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Marc Hirt: Our method could be modified to control afterload in other muscle tissue culture systems, such as skeletal muscle, smooth muscle, or excised papillary muscle [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera. 

1.4. Justus Stenzig: Since our system’s approach is rather unique and features technical aspects that many scientists are not familiar with, visual demonstration may aid in recreating our setup [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera. 



Section - Protocol
2. Preparation of the Afterload Tuning Platform
2.1. To manufacture the magnetically responsive silicone racks, acquire the 24-well plate compatible racks of silicone posts described in the text protocol [1].
2.1.1. Talent positions the silicone racks. (Editor: The authors added a duplicate of this shot in their post-shoot notes. They numbered it 2.1.2. I’m not sure why they did this, so I’ve removed it)
2.2. Keeping a fixed polarity, lubricate the magnets with water and insert them, one at a time, into the outermost posts of the silicone racks [1]. 
2.2.1. Talent lubricates the magnets with water and inserts one of them into the outmost posts of the silicone racks. Videographer, the authors consider this step important for visualization. (Editor: The authors split this action in their post shoot notes, so that “talent lubricated the magnets with water…” is in 2.2.1, and “…inserted one of them into the outmost posts of the silicone racks” is in 2.2.2. However, the authors also didn’t make it clear if they’d actually separated these actions into separate shots. They also duplicated 2.2.2 and had another shot description numbered 2.2.3. I’m not sure why they did this. For the time being, I’ve reverted all of their changes because no information was given)
2.3. Use a blunted piece of stainless-steel dental wire to carefully push them to the bottom of the hollow post cavity [1-TXT]. Up to five magnets can be stacked in each post [2]. 
2.3.1. Talent uses a blunted piece of stainless-steel dental wire to carefully push the magnets to the bottom of the hollow post cavity. TEXT: See text for all materials
2.3.2. Post as talent continues to stack the magnets. (Author Comment: Since the stacking of the magnets in the post is not visible, we provided a single shot of the talent inserting a magnet into the post which could be looped a few times to clarify the stacking process.)
2.4. Use round-nose pliers to bend stainless steel dental wire into braces 11.25 millimeters wide and 15 millimeters long. To ensure the correct dimensions are achieved, use a self-made jig to aid in the wire bending [1]. Then, use wire cutters to cut the braces and a file to smooth the cutting surface [2]. 
2.4.1. Talent bends the stainless steel dental wire into braces 11.25 mm wide and 15 mm long using a self-made jig. Videographer and video editor, the authors consider this step important for visualization.
2.4.2. Braces as talent uses wire cutters to cut the braces and a file to smooth the cutting surface. Videographer and video editor, the authors consider this step important for visualization. (Editor: The authors seemed to separate this shot into two separate actions, with 2.4.2 covering “Bracers as talent uses wire cutter to cut the braces…” and 2.4.3 covering “…a files to smooth the cutting surface”. I’m unsure if they actually split these actions into separate shots, but they may have. Since they did not clarify, I’ve reverted their changes for now)
2.5. Lubricate the braces with water and insert them into the silicone rack, fixing the second- and third- to the outermost post in the process [1].
2.5.1. Talent lubricates the braces with water and inserts them into the silicone rack, fixing the second- and third- to the outermost post in the process. (Editor: The authors seemed to separate this shot into two separate actions, with 2.5.1 covering “Talent lubricates the braces with water…” and 2.5.2 covering “…and inserts them into the silicone rack, fixing the second- and third- to the outermost post in the process”. The authors did not indicate if these were actually filmed as separate shots, so I’ve reverted this change for now)
2.5.2. [Added Shot]: Talent completes manufacturing a set of magnetically responsive silicone racks by inserting the last metal brace. (Editor: I’m not sure when the authors would like this shown. They may need to providing additional VO if they want to use this shot)
2.6. Begin preparing the afterload tuning device as described in the text protocol [2.6.0]. Attach the magnet holder to the piezoelectric stage using a non-magnetic material [1]. This can be achieved using an L-shaped piece of aluminum [2]. 
2.6.0. [Added Shot]: Talent shows the separated magnet holder and L-shaped piece of aluminum.
2.6.1. Talent begins attaching the magnet holder to the piezoelectric stage using an L-shaped piece of aluminum. Continue action in next shot.
2.6.2. L-shaped piece of aluminum as talent uses it to attach the magnet holder to the piezoelectric stage. Videographer, the authors consider this step important for visualization.
2.6.3. [Added Shot]: Talent manually articulates the piezo stage motor. (Editor: I’m not sure exactly when the authors want this shown. They may need to provide additional VO to use this shot)
2.7. To enable visual analysis of the tissues, install a light source within the afterload tuning device [1]. Here, an array of LEDs was employed to illuminate the engineered heart tissues from below [2].
2.7.1. Talent points out the installed light source within the afterload tuning device.
2.7.2. Afterload tuning device as talent turns them on to demonstrate how they illuminate the EHTs from below.
2.8. To calibrate the afterload tuning system, mount one of the silicone racks vertically using non-magnetic materials, such that the magnetically responsive silicone posts are oriented horizontally [1].
2.8.1. Talent mounts one of the silicone racks vertically, such that the magnetically responsive silicone posts are oriented horizontally. (Author Comment: Wrong number. In video as 5.8.1 till 5.11.2) (Editor: I’m not exactly sure what the authors mean here. I’m guessing that maybe things were mis-slated. This comment seems to extend from 2.8.1 – 2.11.2. The authors also duplicated this shot and numbered it 2.8.2. I’m not sure why they did this, but I’ve removed the additional shot.)
2.8.2. [Added Shot]: Talent mounts one of the silicone racks vertically, such that the magnetically responsive silicone posts are oriented horizontally.
2.9. Now, mount one of the plate magnets on a horizontally traveling linear stage such that it is axially aligned with the magnetically responsive post [1]. 
2.9.1. Plate magnet as talent mounts it on a horizontally traveling linear stage such that it is axially aligned with the magnetically responsive post.
2.10. Position the calibration magnet a defined distance from the magnetically responsive silicone post using the horizontal stage [1].
2.10.1. Talent positions the calibration magnet a defined distance from the magnetically responsive silicone post using the horizontal stage.
2.11. Place a camera to the side of this set-up in order to be able to optically record the post’s deflection under the influence of the test loads [1]. Make sure that there is enough space below the post for the attached loads to hang freely. Take a picture of the post in the absence of any weights to use as a reference for the post’s “neutral” position [2].
2.11.0. [Added Shot]: Talent fixes the second silicone post. (Editor: I’m not sure where the authors want this shown. They may need to provide additional VO to use this shot)
2.11.1. Talent places a camera to the side of this set-up to optically record the post’s deflection under the influence of the test loads. [Shots 2.11.2 and 2.11.3 combined]
2.11.2. Talent takes a picture of the post in the absence of any weights. (Author Comment: Two different reference pictures for the posts “neutral” position have been uploaded (in case the editors want to use them for clarification).)
2.12. Without changing the camera’s perspective, attach one of the loads to the very end of the silicone post [1]. Then, take a picture of the post bending under the influence of the weight [2]. 
2.12.1. Talent attaches one of the loads to the very end of the silicone post. Videographer, the authors consider this step important for visualization.
2.12.2. PostBendingPicture – Authors please provide a picture taken with the magnifying USB-camera during the deflection shot (please name the file as listed here and upload to: http://www.jove.com/files_upload.php?src=18547403 ). (Author Comment: Two different pictures of silicone posts bending under the attached load have been uploaded.)
2.13. Now, graph the deflection of the silicone post on the x-axis [1] against the gravitational force of each test weight on the y-axis [2]. This should yield a linear relationship between force and deflection [3].
2.13.1. 60811_screen_capture_1 – Video editors, please show from 0:22-0:28
2.13.2. 60811_screen_capture_1 – Video editors, please show from 0:10-0:21
2.13.3. 60811_screen_capture_1 – Video editors, please show from 0:29-0:40
2.14. Plot a linear regression function passing through (0,0) (zero, zero) and the acquired data [1]. The slope of this function is the stiffness k of the magnetically responsive silicone post at the tested magnet spacing [2]. 
2.14.1. 60811_screen_capture_1 – Video editors, please show from 0:41-1:00
2.14.2. 60811_screen_capture_1 – Video editors, please show from 1:01-1:24
2.15. Plot the resulting k values against the respective magnet distances. This should yield a negative exponential relationship [1]. 
2.15.1. 60811_screen_capture_2 – Video editors, please show from 0:22-0:38
2.16. Plot a regression function through these values. For example, use Non-linear fit, One-phase decay function in the analysis software. This regression function describes the relationship between magnet spacing and afterload [1].
2.16.1. 60811_screen_capture_2 – Video editors, please show from 0:41-1:24
3. Afterload Modification Experiments
3.1. To prepare the afterload tuning device for experiments, connect the piezoelectric (pahy-ee-zoh-i-lek-tric) stage motor to the motion controller, and connect the motion controller to the computer [1]. Make sure the motion controller is also connected to a power source [2]. 
3.1.1. Talent connects the piezoelectric stage motor to the motion controller and connects the motion controller to the computer. [Shots 3.1.1 and 3.1.2 combined]
3.1.2. Talent secures the motion controller plug into a power source.
3.2. Then, start the motion controller platform software. Connect the software to the piezo stage motor by selecting the port designated as the stage port during installation of the motion control software and then click the open port button [1].
3.2.1. 60811_screen_capture_3_UPDATED_031219 – Video editors, please show from 0:02-0:15 
3.3. Go to the System panel. Select Open Loop in the Loop dropdown menu [1].
3.3.1. 60811_screen_capture_3_UPDATED_031219 – Video editors, please show from 0:16-0:23 
3.4. Manually move the magnet plate to its highest position, the closest possible magnet spacing dmin (D-min). The magnet plate should make contact with the culture plate mount [1]. 
3.4.1. Multiple takes of magnet plate as talent manually moves it to its highest position and the magnet plate makes contact with the culture plate mount. Videographer and video editor: shot will be reused.
3.5. Now, go to the Motion panel. Click the Zero button to reset the current position of the piezo stage to 0 millimeters [1]. 
3.5.1. 60811_screen_capture_3_UPDATED_031219 – Video editors, please show from 0:24-0:35. 
3.6. Manually move the magnet plate to its lowest possible position. Write down the encoder position to determine the range of motion for the piezoelectric stage motor [1]/[2]. 
3.6.1. Magnet plate as talent manually moves it down to its lowest possible position. Video Editor, please show shots 3.6.1 and 3.6.2 as split screen.
3.6.2. 60811_screen_capture_3_UPDATED_031219 – Video editors, please show from 0:36-0:54. Please use a zoom bubble to highlight the values moving next to “Enc.”
3.7. Set the Travel Limits in the System panel to values within the range of motion determined in the previous step. This prevents the magnet plate from bumping into the culture plate or the bottom of the afterload tuning device [1].
3.7.1. 60811_screen_capture_3_UPDATED_031219 – Video editors, please show from 1:00-1:12.
3.8. Once again, move the magnet plate to its highest position and click the Zero button [1]. Go to the system panel and change the feedback loop mode to Closed Loop. Doing this ensures that the stage will correct for any errors in its positioning [2]. 
3.8.1. Reuse shot 3.4.1 here.
3.8.2. 60811_screen_capture_3_UPDATED_031219 – Video editor, please show from 1:13-1:34.
3.9. Click the Save button in the Save Parameters box to store these settings in the system [1].
3.9.1. 60811_screen_capture_3_UPDATED_031219 – Video editor, please show from 1:37-1:44.
3.10. Now, place a 24-well culture plate containing engineered heart tissues on magnetically responsive silicone racks on the culture plate mount [1].
3.10.1. Talent places a 24-well culture plate containing EHTs on magnetically responsive silicone racks on the culture plate mount.
3.10.2. Beating EHTs in a 24-well culture plate filmed from above on magnetically responsive silicone racks on the culture plate mount – Video editor, if the authors were able to provide this for filming, please substitute this shot for 3.10.1. Authors, please remove this step if you were unable to provide a set of beating EHTs for filming. (More usable takes)
3.11. To calculate the magnet spacing necessary to achieve a desired afterload, solve the nonlinear regression function as described in the text protocol. Subtract dmin from the calculated magnet spacing d [1]. 
3.11.1. GraphPad_original_function – Authors, please provide an image file of the GraphPad original function to show here (please name the file as listed here and upload to: http://www.jove.com/files_upload.php?src=18547403 ). File has been uploaded
3.12. The result is the distance the magnet plate has to travel from its Zero position to achieve the desired afterload [1]. 
3.12.1. Solved function – Authors, please provide an image file of the solved function to show here (please name the file as listed here and upload to: http://www.jove.com/files_upload.php?src=18547403 ). File has been uploaded
3.13. Type this value into the Target Position 1 input field in the Motion panel and click Go to adjust the engineered heart tissues’ afterload to the calculated value [1]/[2]. 
3.13.1. 60811_screen_capture_3_UPDATED_031219 – Video editors, please show 3.12.1 and 3.12.2 as a split screen. Please show from 1:52-2:14 of this video.
3.13.2. Magnet plate as it is moving to the target position. Videographer, the authors consider this step important for visualization.




Section – Results
4. Results: Stepwise Afterload Increase and Interval Afterload Regimen 
4.1. Control and MR-EHTs produced from rat hearts were cultured in the absence of magnetic afterload until a plateau in contractile force was reached [1-TXT]. 
4.1.1. Figure 7A unlabeled.tiff - TEXT: MR-EHT = magnetically responsive-engineered heart tissues
4.2. On this day, MR-EHTs and control EHTs had similar mean forces [1]. Over the next week, the afterload exerted on MR-EHTs was incrementally increased from 0.91 to 6.85 milliNewtons per millimeter, while afterload for control EHTs remained constant [2]. 
4.2.1. Figure 7A unlabeled.tiff – Video editor, please emphasize the point on the graph at 24 days of EHT culture on the x-axis.
4.2.2. Figure 7A unlabeled.tiff – Video editor, please emphasize the red bars plotted from day 25 on.
4.3. Mean contractile force increased with increasing afterload up to 0.95 milliNewton [1], which marks more than a 3-fold increase in force compared to the average value measured for control EHTs [2]. 
4.3.1. Figure 7A unlabeled.tiff – Video editor, please emphasize the blue plotted line from day 25 on.
4.3.2. Figure 7A unlabeled.tiff – Video editor, please emphasize the black plotted line from day 25 on.
4.4. Post deflection, on the other hand, decreased compared to control tissues [1]. On the last day of culture, the mean deflection measured for MR-EHTs was only 0.11 millimeters… [2] compared to 0.48 millimeters for control EHTs [3].  
4.4.1. Figure 7B unlabeled.tiff 
4.4.2. Figure 7B unlabeled.tiff – Video editor, please emphasize the blue plotted line from day 25 on.
4.4.3. Figure 7B unlabeled.tiff – Video editor, please emphasize the black plotted line from day 25 on.
4.5. Rat EHTs on magnetically responsive silicone posts were cultured at a minimal afterload of 0.91 milliNewton per millimeter until a plateau in contractile force was reached [1]. 
4.5.1. Figure 8A unlabeled.tiff 
4.6. From this day onward, MR-EHTs underwent a 7-day afterload regimen which exposed the EHTs to cycles of afterloads alternating between 0.91 and 6.85 milliNewton per millimeter [1]. 
4.6.1. Figure 8A unlabeled.tiff - Video editor, please emphasize the black curve. 
4.7. The afterload of control EHTs was kept constant at 0.60 milliNewton per millimeter over the entire duration of culture [1]. The observed differences were not statistically significant [2]. 
4.7.1. Figure 8B - Video editor, please emphasize the blue bars.
4.7.2. Figure 8B - Video editor, please emphasize the black bars.


Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Benjamin Becker: Combined with optical contractility analysis, this method also enables the real-time measurement of short-term contractile responses to fluctuating magnitudes of afterload, which could be helpful for investigating physiological muscle properties [1].
[bookmark: _GoBack]
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera. 
5.2. Benjamin Becker: Strong magnets may suddenly cling to each other, potentially causing injury or damaging the magnets themselves. To avoid this, keep the magnets separated at a safe distance [1]. 

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera. 
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