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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Yes  
If Yes, can you record movies/images using your own microscope camera? Yes  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  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. Please upload all screen captured video files to your project page as soon as possible.

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements. JoVE can provide support for this option.

☐ 	Interview Statements are read by JoVE’s voiceover talent. 

4. Filming location: Will the filming need to take place in multiple locations?  No


To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  26
Number of Shots:  53

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Gabriela L. Santos: We let the fibroblasts build and organize their own environment under a defined mechanical condition. This results in anisotropic tissues with stiffnesses and matrix compositions comparable to the natural situation of the cells.

REQUIRED: What is the main advantage of this technique?
1.2. Tim Meyer: It allows to compare up to 48 conditions, it is flexible with respect to the used cell type and culture conditions and by the use of only few well-defined components it is reproducible between laboratories.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Gabriela L. Santos: Sure it does, by application of pro-fibrotic factors or aintifibrotic drugs it can be used to study the underlying processes and therapies of fibrotic diseases of any kind.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.



Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.6. Gabriela L. Santos: Demonstrating the procedure will be Alisa DeGrave, a PhD student from my laboratory. and myself (Gabriela L. Santos)  	Comment by Santos, Gabriela: Please, replace by “our”
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.7. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Primary Cardiac Fibroblast Preparation for Monolayer Culture
2.1. To begin with, thaw the cryopreserved cardiac fibroblast in a water bath at 37 degrees Celsius for approximately 2 minutes until the vial is left with only a small amount of ice [1].
2.1.1. WIDE: Establish the shot of talent thawing CF in a water bath

2.2. Next, transfer the cell suspension drop-wise, using a 2-milliliter serological pipette, into an appropriate sterile centrifuge tube containing 10 milliliters of Fibroblast Growth Medium [1]. For optimal cell retrieval, rinse the cryovial with 1 milliliter of FGM (F-G-M) and transfer it to the centrifuge tube [2]. 
2.2.1. Talent transferring the cell suspension, drop-wise, into a centrifuge tube 
2.2.2. Talent rinsing the cryo-vial with FGM and then transferring it to the centrifuge mediumtube

2.3. Replenish FGM every other day for five days or until the cells reach 80% confluency [1].
2.3.1. Talent replacing the FGM



3. Enzymatic Dispersion of Human Cardiac fibroblasts
3.1. Aspirate the medium from the cultured cells [12] and wash cells with 6 milliliters of PBS and aspirate [23]. Then, add 6 milliliters of the cell dissociation reagent to the cells [34-TXT] and incubate it until the cells start visibly detaching [54-TXT].
3.1.1. Talent taking plate from the incubator
3.1.2. Talent aspirating medium from cells
3.1.3. Talent washing the cells with PBS
3.1.4. Talent adding cell dissociation reagent to the cells 
3.1.5. Talent Placing the plate in the incubator TEXT: Incubation: ~ 3 min, 20-25 0C	Comment by Santos, Gabriela: Not in an incubator.
3.1.6. Talent shows detached cells under the microscope. SCREEN 1: To be provided by the authors: The recording of floating cells.

3.2. Neutralize enzymatic activity by adding 5 6 to 120 milliliters of FGM to the dislodged cells in the cell dissociation reagent [1]. Gently pipette up and down 4 to 8 times using a 10-milliliter serological pipette to ensure a single cell suspension [2] and transfer the cells into a fresh 50-milliliter collection tube [3].	Comment by Santos, Gabriela: This comes from a typo on the manuscript.
3.2.1. Talent adding FGM to dislodged cells
3.2.2. Talent pipetting the cells up and down using a serological pipette. SCREEN 2: To be provided by the authors: The recording of single cell suspension observed under a microscope.
3.2.3. Talent transferring the cells into the centrifuge tube

3.3. Verify the yield with the help of an automated cell counter as per the manufacturer’s instructions [1] and pellet down the cells [2-TXT]. After centrifugation, aspirate the supernatant [3], flick the tube to dislodge the pellet [4], and resuspend the cells in FGM [5-TXT]. 
3.3.1. Talent counting the cells using an automated cell counter
3.3.2. Talent putting tubes for centrifugation TEXT: Centrifugation: 300 x g, 5 min, 20 -25 0C
3.3.3. Talent aspirating the supernatant
3.3.4. Talent flicking the tube to dislodge the pellet
3.3.5. Talent resuspending the cells in FGM TEXT: Cell suspension: ≥ 15 x 106 cells/ml at 20-25 0C

3.4. Next, strain the cell suspension through a 40-micrometer mesh cell strainer [1]. Then, using an automated cell counter, assess cell number and viability by electric current exclusion to ensure reliable cell numbers before proceeding with engineered connective tissues or ECT (E-C-T) preparation [2]. Authors: The cell number and cell viability assessment would require two distinct shots or can be shot as single step process?	Comment by Santos, Gabriela: It can be shot as a single step. Both parameters are given in the same measurement. Shot 3.4.1. is identical to 3.3.1.
3.4.1. Talent straining the cell suspension using a strainer
3.4.2. Talent recounting cell number and assessing the cell viability

4. Engineered Connective Tissue Preparation
4.1. To prepare for ECT, adjust the cell suspension to the 8.9 million cells per milliliter at 20 to 25 degrees Celsius by adding FGM [1] and keep the cells on ice [2]. Then, prepare the ECT hydrogel mixture by adding components described in the text to a pre-chilled 50-milliliter centrifuge tube avoiding air bubble formation [3].
4.1.1. Talent adding FGM to the cell suspension 
4.1.2. Talent keeping the tube on ice
4.1.3. Talent adding various components to pre-chilled tube on ice

4.2. Pipette the acid soluble-collagen type 1 hydrogel using a serological pipette with a wide bore tip [1]. Adjust the salt content of the collagen solution by adding the two times DMEM while gently swirling the tube for proper mixing [2].	Comment by Santos, Gabriela: We suggest showing as text the principal components of the ECT hydrogel mixture. Do you agree?
4.2.1. Talent pipetting the collagen hydrogel using a serological pipette TEXT: 0.3 mg of Collagen per ECT
4.2.2. Talent adding DMEM to the tube while swirling the tube TEXT: equal volume of 2x DMEM

4.3. To neutralize the pH, add 0.2 molar sodium hydroxide while swirling the tube and confirm the neutralization by observing the red color of the Phenol-red indicator [1]. Then, add the cell suspension drop-wise while gently swirling the tube [2].
4.3.1. Talent adding sodium hydroxide to the tube and turning of the phenol-red indicator from yellow to red
4.3.2. Talent adding the cell suspension drop-wise while swirling the tube TEXT: 0.75 x 106 cells per ECT

4.4. Mix the suspension by gently pipetting up and down only once, using a serological pipette with a wide bore tip, to avoid bubble formation and minimize the shear stress [1]. Gently swirl the tube ten times to ensure a complete mixture [2]. Keep the centrifuge tube containing ECT hydrogel mixture on ice throughout the casting process [3].
4.4.1. Talent mixing the entire suspension by pipetting using a serological pipette
4.4.2. Talent gently swirling the tube multiple times
4.4.3. Talent keeping the tube in ice

4.5. Wet 1-milliliter pipette tip in ECT hydrogel mixture [1]. Then, distribute 180 microliters of hydrogel mixture evenly into each mold of the 48-well casting plate, avoiding excessive shear forces that may affect the integrity of the collagen matrix assembly and ensuring that the entire plate finishes in 15 to 20 minutes [2].
4.5.1. Talent wetting the 1-milliliter tip with ECT hydrogel mixture
4.5.2. Talent distributing hydrogel mixture into each mold of casting plate

4.6. Ensure that a complete loop forms within the mold as discontinuous distribution of ECT mixture will prevent a complete ECT ring formation [1]. Avoid pipetting into the inner well and forming bubbles during pipetting to ensure a homogeneous and functional tissue formation [2].
4.6.1. A complete loop formed within the mold	Comment by Santos, Gabriela: Note to the videographers: A close-up in this step would be good to clearly show the best way to move the pipette around the ring-shaped mold.
4.6.2. Homogeneous tissue formation within the mold	Comment by Santos, Gabriela: For filming, this step is redundant and we suggest removing it. Optionally, Figure 3 could be included in the video. Would that be possible?

4.7. Carefully place the 48-well casting plate inside the cell culture incubator to reconstitute the ECT hydrogel mixture for 15 to 30 minutes [1]. After incubation, it appears gel-like and opaque [2].
4.7.1. Talent placing the casting plate inside the incubator
4.7.2. Gel-like opaque tissue after incubation

4.8. Add 600 microliters of 37 degrees Celsius warm FGM per well along the wall gently to avoid ECT detachment from the bottom [1]. Replace the medium every day with 500 microliters of FGM until analysis [2].
4.8.1. Talent gently adding the culture medium along the well wall
4.8.2. Talent replacing the medium

5.  Cross-Sectional Area Measurement to Assess ECT Compaction
5.1. At the desired time points, use a stereo microscope to record macroscopic images of the top and side views of the ECT [1].
5.1.1. LAB MEDIA: Figure 5C	Comment by Santos, Gabriela: We would like to shoot how to handle the poles with tissue for recording images of the top and side views of the ECT instead of showing only Figure 5C. This Figure will be anyhow shown in the screen-capture video for step 5.2.1.

5.2. Use an image processing program to perform a line scan analysis. Set a scale and use the Straight Line tool to trace and measure the ECT diameters at a minimum of 6 positions per arm in each imaging plane [1].
5.2.1. SCREEN 3: To be provided by the authors: The image processing program is opened, the scale being set, and the Straight Line tool is used to trace and measure the ECT diameters. 
[bookmark: _GoBack]AUTHORS: Please provide screen-capture videos for steps 4.2 and 5.2 in your manuscript on your project page. I will write the shots to match the voiceover narration. https://www.jove.com/account/file-uploader?src=19123548
6. Pole Deflection Analysis to Monitor ECT Contraction
6.1. Image the 48-well casting plate under a recording device with an integrated area scan camera placed at a fixed distance, equipped with a high-resolution monochrome image sensor [1-TXT]. To perform automated detection of the pole’s tips containing fluorescent dye and for maximizing the contrast, use a near-UV light source [2].
6.1.1. Talent imaging placing 48-well plate under a recording device TEXT: Resolution: ≥ 5 mega-pixels	Comment by Santos, Gabriela: These two steps are interdependent since the UV light source is integrated in the recording device and required for the actual imaging.
Therefore, we made alterations in the shooting lines.
6.1.2. Talent using near UV light source SCREEN 4: To be provided by the authors: The recording of brightness being converted in a dark backgroung image displaying the bright dots which correspond to the pole’s tips.

6.2. Measure the distance between the poles from daily records using an automated analysis by running the recorded images on a software to detect high contrast bright pixels on a dark background or an image processing program or automated analysis by running recorded images on software to detect high contrast bright pixels on a dark background [1].	Comment by Santos, Gabriela: Since what we will show in detail is the manual way of performing the measurements, we would like to guggest inverting the order as edited in 6.2. and add the 
6.2.1. SCREEN 5: To be provided by the authors: The image processing program being opened, images being run, and high contrast bright pixels visible on the screen. 

7. Destructive Tensile Measurement and Stress-Strain analysis to Assess ECT
7.1. Transfer the ECT onto two hooks clamped to the stationary arm and the transducer arm of an extensional dynamic mechanical rheometer equipped with a 37 degrees Celsius tempered organ bath filled with PBS [1].
7.1.1. Talent transferring the ECT onto hooks of the rheometer

7.2. Apply uniaxial tension at a constant linear rate by setting the rheometer at approximately 1 % of the initial distance between the hooks per second [1]. A constant stretching rate of 0.03 millimeters per second can be used with typical ECT dimensions [1]. Initiate the stretch and record until the point of ECT rupture [2]. 
7.2.1. Talent setting the rheometer SCREEN 6: To be provided by the authors: The Trios program being opened, selecting geometry (Tension fixture), openning procedure and setting 0.03 millimeters per second. Video editor: Please highlight “1: Other Axial” and “Tension” under the parameter Motor direction.	Comment by Santos, Gabriela: What is described in 7.2. (“Apply uniaxial tension at a constant linear rate by setting the rheometer at approximately 1 % of the initial distance between the hooks per second”) is done in a software. The same for “A constant stretching rate of 0.03 millimeters per second can be used with typical ECT dimensions”. 

Therefore, we provide a screen-capture video to show this part on the software in case you think it is a better alternative for step 7.2.1.
7.2.2. Talent taring the transducer and recording the stretch	Comment by Santos, Gabriela: Note to the videographers:
The complete measurement takes around 5-10 minutes minutes. We could break this in three frames, showing:
 Taring the transducer
 Strech after for example 10 seconds…
 …after 1 mitute…
 …after 4 minutes (or when tissue breaks)


7.3. Normalize measured force by cross-sectional area and Plot plot the stress values against strain on an XY graph [1].	Comment by Santos, Gabriela: This step envolves easy calculations which we believe is not worth showing, but we think it is important to mention that the measured force is normalized by the cross-sectional area. Therefore, we would like to suggest the alteration made in the script.
7.3.1. Talent sitting on a computer and plotting stress versus strain on XY graph 

7.4. Different biomechanical parameters can be determined from the stress-strain curve displaying three regions: toe, elastic, and plastic regions [1]. Just before the tissue starts micro fracturing, the upper limit of the elastic region corresponds to the yield point [2], and its strain is a measure of tissue elasticity [3]. 	Comment by Santos, Gabriela: In case it is helpful, we provide you with the independent elements of Figure 7B on PowerPoint for easier video making/editing. 	Comment by Santos, Gabriela: Since this particular curve does not show a well defined Toe region (this can hapen and it can also be a characteristic of some tissues), we would maybe not include this segment in the narration.
7.4.1. LAB MEDIA: Figure 7B 
7.4.2. LAB MEDIA: Figure 7B Video editor: Please highlight the “yield point” label in the graph
7.4.3. LAB MEDIA: Figure 7B Video editor: Please highlight the “yield strain” (below x-axis) label and corresponding green line in the graph

7.5. The plastic region is in between the yield point and the failure point [1]. The failure point corresponds to a sudden drop in the stress due to rupture of the tissue [2], defining the ultimate strain, which is a measure of tissue extensibility [3]. 
7.5.1. LAB MEDIA: Figure 7B Video editor: Please highlight the “plastic strain” (below x-axis) label and corresponding light blue line in the graph
7.5.2. LAB MEDIA: Figure 7B Video editor: Please highlight the “failure point” label in the graph
7.5.3. LAB MEDIA: Figure 7B Video editor: Please highlight the “ultimate strain” label and corresponding dark blue line in the graph

7.6. The third measuring point corresponds to the maximum strength, defined by the highest stress that the tissue can bear without breaking during the stretch [1]. The resilience and toughness, given by the area under the curve, corresponds to the energy absorbed by the tissue up to the yield point and failure point, respectively [21]. 
7.6.1. LAB MEDIA: Figure 7B Video editor: Please highlight the maximum stress label in the graph
7.6.2. LAB MEDIA: Figure 7B: resilience and toughness	Comment by Santos, Gabriela: Optional.

7.7. For each obtained curve, the slope of the linear part of the elastic region corresponds to Young’s modulus, also known as elastic modulus. It is a mechanical property that measures the stiffness of the tissue [1].
7.7.1. LAB MEDIA: Figure 7B Video editor: Please highlight the label “Slope= Young’s modulus” in the graph


Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the question below. Please do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 

The most critical point is the preparation of the ECT hydrogel mixture. We select: 3.4.1, 4.1.3, 4.2.1, 4.3.1, 4.3.2, and 4.6.1.


2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.). 

3.1.5. and 5.1.1.




Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 143. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

8. Results: Effect of Actin Polymerization on ECT Compaction, Contraction, and Stiffness 
8.1. Using this protocol, ECT compaction and contraction under control conditions and in the presence of FCS (F-C-S) ensued a few hours after casting and notably increased up to day 5 [1].
8.1.1. LAB MEDIA: Figure 5 Video editor: Please highlight figure 5A	Comment by Santos, Gabriela: Please show only figure 5A.
8.2. When ECT was treated with the actin polymerization inhibitor Latrunculin A, the ECT compaction was reduced, as indicated by the significant increase in the ly higher cross-section area compared to control [1].
8.2.1. LAB MEDIA: Figure 8A and 8B
8.3. The contraction of the tissues was assessed during the five days of culture [1]. In the absence of Latrunculin A, the contraction gradually increased up to day 5, reaching about 40 % contraction [2]. However, Latrunculin A presence affected the tissue contraction, resulting in only about 20 % maximum contraction [3]. 
8.3.1. LAB MEDIA: Figure 8A and 8C
8.3.2. LAB MEDIA: Figure 8A and 8C Video editor: Please emphasize the control image in figure 8A and the black line in the graph.
8.3.3. LAB MEDIA: Figure 8A and 8C Video editor: Please emphasize the Lat-A image in figure 8A pink line in the graph.
8.4. Actin polymerization inhibition led to a significant reduction of about 50 % in the tissue stiffness over the control. These results demonstrate that the actin cytoskeletal integrity is essential for ECT compaction, contraction, and stiffening [1].
8.4.1. LAB MEDIA: Figure 8D


Conclusion
9. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
9.1. Gabriela L. Santos: (3.4.1, 3.4.2, 4.2.1, and 4.3.2) It is important to select a reliable high-quality collagen solution as well as ensure that a single cell suspension with high viability is used in the reconstitution of engineered connective tissues.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
9.2. Gabriela L. Santos: Our tissues can be used for histological and flow cytometry analyses of re-isolated cells, and moreover for investigating underlying pathophysiological mechanisms by resorting to transcriptomic, proteomic and metabolomic technologies.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
9.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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