Dear editor:
Please find enclosed the revised version of the manuscript entitled “IN VITRO ASSESSMENT OF CARDIAC FUNCTION USING SKINNED CARDIOMYOCYTES” by Patrícia Goncalves-Rodrigues, João Almeida-Coelho, Alexandre Gonçalves; Flávio Amorim, Adelino F Leite-Moreira, Ger Stienen and Inês Falcão-Pires.
We thank the reviewers for their thorough and detailed analysis of our work, which helped us to improve the manuscript. All the points raised by the reviewers were taken into account, and the manuscript was corrected accordingly ("track changes” in red). Furthermore, we include below a reply where we outline, point by point, each change made as raised in the editor or reviewers’ comments. We sincerely hope that the revised version will comply with their suggestions. 

Editorial comments:
Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. 
We asked a native English speaker to revise the entire manuscript, and we hope this version is significantly improved.
2. Unfortunately, there are a few sections of the manuscript that show significant overlap with previously published work. Though there may be a limited number of ways to describe a technique, please use original language throughout the manuscript. Please check the iThenticateReport attached to this email.
We have carefully looked to the iThenticateReport attached and revised 2 main sections of the text:
1.  The first, in the introduction, is based on a book chapter that 2 authors have previously written. We restructured the text and included this reference, which, by mistake, was not in the version of the paper previously submitted (Falcão-Pires et al., In vitro Experimental Assessment of Cardiac Function in Cokkinos, Introduction to Translational Cardiovascular Research). 
2. The second section, a sentence in the introduction and another in the discussion, was based on a JOVE paper, similar to our but in skeletal muscle, which we already cited in the manuscript but we forgot to cite it again in these two sections (Roche et al., JOVE, 2015). Both sections were restructured to use original language.
3. The other sections highlighted in iThenticateReport refer to acknowledgments, authors’ affiliations and ethics which appear in many papers of our laboratory. We obviously did not change it.

3. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
There are no figures from previous publications.

4. Please remove the embedded Table from the manuscript. All tables should be uploaded separately to your Editorial Manager account in the form of an .xls or .xlsx file.
We removed all the table from the manuscript and created .xls files for each of them. We also changed the text accordingly.

5. Please use 12 pt font and single-spaced text throughout the manuscript.
We changed this accordingly.

6. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names of an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents. Please add a one-line space between each of your protocol steps.
We removed all commercial language from the manuscript.

7. Please remove all footnotes and as notes between steps.
Accordingly, we replaced footnotes by Notes next to the corresponding step.

8. There is a 2.75 page limit for filmable content. Please highlight 2.75 pages or less of the Protocol steps (including headings and spacing) in yellow that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
We have highlighted in yellow the filmable content identifying the essential steps of the protocol for the video.

9. Each figure must be accompanied by a title and a description after the Representative Results of the manuscript text. 
We are not totally sure what the editor means with this sentence. We changed accordingly to what we understood. Please confirm if the new version is as desired.

10. Please do not abbreviate journal titles for references.
We used JOVE template for EndNote to produce the list of references. 

11. Please sort the items in alphabetical order according to the name of material/equipment.
We changed the material table accordingly.

12. Please use h, min, s for time units.
We changed this in the entire manuscript.

13. Please convert centrifuge speeds to centrifugal force (x g) instead of revolutions per minute (rpm).
We changed this throughout the manuscript, although we do not think we should change rpm to g in step 6.6 as we are referring to rotation and not centrifugation, therefore g is not appropriate for this step of the protocol.

Reviewers' comments:
Reviewer #1:
The manuscript submitted by Gonçalves-Rodrigues and colleagues aims to provide the methodological steps required to measure the force and rate of tension redevelopment from skinned single cardiomyocytes. With this respect they provide details on the preparation of high quality, permeabilized cardiomyocytes, the preparation of required solutions, attachment of cardiomyocytes, and protocol for the measuring the mechanical properties of the cardiomyocytes. The premise of the article is excellent, and will provide an excellent resource for those wanting to move into myocardial mechanics. The manuscript is generally well written, but would benefit from additional editing. There are many cases where the tense of plurality changes within a sentence. Specific instances have been pointed out, but is not an exhaustive lit. There are a few additional suggestions to improve the quality and clarity to the reader.
We thank the reviewer for the valuable remarks.
It may be beneficial to the readers to include a section that describes how to calibrate the force transducer to ensure accurate force measurements. 
We added a new section (4) where we described this procedure although it can be highly specific depending on the commercial system each lab has (line 178).
It should be stressed to the readers that may not be familiar to the equipment the sensitivity of the force transducer, and the care that should be taken not to break it.
A note was included in the manuscript where this is addressed (line 180)
Abstract: The first sentence is very long and difficult to follow. Please try to break this into at least two sentences.
We agree with the reviewer and the sentence has been rewritten to allow better comprehension. 
Table 1: The company name is presumably meant to be Merck?
Yes, the reviewer is correct. We replace “Merk” by “Merck”.
Line 66: Please change "assessing sarcomere length" to "assessment of ... "
We changed this (line 47).
In the stock solutions table, please change "CaEGTA composed by" to "composed of".
We changed this in table 1.
The ionic strength for all experimental solutions should be disclosed.
The ionic strength of the experimental solutions amounted to 180 mM. This information was included in section 3 of the manuscript (line 154). 
It would be helpful to describe how the proportions of solutions presented in the mixing table were calculated, so that readers may calculate other pCa solutions if needed. If done using Fabiato and Fabiato computer program, please disclose this and consider including additional pCa solutions.
The compositions of the solutions were calculated by means of a computer programme similar to that of Fabiato and Fabiato (1). This programme is available on request. Unfortunately, it runs under old Windows operating systems (Windows XP and below). The solutions may also be calculated by means of the MaxChelator programme (2), which yields similar results. The proportions for additional pCa solutions were added to Table 5.
It would be of benefit to the reader to suggest the optimal type of glue used for cardiomyocyte attachment. For example, do the authors use UV sensitive glue?
We added this information in the discussion section (line 643-645). We did not use UV sensitive glue in our experiments but a fast-cure silicon glue.
Equipment is misspelled. Change "assumes" to "assume". Change "detached" to "detach".
We corrected this.
It would benefit readers to describe here how you circumvented the issues of cardiomyocyte attachment with the fatty ZSF1 cardiomyocytes.
Although we anticipated some problems with cardiomyocytes extraction from fatty samples, this ended up not to be a major issue. We had extracted and measured over 60 samples from obese animals (including ZSF1 obese) and we did not detect any major differences from other strains extractions, especially since we recently changed to stronger silicon glue that is able to maintain cells glued even with very high maximal forces. We added a remark in line 639. Changing to this glue, improved significantly the efficiency of skinned myocytes’ measurements working day. 
Throughout the manuscript, the authors often use the term "myofilamentary", which is rarely if ever used in the field. "Myofilamentary" is easily exchanged with "myofilament" and would be much simpler for readers.
Thank you. We replaced “myofilamentary” to “myofilament” throughout the manuscript.
 Figure 5: Would it be possible to show an inset of the ktr for each calcium concentration? This would provide an excellent visual representation of the relationship between calcium and the rate of tension redevelopment.
We added a new figure (Figure 6) to show ktr curves and values for some of the calcium solutions (line 582).


Reviewer #2:
The manuscript describes the steps needed to isolate, attach, and measure mechanical properties of single skinned cardiac myocytes. The preparation is invaluable toward understanding myofilament function, how it translates to in vivo parameters, and the basis for sarcomere based therapies. The description in thorough and favorable for improved reproducibility.
We thank the reviewer for the valuable remarks.
Major Concerns:
The only major concern is data presented in Table 1. The ktr values for rodent preparations are similar to pig and human preparations and much lower (an order of magnitude) than previous reports using skinned mouse/rat cardiac myocytes. The raises issues related to variation between sample preparation (e.g., frozen vs fresh tissue), methodology for mechanical perturbation (slack-re-stretch vs slack), differences in attachment procedures (trough and pin tie in vs glue). These issues should be discussed. In addition, force redevelopment trace(s) (on short time base) should be provided.
After reading the reviewer comment we realized that ktr magnitude values in table 1 were incorrect. We corrected the values in table 6 in the new version of the manuscript. 
The differences between frozen vs fresh tissue was addressed in line 627-629 and a new figure was added (Figure 8, line 590-596).
Issues related to methodology for mechanical perturbation and cell attachment procedures were addressed in line 627. This is such a relevant issue that we decided to include a new figure in the manuscript representative of this information (Figure 8).
[bookmark: _Hlk14433069]We decided to include a new figure (figure 6, line 585) with representative traces of a protocol of Ca2+ sensitivity (pCa: 4.5, 5.0, 5.2, 5.4, 5.6 and 6.0). These traces are from mice cardiomyocytes. At lower calcium concentration solutions, the ktr fit was not good (Rsquare of fit <0.90) and for that reason, we do not use these values (line 501). 
Minor Concerns:
Page 7, line 222. Why is numerator divided by 1000? Perhaps units should be shown.
The numerator is divided by 1000 to have N/m2 (our software provides force values in mN).
Page 9, line 294. Consider providing force trace in short time frame to show force redevelopment time course. Is residual force (force at the onset of force development) and its variance quantified? What is the impact of residual force? How does residual force affect interpretation of data?
Residual force is beyond the scope of this manuscript. Nevertheless, a new phrase was added in “Results” section were residual force is mentioned as another possible parameter derived from this technique  (line 547).
We did notice that there was a mistake in the ktr values presented in table of representative results. We correct this table based in values from our laboratory and other studies (3). 
Page 9, line 307. What should data be excluded in active force drops below 70% of initial? Could this exclusion criteria affect interpretation and conclusions related to mechanics and effects of disease, drugs, etc?
[bookmark: _Hlk14246376]Maybe we were not totally clear - this is just a quality-control check and relates to the run-down during the experiment, and not to intrinsic low force development in myocytes from diseased hearts or specific drug-effects. For instance, each experimental protocol to assess Ca2+ sensitivity begins and ends with a control activation at saturating Ca2+ concentration (pCa of 4.5). By comparing the final to the initial value, its rundown should not be higher than 30% regarding the initial active force (Fmax). Instead, the final value should be at least 70% of the maximum force of the first contraction. Otherwise, the measurement/cell should be excluded from the analysis, meaning that the myofilaments lost function or that the cell unglued from the transducer or motor. We included this information in the manuscript as a note (line 480-485). 
Page 12, line 374. Please clarify what is meant by "the diffusion distances are less than 2um".
We agree with the reviewer and this sentence is confusing and not adding any useful information, so we decided to remove it from the manuscript.
Page 12, lines 396-401. Can estimates be provided that compare calcium activation times in an intact myoyctes (via EC coupling) vs. calcium diffusion in a averaged sized skinned cardiac myocyte preparation?
Intact cardiomyocytes are usually studied at 37ºC and 1.8 mM of Ca2+. Peak Ca2+ under these conditions amounts to approximately 1 µM.To address your question, we performed experiments in intact and skinned cardimyocytes in conditions as similar as possible (20ºC for both preparations; 1.0 µM for skinned versus 1.8 mM of Ca2+ for intact).
Myofilaments activation time (10 – 90% of Fmax) in skinned cardiomyocytes at 20ºC with 1.0 µM of Ca2+ ≈ 5.5 sec. However, this activation time is mainly limited by the Ca-EGTA binding kinetics and Ca-EGTA equilibration inside the skinned fibres (4). Ktr at 20ºC provides a more appropriate measure for the activation time because Stehle R et al demonstrated that at a given Ca2+-activated steady-state force, the kinetics of force development by Ca2+ and after a rapid release and restretch are the same (k ACT ≈ k TR) (5). In our experiments 20 oC, a Ktr value of 11.7 s-1 was found. This would correspond to a 10 – 90% rise time of (ln0.9-ln0.1)/ktr, i.e. 0.19 s. As can be seen from the figure below, myofilaments activation time in intact cardiomyocytes at 20ºC with 1.8 mM amounted to Ca2+ ≈ 0.14 sec. This value is in fair agreement with the value derived from the ktr measurements. However, we consider discussion of this topic beyond the scope of the current manuscript and therefore prefer not to include these results.



Please check typos: page 8, line 261 "ecquipment"; page 12, line 371 "assumes"; page 12 line 389, remove "etc"; We corrected these typos.

Reviewer #3:
The protocol reviews the techniques involved in assessing contractile properties of single skinned (permeabilized) cardiomyocytes, including stiffness (passive force), maximal tension generation, calcium sensitivity (force-pCa curves), cooperativity, and rate of force redevelopment (ktr). This in vitro assessment of cardiomyocyte contractility can be performed in appropriately preserved frozen tissue samples of minimal size in order to further characterize varying cardiac disease phenotypes and assess the effects of potential therapeutic interventions targeting sarcomeric proteins.
The title and abstract are appropriate and the authors included relevant and appropriate applications of the protocol. Critical steps are appropriately highlighted and the inclusion of the troubleshooting table is helpful.
We thank the reviewer for the valuable remarks.
Major Concerns:
From just reading the manuscript, it is difficult to visualize what kind of data one obtains from each protocol - for example, it is not obvious what kind of data is being generated when you "Start Sequence". Consequently, the data analysis portion (10) is difficult to understand. Perhaps including a sample analysis in the video will be helpful.
We changed section 8 (line 308-391) to became easier to understand to which protocol we are refering. Regarding the section 11 (423-501), this analysis is usually done after the practical experiment is concluded.
The purpose of the software protocols referenced in 7.7 and Figure 1 of the supplementary file should be clarified (i.e. what is the purpose of shortening the cell to 80% of the initial length?).
We added this information in the note immediately after the step 8.7 (line 271). Figure 1 of the supplementary file intended to show the parameters behind a basic test and sequence of tests that facilitate data acquisition. These parameters can be used as a model to input in other software’s. But as the name says, it is supplementary, and we can remove it if the reviewer prefers.
Hardware (tissue homogenizer, length controller, force transducer, etc.) and software manufacturer/model numbers should be included.
This information was added to material/equipment table.
Addition of protease inhibitors have been described during cardiomyocyte extraction/permeabilization in order to prevent degradation.
That is correct. However, in our experiments we usually use cells extracted in the same day of the experiments and maintain the solution always on ice, to slow down protein degradation.Neverthless, protease inhibitors can be use to reduce the risk of protein degradation during extraction/permeabilization (6). 
Minor Concerns:
The measurement of cardiomyocyte depth using the prism mirror (7.4) is not described in detail, however perhaps this is an aspect that can better be described by video rather than in words.
We do have a  mirror in our laboratory but lack a powerful external light source, which is required to visualize the cell. We are currently assuming the cell depth is 70% of cell width. We are now in the process of implement the use of the mirror, and if we have sufficient  light intensity at the time of the filming we will definitely describe this procedure in the video. For now we mention the 70 % approximation assumption in the text (line 326).
It is not clear what is being demonstrated in the first picture of Figure 2 (upper left corner).
[bookmark: _GoBack]We detailed what is in the picture in the figure legend (line 560).
Would be helpful to include a labeled picture of the hardware components along with the schematic illustrated in Figure 1.
We believe that additional labelling is not required; all the components were already labelled in figure 1.
The representative data included in the Appendix is helpful, however the use of the custom program (Cellprog) for data analysis is confusing since that is not what most users will have access to.
Currently, there is not any good program to extract data semi-automatically and therefore, we developed one that can help us on this task. As for us, this program is such an important part of the data analysis we found we should include it. Still, we agree with the reviewer and this is the reason why it was included in the appendix.
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