EDITORIAL COMMENTS:

Changes to be made by the Author(s):
Response: We would like to thank the editor for his time and his suggestions to improve the quality of our protocol.

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling, grammar, and language (e.g., line 66: severely improved) issues. Please use American English.
Response: Thorough proofreading has been done, British English was changed to American English to the best of our knowledge.

2. Please provide an email address for each author.
Response: Email addresses for each author have been added to the revised submission.

3. Please use periods and not commas to indicate decimal throughout the manuscript (e.g., 2.1, line 131; 3.8, line 183 etc).
Response: All decimals use periods now.

4. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
Response: Personal pronouns have been removed from the isolation protocol

5. Please note that your protocol will be used to generate the script for the video and must contain everything that you would like shown in the video. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. Please add more specific details (e.g. button clicks for software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.
Response: thank you for this suggestion, clearly, an easy replication is the main goal of this protocol. We therefore added more detailed descriptions to numerous steps.

i) What is the age of the mice used in the study?
Response: The age of the mice used in this study was 6 ± 1 months. This information has been added to the protocol.

ii) 1.1: How much of these buffers are to be prepared?
Response: clarification of this issue has been added to the text.

iii) 1.4: Please clarify how the aortic cannula is to be prepared.
Response: The cannula has to be cleared from air by rinsing it with perfusion buffer. In order to be able to cannulate the heart, it has to be fixed under a microscope. Better explanation has been added to the text.

iv) Please indicate what instruments would be most suitable to perform steps in 2.4 and 2.5.
Response: thank you for this comment, clarification was added to the text and instruments which are needed were added to the materials table.

v) How much of perfusion buffer (2.6) and digestion buffer (3.4) should be used to immerse the heart?
Response: Specific amounts were not mentioned since they depend on the size of the used dishes. The goal is to keep the tissue covered and therefore keep it from drying out. Information about this issue has been added to the text.

vi) In 3.9 and 3.12, do you mean “carefully filter” or “carefully pass”?
Response: Carefully pass – the text has been changed accordingly.

vii) In 4.3 and 4.9, if only atrial cells are to be centrifuged at 5 x g for 1 minute, what should the speed and duration be for ventricular cells?
Response: Ventricular cells do not need to be centrifuged, they settle by sedimentation. An additional sentence has been added to clarify this issue.

viii) What do you mean by 330 u/mg dw?
Response: Units per milligram dry weight – since this was part of a sentence using commercial language, we entirely left out the sentence, enzyme concentration and activity is mentioned within the digestion buffer table.

6. Please highlight up to 3 pages of the Protocol (including headings and spacing) 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. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
Response: highlights have been added to the revised version.

7. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the next. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense.
Response: highlights have been added to the revised version.

8. Please cite figures in order. After Fig.1, you have cited Fig. 3 in Representative Results.
	Response: Figure citation is now in numerical order.

9. Please have a separate Table of materials and relabel the other tables from 1 to 8.
Response: tables have been changed as required.

10. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before 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.
For example: Worthington Type II collagenase (LOT # F7P17939A), and the sentence “Worthington Biochemical Corporation … convenient” (lines 367-369)
Response: Commercial language has been removed.

11. Please discuss some limitations of the protocol in the Discussion.
Response: thank you for this comment, limitations are now addressed in the discussion.

13. Please write journal names fully for all references in the list.
Response:.changes have been made to display full journal names.

14. Please check spelling (e.g., Typ II in Table 4) and symbols (e.g., NaCL in Table 2 and CaCL2 in Table 4).
	Response: spelling was checked again and chemicals are now written correctly.

15. Please select a section in the submission site for your manuscript.
	Response: A section was selected for the revised resubmission.


____________________________________
REVIEWER COMMENTS TO THE AUTHORS: 

Reviewer #1:
Manuscript Summary:
The authors have done a good job describing a detailed protocol for isolating myocytes from mouse atrium and ventricles. My concerns and suggestions are follows:

1) The authors should clearly summarize in Abstract and Discussion what they have done to modify/improve the currently used protocols in literature to increase the yield and quality of the cells
Response: First of all, we would like to thank the reviewer for taking his time to review our manuscript. We appreciate your comment, we agree that this was not made entirely clear in the initial manuscript and thus have rewritten the discussion to point out the modifications we have made to currently used protocols. We tried adding the information to the abstract, but due to word limits it turned out to be redundant and we decided to leave it as it was.

2) Blebbistatin, a myosin inhibitor has been used in many labs to increase yield greatly. The authors may need to discuss why they choose not to use it. It is conceivable that blebbistatin-treated cells are not suitable for contraction evaluation.
Response: we appreciate the reviewers comment. Blebbistatin can increase yield, but current publications1,2 have shown that Blebbistatin has a significant effect on cardiac electrophysiology. Its use in electrophysiologic studies has to be treated with caution and should be limited to circumstances where uncoupling is mandatory. We have discussed this important issue and added these two references to the article.

3) Fig. 2 shows good quality of a single cell isolated from atrium and ventricle, respectively. Photos with low magnification should also be provided to show the percentile yield in each case
Response: thank you for this comment. We considered this carefully but have purposely left out such a figure, because we think it does not add significantly to this article. The cell amount reflected in such a figure highly depends on the initial volume in which the cell pellet has been resolved and does not necessarily correlate with total yield or cell quality for patch-clamp experiments. Criterions for good cell yield and quality which are commonly reached with this protocol have been emphasized within this manuscript and are to our minds more important to researchers in the field. 


Reviewer #2:
Manuscript Summary:
This study entitled "Isolation of high quality murine atrial and ventricular myocytes for simultaneous measurements of Ca2+ transients and L-type calcium current" describes the methodological procedure to isolate murine cardiomyocytes in order to perform calcium transient measurements and calcium current recordings.

Major Concerns:
None
Response: Thank you for your time to review our manuscript and for the important suggestions made below.

Minor Concerns:
Point 1.2. Due to the loss of temperature between the bath and the extremity of the cannula, perhaps it will be useful for the reader, as an example, to mention at which temperature in general you setup your bath to reach 37°C at the extremity of the cannula.
Response: thank you for this consideration, we do absolutely agree and have added clarification to the protocol. We wrote: ‘In order to have a temperature of 37°C at the tip of the perfusion needle, water bath temperature has to be set slightly above at around approximately 40°C. This should be tested regularly by measuring temperature at the perfusion tip’


Point 2.6. Can you precise if you put the heart into cold or RT perfusion buffer? Are you also cleaning the heart to remove piece of lung or fatty tissue (extracted during the point 2.5) at this stage or it is not necessary?
Response: clarification of these questions have been added to the protocol. We wrote: ‘put the heart into room temperature perfusion buffer and cannulate the aorta with a blunt end needle under the microscope as quickly as possible. NOTE: Remove any lung tissue and fatty tissue attached to the organ without losing too much time on it. While cannulating, make sure that the end of the needle does not extend through the aortic valve, as this will impair your results by preventing buffers from entering the coronary arteries.’


After the point 2.7 in the ''Note'' section: Can you precise if the time mentioned (90-180 seconds) is the time between the cervical dislocation and the cannulation or if it the time between the heart extraction and the cannulation?
[bookmark: _GoBack]Response: clarification has been added to the protocol. We wrote: ‘We recommend not taking longer than 90-180 seconds from removing the heart until the start of perfusion.’

Point 3.2. Is it exactly 37°C as mentioned or can we have a windows of freedom and if yes how much?
Response: temperature should be exactly 37°C, nevertheless we know that this is hard to achieve under real conditions. We have not tested different temperatures and their effects, we therefore recommend to aim for 37° and consider natural inaccuracy the ‘window of operation’.

Point 3.7. For the pipette tip. Are you also melting a little bit the opening after the cutting to avoid a sharp opening? If yes, can you precise it.
Response: we do not heat polish or melt the pipet tips after cutting, this information has been added to the manuscript.

Point 6.3. Do you have a ref for the glass pipettes?
Response: since this section is a brief summary, added for completeness and refers to other publications containing this information we did not add the glass pipettes to the table of Materials. In our lab we use WPI (world precision instruments) 1.5/0.75mm PG101504 borosilicate glass.

In the discussion, line 326. Can you precise the windows of ages for which you can use this protocol?
	Response: we added this information to the discussion.

In the discussion, line 355. For the pipette tip. Are you also melting a little bit the opening after the cutting to avoid a sharp opening? If yes, can you precise it.
	Response: as stated above, we do not melt the openings.

Figure 1: Do you have a bubble trap in you system? Perhaps it will be useful to precise it in the legend.
Response: thank you for this comment, we do not use a bubble trap in our system since we do not experience problems with air bubbles after carefully filling the Langendorff-apparatus prior to experiments. Nevertheless we added this possibility to the protocol for researchers experiencing problems with air trapping. We wrote: ‘NOTE: It is crucial to avoid any air inside the perfusion system, as this will directly affect coronary perfusion and thus digestion effectiveness. If necessary, a bubble trap might be added to the setup to safely avoid any air trapping.’


Figure 2: The cardiomyocytes are beautiful, however I was expected an atrial cardiomyocytes with a less pronounced striated pattern and much more filiform. Do you have other example of atrial cardiomyocytes that you can add to this one or all the atrial cardiomyocytes, using this protocol, look like the one on figure 1A?
Response: thank your consideration. Atrial cells summarize a variety of different cell types containing cells of the cardiac conduction system, especially the sinus node, as well as different myocytes from the right and left atrium as well as the atrial appendages. In this isolation protocol we do not separate these regions prior to dissociation, and this results in various cell morphologies within the isolated cells. All atrial cells are small with cell capacitances ranging from around 35 to 100 pF, some are more filiform than others. The cell we show is a typical cell from the atrial working myocardium obtained with this protocol. We have added an elaboration of this matter to the discussion.


Reviewer #3: 
Manuscript Summary:
The manuscript describes the method used by the authors for isolation of functional cardiac myocytes of mice. Although it is of potential interest to many labs, the aims of this contribution should be better targeted. Specifically, to clearly point to advancement in the proposed method over the previously published methods, including their own publication (Ref. 9), since the authors claim in the Abstract and Introduction, that current methods are not so good. From reading the manuscript, I could not identify the improvements or differences. Moreover, I was neither convinced about the claimed quality of the presented procedure just on the basis of presented exemplar experiments. Therefore, I propose additions/modifications of the study.
Response: We thank the reviewer for his important suggestions and we highly appreciate his effort for reviewing our manuscript.

Major Concerns:
1/ The title is very specific, consider a simpler title like - Standardization of the isolation procedure for highly functional murine cardiac myocytes
Response: Thank you for your comment. Indeed, the title is quite specific. We thoroughly discussed if we should change our manuscript’s title. Nevertheless, the aim of this article is to share a method of isolating murine atrial and ventricular cardiomyocytes for simultaneous patch-clamp and calcium transient measurements. We did not use the isolated cells for other measurements and consequently cannot judge their suitability for other measurements. A less specific title would thus imply more generality, which we think is improper. That’s why we prefer to keep the title as it is.

2/ The aim should be better elaborated. Is it preparation procedure itself or how to record calcium signals from isolated myocytes? Scientists working in the field would welcome standardization of the isolation procedure. This needs to define explicitly a set of quality control check points in the procedure and the evaluation criteria for quality standards of isolated myocytes. The authors certainly have plenty of experience and data to do this.
Response: We thank the reviewer for his comments. He is correct, the aim was insufficiently elaborated. The aim of this article is to provide a functional and simple step by step protocol for simultaneous isolation of atrial and ventricular murine myocytes for patch-clamp studies and calcium measurements. We tried to clarify this issue throughout our manuscript and strengthened corresponding sections. We carefully revised the abstract, introduction and discussion to better elaborate the aims and scope of this manuscript. Further, we emphasize that patch-clamp measurement are not topic of this article within the protocol itself and thus only give a brief summary and refer to different publications describing the method in detail. The reviewer is correct, standardization of the isolation procedure and the development of evaluation criteria for quality standards would be of help for the field. The aims and needs of many researchers differ widely, which makes defining general criterions challenging and we think that the development of quality standards is beyond the scope of this protocol. Nevertheless, the ultimate evaluation for quality of the isolated cells is simple and done by answering one question: ‘am I able to perform the desired measurements with high quality results in my isolated cells of each isolation’. To reach this goal, we provide an easy and functioning protocol with elaboration and discussion of major pitfalls and quality criterions that we feel meets the needs of many researchers within the field.

3/ The study limits on calcium currents and calcium transient, nevertheless, isolated myocytes are widely used for many other purposes like action potential, membrane currents, contractility, morphological studies, calcium sparks, protein interactions and co-localization, cellular energetics, mitochondrial function, etc., but also for protein and genomic profiling of contaminant free cardiac myocytes, to name just the most common ones. This fact should be mentioned in the introduction and elaborated in the discussion.
Response: We appreciate this comment. We are aware of the fact that many researchers within the field work on different aspects of cardiac electrophysiology and function using isolated cardiomyozytes. We added this information to our manuscript and discussed it. 


4/ What is the trick that this protocol provides both the atrial and ventricular myocytes tolerant to calcium? I found only atrial dissection step, without any treatment difference to ventricles.
Response: thank you for this question. In order to obtain high quality atrial cells many aspects were adapted from previously published protocols. Perfusion time with digestion buffer is slightly shorter than it would be for ventricular isolation only. The amount of collagenase is a little less and the atrial dissection is very gentle by just pulling the tissue apart instead of chopping it into pieces. Reducing shear stress is another crucial step that is important to obtain good results. The shortening of the organ perfusion with digestion buffer and subsequent atrial dissection with meanwhile ongoing digestion of the ventricular tissue is what – to our mind – leads to calcium tolerant cells of both, atrium and ventricle. Additionally, it is clear that an experienced researcher is more likely to obtain good results. We tried to clarify crucial steps and potential pitfalls and added information about these issues to our manuscript 

5/ Quantitative criteria of isolation quality are not provided. Any users would like to know what would be the expected efficiency, yield, average percentage of viable isolated myocytes, of calcium tolerant myocytes, of excitable and contracting myocytes, oxygen consumption level, and so on. What was the typical heart rate before dissection and upon Tyrode perfusion?
Response: Quantitative criteria of isolation quality are mentioned within the representative results section of the manuscript. More than 100 viable, rod-shaped, non-contracting cells/10 μl for atrial cell isolation and more than 1000 viable, rod-shaped, non-contracting cells/10 μl for ventricular cell isolation are considered as sufficient yield and these results are commonly obtained using this protocol. Yield is determined after calcium reintroduction. The fraction of viable myocytes is around 80% and these myocytes are only of good quality if they are non-contracting. One major difference in patch-clamp studies compared to other experiments following cell isolation is that one viable calcium tolerating myocyte that leads to a good seal formation and subsequent experiment is worth more than thousands of non-measurable cells. Thus, quantitative evaluation alone does not give good information about cell usability and does not add significantly to this manuscript. This is the reason why we decided not to display large magnification images of cell isolations. Oxygen consumption levels have not been measured within this study, nor have heart rates been recorded before organ harvest or while perfusing the heart.

6/ An image of a typical isolated myocyte is not really the evidence of isolation quality. Basic morphometric descriptors like the average sarcomere length and cell shortening, would be much more useful for assessing the claimed quality of the procedure, and for comparisons in future studies using the same or modified procedures, as well.
Response: Thank you for this comment. The aim of this protocol is to obtain cells suitable for patch clamp experiments and calcium transient measurements and neither sarcomere length nor cell shortening are predictors for good seal formation, rupture and subsequent stable measurements. We therefore do not assess average sarcomere length and average cell shortening routinely to assess cell quality. Increased sarcomer length is associated with more frequent calcium sparks and calcium release possibly leading to spontaneous contractions. Cells showing this behavior – if present – are not of good quality for our intended purposes and will not be included into experiments.

7/ The composition of experimental solution is described just formally. To my experience, the quality of solutions should be verified before isolation by their pH and osmolarity values in all cases, but also according to the free calcium concentration in the case of Ca-free solutions. The quality of ddH2O (double distilled?) was not mentioned, at least the conductivity is usually reported. Was the age, weight, health state of mice taken into experiment a factor? Make order in names and preparation of solutions, i.e, perfusion buffer, Tyrode solution calcium free Tyrode, etc. What is BDM, BCS, ddH2O, GTP-Tris, …?
Response: Thank you for your important considerations and suggestions. First, we included information about pH adjustments in those steps, solutions and buffers where necessary (see table 5. for example). We do not measure osmolarity within this isolation protocol routinely. The conductivity of double distilled water (ddH2O) has been added to the manuscript. The age and weight of the mice taken into experiment was documented but adaptions of the protocol are not needed as we did not experience any significant differences in outcomes. All animals taken into experiments were of good health. The manuscript has been proofread again and we tried our best to clarify misleading statements and insufficient descriptions of steps, solutions and buffer and improved overall readability. Abbreviations have been erased from the manuscript and tables or been introduced before use. 

8/ The costs analysis would be also useful, especially for those who prepare their grant budget.
Response: We agree that a cost analysis would be of interest for someone preparing his or her grant budget. Nevertheless, costs highly depend on already present laboratory equipment, countries where studies are conducted and on the exact aim of each project and therefore costs unfortunately vary substantially. We consequently decided not to include a detailed cost analysis and think that our manuscript provides a highly useful and functioning isolation protocol even without this analysis.
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