Responses to the Editor and Reviewers

We would like to thank the Editor and the Reviewers for the favorable comments and useful criticisms on our manuscript. We have revised the manuscript by conducting the additional experiments, following the constructive and useful comments. We feel that the suggested revisions are very appropriate and, thanks to these suggestions, the manuscript has now been considerably improved. The revised parts of the manuscript have been underlined.

[Responses to Editorial comments]
1. Revised manuscript has been corrected by an English proofreading company.
2. According to the Editor’s comments, we have revised the Protocol to shorten. In some very important Steps, four or more sentences have left to explain the procedure in detail.
3. The essential steps of the protocol for video have been highlighted.

[Responses to Reviewer #1]
We would like to thank the Reviewer #1 for kind suggestions and useful criticisms.

Major concerns:
1. The title has been changed as suggested by the Reviewer. 

2. According to the Reviewer’s suggestions, we have made a flow diagram of the outline of the protocol.
Step 1, Note, L81-82: The sentence “An outline of the …” has been inserted. 
Supplementary Fig.1: The new flow diagram has been inserted.

3. According to the Reviewer’s suggestions, we have revised and shortened the Abstract. 

4. As commented by the Reviewer, we have revised the Introduction.
We would like to demonstrate the images of adult and neonatal heart here (Fig.1 for review).
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Fig.1 for review
Introduction, L55-56: The phrase “since the diameters of the aorta in the even adult heart is ~1.2 mm.” has been inserted.

5. As suggested by the Reviewer, % cell viability and % success of the heart dissociation from the different age group of mice is important. Therefore, we have conducted the additional experiments and revised the text appropriately. 
Results, L315-322: The sentences “Ventricular myocytes…to the value previously reported.” have been inserted.
Discussion 3, L443-448: The paragraph “In our laboratory, … at the start of perfusion.” has been inserted.
Fig.1C: The new data have been inserted.

6. We agree with the Reviewer that the applications of the antegrade perfusion in electrophysiological and calcium transient studies from wild type and diseased heart of different age group mice are interesting. We will be focused on these points in the near future, and have already succeeded to obtain cardiomyocytes from TAC-operated heart. We would like to thank the Reviewer #1 for the useful comments.
Discussion 3, L443-448: The paragraph “In our laboratory, … at the start of perfusion.” has been inserted.

7. According to the Reviewer’s suggestions, we have revised the text to mention about the purifying the cardiomyocytes.
Discussion 2, L425-430: The paragraph “The supernatant at the … replating for culture.” has been inserted.

8. As suggested by the Reviewer, Significance and Future application of the method have been combined and revised.
Discussion 4, L457-458: The sentence “The time required for ...” has been inserted.
Discussion 4, L464-467: The paragraph “In experiments using… performed continuously.” has been inserted.

Minor concerns:
1. According to the Reviewer’s suggestions, we have revised the Introduction (we would like to focus on the mammalian heart) and cited the recommended reference.
Introduction, L48-50: The sentence “Thus, using the Langendorff-based … ” has been revised.
Ref. 4: The new reference “Joshi-Mukherjee, R. et al. J Mol Cell Cardiol. 65 76-87, 2013” has been inserted.

2. As suggested by the Reviewer, we have revised the Introduction.
Introduction, L59-64: The sentences “As an alternative to… with a microscope.” have been revised.

3. Step 1.2, L104, L106, Table 1 and 2: The word “HEPES” has been substituted for “Hepes”.

4. Step 1.2.2, L114-115: The words “100 mM” and “(final Ca2+ concentration is 0.3 mM)” have been inserted.
Step 1.2.3 L120-121: The words “100 mM” and “(final Ca2+ concentration is 1.2 mM)” have been inserted.

5. Step 1.2.4, L124-125: The words “400 mM” and “(final EGTA concentration is 0.4 mM) “have been inserted.

6. Step 2.1, L155: The words “adult mice (>8 weeks old)” have been inserted.

7. Step 3.1, Title, L219: The word “Dissociating” has been substituted for “Dispersing”.

8. According to the Reviewer’s suggestions, we have conducted the additional experiments and revised the text.
Results, L315-322: The sentences “Ventricular myocytes … previously reported.” have been inserted.
Discussion 3, L443-448: The paragraph “In our laboratory, … the start of perfusion.” has been inserted.
Fig. 1C: The new data have been inserted.

9. Results, L332: The words “in liquid nitrogen” have been substituted for “at -80C”.

10. Step 2.1.1, L165: The sentence “This procedure usually takes <1 min.” has been inserted.
Discussion 1, L392: The words “(<1 min)” have been inserted.

11. According to the Reviewer’s suggestions, we have revised the “Modifications of the method and troubleshooting”.
Discussion 2, L418-423: The paragraph “The operators can … same enzyme mix” has been inserted. 

[Responses to Reviewer #2]
We would like to thank the Reviewer #2 for kind suggestions and useful criticisms.

Major concerns:
1. According to the Reviewer’s suggestions, we have added the benefit of this methodology in the text.
Introduction, L65-67: The sentence “In this method, … of the cells.” has been inserted.
Discussion 4, L457-458: The sentence “The time required … of the cells.” has been inserted.
Discussion 4, L464-467: The paragraph “In experiments using multiple … performed continuously.” has been inserted.

2. We have not performed the experiments using the cultured cardiomyocytes so far, but are planning to do it using the cells isolated with this method. The isolation reagents may be altered, such as generally utilized Krebs-Henseleit Buffer, collagenase and hyaluronidase. Even in such case, the antegrade perfusion techniques can be used for perfusing the mouse heart with enzymes to isolate cells.

3. To reduce the cell damages, preincubating and storing cardiomyocytes in Ca2+-free and high K+ solution is very popular (Issenberg & Klockner, Pflugers Arch, 1982). The cell resuspension solution used in the present study contains Tyrode solution (1.8 mM Ca2+) supplemented with BSA and antibiotics, since we use Tyrode solution as a standard buffer for maintaining the cells under physiological conditions. In the present method, we perfuse the heart with the enzyme solution containing low concentration of 0.3 mM Ca2+. So, we incubate digested cells in CIB- Ca2+-BSA (1.2 mM Ca2+) before the final resuspension with the cell resuspension solution (1.8 mM Ca2+), such gradual increase in Ca2+ avoids cell damage (Shioya, 2007). As long as the isolated cardiomyocytes are intact (quiescent cells with no contraction) this Ca2+-adapting procedure does not affect cell viability. Conversely, the damaged cells are dying during this incubation resulting in obtaining healthy cell group. 

Isolated intact atrial myocytes (quiescent cells without irregular contraction) can be also stored in the same solution cell resuspension solution, useful for the immediate experimentation <4 h. However, the atrial myocytes tend to be more delicate to be stored compare to the ventricular myocytes, resulting in decrease in the number of viable cells in a meantime. We routinely perform the experiments using atrial myocytes isolated from guinea-pigs. In atrial myocytes, we have observed that mice cells possess higher resistant to extracellular Ca2+ conditions than guinea-pigs cells, during both isolation and storage.

We have therefore revised the text.
Discussion 2, L432-440: The paragraph “The enzyme mix contains… the ventricular myocytes.” has been inserted.

4. As pointed out by the Reviewer, the purity of isolated cells is important. It is difficult to obtain 100% fresh cardiomyocytes without contamination of non-myocytes. Although non-myocytes are light and very small, some of the cells settle down together with large cardiomyocytes by centrifugation (Omatsu-Kanbe et al, J. Physio. Soc. 63:17-2-, 2013). To obtain more purified fresh cardiomyocytes, gravity settling method may be useful (Ackers-Johnson et al, 2016). We have therefore stated the general methodology in Discussion.
Discussion 2, L425-430: The new paragraph “The supernatant at the … preplating for culture.” has been inserted.

In cultured cardiac fibroblasts without contamination of cardiomyocytes can be obtained by the repeated washing after 90 min incubation to attach fibroblasts on the culture dishes. 

5. As suggested by the Reviewer, the image of the freshly isolated atrial myocytes has been inserted in Fig. 1B. We have not performed to count time-dependent changes in the viability of isolated atrial myocytes, however, the action potentials could be recorded from the atrial myocytes at least ~3 h after isolation (data have been inserted in Fig.1 C). In this study, we would like to focus on the cell isolation of cardiomyocytes from the adult mice and clarify it in the text. The morphologies of the ventricular and atrial myocytes obtained from mice of varying ages are shown in the previous study (Omatsu-Kanbe et al., 2018).
Abstract, L35: The words “adult mice (8-108 weeks old)” have been revised.
Step 2.1, L155: The words “adult mice (>8 weeks old)” have been revised.
Results, L315-324: The sentences “Ventricular myocytes … Langendorff-based method.” have been inserted.

6. According to the Reviewer’s suggestions, we have conducted the additional experiments and revised the text appropriately.
Step 6, L287-294: The paragraph entitled “Whole-cell patch clamp recordings” has been inserted.
Results, L322-324: The sentence “The action potentials recorded in …” has been inserted.
Fig. 1D: The new data have been inserted. 

7. According to the Reviewer’s suggestions, we have conducted the additional experiments and revised the text appropriately. The viability is the proportion of live cells in all cells.
Fig.1C: The new data of time-dependent changes in cell viability have been inserted. 
The method of cell counting and the relative literature have been inserted in the legend.
Ref. 16: The new reference “Shan et al, Am J Physiol. 294:C833-C841, 2008” has been inserted.

8. According to the Reviewer’s suggestions, we have conducted the additional experiments. 
Fig.1C (black symbols): The new data have been inserted.

Minor concerns:
1. We usually use up the stock solution stored at 4C within ~6 months, and have not had any problems so far.

2. In our experience, all working solutions can be stored on ice for ~2 hours, allowing to prepare the equipment and animals in the meantime. Enzyme mix and perfusion solutions should be warmed appropriately in a water bath before use.

3. The purchased collagenaseType2 (>300 U/mL, Worthington Biochemicals) is stored at 4C according to the manufacturer’s instruction. Trypsin and protease (Sigma-Aldrich) are stored at -20C. These enzymes can be used for one year without any problem under such storage conditions.

4. A temperature-controlled water bath is suitable for warming and constantly keeping the temperature of enzymes, cells suspension, and working solution. However, since it takes time to heat a solution for preparing CIB or Tyrode solution (200 mL or more), we usually use microwave to heat DW before adding stock solution. We have revised the text to clarify it.
Step 1.2.1, L109-110: The sentence “Warm 160 mL of distilled water …” has been revised.
Step 1.2.2, L116: The words “in a water bath” has been inserted.

5. The standard enzyme mix solution in 30 mL includes 30 mg collagenase, 1.8 mg trypsin and 1.8 mg protease, which is used for the mice older than 4 weeks of age. In mice <4 weeks of age, we reduced the concentration of trypsin and protease to 0.9 mg but did not change the concentration of collagenase. In the juvenile mice, the perfusion period should be reduced appropriately. (Shioya, J. Phys. Soc, 57:327-335, 2007; Omatsu-Kanbe et al., Physiol Rep. 6 (9), e13688, 2018). We have therefore revised the text.
Step 1.2.2, L115-116: The sentence “In mice <4 weeks old, …” has been inserted.
Discussion 2, L420-423: The sentences “A total of 10 mL of …the same enzyme mix.” have been inserted.

6. This method is available to isolate both ventricular myocytes and atrial myocytes from a single heart. We have revised the text to clarify it.
Abstract, L39-40: The sentence “The results suggest that …” has been inserted.
Step 3.2, L227: The title has been changed to “Isolation of ventricular myocytes”.
Step 3.3, L237: The paragraph entitled “Isolation of atrial myocytes“ has been inserted.
Supplementary Fig. 1: Flow diagram of the cell isolation from the single heart has been inserted.

7. Step 2.1, L155: The word “euthanized” has been substituted for “killed”. 

8. We do not recommend using a peristaltic pump for the antegrade perfusion, because it makes pulsating flow. An infusion pump (or syringe pump) is suitable for perfuse the solution with a one-way flow. We have therefore revised the text.
Step 1, Note, L82-84: The sentences “An infusion pump (ore syringe pump)… is not recommended.” have been inserted. 

9. Fig. 3, L371: The word “ANP” has been substituted for “ATP” in the title. 

10. The text has been revised using anatomically correct terms.
Step 2.1.2, L170: The phrase “place it with the apex down” has been substituted for “place it in an upright position”
Step 2.1.3, L178: The words “anterior surface” have been substituted for “front of”. 
Step 2.1.3, L180: The word “anterior” has been substituted for “front”.
Discussion 1, L394-396: The sentences “The particular orientation of …on the perfusion plate.” have been revised.

11. Biological glue Cell-Tak (Corning, #354240) listed in” Table of Materials” is a tissue adhesive specially formulated protein solution extracted from marine mussel. It can immobilize non-adherent cardiomyocytes without requiring fibronectin or laminin.
Step 5.3, L268: The words “biological glue” have been inserted.

[Responses to Reviewer #3]
We would like to thank the Reviewer #3 for kind suggestions and useful criticisms.

Major concerns:
1. According to the Reviewer’s suggestions, the Note has been revised.
Step1, L81-84: The sentences have been revised.
Step 1.2, L109-110 in the original manuscript: Th sentences “Dilute and … in Table 2.” have been deleted.
Step 2.1, L164-167 in the original manuscript: The sentences ”To minimize bleeding … under a microscope.” have been deleted.
Step 2.2.2, L216-218 in the original manuscript: The sentences “Over time,…with tweezers.” have been deleted.
Step 3, L233-234 in the original manuscript: The Note has been deleted.

2. The components of 50 antibiotics have been stated in Table of Materials, Table1 and 2.
Table of Materials: Dulbecco's Modified Eagle's Medium (DMEM), Fetal bovine serum (FBS), 
Penicillin G potassium, Phenol Red, Streptomycin sulfate and other reagents have been inserted in the list.

3. As pointed out by the Reviewer, we have inserted the isolating method for atrial myocytes.
Step 3.2, L227: The title has been changed to “Isolation of ventricular myocytes”.
Step 3.3, L237: The paragraph entitled “Isolation of atrial myocytes“ has been inserted.
Supplementary Fig. 1: Flow diagram of the cell isolation from the single heart has been inserted. 

4. As suggested by the Reviewer, the sentence “The sentence “As previously reported, …” L313-315 in the original manuscript has been deleted.

5. According to the Reviewer’s suggestions, we have conducted the additional experiments revised the text appropriately.
Results, L315-322: The sentences “Ventricular myocytes…to the value previously reported.” have been inserted.
Fig.1C: The new data have been inserted.

Minor concerns:
1. Revised manuscript has been corrected by an English proofreading company.

2. Abstract, L35: The words “adult mice (8 – 108 weeks old)” have been substituted for “mice of various ages”.

3. According to the Reviewer’s suggestions, we have rearranged the following Steps.
Step 1.1: The title has been changed to “Previous preparation”.
Step 1.2: The title has been changed to “On the experiment day”.
Step 1.3 in the original manuscript has been rearranged to Step 1.2.7 and Step 1.2.8.

4. All “Circle with diagonal line across from all mentions of culture dishes” in the original manuscript have been deleted.

5. Step 1.2.2, L114-115: The words “100 mM” and “(final Ca2+ concentration is 0.3 mM)” have been inserted.
Step 1.2.3, L120-121: The words “100 mM” and “(final Ca2+ concentration is 1.2 mM)” have been inserted.

6. Step 1.2.4, L124: The words “1.2.2 and 1.2.3” have been substituted for “2.2 and 2.3”.

[bookmark: _GoBack]7. L157-158 in the original manuscript: The sentence “Prewarm the …” has been deleted.

8. Step 2.1, L155: The word “euthanized” has been substituted for “killed”.

9. L164-167 in the original manuscript (Step 2.1 Note): The sentences “To minimize bleeding …under microscope.” have been deleted.

10. Step 2.1.2, L170: The phrase “place it with the apex down” has been substituted for “place it in an upright position”.

11. Step 2.2.1, L191-193: The sentence “Slide the needle towards…” has been revised.

12. Step 2.2.2, L215-216: The sentence “Stop perfusion when …” has been revised.

13. Step 3.1, L222-223: The sentence “The dropped BSA powder …” has been inserted.

14. Step 3.2, L234: The words “cell resuspension solution (composition is listed in Table 2)” have been revised.
Table2: “Insulin solution” has been substituted for “Insulin stock”.

15. Step 5.1, L269: The word “instruction” has been substituted for “introduction”.

16. Step 5.2, L275-277: The sentences “Plate the isolated … culture dishes.” have been substituted for “Prepare cardiomyocytes …”.

17. Step 7, L297-398: The sentence “In this study, …” has been inserted.

18. Fig. 3, L371: The word “ANP” has been substituted for “ATP” in the title.  

19. Discussion 1, L394-396: The sentences “The particular orientation…on the perfusion plate.” have been revised.

20. Abbreviation of A and V have been explained in Fig.3 and the legend.

21. Units in Table 1 have been revised to keep consistently "mL".

22. “Triton X 100” has been substituted for “Triron X 100” in Table 2.

23. We have inserted the composition of TG in Table 2. 

[Responses to Reviewer #4]
We would like to thank the Reviewer #4 for kind suggestions and useful criticisms.

Major concerns:
1) The isolation solutions including enzyme mix used in this study are the same as those reported previously (Shioya, J. Phys. Soc, 57:327-335, 2007), but only the perfusion method is different. In this method, complete removal of Ca2+ from the coronary arteries is necessary by perfusing with CIB-EGTA before the application of enzymes. (Step 2.2.2, L206: The time “2-3” has been substituted for “3-4”.) And the subsequent thorough tissue digestion with collagenase requires a certain level of proteolytic activity, trypsin for facilitating tissue digestion and protease for facilitating single-cell dispersion. The cardiomyocytes isolate with this enzyme mix were demonstrated to have normal contraction properties and -adrenergic signal transduction (Shioya, 2007). We have been used the mouse ventricular myocytes isolated with this enzyme mix (with retrograde perfusion method) to study store-operated Ca2+ entry, oxidative-stress via CaMKII (Kojima et al., Anesthesiology, 2011; Kojima et al., Br J Pharmacol, 2012; Kojima et al., Anesthesiology, 2013). We have not used the cultured cardiomyocytes so far, but are planning to do it using the cells isolated with this method. Alternatively, the conditions of the isolation reagents may be changed according to the purpose of the study, such as Krebs-Henseleit Buffer, collagenase and hyaluronidase. Even in such case, the antegrade perfusion techniques can be used for perfusing the mouse heart to isolate cells.

2) Since the reduction of the enzyme perfusion period increases the quality of the cardiomyocytes, we have improved the Langendorff-based retrograde perfusion with the same enzyme mix within 8 min at speed of ~1.5 mL/mL by hydroostatic pressure (total enzyme perfusion volume is ~10 mL). Similarly, we have refined the antegrade perfusion method to set to use this speed and the total volume of the enzyme mix. We have therefore revised the text to clarify it.
Introduction, L67-68: The sentence “In this method,…” has been inserted.
Step 2.2.2, L215-216: The sentence “Stop perfusion when the total volume of the enzyme mix perfused is 10 mL.” has been revised.
Discussion 4, L457-458: The sentence “The time required for …” has been inserted.

According to the Reviewer’s suggestions, we have conducted the additional experiments and revised the text appropriately. 
Results, L315-322: The sentences “Ventricular myocytes…to the value previously reported.” have been inserted.
Fig.1A: The new image of plenty of freshly isolated ventricular myocytes with low magnification has been inserted.
Fig.1C: The new data of time-dependent changes in % of viable ventricular myocytes have been inserted.

3) Abstract, L35: The words “adult mice (8 – 108 weeks old)” have been substituted for “mice of various ages”.
Fig. 1C: The new data have been inserted.
Discussion 2, L420-423: The sentences “A total of 10 mL of …the same enzyme mix.” have been inserted.
Discussion 3, L443-448: The new paragraph “In our laboratory, … at the start of perfusion.” has been inserted.

4) The final centrifugation of collecting cardiomyocytes is 14 x g. We have corrected this error (Step 3.2, L233).
As pointed out by the Reviewer, the purity of isolated cells is important. However, it is difficult to obtain 100% fresh cardiomyocytes without contamination of non-myocytes. Although non-myocytes are light and very small, some of the cells settle down together with large cardiomyocytes by centrifugation (Omatsu-Kanbe et al, J. Physio. Soc. 63:17-2-, 2013). To obtain more purified fresh cardiomyocytes, gravity settling method may be useful (Ackers-Johnson et al, 2016). We have therefore stated the general methodology in Discussion.
Discussion 2, L425-430: The paragraph “The supernatant at the … replating for culture.” has been inserted.

5) In this study, we extracted proteins with low molecular weight by a simple lysis buffer. We also use the isolated cardiomyocytes for western blot analysis in other experiments (Kojima et al., Anesthesiology, 2013) and optimize the protein extraction conditions depending on the target proteins.
Step 7, L297-298: The sentence “In this study, … was performed.” has been inserted.

Minor concerns:
1) As commented by the Reviewer, we have revised the text appropriately.
Introduction, L67-69: The sentence “This is a simple methodology … “ has been revised.
Discussion 4, L471-473: The sentence “The composition of the …” has been revised.

2) As pointed out by the Reviewer, the isolation of cardiac fibroblasts does not need the gradual calcium increasing steps reintroduction. The method described in the original manuscript was for further isolating another type of interstitial cells from the cardiac fibroblast fractions at the same time. We have therefore revised the text appropriately.  
Cardiac fibroblasts were washed twice with the culture medium without serum before suspended in the complete medium. First washing is for removing remaining enzymes and the second washing is for preventing contamination. We have therefore revised the text appropriately.  
Step 3.4, L247-249: The sentence “Wash the precipitated cells twice …” has been revised.
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