


Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

We carefully went through the whole manuscript to remove any grammar or spelling issues in the manuscript. Changes in the revised manuscript are highlighted in blue.

2. Please revise the lines 379-381 to avoid previously published work: Ahrens, H. E., Henze, H., Schüler, S. C., Schmidt, M., Hüttner, S. S., von Maltzahn, J. Analyzing Satellite Cell Function During Skeletal Muscle Regeneration by Cardiotoxin Injury and Injection of Self-delivering siRNA In Vivo. J. Vis. Exp. (151), e60194, doi:10.3791/60194 (2019).

We revised the respective line. It now reads:
“To investigate systemic effects on MuSC functionality one can either perform muscle injury experiments followed by the analysis of muscle regeneration in vivo or perform transplantation experiments37,38.”

3. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).

We went through the whole text and revised it to avoid any personal pronouns. The respective changes are marked in blue in the revised version of the manuscript.


4. Please include an ethics statement before your numbered protocol steps, indicating that the protocol follows the animal care guidelines of your institution.

We included our specific ethics statement regarding the animal care guidelines from our research institute at the beginning of the protocol section. It now reads:
“Sacrificing of animals must be performed in accordance with the national regulations for animal experimentation. The protocol described here was performed in accordance with the guidelines of the Leibniz Institute on Aging - Fritz Lipmann Institute and the European Union (EU) directive 2010/63/EU (license number for organ harvesting: O_JvM_18-20).”


5. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets or dashes. 

We have adjusted the numbering of the protocol according to the JoVE Instructions for Authors. Each step is uniquely identifiable now. Bullets or dashes have been removed from the experimental instruction sentences.


6. Line 120: Please mention the volume of horse serum used to coat.

We added the volume of horse serum used to coat the culture plates.
“Incubate the wells of a 12-well plate with 1 ml and the wells of a 24-well plate with 0.5 ml of HS for 5 min at RT (room temperature), then remove the HS and let the plates dry for another 5 min.”


7. Line 141: Please mention in length of the Pasteur pipette required. Please include the details of the second glass pipette (length, diameter).

We added the information about the Pasteur pipette´s bore size and length. We also added an image of the small and big bore pipette as figure 2F for more clarity. It now reads:
“For each mouse, one large bore pipette with an opening of about 0.3 cm and a length of about 10-12 cm and a second glass pipette with a small opening of about 0.1 cm and a length of approximately 22 cm is required (Fig. 2F).”

8. Line 144: Please describe in detail the heat polishing mentioned.

We describe the heat polishing of the Pasteur pipettes in more detail now. It now reads:
“Smoothen the edges of both pipettes by heat polishing with the flame of a Bunsen burner. In particular, hold the pipette tip for 5-10 seconds into the flame with gentle movement to allow equal heat distribution until the sharp glass edges smoothen.”


9. Line 145: Please describe the process used to coat glass pipettes in detail.

We described the coating of Pasteur pipettes with horse serum in more detail. It now reads:
“Immediately before use, coat both types of glass pipettes with sterile HS by filling the whole pipette with ~ 2ml HS for 5 min, thereafter eject the HS and let the pipettes dry for 5 min at RT.”


10. Line 168: Please mention the temperature for preheating collagenase

The temperature for preheating the collagenase digestion solution was mentioned in step 1.4. of the protocol. We included more details about the collagenase digestion solution reagent in step 2.6 of the protocol now and additionally referred to the protocol step 1.4 describing the preparation of the collagenase solution. It now reads:
“Transfer the EDL muscle to the 37 °C preheated 2.5 ml collagenase digestion solution in the 15 ml reaction tube from step 1.4. (Fig. 2D).”


11. Line 171: Please provide more details of the step (size of the reaction tube, volume of the collagenase digestion solution).

We describe this step in more detail now, it now reads:
“Add both EDL muscles to the same 15 ml reaction tube filled with 2.5 ml collagenase digestion solution.”

12. Line 242: Please define the term “PAP pen”.

We rephrased the respective sentence, it now reads:
“Use a hydrophobic pen to draw a circle on a microscopic glass slide to create a water repellant barrier that will prevent spilling of liquid containing myofibers.”

13. Please provide the details of magnification in the figure legends for Figures 2(F, G), 3(A, B), 4 and 5(A).

We included the information regarding the magnification used for image acquisition in the figure legends as well as the size of the scale bars.


14. Please do not use any abbreviations for journal or book titles. Article titles should start with a capital letter and end with a period and should appear exactly as they were published in the original work, without any abbreviations or truncations.

We carefully went through all references and made sure that the format meets the style of JoVE.


Reviewer #1:
In this manuscript, Huttner et al., described the culture and siRNA methods for individual myofibers to assess satellite cell functions in their niche. Although similar methodological protocols have been widely available in this field, this protocol provides some valuable information on an experimental procedure of siRNA transfection on satellite cells associated with myofibres. Overall, the manuscript is well written and easy to follow each procedure and experimental conditions.

We thank the reviewer for the very positive comments on our manuscript.


Reviewer #2:
Manuscript Summary:
In this manuscript, Hüttner et al. describe an assay by which skeletal muscle stem cells can be manipulated and studied ex vivo. Collagenase-induced dissociation of bulk hindlimb muscle allows the isolation of individual myofibers, each of which maintains their resident muscle stem cells underneath a basal lamina. This preparation allows muscle stem cells to remain in their immediate physical niche, still receiving direct and polarized cues from the apical myofiber and the basal lamina. This individual myofiber isolation is not a new technique in the field, but it is an important one that is being constantly adjusted and improved over the years. The authors present a clear and in-depth protocol (complete with illustrations and photographs) that adds slight variations to this well-established technique. Ironically, the most compelling part of this manuscript is the one that is the least discussed - the addition of a siRNA transfection protocol. As noted in the text, the manipulation of muscle stem cells in vivo is challenging and often tedious, underscoring the importance of being able to transfect and manipulate these cells ex vivo. This manuscript will provide a useful tool for the muscle stem cell field, but would benefit from a bit more elaboration on and characterization of the siRNA protocol before publication.

We thank the reviewer for the positive feedback on our manuscript.


Major Concerns:
None

Minor Concerns:
1. While the image chosen for Figure 5A is striking, controls are needed to show the efficacy of the transfection protocol. The data show that fluorescent granules are taken up by the cells, but don't demonstrate any actual gene manipulation. The importance of controls is mentioned in the text, but I think it would benefit the manuscript greatly to include even just a basic positive and negative control.

We agree with the reviewer that a positive control would be good to include. In our opinion, the appropriate positive control would be a siRNA targeting Pax7 since Pax7 is expressed in all muscle stem cells. However, earlier publications describe the effect of Pax7 siRNA on muscle stem cells resulting in a drastic phenotypic effect on muscle stem cell numbers etc. (e.g. von Maltzahn et al., 2013). Therefore, we abstained from including an experiment using a siRNA targeting Pax7 as a positive control not to confuse the novice reader regarding the effect size after siRNA mediated gene manipulation in muscle stem cells. Regarding a negative control: the fluorescently labelled siRNA we used in the protocol is non-targeting control siRNA and we provide evidence that the number of muscle stem cells is not affected by the transfection procedure with a non-targeting control siRNA.

2. The authors recommend adding the transfection mix to the myofiber culture medium 4hrs after the culturing begins (Figure 1). Is it possible to transfect later than 4hrs? Why was this time chosen? Along these lines, the images and quantifications of siRNA uptake were taken 20-26hrs later (24-30hr timepoints, Figure 5). The % of transfected cells increases between 24 and 30hrs, but how quickly is the siRNA incorporated into the muscle stem cells? Knowing this time window would allow researchers in the field to ask questions regarding the role of genes during specific timepoints (i.e. quiescence, early activation, proliferation).

Muscle stem cells can be transfected at a later time point than 4 hours after isolation. However, 4 hours after isolation is the earliest time point at which muscle stem cells can be efficiently transfected. We did not measure how quickly the siRNA is taken up by the muscle stem cells since the biological effect of a siRNA mediated knockdown is mostly depending on the presence of the protein which is depending on its half-life time. 
In our opinion the analysis of break of quiescence and very early activation is not possible with the method we describe here. This is depending on the fact that muscle stem cells are already slightly activated through the digestion procedure with collagenase. Furthermore, transfection after 4 hours of culture is too late to investigate break of quiescence. However, proliferation and activation can be analyzed with the method described here. 


Reviewer #3:
Manuscript Summary:
This manuscript details a protocol for isolating and culturing individual myofibers for the in-vitro study of satellite cells in their niche environment. This methodology is both experimentally powerful and technically challenging making it a good candidate for detailed publication.

We thank the reviewer for the positive comments on our manuscript.

Major Concerns:
I actually think the utility of this culture method is undersold in this manuscript. The niche components are so critical to MuSC behavior that it is impossible to study processes like transition from quiescence without it. Behavior of MuSCs on isolated myofibers bears almost no resemblance to their behavior in 2D culture, yet they are extensively studied isolated from their niche. I think the introduction and discussion could be expanded to highlight the benefits of this culture system vs. isolated myoblasts for the novice reader. Otherwise, I have a few more specific comments/questions.

We agree with the reviewer that we undersold the importance of the niche components for MuSC behavior and thank the reviewer for pointing this out. We have now added a description of the impact of the niche on MuSC behavior in the introduction and in the discussion. The respective paragraphs now reads:

“The behavior of MuSCs is regulated by intrinsic signals as well as extrinsic signals provided by the niche, a specialized anatomical location comprising components of the extracellular matrix (ECM) surrounding the MuSCs and the myofiber itself. For instance, one of the extrinsic regulators of MuSC quiescence is Notch signaling. Here, signaling cues are received by MuSCs from both the myofiber and the ECM14-16. Moreover, the MuSC niche is important to control the division axis of MuSCs thus regulating the cell fate of MuSC daughter cells17,18. Reasonably, parameters like asymmetric MuSC divisions, myogenic progression and self-renewal can be uniquely assessed in this experimental setup.”
and
“The preserved interaction of MuSCs with the myofiber is a prerequisite for studying niche dependent effects on MuSC functionality, which cannot be recapitulated in conventional 2D myoblast cultures. For example, during aging MuSCs display impaired myogenic capacity resulting in a reduced efficiency to regenerate muscle tissue after damage20,26. This impairment is at least partially attributable to changes in the MuSC niche, in particular changes in the ECM composition27,28. The myofiber culture protocol allows the study and interference with these aberrant niche changes.  
In contrast to the method described here, purification of MuSCs by immunolabeling and -sorting techniques like FACS (fluorescence activated cell sorting) or MACS (magnetic cell sorting) involves the removal of the MuSCs from their niche. Interestingly, 2D cultures of isolated MuSCs from aged muscles loose their extrinsic cues and behave similar to MuSCs isolated from young muscles thereby not recapitulating the in vivo situation appropriately29.”


Minor Concerns:
1. Methods 1, step 5: "a second glass pipette with a small opening", how small is "small"?


We added the information about the Pasteur pipette`s length and bore size. Basically, the small bore pipette is the original size as it is manufactured and the big bore pipette is derived from cutting the pipette tip to obtain a bigger opening. Both glass pipettes are heat polished to smoothen the edges of the opening. We also added an image of the big and small bore pipette for more clarity as figure 2F. The respective step now reads: 
“For each mouse, one large bore pipette with an opening of about 0.3 cm and a length of about 10-12 cm and a second glass pipette with a small opening of about 0.1 cm and a length of approximately 22 cm is required (Fig. 2F).”


2. Methods 2, step 9: "The digestion should be stopped, when muscles loosen up and single myofibers are visible" If this timing is important to the culture success, it would be helpful to have a longer description or image of what the muscle looks like at this stage.

[bookmark: _GoBack]We have added an image to Figure 2 (Fig2G) showing a collagenase digested muscle at the time point when digestion should be stopped.


3. Methods 3, step 5: "Incubate myofibers at 37 °C, 5% CO2 for dedicated time." Some protocols call for pre-incubation in serum-free media. Do you find that this makes a difference in your culture viability?

In our hands pre-incubation in serum-free media reduces the viability of myofibers, therefore we do not recommend this step.


4. Methods 3, step 5: "Incubate myofibers at 37 °C, 5% CO2 for dedicated time." How long are myofiber cultures viable?

The longest culture period for muscle stem cells on isolated myofibers is 96h, this is mainly depending on the fact that the muscle stem cells migrate off the myofiber after 96h. We have added the respective recommended maximum culture time of 96h in step 3.5.
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