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Version 0: 

Reviewer comments: 

Reviewer #1 

(Remarks to the Author) 
De Napoli and coworkers investigate the ATP turnover during hibernation in muscle fibers of the brown bear by comparing
single muscle fibers obtained during summer and winter from the same bears. By various analyses fibers obtained during
hibernation is shown not to be smaller and have nearly maintained force generating capacity, as well as a reduced myosin
ATPase turnover. By proteomic analyses remodeling of fibers was observed. Independent of fiber types mitochondria related
proteins was altered/decreased in hibernating muscle. One down-regulated protein was MYLK2 – a proposed regulated of
myosin ATPase activity. Based on these data the authors hypothesize that the reduction in MYLK2 links to the decreased
ATPase turnover and that this lessen energy turnover and thus muscle wasting during hibernation. 
This is an interesting study with some potential impact also for human physiology/pathophysiology. 
Is it possible to provide causality between the changes in MYLK2 (expression/phosphorylation) and the myosin APTase
activity? This would make the mechanistic insight much stronger. Also, can these findings be reproduced in other muscle of
other hibernating animals or in muscle of humans following prolong/extreme fasting or physical in-activity. This would
provide more evidence and support the use of the term “evolutionary adaptations” 
Given the mitochondria related phenotype – why did the authors not perform measures of muscle endurance rather than
force capacity? 
L125 – the word “leading” suggests causality – this is not provide in the current study. 
L547 - There seem to be something wrong with this sentence 
L557 –“ the major finding….is that relaxed myosin consumes less ATP during hibernation” – I do not agree that the study
provides direct evidence for this conclusion. No ATP turnover is measured. 
L591 – The causality is not provided 
I am concerned to the validity of the statistical analyses performed when multiple fibers obtained from the same muscle
biopsy is compared. As an example Fig 2B. 
It might be fair to state that mainly the data from two bears is driving the differences in ATPase activity – this should be
discussed. In line, is it possible to calculate the estimated decrease in in vivo energy expenditure due to this less myosin
ATPase activity – can this give any meaning full insights? 
Given that the antibodies used for MLC2 phosphorylation and MYLK2 likely is raised in another species – has the authors
been able to perform any kind of validation of these? 

Reviewer #2 

(Remarks to the Author) 
See attached file. 

Version 1: 

Reviewer comments: 



Reviewer #2 

(Remarks to the Author) 
The authors have revised the manuscript sufficiently in my opinion. I thank the authors for their attention to detail when
addressing the comments. 

Reviewer #3 

(Remarks to the Author) 
Evaluation of answers of comment from reviewer #1. 

Reviewer #1 complimented the study but also raised fundamental concerns about the paper. 

The authors finding that MYLK2 expression in skeletal muscle was elevated during hibernation was an observation from the
proteomic analysis and necessitates documentation of causality for the lower ATP turnover in muscles from bears during
hibernation compared to the active summer period. The elevated myosin light chain phosphorylation during hibernation is
not considered a valid mechanism for the reduced ATP turnover. 

The authors do not provide data documenting causality between increased MYLK2 expression and lower ATP turnover
during hibernation. 

Instead, the authors argue for such a causality based in existing literature. However, the authors seem to be unaware of the
paper by Lewis et al. “Remodeling of skeletal muscle myosin metabolic states in hibernating mammals” (Elife,, 2024, May
16:13:RP94616. doi: 10.7554/eLife.94616) with preprint November 2023. This study showed preservation of myosin
structure in U. arctos and U. americanus during hibernation, which completely contrasts that the authors of the present study
argue for. 

Reasons for the contrasting findings need to be addressed. 

Version 2: 

Reviewer comments: 

Reviewer #3 

(Remarks to the Author) 
The authors provide no new data to support the mechanistic link between the increased expression of MYLK2 and SRX
transformation and reduced ATP consumption. Instead, more literature supporting for their interpretation is included. 

The paper by Lewis et al. is now briefly discussed. However, the argument that snap freezing being the reason is highly
speculative. Snap freezing should prevent ice crystal formation. Indeed, it can be another issue for the myosin DRX and
SRX formation, but this should be confirmed at least with a reference. 
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 Below we responded in cursive and bold to the comments raised by the reviewers: 
  
  
Reviewer #1 (Remarks to the Author): 
 
De Napoli and coworkers investigate the ATP turnover during hibernation in muscle fibers of the brown bear by 
comparing single muscle fibers obtained during summer and winter from the same bears. By various analyses fibers 
obtained during hibernation is shown not to be smaller and have nearly maintained force generating capacity, as well as 
a reduced myosin ATPase turnover. By proteomic analyses remodeling of fibers was observed. Independent of fiber 
types mitochondria related proteins was altered/decreased in hibernating muscle. One down-regulated protein was 
MYLK2 – a proposed regulated of myosin ATPase activity. Based on these data the authors hypothesize that the 
reduction in MYLK2 links to the decreased ATPase turnover and that this lessen energy turnover and thus muscle 
wasting during hibernation. 
This is an interesting study with some potential impact also for human physiology/pathophysiology.  
 
Is it possible to provide causality between the changes in MYLK2 (expression/phosphorylation) and the myosin APTase 
activity? This would make the mechanistic insight much stronger. Also, can these findings be reproduced in other muscle 
of other hibernating animals or in muscle of humans following prolong/extreme fasting or physical in-activity. This would 
provide more evidence and support the use of the term “evolutionary adaptations” 
 
An increase in resting ATP consumption due to MYLK activity has been reported in cardiac preparations 1. 
Support for the importance of the specific phosphorylation site comes from a work in which an amino acid 
substitution of the serine into an aspartate (i.e. generating a phospho-mimetic mutant) was sufficient to increase 
ATPase activity of resting myosin 2. Myosin RLC phosphorylation has already been demonstrated to induce an 
SRX inhibition 3, in addition to a structural disordering of the resting thick filament 4, therefore strongly supporting 
that resting myosin has increased ATPase activity when the light chain is phosphorylated. It has also been 
reported that myosin phosphorylation leads to a decrease in the energy cost of active contraction 5, in line with 
the increased calcium sensitivity induced by pRLC 6-8. A higher calcium sensitivity allows the muscle to produce 
the same amount of force with a lower cytosolic free calcium, e.g. a lower motor neuron stimulation rate and 
SERCA activity, these aspects might play a secondary role as muscle activity during hibernation is very low.  
 
The reduction in MYLK2 protein level highlighted in our work is supported by transcriptional data on skeletal 
muscle of hibernating and active bear, in which the transcript in summer samples is about 2 times that of winter 
9. Furthermore, hypothermia induced torpor in zebrafish also causes a decrease in skeletal muscle MYLK2 10 
We added a phrase citing the results of these transcriptomics studies in the ‘results’ section. 
 
As suggested by the reviewer we checked whether MYLK2 levels could be altered in other disuse models. We 
found that MYLK2 is reduced about 7 folds in tibialis anterior muscle of denervated mice 11 compared to control. 
Next, we analyzed a disuse model in mice to determine if similar changes can be observed also there. In our lab, 
we recently developed a skeletal muscle disuse model based on a 3d printed cast that allows unilateral 
immobilization 12 and on those samples we measured a significant decrease in MYLK2 protein level after 7 days 
of immobilization, which is even more evident after 14 days of immobilization (results showed below). These 
findings suggest that reducing mylk2 levels occurs in multiple models of muscle disuse.  
We added these results to figure 5D and in the text in the ‘results’ and ‘discussion’ sections.  
 



 
 

 
 
Given the mitochondria related phenotype – why did the authors not perform measures of muscle endurance rather than 
force capacity? 
 
Unfortunately, the skinned fiber model does not allow for analyses of endurance capacity. Exogenous addition of 
ATP and calcium in the medium to induce contraction only allows for analysis of contractile kinetics and force 
generation capacity. 
 
L125 – the word “leading” suggests causality – this is not provide in the current study. 
 
The sentence has been corrected. 
 
L547 - There seem to be something wrong with this sentence  
 
The sentence has been corrected. 
 
L557 –“ the major finding….is that relaxed myosin consumes less ATP during hibernation” – I do not agree that the study 
provides direct evidence for this conclusion. No ATP turnover is measured. 
 
The ATP turnover rate has been measured using two technical approaches: one reported in figure 2A regarding 
resting myosin ATP consumption, while in figure 2B we performed fluorescent ATP analogue to dissect the 
stability of individual myosin subpopulations (DRX and SRX). 
 
The rate of ATP hydrolysis showed in Figure 2A was measured using the double reaction assay based on NADH 
oxidation coupled with ATP utilization by myosin. The assay has been applied in many studies on muscle 
preparations 13-17 but we adapted it to the screen of mechanically isolated fibers loaded on a 384 wells plate. The 
assay is performed on a single fiber in relaxing conditions (relax buffer reported in material and methods), NADH, 
phosphoenolpyruvate (PEP), Lactate dehydrogenase (LDH) and pyruvate kinase (PK). ATP is hydrolyzed by 
myosin and the resulting ADP is used by PK together with PEP to generate pyruvate, which is then converted into 
lactate by LDH which also oxidizes NADH to NAD+ in the same reaction (scheme below, enzymes in red). NADH 
oxidation rate (measured as 340 nm absorbance over time) is coupled with myosin ATP hydrolysis rate. 
  

   

7 days

CT
RL

BO
OT

Ctrl Boot D7
0.0

0.5

1.0

1.5

R
el

at
iv

e 
pr

ot
ei

n 
le

ve
l (

a.
u)

p=0,02
CT
RL

BO
OT

CT
RL

BO
OT

CT
RL

BO
OT

CT
RL

BO
OT

CT
RL

BO
OT

14 days

Ctrl Boot D14
0.0

0.5

1.0

1.5

2.0

R
el

at
iv

e 
pr

ot
ei

n 
le

ve
l (

a.
u)

p=0,01

CT
RL

BO
OT

CT
RL

BO
OT

CT
RL

BO
OT

CT
RL

BO
OT



As a complementary description of ATP turnover, we performed the mantATP chase assay on single fibers and 
the results are reported in Figure 2B. In the assay a fluorescent analogue of ATP (mantATP) is placed in a relaxing 
buffer instead of the normal ATP, and the fiber is incubated so that all ATPases are saturated by the fluorescent 
analogue. The buffer is then rapidly exchanged with a fresh one containing only normal ATP. Hydrolyzed mantADP 
diffuses out of the fiber according to the stability of the bound/ATPase, and its fluorescent signal decay is 
measured with a fluorescent microscope. The decay signal is fitted with a multiple exponential decay function to 
identify myosin populations and time constants 3,18. The mantATP (or mantADP) fluorescent emission is about 10 
times stronger when bound to myosin than when exposed to the solvent, limiting the background signal of free 
diffusing nucleotides. 
 

 
 

To better highlight this approach the sentence was corrected in “Both an ATPase activity measurement (NADH-
oxidation) and a MantATP chasing approach clearly showed that myosin in single muscle fibers taken from 
hibernating bears consumes less ATP”. 
 
L591 – The causality is not provided 
 
The sentence has been corrected. 
 
I am concerned to the validity of the statistical analyses performed when multiple fibers obtained from the same muscle 
biopsy is compared. As an example Fig 2B.  
  
As suggested by the reviewer, the data has been reformatted to be consistent with the previous analysis, and for 
better representing the difference highlighted. As shown in the new graphs reported also here below, the 
significance is maintained. Unfortunately, one of the technical requirements of the chasing experiment is that to 
have fibers that are long enough to be mounted on a setup (>1mm), so the experiment could not be carried out in 
all samples (n=5 active and n=6 hibernation).  
 
The same correction has been introduced also in figures reporting mantATP chasing populations (supplementary 
Fig 2A) and Ktr results (Figure 1C), so that now each data point represents the average of the results obtained 
from a single bear. 
 

 
 
It might be fair to state that mainly the data from two bears is driving the differences in ATPase activity – this should be 
discussed. 
 
As reported in the paper, active animals may have very different activity levels compared to the homogeneity of 
the winter hibernating period. The two values referred by the reviewer are, in fact, particularly high, but they have 
been measured multiple times in a consistent number of fibers, and they were not excluded by the identify outliers 
analysis performed (ROOT test, Q=1%) being not incompatible with a normal distribution considering the standard 
deviation of the dataset. The data obtained by these two bears clearly contribute to the whole data set collected, 
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but to show that they do not actively drive the reported difference between summer and winter, we excluded those 
in the graphs reported here below. The significance of the comparison between season is maintained in both 
separated seasons and the combined data. 
 

 
  
 
In line, is it possible to calculate the estimated decrease in in vivo energy expenditure due to this less myosin ATPase 
activity – can this give any meaning full insights? 
 
Most of the literature regarding metabolism and energy utilization of skeletal muscle cells is focused on the 
balance and rearrangements during exercise19 to supply energy to excitation-contraction coupling and 
contracting myofilaments. The available resources covering energetic management in resting muscle tissue are 
very limited, thus, our estimation needs to fill up the blanks with reasonable guesses. 
 
According to our chasing results, the difference in time constant between myosin DRX and SRX leads to a 
theoretical decrease in ATP consumption which is of about 25% in disordered myosin heads population and 39% 
due to super relaxed myosin comparing summer and winter samples. Assuming no significant difference in 
populations entity, the energy saving of the two populations combined can be estimated as a 28% reduction in 
biopsies of hibernating bears compared to active ones. 
 
If we multiply the rates obtained by our resting ATPase activity (0.052 ATP/s-1 during active season and 0.032 
ATP/s-1 during hibernation) for a whole day we obtain the consumption of 4493 ATP during active season and 
2765 ATP during hibernation, values normalized for a single myosin head. The caloric contribution of 1 mole of 
ATP is estimated to be 7.3 kcal/mol. An efficiency of 0.4 has been reported for skeletal muscle during contraction 
15. In these calculations an efficiency of 0.5 has been assumed, since no mechanical force is exerted. It is possible 
now convert the consumption of ATP in energetic contribution of a single myosin head, being that 2.7E-20 kcal 
for summer biopsies and 1.68E-20 kcal for hibernating muscle. To estimate the number of myosin head we can 
apply the in vivo myosin concentration of 150µM 20 to the muscle mass estimated for an average bear in our study 
which is 19.5Kg (40% of the average body weight during active period which states at 48.8 Kg). The total number 
of myosin heads is estimated to be 1.7E21. Now it is possible to multiply the energetic contribution of a single 
myosin head for the number of heads, obtaining the overall energy contribution of 48 kcal/day for active season 
and 29.6 kcal/day during hibernation. For a bear of average weight of those reported in this work (48.8 Kg during 
active period), the estimated DEE is about 1940 kcal/day in the active season, and it goes down to 485 kcal/day 
during hibernation. These values were obtained by considering the active oxygen consumption of 0.276 ml g-1 h-
1 and an oxygen consumption during hibernation of 0.069 ml g-1 h-1. The conversion was calculated considering 
the use of 1L of oxygen to obtain 5 kcal. From measurements on human tissues, resting skeletal muscle energy 
expenditure is estimated to be 13 kcal/kg*day and in our case is applied to a bear muscle mass of about 19.5Kg 
as stated earlier. Thus, resting muscle energy expenditure contributes to about 254 kcal/day in active season, and 
63.5 kcal/day during hibernation (assuming a decrease to 25% 21. Combining the two results we obtain a 
contribution of myosin resting state which accounts for 18% of the tissue DEE (48kcal over 254kcal) during 
summer, and 47% of tissue DEE during winter (30kcal over 63.5kcal). So, based on ATPase results, the energy 
sparing of hibernating muscle compared to active is estimated to be 38%. 
 
This rough esteem could not consider the possible interaction of shivering events and active muscle movements 
which could potentially induce a temporary shift of myosin heads towards a more disordered state, populating 
DRX in vivo. Moreover, our analysis was performed at a temperature that is below the physiological, and these 
calculations were done without accounting for differences in body temperature during activity and hibernation. 
Nevertheless, we found a convergent estimation on the energy saving extent applying both mantATP chasing and 



combined ATPase rates, stating respectively 28% and 38%. Despite having profound limitations, this estimation 
leads to the idea that an energy sparing contribution of myosin SRX exists, and it could be in the range of 30%. 
 
We added this estimation in supplementary figure 6, using a graphical explanation. 
 
Given that the antibodies used for MLC2 phosphorylation and MYLK2 likely is raised in another species – has the 
authors been able to perform any kind of validation of these?  
  
We have performed western blotting analysis on mouse muscles and clearly show the efficacy of both 
antibodies. This is in line with the epitope recognition sequence in mouse/human, which is very similar to bear 
muscle: 
  
 1) Epitope recognition sequence of antibody MYLK2 HPA059704 myosin light chain kinase 2 Anti-MYLK2 
Antibody 
 
IEFQAVPSEKSEVGQALCLTAREEDCFQILDDCPPPPAPFPHRMVELRTGNVSSEFSMNSKEALGGGKFGAVCTCMEKAT 
  
91,3 % of homology 
 
tr|A0A452SE02|A0A452SE02_URSAM      MATENGAVELGIQSPSTDKAPKGPAGEGPPAAGKESGPPDPKKGPRPPDG 
sp|Q8VCR8|MYLK2_MOUSE               MTTENGAVELGSQSLSTEQTPKAAAGDGPSASEKEPSAPATEKDLSPPNA 
                                    *:********* ** **:::**..**:**.*: **...* .:*.  **:. 
 
tr|A0A452SE02|A0A452SE02_URSAM      KKEPGTPDGKKEPDPPTLKKDDKAAALKKEDGALAQPSTSSQAPEGEGHS 
sp|Q8VCR8|MYLK2_MOUSE               KKDPGAPDPKNNPDPPSLKKDPAKAPGPEKKGDPVPASASSQGPSGEGDG 
                                    **:**:** *::****:****   *.  ::.*  . .*:***.*.***.. 
 
tr|A0A452SE02|A0A452SE02_URSAM      GGGPAEGSAGQPAALPQQTATAEASVEKPDAKQEASGSQGPGEPRVHKKA 
sp|Q8VCR8|MYLK2_MOUSE               GGGPAEGSEGPPAALPLPTATAEASIQKLDPTQAPSGNQGSGEAKAGKKA 
                                    ******** * *****  *******::* *..* .**.**.**.:. *** 
 
tr|A0A452SE02|A0A452SE02_URSAM      AEGQAGGRRASPAFLHSPSCPAVISRPEKLPVENPLNEASELIFEGVPVT 
sp|Q8VCR8|MYLK2_MOUSE               AECREAGRRGSPAFLHSPSCPAIISCSEKTLAVKPLSETTDLVFTGVSVT 
                                    ** : .***.************:** .**  . :**.*:::*:* **.** 
 
tr|A0A452SE02|A0A452SE02_URSAM      PGPTDPGPAQVAEGGKRIVADSQKEAGEKAAGQAGQAKVQGDTSRGIEFQ 
sp|Q8VCR8|MYLK2_MOUSE               PDPQDPGPVKAG--GTNALAEKKKEEAEKASGQAGQAKVQGDTPQRIGFQ 
                                    *.* ****.:..  *.. :*:.:** .***:************.: * ** 
 
tr|A0A452SE02|A0A452SE02_URSAM      AVPSEKSEVGQALCLTAREEDCFQILDDCPPPPAPFPHRIVELRPGNVNS 
sp|Q8VCR8|MYLK2_MOUSE               AVPSERVEVGQALCLTAREEDCFQILDDCPPPPAPFPHRIVELRTGNVNS 
                                    *****: *************************************.***** 
 
tr|A0A452SE02|A0A452SE02_URSAM      QFSMNSKDALGGGKFGAVCTCTEKATGLKLAAKVIKKQTPKDKEMVMLEI 
sp|Q8VCR8|MYLK2_MOUSE               EFSMNSKEALGGGKFGAVCTCTERATGLKLAAKVIKKQTPKDKEMVLLEI 
                                    :******:***************:**********************:*** 
 
tr|A0A452SE02|A0A452SE02_URSAM      EVMNQLNHRNLIQLYAAIETSHEIVLFMEYIEGGELFERIVDEDYQLTEV 
sp|Q8VCR8|MYLK2_MOUSE               EVMNQLNHRNLIQLYAAIETSHEIILFMEYIEGGELFERIVDEDYHLTEV 
                                    ************************:********************:**** 
 
tr|A0A452SE02|A0A452SE02_URSAM      DTMVFVRQICDGILFMHKMRVLHLDLKPENILCVNTTGHMVKIIDFGLAR 
sp|Q8VCR8|MYLK2_MOUSE               DTMVFVRQICDGILFMHKMRVLHLDLKPENILCVNTTGHLVKIIDFGLAR 
                                    ***************************************:********** 
 
tr|A0A452SE02|A0A452SE02_URSAM      RYNPNEKLKVNFGTPEFLSPEVVNYDQISDKTDMWSMGVITYMLLSGLSP 
sp|Q8VCR8|MYLK2_MOUSE               RYNPNEKLKVNFGTPEFLSPEVVNYDQISDKTDMWSLGVITYMLLSGLSP 
                                    ************************************:************* 
 
tr|A0A452SE02|A0A452SE02_URSAM      FLGDDDTETLNNVLSANWYFDEETFEAVSDEAKDFVSNLIVKDQRARMNA 
sp|Q8VCR8|MYLK2_MOUSE               FLGDDDTETLNNVLSANWYFDEETFEAVSDEAKDFVSNLLTKDQSARMSA 
                                    ***************************************:.*** ***.* 
 
tr|A0A452SE02|A0A452SE02_URSAM      AQCLAHPWLNNLAEKAKRCNRRLKSQILLKKYLMKRRWKKNFIAVSAANR 
sp|Q8VCR8|MYLK2_MOUSE               EQCLAHPWLNNLAEKAKRCNRRLKSQILLKKYLMKRRWKKNFIAVSAANR 
                                     ************************************************* 
 
tr|A0A452SE02|A0A452SE02_URSAM      FKKISSSGALMALGV 
sp|Q8VCR8|MYLK2_MOUSE               FKKISSSGALMALGV 



                                    *************** 
2) Epitope recognition sequence of antibody phosphor RLC Phospho-Myosin Light Chain 2 (Ser19) Antibody 
#3671 not available: 
  
Human and bear: 99,4% homology 
  
100% Human and mouse 
  
>sp|O14950|ML12B_HUMAN Myosin regulatory light chain 12B OS=Homo sapiens OX=9606 
GN=MYL12B PE=1 SV=2 
MSSKKAKTKTTKKRPQRATSNVFAMFDQSQIQEFKEAFNMIDQNRDGFIDKEDLHDMLAS 
LGKNPTDAYLDAMMNEAPGPINFTMFLTMFGEKLNGTDPEDVIRNAFACFDEEATGTIQE 
DYLRELLTTMGDRFTDEEVDELYREAPIDKKGNFNYIEFTRILKHGAKDKDD 
  
>sp|Q3THE2|ML12B_MOUSE Myosin regulatory light chain 12B OS=Mus musculus 
OX=10090 GN=Myl12b PE=1 SV=2 
MSSKKAKTKTTKKRPQRATSNVFAMFDQSQIQEFKEAFNMIDQNRDGFIDKEDLHDMLAS 
LGKNPTDAYLDAMMNEAPGPINFTMFLTMFGEKLNGTDPEDVIRNAFACFDEEATGTIQE 
DYLRELLTTMGDRFTDEEVDELYREAPIDKKGNFNYIEFTRILKHGAKDKDD 
  
>tr|A0A452QQX7|A0A452QQX7_URSAM Myosin light chain 12B OS=Ursus americanus 
OX=9643 GN=MYL12B PE=4 SV=1 
MSSKKAKTKTTKKRPQRATSNVFAMFDQSQIQEFKEAFNMIDQNRDGFIDKEDLHDMLAS 
LGKNPTDAYLEAMMNEAPGPINFTMFLTMFGEKLNGTDPEDVIRNAFACFDEEATGTIQE 
DYLRELLTTMGDRFTDEEVDELYREAPIDKKGNFNYIEFTRILKHGAKDKDD 
 
Sequences multi alignment: 
 
sp|O14950|ML12B_HUMAN               MSSKKAKTKTTKKRPQRATSNVFAMFDQSQIQEFKEAFNMIDQNRDGFID 
sp|Q3THE2|ML12B_MOUSE               MSSKKAKTKTTKKRPQRATSNVFAMFDQSQIQEFKEAFNMIDQNRDGFID 
tr|A0A452QQX7|A0A452QQX7_URSAM      MSSKKAKTKTTKKRPQRATSNVFAMFDQSQIQEFKEAFNMIDQNRDGFID 
                                    ************************************************** 
 
  
Reviewer #2 (Remarks to the Author): 
  
Summary: 
The manuscript by Napoli, Schmidt et al. presents new information regarding the remodeling of 
skeletal muscle in hibernating bears. The study is well designed, albeit with a typical caveat that 
the number of animals is small (9). Nevertheless, multiple measurements for several parameters 
enhance this reviewer’s confidence in the results. Most of the methods are robust, and the results 
are presented in a clear and informative manner. The conclusions are valid and expand our 
understanding of the underlying biochemical, biophysical, and anatomical changes occurring in 
skeletal muscles in bears that hibernate. However, a greater integration of energetics (based on 
the western results of CI-CV proteins and immunohistochemistry evidence of reduced numbers 
of mitochondria in hibernation) and expansion to include the results from several earlier muscle 
studies in bears is requested. 
 
To better show the differences in mitochondrial proteins between summer and winter bears, we made the 
following scheme which we placed in figure 4D. As can be seen, proteins linked to fat oxidation are reduced 
while glycolytic proteins are maintained. We added a phrase stating this to the results section. 

(green down in winter compared to summer, red contrary and white, unchanged or NF) 
 



 
 
 
Major Comments: 
Materials and Methods 
L. 131 - The use of young bears (ages 2-3 years) should be expanded to indicate whether they are 
sexually mature. This is an important consideration as the hormonal milieu, especially 
testosterone, could impact skeletal muscle dynamics. 
  
The reviewer pointed out some important points regarding age of the subject and their reproductive stage. Brown 
bears are usually sexy mature at the age of three to four at minimum, the ones considered in this study are, thus, 
not susceptible to breeding. The bears included in this study are followed since birth to be completely sure that 
they are not invested in reproductive activities and, thus, not to interfere with possible ongoing reproduction 
processes. Moreover, the fact that these animals are juveniles limits the danger during the catching for the 
scientific and veterinary equipe, and it allows to limit the quantity of anesthetics. 
 
It has been shown that testosterone level in 2 to 3 years old bears, as of those included in our study, is two times 
higher in males in the active period 22. In the hibernation period, test levels tend to increase in males but not 
significantly whereas the levels drop significantly in females.  
Serum samples from the same bear group has been assessed by our collaborators recently (unpublished results) 
and, contrary to the previously cited paper, test levels were higher in females vs males during the active period. 
The summer vs winter difference in males was not reported, while that in females was confirmed. 
 
Our cohort of study is composed of only 2 males, while we analyzed 7 females, possibly leading to a bias toward 
females. This could result in an overall drop in testosteronemia in winter for most of the animals included in the 
paper. Since testosterone is expected to increase muscle mass, it is not expected to be of major importance in 
our bears. Of course, this does not preclude a possible importance in adult bears. 
 
We added a phrase to the results section to point out the sexual immaturity of the bears examined. 
 
 
L. 135 - The authors should also specify if the captures during the active season were performed 
via helicopter darting or trapping. 
  
As suggested by the reviewer, details on the capture have been added to the methods section and can be found 
in 23 



  
L. 146 - Please provide a reference for the skinning solution used. 
  
The skinning solution used in this work is an adaptation of that reported in 14,24. We added these references to 
the methods section 
  
L. 151-170 – Please provide information regarding the controls used for western blot 
experiments. For example, omission of primary antibody, preabsorption, etc. Also, please 
indicate the species for primary and secondary antibodies. A reference would also be helpful. 
Please provide information on the protein stain used in Figure 5B (lower panel, gel stain). Please 
indicate the dilution used of secondary antibodies. 
 
We added the data in the table below in the materials and methods section describing the western blotting. In 
figure 5B, like in all other blots we normalized for protein loading as determined by ponceau staining. 
 

 
  
  
L. 211-227 – The preparation appears not to consider changes in protein content with season as 
observed previously (Miyazaki et al., 2022; Hershey et al., 2008; Tinker et al., 1998). Thus, have 
the authors attempted to normalize the ATPase activity data? This is a similar concern for the 
proteomic study (L. 247-254). 
  
ATPase activity data are normalized against the specific myosin content. A single fiber is pipetted in a well of a 
384 well plate, and the double reaction mix is added (pyruvate kinase, lactate dehydrogenase, NADH and PEP). 
The release of ADP due to myosin activity is measured as NADH oxidation for about 40 minutes at 27°C. At the 
end of the measurement, a concentrated KCl solution is added to each well to reach 0.4M final concentration and 
induce myosin solubilization from the fiber. The PierceTM 660nm Protein Assay Reagent (Thermofisher nr. 22660) 
is then added to each well to estimate the amount of extracted myosin. 
 
Regarding the proteomic analysis, the concern raised by the reviewer is relevant and we faced it applying a 
specific normalization strategy. 
While other proteomics studies on single muscle fibers normalize protein intensities using "housekeeping" 
proteins like ACTA1 25, we normalize each protein intensity to the summarized intensity of all quantified proteins 
in one fiber. A previous study has already shown that this normalization strategy works with different input 
materials, even with significant changes in protein content and intensities 26. With this centering normalization 
strategy, we can effectively address changes in protein intensities while still being aware of individual protein 
content changes. The normalization strategy is explained in the methods part for Single fiber proteomics. 
  
L. 235 – Please provide a reference for the temperature chosen (17.5C) to perform tension 
measurements. Was this based on Q10 effects or empirical evidence? 
 
The reviewer addressed an important point about temperature. First, we would like to apologize to the reviewers 
since the temperature reported in the manuscript does not correspond to that of the experiments, which was 21°C 
and it has now been corrected in the methods. 
The activation of skinned fibers is prone to rundown effects mostly caused by the uneven calcium diffusion, 
leading to irregular myofibril activation. The shear stress to which the fiber is subjected due to this 
unsynchronized activation leads to fiber damage, as evidenced by a drop in force produced, with reduced 
reliability and reproducibility of the measurements. To overcome this issue, the temperature-jump (T-jump) 
technique has been introduced which limits rundown effect. The T-jump consists in the activation of the fiber in 
very low temperature, transferring it to high temperature only when calcium is already available. The result is a 
strong reduction of the shear stress between myofibrils due to slow calcium diffusion, which would need to flow 
from outside the fiber27,28, and not be instantaneously available.  
 
Force developed by mammalian skinned fibers is affected by temperature following a temperature coefficient Q10 
29,30, which diminishes above 20°C. Maximal tension measurements on skinned fibers is measured as a steady 
state in which all myosin heads are recruited, completely eliminating myosin SRX when force is higher than 50% 



of the maximal tension 31. In this regard, it is possible to assume that our tension measurements performed at 
21°C are representative of a maximal fiber contractile performance. 
 
In our work, the temperature was chosen to be 21°C to find a balance between the reliability of the tension 
measurements and the maintenance of myosin structural arrangement, limiting fiber damage. In fact, it has been 
reported that myosin orientation in resting mammalian fibers is susceptible to low temperature 32 in which it 
assumes a more perpendicular/rigor orientation. The force redevelopment obtained by the fast shortening of the 
fiber is the result of the combination of different effects, including that of SRX/DRX equilibrium 32. Thus, to 
maintain the difference in biochemical states highlighted by the chasing experiment in active and hibernating 
fibers, the temperature needed to be high enough that the myosin orientation would not interfere with the 
biochemical equilibrium 33.  
 
In brief, we chose a temperature of 21°C in our experiments to meet the requirement of a preserved myosin 
DRX/SRX balance between summer and winter samples (best at physiological temperatures), with that of a reliable 
model not affected by sample rundown (best at low temperature). 
 
L. 292-306 – The preparation of EM tissue would have benefited from a freshly prepared sample 
process in the same way. The images provided are not very convincing and are somewhat 
difficult to interpret (see below). How many bears were these taken from? How many from each 
season? 
  
We have decided to move the EM images to the supplementary figures just to allow the reader to have an idea of 
the ultrastructure of the main experimental model used in the manuscript (i.e. the skinned muscle fiber). We 
removed all qualitative/quantitative observations about mitochondria as they are indeed difficult to quantify. 
  
L. 320 – Please indicate the dilution of secondary antibody used.Results 
  
We added this to the methods section. 
  
L. 344 – Would suggest rewording the heading. “Mild” is used without any context and thus is 
not informative. 
 
We removed this from the title of the chapter. 
 
L. 382 – Please provide a definition for “Ktr”. 
 
We added the following text to the methods section: 
Ktr is described as the rate of force redevelopment following a rapid shortening of the fiber after reaching maximal 
isometric tension. The rapid shortening allows the tension to be redeveloped from zero in a saturating calcium 
condition so that the kinetic is not affected by Ca2+ diffusion, the thin filament is activated, and the force increases 
proportionally to the thick filament activation and myosin recruitment. The experimental traces are fitted using a 
single exponential function as reported extensively in the literature 34. 
   
L. 389-410 – As indicate above, these results would benefit from a normalization either to total 
mass or total protein content to ensure that the results do not reflect other changes. 
 
This is an important issue indeed, and as mentioned in the methods sections, we have been very careful to 
normalize all our measurements for total protein/myosin content. 
For force: Force is normalized to cross sectional area using the measured diameter and assuming circular 
geometry. 
For ATPase activity: A concentrated KCl solution was added to each well at the end of the assay to reach the final 
concentration of 0.4M and extract myosin from the bear fiber, the protein amount was measured using PierceTM 

660nm Protein Assay Reagent (Thermofisher nr. 22660) for normalization purposes. 
For single fiber proteomics: Protein intensities of each fiber was normalized to the total fiber intensity. 
For western blotting: Signals were quantified using the ImageJ software 1.53f5135 and normalized against the total 
amount of proteins determined by Ponceau signals to correct for uneven loading. 
 
L. 468-481 – Have the authors considered quantifying what appears to be a huge difference in 
mitochondria numbers between seasons (Fig. 4B). If this is not representative, please consider a 
different image.  
 
The proteomic analysis revealed a significant change in protein associated with mitochondria functionality and 
structure (Figure 3E) that, in the case of the respiratory complexed does not reach significance if considered 
individually. The overall decrease in mitochondria functionality agrees with previous publications 36 and it was 
confirmed by our western blot analysis of the respiratory complexes (Figure 4A). We believe that proteomic and 
western blotting are more representative for quantification purposes, as they analyze many fibers and a larger 
amount of tissue. 
 



Regarding immunofluorescent analysis, here below, we reported three individual bears stained in winter and 
summer for TOM20 at 40X and 63X magnification (numbers are indicative of the bear subject and year of sample 
collection). Despite not being quantitative as intended, in these pictures the mitochondrial density and 
organization seems to be consistently better in skinned fibers from active bears compared to those during 
hibernation, also considering they are collected from the same animal. 
 
We think that the TOM20 fluorescent staining offers a useful visual input over the quality of the samples, and it is 
not meant to be quantitative since the two approaches listed earlier (proteomic analysis and western blotting) are 
more suitable techniques for quantification purposes. 
 

 
 
Additionally, this reviewer is not convinced of the value added by including the 
EM study as this does not have freshly prepared tissue for comparison. For example, were the 
number of mitochondria counted and compared to the IHC results? This is actually somewhat 
surprising given that it would have been available at the time of collection. Suggest removing 
EM results. 
  
As mentioned previously, we will remove the EM results as they cannot be quantified properly. 
  
Discussion 
L. 506-510 - The discussion would benefit from the addition of comparative numbers revealing 
the extent of muscle loss in other species, with aging, fasting, inactivity, etc. for comparison. 
  
As suggested by the reviewer, now the manuscript include some original data on MYLK2 abundance during disuse 
induced by a 3d printed cast applied for 1 and 2 weeks in mouse. This model induced a muscle loss of 25% over 
the course of 2 weeks of inactivity 12. Moreover, the comparative information written here below was added to the 
initial part of the discussion. 
 
As shown in this manuscript and by others, during hibernation very little if any muscle mass is lost, while muscle 
strength decreases only about 29% in 110 days 37. As a comparison, a 90-days immobilization in human led to a 
decrease in force of 54% 38. In human, the effect of bed-rest and immobilization periods of 4÷28 days were reviewed 
in 39,40 showing a muscle loss in the range of 0.2÷2.3 %/day, always exceeded by a force loss in the range of 1.1÷3.5 
%/day. 
As a comparison, in a disuse model in rodents caused by 3d printed cast, the gastrocnemius muscle exhibits a 
25% in weight loss and a 40% drop in muscle force over the course of 2 weeks 12.  
  
Throughout - Other than MYLK2, there is a surprising paucity of information (one sentence, 
L518-520) in the discussion related to the proteomics results. Further, there is little attempt to 
integrate this information with earlier studies or integration with the biochemical and biophysical 
results. This integration is required since it represents an important component. For example, 
were changes in MAFBX (FBX032), MURF1 (TRIM63), or PGC1a observed? These have been 
proposed previously as mechanisms to reduce the amount of atrophy (Lin et al., 2012). 
  
We added a new paragraph to the discussion in which we briefly discuss the proteome changes (either up or 
down) in hibernating muscles, and how these can contribute to some of the changes in muscle physiology we 
measured. 
It was shown previously that the ‘classical’ atrogenes are not altered in hibernating snap frozen muscles 9. This 
lack of atrogene induction is very likely due to the transient nature of this induction. The group of Alfred 
Goldberg showed how these genes increase their expression rapidly after an atrophic stimulus, and then rapidly 
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decline in the order of days/weeks depending on the atrophic stimulus 41. Therefore, it is not surprising that 
there is no change in these atrogenes in hibernating muscles. 
   
L. 575-588 – The discussion of MYLK2 and P-MLC2 results overlooks a potential explanation 
for the maintenance of ATP levels in winter muscle, namely, that the efficiency of 
phosphorylation (or dephosphorylation) is altered. Specifically, it appears that the ratio of 
MYLK2 to PMLC2 is much higher in winter than in summer (Fig. 5C). If this is indeed the case 
(I’m basing this off of estimates from the average), the potential changes phosphatases in 
addition to kinases could be important players. A search through the proteomics data might 
provide important clues to the accuracy of this statement. 
  
We went through the proteomics data, but we could not identify any changes in phosphatase subunits. The 
reviewer is of course right that this could be part of the explanation, so mention this possibility in the 
discussion section. 
 
Minor Comments: 
L. 167 – with appropriate 
 
The sentence has been corrected. 
 
L. 179 – Samples for protein electrophoresis “were” 
 
The sentence has been corrected. 
 
L. 253-254 – The Hughes reference is incorrectly formattedL. 259 – Define “FA” 
 
The sentence has been corrected. 
 
L. 313 – fixated should be “fixed” 
 
The sentence has been corrected. 
 
L. 382 – please define “Ktr”  
 
We defined this in the methods section now. 
 
L. 445 – mouse is indicated, but no animal protocol is identified for this tissue collection. Under 
what conditions was this moused held, strain, etc.? 
 
We added the following phrase to the methods section: 
Mouse tissue was obtained from 3-month-old male black 6 mice. Experimental protocols were reviewed and 
approved by the Ethical Committee, University of Padova (No.225/2022 PR). 
 
L. 571 – Use of “comforted” should be “supported”? 
 
The sentence has been corrected. 
  
L. 654 – If only 9 bears were used in the study, where does the n=11 come from. Presumably this 
is from counting the two bears that were resampled in year two?  
 
This is because we had one more couple for frozen tissue than for single fibers  
 
L. 661 – Please provide units for the Y-axis of Fig. 2B. Were these normalized data? 
 
The values of the fluorescence decay in figure 2B are normalized on that of the first point of the chasing which 
has the stronger intensity. We corrected that axis title by changing to ”normalized fluorescence intensity”. 
 
This data was normalized to the first value, therefore the Y-axis is normalized data. 
 
L. 718 – From the Venn diagrams in Suppl. Fig. 3D it appears that only a single protein was 
present in both summer1 and summer2 muscles. This seems unusual. A similar scenario exists 
for MYH2 winter1 and winter2. Unless I’m mis-reading these, this suggests poor reproducibility. 
Please clarify. 
 



The parts of the VENN diagram showing a 1 means that there is one protein which is only present in that 
condition and not in any other. As can be seen by the high number in the center, most proteins are found in all 
conditions. 
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Dear Editor, we thank you for the comments made. Below we responded in cursive and 
bold to the comments raised by the reviewers: 
 
Reviewer #2 (Remarks to the Author): 
 
The authors have revised the manuscript su;iciently in my opinion. I thank the authors for their 
attention to detail when addressing the comments. 
 
 
Reviewer #3 (Remarks to the Author): 
 
Evaluation of answers of comment from reviewer #1. 
 
Reviewer #1 complimented the study but also raised fundamental concerns about the paper. 
 
The authors finding that MYLK2 expression in skeletal muscle was elevated during hibernation 
was an observation from the proteomic analysis and necessitates documentation of causality 
for the lower ATP turnover in muscles from bears during hibernation compared to the active 
summer period. The elevated myosin light chain phosphorylation during hibernation is not 
considered a valid mechanism for the reduced ATP turnover. 
 
The authors do not provide data documenting causality between increased MYLK2 expression 
and lower ATP turnover during hibernation. 
 
Instead, the authors argue for such a causality based in existing literature. However, the authors 
seem to be unaware of the paper by Lewis et al. “Remodeling of skeletal muscle myosin 
metabolic states in hibernating mammals” (Elife,, 2024, May 16:13:RP94616. doi: 
10.7554/eLife.94616) with preprint November 2023. This study showed preservation of myosin 
structure in U. arctos and U. americanus during hibernation, which completely contrasts that 
the authors of the present study argue for. 
 
Reasons for the contrasting findings need to be addressed. 
 
 
The result of an enrichment analysis were reported in Figure 5A. That analysis is based on 
the list of proteins that showed a significant diCerence in abundance in the single fiber 
proteomics analysis. The most significant entry obtained from the enrichment is related to 
the activity of Myosin Light Chain Kinase 2, which we showed to be reduced in winter 
sample, both in its total amount and its main target, Myosin Regulatory Light Chain (RLC). 
Figure 5B showed a western blot analysis of both total MYLK2 and pRLC (Ser19), while 
quantification is reported in Figure 5C. 
The eCect of myosin regulatory light chain phoshorylation on thick filament arrangement, 
post-tetanic potentiation and increased calcium sensitivity is well documented in the 
literature1–5. Regarding ATP consumption, we cited in our work a paper reporting an 
increased ATP consumption due to RLC phosphorylation in cardiac myofibrils6. Despite not 
being extensively documented for skeletal muscle tissue, it is possible to speculate a 
similar eCect of increased ATP consumption, thus nucleotide turnover, as reported in the 
original paper describing myosin SRX7. We believe the link between phosphorylation of the 
regulatory light chain and increased ATPase activity is well supported by the reported 
literature. Furthermore, we now included the reference to a compelling review of Nag and 



colleagues, in which the link between SRX and RLC phosphorylation is described in great 
detail8.  
 
The work by Lewis and colleagues only assesed structural changes in sample of the small 
hibernator Ictidomys tridecemlineatus (which is accompanied by a very big drop in 
temperature, something not observed in bear samples) by X-ray diCraction pattern, while 
performing mantATP chasing on bear samples. The mantATP chasing is a biochemical assay 
which measure nucleotide turnover, but does not oCer any insight into the structural 
arrangement of myosin heads. In addition, a recent work supports the idea that closed 
myosin structure and slow-ATPase biochemical state are not unambiguously associated, 
quote “These results suggest that the structurally defined interacting-heads motif (IHM) is 
suCicient but not necessary for the low ATPase activity of the SRX.” 9.  
 
Another important diCerence between our work and that of Lewis and colleagues is the fact 
that our samples went from fresh to skinned without experiencing snap freezing. We believe 
that the freezing/thawing process could cause ice crystals formation, potentially altering 
the ordered pattern of thick filaments which has an imporant role in SRX cooperative nature. 
We strongly feel that this is an important reason for the diCerences observed in the chasing 
experiments. Indeed, they observe a very strong variability in their data, which we feel could 
be due to this freeze/thaw cycle. Lastly, compared to Lewis and colleagues, our data are 
supported by a higher number of biopsies, collected in two subsequent seasons which 
could drive the discrepancy between the obtained outcomes. We added this explanation to 
the discussion, as indeed it is relevant to try and understand the reasons behind the 
diCerences observed in the two studies. 
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Reviewer #3 (Remarks to the Author): 

The authors provide no new data to support the mechanistic link between the increased expression of 
MYLK2 and SRX transformation and reduced ATP consumption. Instead, more literature supporting for 
their interpretation is included. 

The paper by Lewis et al. is now briefly discussed. However, the argument that snap freezing being the 
reason is highly speculative. Snap freezing should prevent ice crystal formation. Indeed, it can be 
another issue for the myosin DRX and SRX formation, but this should be confirmed at least with a 
reference. 

Freezing has been demonstrated to significantly impact force production in skinned muscle fibers, 
directly affecting the active ATP hydrolysis of myosin1-3. Research from established experts in the 
field, such as Lars Larsson and Carlo Reggiani, who have extensive experience with the skinned fiber 
model, has consistently shown that freezing reduces tension produced by skinned fibers by 
approximately 50%. Interestingly, the shortening velocity remains largely unaffected 1. This differential 
effect can be explained by the underlying mechanisms of muscle contraction: 



1. Shortening velocity is primarily determined by a small number of myosin heads, making it 
possibly less susceptible to freezing-induced damage. 

2. Tension development, however, is heavily dependent on: 
a) The number of myosin heads participating in force generation, 
b) The overall structural integrity of the muscle fiber. 

Given these observations, it is highly probable that the freezing and thawing process also affects 
resting ATPase activity and the equilibrium between the super-relaxed (SRX) and disordered-relaxed 
(DRX) states of myosin. 

  



MS# NCOMMS-24-22676 

 

Summary: 

 

The manuscript by Napoli, Schmidt et al. presents new information regarding the remodeling of 

skeletal muscle in hibernating bears. The study is well designed, albeit with a typical caveat that 

the number of animals is small (9). Nevertheless, multiple measurements for several parameters 

enhance this reviewer’s confidence in the results. Most of the methods are robust, and the results 

are presented in a clear and informative manner. The conclusions are valid and expand our 

understanding of the underlying biochemical, biophysical, and anatomical changes occurring in 

skeletal muscles in bears that hibernate. However, a greater integration of energetics (based on 

the western results of CI-CV proteins and immunohistochemistry evidence of reduced numbers 

of mitochondria in hibernation) and expansion to include the results from several earlier muscle 

studies in bears is requested. 

 

Major Comments: 

 

Materials and Methods  

 

L. 131 - The use of young bears (ages 2-3 years) should be expanded to indicate whether they are 

sexually mature. This is an important consideration as the hormonal milieu, especially 

testosterone, could impact skeletal muscle dynamics.  

L. 135 - The authors should also specify if the captures during the active season were performed 

via helicopter darting or trapping.  

L. 146 - Please provide a reference for the skinning solution used. 

 

L. 151-170 – Please provide information regarding the controls used for western blot 

experiments. For example, omission of primary antibody, preabsorption, etc. Also, please 

indicate the species for primary and secondary antibodies. A reference would also be helpful. 

Please provide information on the protein stain used in Figure 5B (lower panel, gel stain). Please 

indicate the dilution used of secondary antibodies. 

 

L. 211-227 – The preparation appears not to consider changes in protein content with season as 

observed previously (Miyazaki et al., 2022; Hershey et al., 2008; Tinker et al., 1998). Thus, have 

the authors attempted to normalize the ATPase activity data? This is a similar concern for the 

proteomic study (L. 247-254). 

 

L. 235 – Please provide a reference for the temperature chosen (17.5C) to perform tension 

measurements. Was this based on Q10 effects or empirical evidence? 

 

L. 292-306 – The preparation of EM tissue would have benefited from a freshly prepared sample 

process in the same way. The images provided are not very convincing and are somewhat 

difficult to interpret (see below). How many bears were these taken from? How many from each 

season? 

 

L. 320 – Please indicate the dilution of secondary antibody used. 



Results 

 

L. 344 – Would suggest rewording the heading. “Mild” is used without any context and thus is 

not informative. 

 

L. 382 – Please provide a definition for “Ktr”. 

 

L. 389-410 – As indicate above, these results would benefit from a normalization either to total 

mass or total protein content to ensure that the results do not reflect other changes. 

 

L. 468-481 – Have the authors considered quantifying what appears to be a huge difference in 

mitochondria numbers between seasons (Fig. 4B). If this is not representative, please consider a 

different image. Additionally, this reviewer is not convinced of the value added by including the 

EM study as this does not have freshly prepared tissue for comparison. For example, were the 

number of mitochondria counted and compared to the IHC results? This is actually somewhat 

surprising given that it would have been available at the time of collection.  Suggest removing 

EM results. 

 

Discussion 

 

L. 506-510 - The discussion would benefit from the addition of comparative numbers revealing 

the extent of muscle loss in other species, with aging, fasting, inactivity, etc. for comparison. 

 

Throughout - Other than MYLK2, there is a surprising paucity of information (one sentence, 

L518-520) in the discussion related to the proteomics results. Further, there is little attempt to 

integrate this information with earlier studies or integration with the biochemical and biophysical 

results. This integration is required since it represents an important component. For example, 

were changes in MAFBX (FBX032), MURF1 (TRIM63), or PGC1a observed? These have been 

proposed previously as mechanisms to reduce the amount of atrophy (Lin et al., 2012). 

 

L. 575-588 – The discussion of MYLK2 and P-MLC2 results overlooks a potential explanation 

for the maintenance of ATP levels in winter muscle, namely, that the efficiency of 

phosphorylation (or dephosphorylation) is altered. Specifically, it appears that the ratio of 

MYLK2 to PMLC2 is much higher in winter than in summer (Fig. 5C). If this is indeed the case 

(I’m basing this off of estimates from the average), the potential changes phosphatases in 

addition to kinases could be important players. A search through the proteomics data might 

provide important clues to the accuracy of this statement. 

 

 

Minor Comments: 

 

L. 167 – with appropriate 

 

L. 179 – Samples for protein electrophoresis “were” 

 

L. 253-254 – The Hughes reference is incorrectly formatted 



 

L. 259 – Define “FA” 

 

L. 313 – fixated should be “fixed” 

 

L. 382 – please define “Ktr” 

 

L. 445 – mouse is indicated, but no animal protocol is identified for this tissue collection. Under 

what conditions was this moused held, strain, etc.? 

 

L. 571 – Use of  “comforted” should be “supported”? 

 

L. 654 – If only 9 bears were used in the study, where does the n=11 come from. Presumably this 

is from counting the two bears that were resampled in year two? 

 

L. 661 – Please provide units for the Y-axis of Fig. 2B. Were these normalized data? 

 

L. 718 – From the Venn diagrams in Suppl. Fig. 3D it appears that only a single protein was 

present in both summer1 and summer2 muscles. This seems unusual. A similar scenario exists 

for MYH2 winter1 and winter2. Unless I’m mis-reading these, this suggests poor reproducibility. 

Please clarify. 
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