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Our recent study in a mouse model of familial-Amyotrophic Lateral Sclerosis (f-ALS) revealed that muscle
proteins are equally sensitive to misfolding as spinal cord proteins despite the presence of low mutant
CuZn-superoxide dismutase, which is considered to be the key toxic element for initiation and progres-
sion of f-ALS. More importantly, we observed differential level of heat shock proteins (Hsp’s) between
skeletal muscle and spinal cord tissues prior to the onset and during disease progression; spinal cord
maintains significantly higher level of Hsp’s compared to skeletal muscle. In this study, we report two
important observations; (i) muscle cells (but not neuronal cells) are extremely vulnerable to protein
misfolding and cell death during challenge with oxidative stress and (ii) muscle cells fail to mount Hsp’s
during challenge unlike neuronal cells. These two findings can possibly explain why muscle atrophy
precedes the death of motor neurons in f-ALS mice.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction [1–3] and (ii) Hsp’s are colocalized with aggregated proteins in
Protein misfolding and aggregation are considered as hallmark
for number of neurodegenerative diseases including Alzheimer’s
disease (AD), Parkinson’s disease (PD) and Amyotrophic Lateral
Sclerosis (ALS) [1]. In order to maintain the functional structure
of proteins and enzymes, several strategies have evolved including
the molecular chaperone network to respond to chronic cellular
stress. Molecular chaperones namely heat shock proteins (Hsp’s)
act as catalysts for proper folding of misfolded or unfolded proteins
[1]. The importance of Hsp’s in regulation of protein misfolding and
aggregation in neurodegenerative diseases is demonstrated by
observations that (i) overexpression of selective Hsp’s delays the
progression of disease in animal models of neurodegeneration
diseases such as AD and PD [1]. Moreover, Hsp’s have recently been
shown to trigger the solubilization of toxic protein aggregates [1].
Together, these findings demonstrate the essential role of Hsp’s in
the regulation of proteostasis in the central nervous system (CNS).
In comparison, nothing is known about protein misfolding and its
regulation by Hsp’s in skeletal muscle although several studies in
the literature demonstrate that selective overexpression of Hsp’s
in cultured cells and intact animals reduce myotube/muscle atro-
phy [4–7]. Studies from our group have consistently shown that
misfolding of skeletal muscle cytosolic proteins is a consistent
finding in mouse models that exhibit significant muscle atrophy
[8–10].

While recently studying protein misfolding in spinal cord and
skeletal muscle (two tissues primarily affected in ALS) from wild-
type (WT) mice and G93A mouse model of familial-ALS (f-ALS),
we made an interesting observation: the expression of all the Hsp’s
studied (40, 60, 70 and 90) were strikingly lower in skeletal muscle
versus spinal cord in the same WT animals [11]. This observation
would suggest that there is less likelihood for the repair of mis-
folded proteins in skeletal muscle versus spinal cord and could
possibility translate into increased susceptibility of muscle cells
to oxidative stress/damage mediated cell death versus cells present
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in the CNS such as neurons. Therefore, in this study we asked (i) if
muscle cells are more vulnerable to oxidative stress induced mis-
folding and cell death, compared to neuronal cells, (ii) if these find-
ings are linked to the differential response of protective molecular
chaperones. Here we first show that skeletal muscle cytosolic pro-
teins from WT mice show a higher kinetic of protein misfolding in
response to in vitro oxidative and heat stress, compared to spinal
cord cytosolic proteins. Next we show that cultured muscle cells
are highly susceptible to oxidative stress mediated protein mis-
folding and cell death compared to neuronal cells, which is inti-
mately linked to their inability to induce a Hsp response, unlike
in neuronal cells. Together, these findings suggest for the first time
that differential level of Hsp’s and their response are possible
determinants for the integrity of neuronal cells (versus muscle
cells) in the event of an oxidative challenge.
2. Materials and methods

2.1. Animals and cell lines

4-mo-old C57BL/6 WT mice were used for measuring the
expression of Hsp’s and in vitro cell free-system assay. All proce-
dures for handling animals were reviewed and approved by the
Institutional Animal Care and Use Committee of University of
Texas Health Science Center at San Antonio. 88NPC cells were
grown with N-2 medium (containing DMEM/F-12, penicillin, gen-
tamicin, B27, transferring, insulin and bFGF) in Matrigel-coated
100 mm dishes. C2C12 cells were grown in 100 mm dishes with
DMEM high glucose + 20% FBS + 100 U/ml Penicillin + 100 lg/ml
Streptomycin.

2.2. Measurement of change in protein surface hydrophobicity in a
cell-free system

Skeletal muscle and spinal cord tissues from 4-mo-old WT mice
were homogenized in buffer containing 50 mM Tris, pH 7.4 buffer
containing 1 mM MgSO4 and protease cocktail inhibitors followed
by centrifugation at 100,000g for 1 h at 4 �C. Cytosolic proteins
(100 lg) were incubated for (i) 1 h in tert-butyl hydroperoxide
(tBHP) at 37 �C or for (ii) 1 h at 25 �C, 37 �C, and 42 �C. After the
incubation, a reaction mixture containing 50 lg (1 mg protein/
ml) proteins was set up for photo-labeling under UV light with
4,40-dianilino-1,10-binaphthyl-5,50-disulfonic acid, dipotassium salt
(BisANS, 0.1 mM) as described earlier [8,10]. Equal amounts of
BisANS-labeled proteins (10 lg) were subjected to 12% SDS–PAGE
and BisANS fluorescence captured under 365 nm UV light with an
AlphaImage™ 3400 and followed by overnight staining of gels in
SYPRO Ruby to normalize for protein loading. SYPRO Ruby fluores-
cence was captured on a Typhoon 9400 Variable Mode Imager
(Amersham Biosciences) under the settings 610 BP 30, 520 PMT,
532 nm.

2.3. Measurement of change in protein surface hydrophobicity in
cultured cells

Cells were stressed with 0, 50, 100, and 200 lM tBHP for 12 h in
serum-free medium supplemented with 2% BSA. Cells were
washed in ice-cold PBS, harvested in 50 mM Tris, pH 7.4 buffer
containing 1 mM MgSO4, protease cocktail inhibitors and centri-
fuged at 100,000g for 1 h at 4 �C. A reaction mixture of 50 lg
(1 mg protein/ml) proteins with BisANS (0.1 mM) was set up for
photo-labeling under UV light as described earlier [8,10]. Equal
amounts of BisANS-labeled proteins (10 lg) were subject to 12%
SDS–PAGE, BisANS fluorescence captured and normalized to SYPRO
Ruby as described above.
2.4. Heat shock proteins in 88NPC and C2C12 cells

Cells were stressed with 0, 50, 100, and 200 lM tBHP for 12 h in
serum-free medium supplemented with 2% BSA. Cells were
washed in ice-cold PBS and harvested in 20 mM potassium phos-
phate buffer pH 7.4 containing 0.5 mM MgCl2, 1 mM EDTA and
protease inhibitors. Cells were sonicated and centrifuged at
100,000g for 1 h at 4 �C and equal amount of proteins (20 lg) were
subject to 12% SDS–PAGE followed by western blot using anti-
rabbit primary antibodies against Hsp-60 and -70, and b-Actin
(loading control). HRP secondary antibodies were used to visualize
the distribution of hsp’s.
2.5. 88NPC and C2C12 WST-1 cell viability

Cells were plated into a 96-well plate at 30,000 cells/well in ser-
um-free medium supplemented with 2% BSA and allowed to re-
cover and attach for 24 h. Thereafter, cells were stressed with 0,
50, 100, and 200 lM tBHP for 12 h in serum-free medium supple-
mented with 2% BSA. Upon completion of tBHP incubation, the
plates were spun down at 1000g for 2 min and old medium was
aspirated. 100 ll of fresh serum-free medium supplemented with
2% BSA and 5 ll of WST-1 reagent was added to each well and
incubated at 37 �C for 3.5 h. The absorbance at 450–630 nm was
read on a microplate reader.
3. Results

Our recent report showed that at any given time point, the
expression of molecular chaperones, namely Hsp’s differs consider-
ably between spinal cord and skeletal muscle tissues from WT and
G93A mouse model of familial-ALS [11]. The expression of all the
Hsp’s (Hsp-40, -60, -70 and -90) tested were significantly higher
in spinal cord versus skeletal muscle [11]. We hypothesized that
this dramatic difference in molecular chaperones could possibly
explain the surprising finding that protein misfolding pattern is
quite similar between spinal cord and muscle tissues of G93A mice,
despite considerable difference in the expression of the mutant
G93A protein between these tissues [11]. Because G93A overex-
pression in mice is known to increase endogenous oxidative stress
[12–14] and level of Hsp’s differ between spinal cord and skeletal
muscle, here we first asked if spinal cord proteins in general are
more resistant to stress induced misfolding, compared to skeletal
muscle proteins in an in vitro assay in cytosolic protein extracts.
We used 4-mo-old WT mice to perform these experiments that ex-
hibit �15- and 5-fold higher expression of Hsp-70 and Hsp-60,
respectively, in spinal cord versus skeletal muscle tissues (Fig. 1A
and B). Using the BisANS photo-labeling approach, we found that
in response to oxidative stress (tBHP), the kinetics of hydrophobic
domain exposure is slower in spinal cord proteins compared to
skeletal muscle proteins (Fig. 2A and B). In response to heat shock
stress, the difference between spinal cord and skeletal muscle pro-
teins with respect to the kinetics of hydrophobic domain exposure
is even more dramatic. Skeletal muscle proteins progressively lost
their hydrophobic pockets with increasing temperature (�60% de-
crease at 42 �C compared to 25 �C), whereas, spinal cords proteins
were completely resistant to unfolding (Fig. 2C and D). These re-
sults clearly indicate that the cellular level of Hsp’s could be a crit-
ical component in our findings as the assays were performed in
cytosolic extracts prepared in the presence of protease inhibitors,
thus ruling out the effect of proteasome. Although our findings
were interesting, we still didn’t know if they translated into any
functional consequence. To address this question, we first deter-
mined the global status of protein folding in C2C12 myoblasts
and NPCs exposed to varying concentrations of tBHP. The data in



Fig. 1. Low level of protective chaperones in skeletal muscle compared to spinal cord. (A) Heat shock proteins (Hsp’s)-60 and -70 were detected by immunoblot in cytosolic
fractions from skeletal muscle and spinal cord of 4-mo-old wild-type (WT) C57BL/6 mice; (B) quantification of immunoblots in (A). Results are expressed as mean ± SEM of 3
samples and analyzed by two-tailed t-test (⁄⁄p < 0.01 and ⁄⁄⁄⁄p < 0.0001).
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Fig. 2. Susceptibility of skeletal muscle proteins versus spinal cord proteins to heat and oxidative stress induced misfolding. Skeletal muscle and spinal cord cytosolic proteins
from 4-mo-old WT C57BL/6 mice were incubated for (A) 1 h in tert-butyl hydroperoxide (tBHP) at 37 �C or for (C) 1 h at 25 �C, 37 �C, and 42 �C. After the incubation period,
proteins were photolabeled with Bis-ANS and run on SDS–PAGE (10 lg) for visualization of BisANS labeling followed by SYPRO Ruby staining. Results (B and D) are expressed
as Bis fluorescence/SYPRO Ruby staining, relative to control (n = 3) and analyzed by two-tailed t-test (⁄⁄p < 0.01 and ⁄⁄⁄p < 0.001).
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Fig. 3A and B clearly demonstrates that NPC proteins are structur-
ally stable and resistant to unfolding when exposed to different
concentration of tBHP as we did not observe any marked change
in BisANS incorporation, compared to proteins isolated from
unstressed NPCs. On the contrary, C2C12 myoblast proteins are
very sensitive to misfolding; approximately 2-fold increase in
global exposure of protein hydrophobic domain was detected
when cells were exposed to low concentration of tBHP (50 lM).
Exposure to the highest concentration of tBHP (200 lM) caused a
massive collapse of hydrophobic domain in C2C12 myoblasts.
Since we observed a striking difference in protein folding status be-
tween the two cell lines in response to oxidative insult, we inves-
tigated if there is a differential chaperone response between
muscle and neuronal cells. The chaperone response (Hsp-60 and
-70) was found to be significantly higher in NPCs compared to
C2C12 myoblasts when exposed to various concentrations of tBHP
(Fig. 4A and B). C2C12 myoblasts failed to mount any Hsp response,
even with the highest concentration of tBHP (Fig. 4A and B). We
finally determined if these striking differences between C2C12
myoblast and NPCs with regards to protein misfolding/chaperone
response translates to effect on cell viability. Our results demon-
strate that myoblast cells are extremely sensitive to cell death,
particularly at higher concentrations of tBHP; approximately 60%
and 20% of myoblast cells were found to be viable when challenged
with 100 and 200 lM of tBHP, respectively (Fig. 4C). On the
contrary, 100% of neuronal cells were found to be viable even at
the highest concentration of tBHP (200 lM) tested in this study
(Fig. 4C).
4. Discussion

The premise for this study was an unexpected finding in our
previous study which reported that protein misfolding pattern
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Fig. 4. Lack of chaperone response in muscle cells exposed to oxidative stress. (A) Cytosolic proteins from tBHP treated cells (12 h) were subjected to SDS–PAGE (10 lg 88NPC
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over the lifespan of the G93A mouse model of f-ALS is surprisingly
similar between spinal cord and skeletal muscle tissues [11]
although they differ substantially in the expression of the ALS
causing mutant SOD1 (mSOD1) protein; i.e., the mSOD1 expression
is significantly lower in skeletal muscle versus spinal cord tissues
[11]. In addition, our in vitro cell-free system study in WT muscle
further demonstrated the increased susceptibility of muscle pro-
teins (compared to spinal cord proteins) to misfolding by the
G93A SOD1 enzyme [11]. Our results in the study suggested that
differential pattern of Hsp’s between these two distinct tissues that
have both been implicated in f-ALS pathology could possibly ex-
plain our findings in the G93A model of f-ALS.

The proteostasis machinery within the cells are regulated by
Hsp’s that repair or prevent protein misfolding and proteolytic
degradation machinery regulated by proteasome that can remove
oxidized and misfolded proteins [1,15,16]. Depending on the cell
type, the proteostasis machinery could differ considerably in how
they handle oxidized and misfolded proteins [17]. For instance, a
recent study by Onesto et al. transfected G93A enzyme in both
muscle and motoneuronal cells and found that muscle cells are
much more efficient in clearing mSOD1 protein compared to moto-
neuronal cells, possibly due to higher proteasome activity [17].
Although the study did not measure the expression of Hsp’s, their
findings demonstrated cell specific differences in proteolytic deg-
radation machinery. In agreement, our findings here show for the
first time that while neuronal cells mount a significant chaperone
response when subjected to an oxidative challenge, muscle cells
completely lack this response, which can possibly explain the vul-
nerability of muscle cells for protein misfolding and cell death, as
opposed to neuronal cells that are extremely resilient. In this study,
since we did not measure proteasome activity in muscle and neu-
ronal cells (in the presence of the oxidative stressor), it is difficult
to predict how much of our effects on protein misfolding and cell
death in muscle cells can be ascribed to proteasome function.
However, our experiments in the cell-free system isolated from
spinal cord and muscle tissues from WT mice can possibly answer
this question to some extent. As we had reported earlier [11], here
also we found a �5- to 15-fold difference in basal level of Hsp’s 60
and 70 between spinal cord and muscle tissues in the same young
WT mice. Because our in vitro experiments were performed with
cytosolic fractions (that were exposed to either an oxidative stres-
sor or temperature shock) isolated in the presence of protease
inhibitors to rule out the effect of proteasome, it is reasonable to
conclude that a large part of the differential effects on protein mis-
folding and cell death that we observe between these tissues in re-
sponse to an oxidative stressor is likely due to differential level of
endogenous Hsp’s.

In conclusion, our findings in this study demonstrates that two
distinct cell types that have both been implicated in the pathogen-
esis of f-ALS have a differential pattern of chaperone response in
the presence of an oxidative stressor, which can possibly explain
why muscle atrophy precedes the death of motor neurons in the
G93A mouse model of familial-ALS.
Acknowledgments

This study was supported by VA merit grant to Asish Chaudhuri
and partially supported by AFAR Research Grant and National Insti-
tutes of Health (K01AG038555) grant to Arunabh Bhattacharya.
We like to thank Dr. Peter Hornsby and Anuja Mishra for providing
and assisting in growing the NPC’s.

References

[1] S. Paul, S. Mahanta, Association of heat-shock proteins in various
neurodegenerative disorders: is it a master key to open the therapeutic
door?, Mol Cell. Biochem. 386 (2014) 45–61.

[2] B. Kalmar, C.H. Lu, L. Greensmith, The role of heat shock proteins in
amyotrophic lateral sclerosis: the therapeutic potential of arimoclomol,
Pharmacol. Ther. 141 (2014) 40–54.

[3] B. Kalmar, S. Novoselov, A. Gray, M.E. Cheetham, B. Margulis, L. Greensmith,
Late stage treatment with arimoclomol delays disease progression and
prevents protein aggregation in the SOD1 mouse model of ALS, J.
Neurochem. 107 (2008) 339–350.

[4] T. Gwag, K. Park, E. Kim, C. Son, J. Park, T. Nikawa, I. Choi, Inhibition of C2C12
myotube atrophy by a novel HSP70 inducer, celastrol, via activation of Akt1
and ERK1/2 pathways, Arch. Biochem. Biophys. 537 (2013) 21–30.

[5] E.H. Miyabara, T.L. Nascimento, D.C. Rodrigues, A.S. Moriscot, W.F. Davila, Y.
AitMou, P.P. deTombe, R. Mestril, Overexpression of inducible 70-kDa heat
shock protein in mouse improves structural and functional recovery of skeletal
muscles from atrophy, Pflugers Arch. 463 (2012) 733–741.

[6] S.L. Dodd, B. Hain, S.M. Senf, A.R. Judge, Hsp27 inhibits IKKbeta-induced NF-
kappaB activity and skeletal muscle atrophy, FASEB J. 23 (2009) 3415–3423.

[7] S.M. Senf, S.L. Dodd, J.M. McClung, A.R. Judge, Hsp70 overexpression inhibits
NF-kappaB and Foxo3a transcriptional activities and prevents skeletal muscle
atrophy, FASEB J. 22 (2008) 3836–3845.

[8] A. Pierce, H. Mirzaei, F. Muller, E. De Waal, A.B. Taylor, S. Leonard, H. Van
Remmen, F. Regnier, A. Richardson, A. Chaudhuri, GAPDH is conformationally
and functionally altered in association with oxidative stress in mouse models
of amyotrophic lateral sclerosis, J. Mol. Biol. 382 (2008) 1195–1210.

[9] A.P. Pierce, E. de Waal, L.M. McManus, P.K. Shireman, A.R. Chaudhuri,
Oxidation and structural perturbation of redox-sensitive enzymes in injured
skeletal muscle, Free Radic. Biol. Med. 43 (2007) 1584–1593.

[10] A. Pierce, E. deWaal, H. Van Remmen, A. Richardson, A. Chaudhuri, A novel
approach for screening the proteome for changes in protein conformation,
Biochemistry 45 (2006) 3077–3085.

[11] R. Wei, A. Bhattacharya, R.T. Hamilton, A.L. Jernigan, A.R. Chaudhuri,
Differential effects of mutant SOD1 on protein structure of skeletal muscle
and spinal cord of familial amyotrophic lateral sclerosis: role of chaperone
network, Biochem. Biophys. Res. Commun. 438 (2013) 218–223.

[12] R.A. Towner, N. Smith, D. Saunders, F. Lupu, R. Silasi-Mansat, M. West, D.C.
Ramirez, S.E. Gomez-Mejiba, M.G. Bonini, R.P. Mason, M. Ehrenshaft, K.
Hensley, In vivo detection of free radicals using molecular MRI and immuno-
spin trapping in a mouse model for amyotrophic lateral sclerosis, Free Radic.
Biol. Med. 63 (2013) 351–360.

[13] F.L. Muller, W. Song, Y.C. Jang, Y. Liu, M. Sabia, A. Richardson, H. Van Remmen,
Denervation-induced skeletal muscle atrophy is associated with increased
mitochondrial ROS production, Am. J. Physiol. Regul. Integr. Comp. Physiol.
293 (2007) R1159–R1168.

[14] B.P. Patel, A. Safdar, S. Raha, M.A. Tarnopolsky, M.J. Hamadeh, Caloric
restriction shortens lifespan through an increase in lipid peroxidation,
inflammation and apoptosis in the G93A mouse, an animal model of ALS,
PLoS One 5 (2010) e9386.

[15] R.I. Morimoto, Proteotoxic stress and inducible chaperone networks in
neurodegenerative disease and aging, Genes Dev. 22 (2008) 1427–1438.

[16] R.I. Morimoto, The heat shock response: systems biology of proteotoxic stress
in aging and disease, Cold Spring Harb. Symp. Quant. Biol. 76 (2011) 91–99.

[17] E. Onesto, P. Rusmini, V. Crippa, N. Ferri, A. Zito, M. Galbiati, A. Poletti, Muscle
cells and motoneurons differentially remove mutant SOD1 causing familial
amyotrophic lateral sclerosis, J. Neurochem. 118 (2011) 266–280.

http://refhub.elsevier.com/S0006-291X(14)00549-X/h0005
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0005
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0005
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0010
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0010
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0010
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0015
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0015
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0015
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0015
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0020
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0020
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0020
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0025
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0025
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0025
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0025
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0030
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0030
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0035
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0035
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0035
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0040
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0040
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0040
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0040
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0045
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0045
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0045
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0050
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0050
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0050
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0055
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0055
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0055
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0055
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0060
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0060
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0060
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0060
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0060
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0065
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0065
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0065
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0065
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0070
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0070
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0070
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0070
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0075
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0075
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0080
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0080
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0085
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0085
http://refhub.elsevier.com/S0006-291X(14)00549-X/h0085

	Neuronal cells but not muscle cells are resistant to oxidative stress  mediated protein misfolding and cell death: Role of molecular chaperones
	1 Introduction
	2 Materials and methods
	2.1 Animals and cell lines
	2.2 Measurement of change in protein surface hydrophobicity in a cell-free system
	2.3 Measurement of change in protein surface hydrophobicity in cultured cells
	2.4 Heat shock proteins in 88NPC and C2C12 cells
	2.5 88NPC and C2C12 WST-1 cell viability

	3 Results
	4 Discussion
	Acknowledgments
	References


