
Subcellular proteomics of mice gastrocnemius and soleus
muscles

Rui Vitorinoa,b, Rita Ferreirab, Maria Neuparthb, Sofia Guedesa, Jason Williamsc, Kenneth
B. Tomerc, Pedro M. Dominguesa, Hans J. Appelld, José A. Duarteb, and Francisco M.L.
Amadoa,*

aDepartment of Chemistry, University of Aveiro, 3810-193 Aveiro, Portugal

bCIAFEL, Faculty of Sport, University of Porto, 4200-450 Porto, Portugal

cLaboratory of Structural Biology, National Institute of Environmental Health Sciences, National Institutes
of Health, Research Triangle Park, NC 27709, USA

dDepartment of Physiology and Anatomy, D-50927 Cologne, Germany

Abstract
A proteomics characterization of mice soleus and gastrocnemius white portion skeletal muscles was
performed using nuclear, mitochondrial/membrane, and cytosolic subcellular fractions. The
proposed methodology allowed the elimination of the cytoskeleton proteins from the cytosolic
fraction and of basic proteins from the nuclear fraction. The subsequent protein separation by two-
dimensional gel electrophoresis prior to mass spectrometry analysis allowed the detection of more
than 600 spots in each muscle. In the gastrocnemius muscle fractions, it was possible to identify 178
protein spots corresponding to 108 different proteins. In the soleus muscle fractions, 103 different
proteins were identified from 253 positive spot identifications. A bulk of cytoskeleton proteins such
as actin, myosin light chains, and troponin were identified in the nuclear fraction, whereas mainly
metabolic enzymes were detected in the cytosolic fraction. Transcription factors and proteins
associated with protein biosynthesis were identified in skeletal muscles for the first time by
proteomics. In addition, proteins involved in the mitochondrial redox system, as well as stress
proteins, were identified. Results confirm the potential of this methodology to study the differential
expressions of contractile proteins and metabolic enzymes, essential for generating functional
diversity of muscles and muscle fiber types.
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Human skeletal muscle is very heterogeneous in composition, being constituted by different
types of muscle fibers showing significant differences in their contractile speed and metabolic
profile that result from specific protein expression [1–4]. In rodents, especially mice and rats,
muscle fibers present a more uniform distribution among the different muscles, allowing the
use of the entire muscles to study specific phenotypes. In this regard, the soleus and the white
portion of gastrocnemius of mice are composed mainly of fast- and slow-twitch muscle fibers,
respectively [5–7], and these two muscles have been used as typical models in proteomics.

*Corresponding author. Fax: +351 234370084. E-mail address: famado@dq.ua.pt (F.M.L. Amado).

NIH Public Access
Author Manuscript
Anal Biochem. Author manuscript; available in PMC 2009 March 25.

Published in final edited form as:
Anal Biochem. 2007 July 15; 366(2): 156–169. doi:10.1016/j.ab.2007.04.009.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



During the past few years, several studies have been performed using two-dimensional gel
electrophoresis (2-DE)1 combined with mass spectrometry (MS) to characterize skeletal
muscle protein composition of typical slow- and fast-twitch skeletal muscles [8–17]. In a recent
proteomics study on murine gastrocnemius and soleus muscle extracts, performed by Gelfi and
coworkers [9], more than 800 spots on each 2-DE were detected by silver staining, leading to
the identification of 85 different proteins belonging to the most abundant structural and
metabolic protein classes. Despite the large number of visualized spots by 2-DE, proteins with
lower relative abundances, usually involved in protein biosynthesis and cell stress response,
are probably masked by structural or metabolic proteins [18,19]. To counteract this, Jarrold
and coworkers [14] performed the depletion of abundant muscle proteins by a high pH
treatment followed by 2-DE analysis, resulting in the elimination of the major contractile
proteins and in the detection of nine minor proteins, mainly belonging to mitochondria, for the
first time. Nevertheless, the most often used strategy to reduce sample complexity is based on
subcellular fractionation [19–21], which to our knowledge has never been done for muscle
proteomics characterization.

In order to gain a deeper insight into muscle protein composition, the aim of this study was to
perform the sub-cellular fractionation of gastrocnemius white portion and of soleus muscles
into three different extracts: nuclear, mitochondrial/membrane, and cytosolic fractions. The
validity of the proposed protocol was tested through a comparison with a commercial
subcellular fractionation kit (CelLytic NuCLEAR Extraction Kit, Sigma, Munich, Germany).
Comparing with the commercial kit, the methodology was improved by the introduction of
three additional steps to eliminate cytoskeleton proteins from the cytosolic fraction and basic
proteins from the nuclear fraction. The obtained fractions were further separated using 2-DE,
with the most intense spots being excised and proteins being identified using MS data.
Considering that the distribution of relative amounts of proteins on the crude extract allows
only the visualization of the most abundant ones on a gel map, with this methodology we expect
to improve the gel quality and the ability to load greater amounts of protein for the detection
of less abundant proteins.

Materials and methods
Materials

IPG strips and carrier ampholytes were purchased from Amersham Biosciences (Freiburg,
Germany). General chemical reagents were purchased from Roth (Karlsruhe, Germany). The
protease inhibitor cocktail was supplied by Sigma.

Preparation of tissue extracts
The experiments were performed after approval from the local ethics committee. Following
the Guidelines for Care and Use of Laboratory Animals in Research, 6- to 8-week-old Charles
River CD1 male mice weighing 30 to 35 g were used. The animals were housed in collective
cages (2 mice/cage) and were maintained at a normal atmosphere (21–22°C, 50–60%
humidity), receiving commercial food for rodents and water ad libitum in an inverted 12 h
light/dark cycle. For muscle preparation, the mice were decapitated, and the white portion of
gastrocnemius and the soleus muscles were dissected. These samples were quickly frozen on
dry ice and stored at −80°C before use. Subcellular fractionation was performed according to
Guillemin and coworkers [19] with slight modifications. Briefly, 100 mg of frozen

1Abbreviations used: 2-DE, two-dimensional gel electrophoresis; MS, mass spectrometry; PBS, phosphate-buffered saline; BSA, bovine
serum albumin; SDS–PAGE, sodium dodecyl sulfate–polyacrylamide gel electrophoresis; MALDI–TOF, matrix-assisted laser
desorption/ionization–time-of-flight; MS/MS, tandem mass spectrometry; MAP, microtubule-associated protein; OD, optical density;
MLC, myosin light chain; HSP, heat shock protein.
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gastrocnemius and soleus muscles (stored at −80°C) was transferred to 0.75 ml of buffer
containing 10 mM Hepes, 10 mM NaCl, 1 mM KH2PO4, 5 mM NaHCO3, 5 mM EDTA, 1
mM CaCl2, and 0.5 mM MgCl2. Homogenization was performed using a glass Potter–
Elvehjem homogenizer. Thereafter, 100 µl of 2.5 M sucrose was added to restore isotonic
conditions for 10 min. The extract was then centrifuged at 6300g for 5 min in a tabletop
centrifuge. The resultant pellet was resuspended in 0.65 ml of 10 mM Tris, 300 mM sucrose,
1 mM EDTA, and 0.1% Igepal CA-630 (v/v) at pH 7.5. This suspension was then centrifuged
at 4000g for 5 min, and the resulting supernatant was discarded. This step was repeated until
the supernatant was clear. The resulting pellet was resuspended in 300 µl of 0.1 M HCl to
remove the excess of basic proteins. Then it was centrifuged at 6000g for 5 min (4°C), and the
pellet (nuclear fraction) was solubilized in 300 µl of homogenization buffer.

The resulting supernatant from the first centrifugation was sedimented at 18,000g in a tabletop
centrifuge for 150 min at 4°C (the supernatant corresponds to the cytosolic fraction). The
resulting pellet (mitochondrial/membrane fraction) was solubilized in 200 µl of
homogenization buffer.

To evaluate the results obtained with the adopted protocol, we performed a subcellular
fractionation using the CelLytic NuCLEAR Extraction Kit following the fabricant
recommendations. Briefly, 100 mg of gastrocnemius muscle was washed twice with phosphate-
buffered saline (PBS) and homogenized using a glass Potter–Elvehjem homogenizer in 1 ml
of lysis buffer. The extract was centrifuged at 11,000g for 20 min (the supernatant corresponds
to the cytosolic fraction). The pellet (nuclear fraction) was resuspended in 300 µl of extraction
buffer and shaken gently for 30 min. Then it was centrifuged at 20,000g for 5 min.

Total protein was estimated in all of the obtained extracts using an RC DC Protein Assay Kit
(Bio-Rad, Hercules, CA, USA) with bovine serum albumin (BSA) as a standard.

2-DE conditions
2-DE was performed in a horizontal apparatus (IPG-phor and Hoefer 600 SE, Amersham
Pharmacia Biotech, Uppsala, Sweden). Briefly, for analytical gels, 50 µg of protein was applied
onto IPG strips (13 cm, pH 3–10 NL) containing immobilines (pH 3–10 NL), 2 M thiourea,
2% Chaps, and 8 M urea. The isoelectric separation was performed using the following
focusing program: 12 h at 50 mV in rehydration, 2 h at 150 V (gradient), 1 h at 500 V (gradient),
1 h at 1000 V (gradient), and 3 h at 8000 V (“step-n-hold”). After isoelectric focusing, the strip
was applied on top of a sodium dodecyl sulfate-poly-acrylamide gel electrophoresis (SDS–
PAGE) gel (12 × 14 cm, 12.5%), and proteins were separated according to molecular weight.
The SDS–PAGE gel was stained using silver stain [22]. Spot evaluation was performed by
PDQuest analysis (version 7.1, Bio-Rad). For tryptic digestion and protein identification, 350
µg of protein was applied and the SDS–PAGE gel was stained using colloidal Coomassie blue.

Tryptic digestion, MS analysis, and protein identification
Tryptic digestion was performed according to Detweiler and coworkers [23]. Briefly, protein
spots were excised manually with a pipette tip from the gel and transferred to the Investigator
ProGest automated digester (Genomic Solutions, Ann Arbor, MI, USA) rack. The gel pieces
were washed twice with 25 mM ammonium bicarbonate/50% acetonitrile and dried with a
nitrogen flow. Then 25 µl of 10 µg/ml trypsin in 50 mM ammonium bicarbonate was added
to the dried residue, and the samples were incubated overnight at 37°C with sequence-grade
modified porcine trypsin. Tryptic peptides were lyophilized and resuspended in 10 µl of a 50%
acetonitrile/0.1% formic acid solution. Mass spectra were obtained on a matrix-assisted laser
desorption/ionization–time-of-flight MALDI-TOF/TOF mass spectrometer (4700 Proteomics
Analyzer, Applied Biosystems, Foster City, CA, USA) in the positive ion reflector mode. A
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data-dependent acquisition method was created to select the five most intense peaks in each
sample spot for subsequent tandem mass spectrometry (MS/MS) data acquisition, excluding
those from the matrix, due to trypsin autolysis or acrylamide peaks. Trypsin autolysis peaks
were used for internal calibration of the mass spectra, allowing a routine mass accuracy of
more than 25 ppm.

Spectra were processed and analyzed by the Global Protein Server Workstation (Applied
Biosystems), which uses internal Mascot software (Matrix Science, London, UK) on searching
the peptide mass fingerprints and MS/MS data. Searches were performed against the National
Center for Biotechnology Information (NCBI) nonredundant protein database, and positive
identifications were accepted up to 95% of confidence level.

Results
After image analysis using the PDQuest software, the comparison of the fractions obtained by
the CelLytic NuCLEAR Extraction Kit with those obtained by the proposed protocol showed
an equivalent number of spots for each fraction. Comparing the observed spots for the nuclear
fraction for both methodologies, a match of approximately 75 ± 5% was achieved. The main
differences were located on the basic region, where it was possible to observe, on the nuclear
fraction gel map obtained with the CelLytic NuCLEAR Extraction Kit, a streak consisting of
several spots (Fig. 1A). In the adopted methodology, the interference of these spots could be
avoided by adding HCl before pellet solubilization. Concerning the cytosolic fraction, a match
of 65 ± 10% for the observed spots was present when the cytosolic fraction from the adopted
methodology was compared with that from the CelLytic Nuclear Extraction Kit (Fig. 1). Such
differences could be attributed to the separation of the cytosolic fraction into two,
mitochondrial/membrane and cytosolic, using the presented methodology (Fig. 2).

Gastrocnemius map
Using the proposed experimental protocol, the gastrocnemius silver staining nuclear and
mitochondria/membrane 2-DE maps showed more than 200 spots each, and the 2-DE map of
the cytosolic fraction illustrated the presence of approximately 120 spots (Fig. 2). Looking for
the distribution of protein spots in the obtained 2-DE maps, it was possible to observe that the
nuclear and mitochondrial/membrane fractions presented very similar spot patterns, whereas
the cytosolic fraction evidenced a quite different profile.

For protein identification, 125, 80, and 65 spots were excised from the nuclear, mitochondrial/
membrane, and cytosolic fractions, respectively. From these 270 excised spots, it was possible
to identify 178 corresponding to 108 different proteins.

The protein identification of the nuclear fraction gel spots (Table 1) showed a bulk of structural
proteins (corresponding to 47 identified spots) such as myosin light chain isoforms (spots 68A,
72A, 73A, 74A, and 75A), troponin isoforms (spots 1A, 2A, and 5A), tropomyosin (spots 55A
and 56A), and actin (spots 46A and 57A). With respect to other identified protein spots, 18
belonged to metabolic pathways, 19 belonged to mitochondria pathways, 3 were related to
stress response, and 22 were related to other cell functions. Among the identified proteins, it
is important to emphasize the presence of the abnormal spindle (spot 9A) a microtubule-
associated protein (MAP), and several proteins associated with protein biosynthesis such as
the ribosomal protein L19 (spot 96A), the transcription factor c-myc protein (spot 98A), and
the eukaryotic translation initiation factor 5A (spot 63A).

Examining the mitochondrial/membrane and cytosolic fractions, a number of metabolic
proteins were identified and included creatine kinase (spots 21B, 22B, 23B, 46B, 47B, 15C,
17C, 21C, 28C, 38C, and 39C), phosphoglucomutase isoform 1 (spot 9B),
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phosphoglucomutase isoform 2 (spots 7B and 8B), and isocitrate dehydrogenase isoform 3
(spots 15B and 16B). Comparing the relative optical densities (ODs) of these two fractions,
the spots corresponding to glycolytic enzymes showed high relative ODs. The sum of ODs
from all identified spots of creatine kinase isoforms accounted for approximately 16 ± 3% of
the total ODs in the mitochondrial fraction and for 22 ± 4% in the cytosolic fraction. In a similar
way, aldolase isoforms accounted for approximately 8 ± 5% in the mitochondrial fraction and
for 19 ± 3% in the cytosolic fraction.

Soleus map
Application of the subcellular fractionation protocol to the soleus muscle yielded results similar
to those for the in the gastrocnemius muscle, with the visualization of more than 200 spots in
the nuclear fraction and mitochondrial/membrane fractions and approximately 110 spots in the
cytosolic fraction (Fig. 3). Again, in comparing all of the obtained 2-DE maps, nuclear and
mitochondrial/membrane fractions presented a strong similarity, whereas the cytosolic fraction
differed substantially from the other two fractions. For the total of 310 excised spots, it was
possible to identify 253 corresponding to 103 different proteins.

In the nuclear fraction, protein identification of the excised spots showed the presence of a
large number of structural proteins such as actin (spots 62D and 65D), myosin light chain
isoforms (spots 1D, 2D, 3D, 4D, 18D, 19D, 22D, and 32D), troponin isoforms (spots 29D,
30D, 54D, 55D, and 56D), titin (spots 40D and 41D), and des-min (spots 68D and 69D). In
this fraction, it was also possible to identify a bulk of proteins related to mitochondrial functions
such as NADH-ubiquinone oxidoreductase 30 kDa subunit (spot 24E), NADH-ubiquinone
oxidoreductase 24 kDa (spot 26E), cytochrome c oxidase, and sub-unit VIb polypeptide 1 (spot
12E).

Results similar to those obtained in gastrocnemius for mitochondrial/membrane and cytosolic
fractions were observed for soleus muscle. Hence, metabolic enzymes in cytosolic fraction,
such as creatine kinase (spots 4F, 15F, 16F, 17F, 18F, 33F, 34F, and 55F), adenylate kinase 1
(spots 36F, 21F, 107F, and 89F), enolase (spots 23F, 50F, 14F, 19F, 25F, 26F, 28F, 40F, 67F,
69F, and 51F), and aldolase (24F, 39F, 49F, 54F, and 72F), accounted for approximately 42%
of the total identified spots. Comparing the relative ODs of the referred enzymes, creatine
kinase presented a 7 ± 3% increase in the cytosolic fraction, and glyceraldehyde-3-phosphate
dehydrogenase presented a 6 ± 1% increase in the mitochondrial fraction.

Comparison of gastrocnemius and soleus maps
A different protein composition profile could be observed after comparison of identified
proteins in subcellular fractions of both gastrocnemius and soleus muscles. Following this, a
different distribution for the structural myosin light chain (MLC) isoforms was observable
when gastrocnemius and soleus muscles were compared. Gastrocnemius muscle presented one
MLC1s (slow isoform) (spot 53A), one MLC1f (fast isoform) (spot 54A), two MLC2s (spots
58A and 59A), two MLC2f (spots 60A and 61A), and two MLC3f (spots 74A and 75A). Soleus
muscle presented only one MLC1s (spot 19D), one MLC1f (spot 18D), one MLC2s (spot 4D),
and one MLC2f (spot 3D). MS analysis of the two spots of MLC2f and MLC2s from the
gastrocnemius muscle indicated that spots 59A and 61A corresponded to the phosphorylated
form, whereas spots 60A and 58A corresponded to the unphosphorylated state. In the case of
the soleus muscle, the unique identified spot corresponding to MLC2f was phosphorylated. A
comparison of relative ODs showed a 10-fold increase for MLC1f (spot 54A) in the white
gastrocnemius muscle and a 15-fold increase for MLC1s (spot 19D) in the soleus muscle.
Proteins such as troponin T presented a 9 ± 2% increase of relative ODs in the gastrocnemius
muscle when compared with the soleus muscle.
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Looking to the other identified proteins of both muscles, it is noteworthy to observe the number
of identified spots belonging to mitochondrial redox activity such as peroxiredoxin 3, NADH-
ubiquinone oxidoreductase isoforms, and cytochrome c oxidase. The soleus muscle presented
greater relative amounts of these protein isoforms, accounting for approximately 18% of the
total identified spots. Proteins belonging to the stress response class were also in greater relative
amounts in the soleus muscle, accounting for approximately 9% of the total identified spots.
With respect to creatine kinase and enolase, the relative ODs increased 61 ± 6% in the
gastrocnemius muscle when compared with those in the soleus muscle.

In both gel maps, we identified different spots for the same protein. This could be easily
explained by the identification not only of the intact form of the protein (matching with two-
dimensional pI and MW data) but also of fragment products of proteolytic activity and of
protein aggregates. For example, regarding albumin, we found several spots corresponding to
a positive identification of this protein. In the case of the gastrocnemius muscle 2-DE maps,
spot 66A was identified as albumin in an intact form (sequence coverage of 27%), a form
having a greater molecular mass corresponding to an albumin dimer was assigned to spot 16A
(23% of sequence coverage), and spot 106A was assigned to a form of lower molecular mass
corresponding to an albumin fragment (17% sequence coverage). In the case of the soleus
muscle 2-DE maps, a greater number of spots were identified as albumin, covering a broad
range of molecular weights corresponding to a possible dimer (spot 1F), albumin (spots 5F and
6F), and fragments (spots 60F, 78F, 68F, 8F, 111F, and 31F) covering 32% of protein sequence.
Similar results were reported by Torricelli and coworkers [24], who found an albumin dimer,
albumin, and albumin fragments on 2-DE maps of plasma. Considering the observed results,
it is possible to suggest greater proteolytic activity regarding albumin on the soleus muscle
when compared with that on the white portion of the gastrocnemius muscle.

Discussion
In this study, we were able for the first time to present a more detailed insight into skeletal
muscle proteome, especially with regard to the different functional fractions (nuclear,
mitochondrial, and cytosolic). The detailed analysis of these fractions is difficult when the
cytoskeletal fraction is also analyzed concomitantly, thereby masking some less expressed
proteins of the other fractions by their more pronounced abundance. The currently used
methodology adopted and slightly modified the protocol for subcellular fractionation described
by Guillemin and coworkers [19] to refine the characterization of two types of skeletal muscles:
red soleus and white portion of gastrocnemius muscles. Comparing the obtained data using the
proposed experimental subcellular fractionation protocol with the CelLytic Nuclear Extraction
Kit, a strong similarity between the resulting 2-DE maps was achieved. The use of this
commercial kit was already advantageous for the identification of those proteins in comparison
with what has been described in the literature so far [9]. The advantage of the subcellular
fragmentation is based on the fact that we were able to visualize a greater number of proteins
in all subcellular fractions (cf. Table 1 and Table 2). Even with this advantage, it is possible to
observe a small contribution of cytoskeletal proteins such as troponin T, MLC2f, and
tropomyosin in the cytosolic fraction after protein identification for the commercial kit.
However, with the introduced improvements, these were absent in the data obtained with our
protocol. Moreover, interference on 2-DE protein separation promoted by the contribution of
basic proteins (as can be observed on the 2-DE gel map of nuclear fraction from the CelLytic
Nuclear Extraction Kit [Fig. 1A]) is avoided with the current methodology. This comparison
performed with the two subcellular fractionation protocols suggests that the introduced steps
are advantageous for decreasing the amount of cytoskeleton and nuclear basic proteins.

Crucial steps in the methodological modifications we applied were (i) the addition of HCl to
extract the basic nuclear proteins and cytoskeletal components, (ii) an additional centrifugation
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to further clean the nuclear pellet, and (iii) still another centrifugation to further clean the
cytosolic fraction. This way, the contribution of basic proteins, mainly histones, that tend to
precipitate on the first dimension when reaching their pI [9] was depleted from the nuclear
fraction. In consequence, proteins such as c-myc, eukaryotic translation elongation factor 1,
and eukaryotic translation initiation factor 5A were identified for the first time in the nuclear
fraction of both gastrocnemius and soleus muscles using proteomics. The additional
centrifugation of the cytosolic fraction induces the reduction of cytoskeletal and mitochondrial
contributions.

Comparing our data with those published previously by Gelfi and coworkers [9] and Jarrold
and coworkers [14], a considerably greater number of identified proteins were achieved,
amounting to 108 identified proteins in the case of the gastrocnemius muscle and to 103 in the
case of the soleus muscle. Accordingly, gel maps of the nuclear fraction from gastrocnemius
and soleus muscles present several spots identified as cytoskeletal components, for example,
myosins, tubulin, and actin-binding proteins that constitute approximately 47% of the total
number of identified proteins. Therefore, the cytosolic fractions present an enrichment in the
number of observed metabolic proteins and the absence of structural proteins for both muscles.
For example, the identification of parvalbumin in several spots (spots 14C, 1C, 2C, 3C, 4C,
6C, and 53C) within the cytosolic fraction from the gastrocnemius muscle, not reported
previously, was possible to achieve only by using this procedure. A bulk of proteins belonging
to mitochondria, covering a wide range such as for membrane composition, biosynthesis, redox
activity, and metabolic pathways, were identified being distributed among nuclear and
mitochondrial fractions in the gastrocnemius and soleus muscles. As described above, the pellet
resulting from the first centrifugation, corresponding to the nuclear fraction, may contain a
small contribution of heavy mitochondria, and this should explain the obtained results in both
muscles.

The sensitivity of the current methodology also allows the detection of distinctive functional
features of the different muscles under investigation. Differently expressed isoforms of proteins
are the basis of muscle heterogeneity inherent to soleus and gastrocnemius muscles [10,15,
25–27]. In the current study, this was shown by the variation in the relative abundances of
MLC isoforms and metabolic enzymes as well as in the presence of parvalbumin in the white
portion of gastrocnemius muscle [28]. Greater amounts of MLC2f, MLC1f, and MLC3 (the
latter found exclusively in gastrocnemius) were found in gastrocnemius muscle, whereas
MLC1s and MLC2s were predominant in soleus muscle. Also, monophosphorylated isoforms
of MLC2f and MLC2s were detected in gastrocnemius muscle. These phosphorylated forms
have been described during the process of slow-to-fast transition associated with the increase
of force production at low-Ca2+ concentrations [10,29,30]. Concerning the group of metabolic
enzymes, a greater expression of glycolytic enzymes, such as glyceraldehyde 3-phosphate
dehydrogenase, aldolase, and enolase, was not unexpectedly found in gastrocnemius, in
agreement with a greater potential in ATP production by anaerobic pathways [9,10]. On the
other hand, the soleus muscle showed a greater relative abundance of carbonic anhydrase III,
in agreement with its slow-twitch phenotype [9,10]. Large amounts of parvalbumin were found
in the gastrocnemius muscle (several spots), in conformity with the great affinity of this protein
to free Ca2+, favoring the relaxation velocity enhancement that characterizes fast-twitch
skeletal muscles [28,31]. We also observed differences in the expression of proteins related to
cellular stress response. HSP27, HSP90, and alphaB-crystallin-related B6 were identified in
the nuclear fraction of the gastrocnemius muscle, whereas HSP27, HSP70, HSP90, HSP1
(chaperonin), heat shock protein (HSP) family member 7, and cryab protein were identified in
the nuclear fraction of the soleus muscle. The presence of HSP1 in soleus is in agreement with
the observed overexpression of this protein shown by Golenhofen and coworkers [32] when
comparing soleus with gastrocnemius. The notion of more members of the HSP family
confirms the functional properties of the red soleus muscle, and this would make this muscle
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more susceptible to stress conditions related to HSP as compared with the white portion of the
gastrocnemius muscle. In addition, the wide range of redox proteins (found in the soleus
muscle), such as NADH-ubiquinone oxidoreductase 30 kDa and 24 kDa subunits, cytochrome
c oxidase sub-units VIb, Vb, and Va, and glutathione S-transferase sub-units mu1 and pi, is
supportive of higher levels of oxidative enzymes in red muscle [10].

In conclusion, comparing our data with the previously published works, a significantly greater
number of identified proteins were achieved, increasing to 108 identified proteins in the case
of the gastrocnemius muscle and to 103 identified proteins in the case of the soleus muscle.
Furthermore, these results confirm the potential of this methodology to study differential
expressions of contractile proteins and metabolic enzymes, essential for generating functional
diversity of muscles and muscle fiber types.
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Fig. 1.
2-DE representative of gastrocnemius muscle of nuclear fraction (A) and cytosolic fraction (B)
obtained using the CelLytic NuCLEAR Extraction Kit.
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Fig. 2.
2-DE representative of gastrocnemius muscle of nuclear fraction (A), mitochondrial/membrane
fraction (B), and cytosolic fraction (C) obtained using the adopted subcellular fractionation
protocol.
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Fig. 3.
2-DE representative of soleus muscle of nuclear fraction (A), mitochondrial/membrane fraction
(B), and cytosolic fraction (C) obtained using the adopted subcellular fractionation protocol.

Vitorino et al. Page 12

Anal Biochem. Author manuscript; available in PMC 2009 March 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Vitorino et al. Page 13
Ta

bl
e 

1
Id

en
tif

ie
d 

ga
st

ro
cn

em
iu

s m
us

cl
e 

pr
ot

ei
ns

 in
 n

uc
le

ar
, m

ito
ch

on
dr

ia
l/m

em
br

an
e,

 a
nd

 c
yt

os
ol

ic
 fr

ac
tio

ns

G
as

tr
oc

ne
m

iu
s m

us
cl

e
Fr

ac
tio

n

Pr
ot

ei
n 

id
en

tif
ic

at
io

n
A

cc
es

si
on

 n
um

be
r

M
W

N
uc

le
ar

M
it/

M
em

C
yt

os
ol

Pr
ev

oi
us

 w
or

k
Sp

ot
(s

)

13
K

 p
ro

te
in

19
14

93
13

50
2

X
X

54
B

, 2
5C

14
-3

-3
 p

ro
te

in
 g

am
m

a
30

65
92

9
28

34
5

X
g

70
B

A
bn

or
m

al
 sp

in
dl

e
34

88
04

54
36

42
39

X
9A

A
ct

in
55

57
7

42
02

4
X

g
46

A
, 5

7A
, 9

4A
, 2

1A
,

10
3A

A
ct

in
in

 a
lp

ha
 3

73
04

85
5

10
29

78
X

g
3B

A
de

ny
la

te
 k

in
as

e 
1

10
94

69
36

23
10

6
X

X
X

g
23

C
, 5

2C
, 5

1 
A

, 3
6B

A
lb

um
in

55
39

15
08

68
71

4
X

X
X

g
22

C
, 6

6A
, 1

6A
, 1

06
A

,
5B

A
ld

ol
as

e 
A

75
48

32
2

39
52

6
X

X
X

g
97

A
, 2

9A
, 3

1B
, 4

2B
,

13
C

, 2
0C

, 3
5C

, 3
6C

,
37

C
, 4

7C
, 4

8C

A
lp

ha
 g

lo
bi

n 
2

16
97

36
81

15
19

3
X

10
4 

A

A
lp

ha
-a

ct
in

 (a
a 

40
-3

75
)

49
86

4
37

78
8

X
X

48
A

, 1
9A

, 4
5A

, 6
2A

,
12

B

A
lp

ha
-f

et
op

ro
te

in
19

17
65

47
19

5
X

42
C

, 2
7C

A
lp

ha
-g

lo
bi

n
55

39
19

12
89

9
X

X
X

50
C

, 7
8A

, 5
3B

A
po

lip
op

ro
te

in
 A

-I
 p

re
cu

rs
or

10
95

71
30

35
8

X
X

50
A

, 6
9B

A
TP

 sy
nt

ha
se

, H
+ 

tra
ns

po
rti

ng
 m

ito
ch

on
dr

ia
l F

1
co

m
pl

ex
, b

et
a 

su
bu

ni
t

31
98

06
48

56
26

5
X

X
g

20
A

, 4
9B

A
TP

 sy
nt

ha
se

, H
+ 

tra
ns

po
rti

ng
, m

ito
ch

on
dr

ia
l

F0
 c

om
pl

ex
, s

ub
un

it 
F

79
49

00
5

12
48

9
X

52
A

, 6
7A

A
TP

 sy
nt

ha
se

, H
+ 

tra
ns

po
rti

ng
, m

ito
ch

on
dr

ia
l

F1
 c

om
pl

ex
, a

lp
ha

 su
bu

ni
t, 

is
of

or
m

 1
66

80
74

8
59

71
6

X
X

g
26

A
, 5

6B

A
TP

 sy
nt

ha
se

, H
+ 

tra
ns

po
rti

ng
, m

ito
ch

on
dr

ia
l

F1
 c

om
pl

ex
, O

 su
bu

ni
t

20
07

04
12

23
34

9
X

84
A

B
et

a-
1-

gl
ob

in
47

60
59

0
15

69
9

X
76

A

C
ap

pi
ng

 p
ro

te
in

 (a
ct

in
 fi

la
m

en
t) 

m
us

cl
e 

Z-
lin

e,
al

ph
a 

2
38

32
27

60
32

94
7

X
43

A

C
ar

bo
ni

c 
an

hy
dr

as
e 

3
31

98
28

61
29

34
8

X
X

g
43

B
, 8

0A

C
ha

in
 D

, C
hi

m
er

ic
 M

ou
se

 c
ar

bo
nm

on
ox

y
he

m
og

lo
bi

n
18

65
56

89
15

60
7

X
52

B

C
itr

at
e 

sy
nt

ha
se

13
38

59
42

51
70

3
X

30
A

Anal Biochem. Author manuscript; available in PMC 2009 March 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Vitorino et al. Page 14

G
as

tr
oc

ne
m

iu
s m

us
cl

e
Fr

ac
tio

n

Pr
ot

ei
n 

id
en

tif
ic

at
io

n
A

cc
es

si
on

 n
um

be
r

M
W

N
uc

le
ar

M
it/

M
em

C
yt

os
ol

Pr
ev

oi
us

 w
or

k
Sp

ot
(s

)

C
-m

yc
 p

ro
te

in
37

93
32

09
21

30
4

X
98

A

C
of

ili
n 

2,
 m

us
cl

e
66

71
74

6
18

69
8

X
g

10
1A

C
re

at
in

e 
ki

na
se

, m
us

cl
e

66
71

76
2

43
01

8
X

X
X

g
7A

, 2
8A

, 8
A

, 9
A

, 3
1 

A
,

35
A

, 2
5A

, 6
6A

, 2
1B

,
22

B
,2

3B
,2

4B
,2

6B
,

46
B

, 4
7B

, 6
5B

, 1
2C

,
17

C
, 2

1C
, 2

8C
, 3

8C
,

39
C

C
ry

ab
 p

ro
te

in
14

78
97

02
20

05
6

X
X

79
A

, 4
8B

C
u/

Zn
 su

pe
ro

xi
de

 d
is

m
ut

as
e

22
64

71
15

75
2

X
X

64
B

, 1
9C

C
yt

oc
hr

om
e 

c 
ox

id
as

e 
su

bu
ni

t V
a 

pr
ep

ro
te

in
55

97
1

16
11

9
X

70
A

C
yt

oc
hr

om
e 

c 
ox

id
as

e,
 su

bu
ni

t V
b

67
53

50
0

13
80

4
X

99
A

C
yt

oc
hr

om
e 

c,
 so

m
at

ic
81

A

69
78

72
5

11
59

8
X

D
es

m
in

13
52

24
1

53
07

3
X

X
g

20
A

, 1
 1

B

D
ih

yd
ro

lip
oa

m
id

e 
S-

ac
et

yl
tra

ns
fe

ra
se

 p
re

cu
rs

or
16

58
01

28
59

04
7

X
6B

D
na

K
-ty

pe
 m

ol
ec

ul
ar

 c
ha

pe
ro

ne
10

94
14

70
76

1
X

4B

En
ol

as
e 

1,
 a

lp
ha

 n
on

-n
eu

ro
n

54
67

38
14

47
11

1
X

g
23

A

En
ol

as
e 

3,
 b

et
a

54
03

52
88

46
98

4
X

X
X

g
10

A
, 1

8B
, 3

1C
, 4

1C

Eu
ka

ry
ot

ic
 tr

an
sl

at
io

n 
in

iti
at

io
n 

fa
ct

or
 5

A
56

80
01

06
16

29
2

X
63

A

Ex
pr

es
se

d 
in

 n
on

-m
et

as
ta

tic
 c

el
ls

 2
56

27
06

00
17

35
2

X
50

B

Fa
st

 m
yo

si
n 

al
ka

li 
lig

ht
 c

ha
i

13
48

79
33

16
60

3
X

54
A

, 7
2A

Fa
st

 sk
el

et
al

 m
us

cl
e 

tro
po

ni
n 

C
66

78
37

1
18

09
8

X
90

A

Fa
tty

 a
ci

d 
bi

nd
in

g 
pr

ot
ei

n 
3

54
30

64
26

10
93

1
X

g
65

A

Fa
tty

 a
ci

d 
bi

nd
in

g 
pr

ot
ei

n 
3,

 m
us

cl
e 

an
d 

he
ar

t
67

53
81

0
14

81
0

X
X

64
B

,5
B

G
lu

ta
th

io
ne

 S
-tr

an
sf

er
as

e,
 m

u 
1

67
54

08
4

25
95

3
X

38
B

G
lu

ta
th

io
ne

 S
-tr

an
sf

er
as

e,
 p

i
25

45
34

20
23

42
4

X
39

B

G
ly

ce
ra

ld
eh

yd
e-

3-
ph

os
ph

at
ed

eh
yd

ro
ge

na
se

55
15

45
87

35
78

7
X

g
33

B
,3

4B

G
ly

ce
ra

ld
eh

yd
e-

3-
ph

os
ph

at
e 

de
hy

dr
og

en
as

e
(p

ho
sp

ho
ry

la
tin

g)
 (E

C
 1

.2
.1

.1
2)

51
76

90
13

35
80

7
X

41
B

,3
5B

, 3
3C

,4
4C

,4
5C

G
ly

ce
ro

l-3
-p

ho
sp

ha
te

 d
eh

yd
ro

ge
na

se
 1

13
54

31
76

36
93

4
X

11
B

H
ea

t s
ho

ck
 9

0k
D

a 
pr

ot
ei

n 
1,

 b
et

a
51

85
95

16
83

28
9

X
g

1B

Anal Biochem. Author manuscript; available in PMC 2009 March 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Vitorino et al. Page 15

G
as

tr
oc

ne
m

iu
s m

us
cl

e
Fr

ac
tio

n

Pr
ot

ei
n 

id
en

tif
ic

at
io

n
A

cc
es

si
on

 n
um

be
r

M
W

N
uc

le
ar

M
it/

M
em

C
yt

os
ol

Pr
ev

oi
us

 w
or

k
Sp

ot
(s

)

H
ea

t s
ho

ck
 p

ro
te

in
 2

7
20

46
65

22
87

9
X

47
A

H
ea

t s
ho

ck
 p

ro
te

in
, a

lp
ha

-c
ry

st
al

lin
-r

el
at

ed
, B

6
59

80
84

19
17

51
0

X
10

0 
A

Is
oc

itr
at

e 
de

hy
dr

og
en

as
e 

3 
(N

A
D

+)
 a

lp
ha

18
25

02
84

39
61

3
X

g
15

B
,1

6B

K
el

ch
-li

ke
 2

0
31

54
24

90
67

36
9

X
g

43
A

La
ct

at
e 

de
hy

dr
og

en
as

e 
1

13
52

95
99

34
48

1
X

g
33

A

La
ct

at
e 

de
hy

dr
og

en
as

e 
1,

 A
 c

ha
in

67
54

52
4

36
47

5
X

g
27

B

Le
ct

in
, g

al
ac

to
se

 b
in

di
ng

, s
ol

ub
le

 1
12

80
52

09
14

86
8

X
8C

M
al

at
e 

de
hy

dr
og

en
as

e 
1,

 N
A

D
 (s

ol
ub

le
)

15
10

01
79

36
46

0
X

g
67

B

M
ito

ch
on

dr
ia

l a
co

ni
ta

se
10

63
79

96
85

42
1

X
27

A

M
lrq

-li
ke

 p
ro

te
in

14
01

25
2

85
09

X
89

A

M
us

cl
e 

gl
yc

og
en

 p
ho

sp
ho

ry
la

se
67

55
25

6
97

22
5

X
11

 A
, 1

2A

M
yo

gl
ob

in
21

35
98

20
17

05
9

X
g

77
A

, 5
 1

B

M
yo

si
n 

A
1 

ca
ta

ly
tic

 li
gh

t c
ha

in
, s

ke
le

ta
l m

us
cl

e
91

11
4

20
58

0
X

58
A

M
yo

si
n 

A
2 

ca
ta

ly
tic

 li
gh

t c
ha

in
, s

ke
le

ta
l m

us
cl

e
91

11
5

16
58

8
X

64
A

, 7
4A

M
yo

si
n 

lig
ht

 c
ha

in
 1

 sl
ow

 a
26

98
65

55
22

73
5

X
49

A
, 5

3A

M
yo

si
n 

lig
ht

 c
ha

in
 2

v
38

51
19

15
18

78
0

X
g

60
A

, 5
9B

M
yo

si
n 

lig
ht

 c
ha

in
, p

ho
sp

ho
ry

la
ta

bl
e,

 fa
st

sk
el

et
al

 m
us

cl
e

79
49

07
8

18
94

3
X

X
61

A
, 6

8A
, 6

9A
, 7

3A
,

60
B

M
yo

si
n,

 h
ea

vy
 p

ol
yp

ep
tid

e 
4,

 sk
el

et
al

 m
us

cl
e 

/
si

m
ila

r t
o 

m
yo

si
n 

he
av

y 
ch

ai
n 

2b
56

20
62

52
23

07
20

X
g

14
A

M
yo

si
n,

 li
gh

t p
ol

yp
ep

tid
e 

1
29

78
90

16
20

58
1

X
X

g
61

B

M
yo

si
n,

 li
gh

t p
ol

yp
ep

tid
e 

3
69

81
24

0
22

14
2

X
g

74
A

, 7
5A

N
A

D
H

 d
eh

yd
ro

ge
na

se
 (u

bi
qu

in
on

e)
 1

 a
lp

ha
su

bc
om

pl
ex

 1
0

13
19

56
24

40
57

8
X

g
24

A

N
A

D
H

 d
eh

yd
ro

ge
na

se
 (u

bi
qu

in
on

e)
 F

e-
S

pr
ot

ei
n 

2
23

34
64

61
52

95
2

X
g

22
A

N
A

D
H

 d
eh

yd
ro

ge
na

se
 (u

bi
qu

in
on

e)
 F

e-
S

pr
ot

ei
n 

3
20

07
12

22
30

18
7

X
47

A

N
A

D
H

 d
eh

yd
ro

ge
na

se
 1

 b
et

a 
su

bc
om

pl
ex

 4
21

31
48

26
15

07
2

X
88

A

O
rf

54
41

50
0

31
43

2
X

85
A

O
xo

gl
ut

ar
at

e 
de

hy
dr

og
en

as
e 

(li
po

am
id

e)
33

56
32

70
11

60
43

X
13

A

Anal Biochem. Author manuscript; available in PMC 2009 March 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Vitorino et al. Page 16

G
as

tr
oc

ne
m

iu
s m

us
cl

e
Fr

ac
tio

n

Pr
ot

ei
n 

id
en

tif
ic

at
io

n
A

cc
es

si
on

 n
um

be
r

M
W

N
uc

le
ar

M
it/

M
em

C
yt

os
ol

Pr
ev

oi
us

 w
or

k
Sp

ot
(s

)

Pa
rv

al
bu

m
in

30
35

22
00

11
23

6
X

14
C

, 1
C

, 2
C

, 3
C

, 4
C

,
52

C
, 7

0A
, 7

1A
, 5

8B

Pd
lim

7 
pr

ot
ei

n
30

93
11

51
24

64
3

X
86

A

PD
Z 

an
d 

LI
M

 d
om

ai
n 

5 
is

of
or

m
 E

N
H

2
11

60
29

14
36

03
4

X
g

83
A

PD
Z-

LI
M

 p
ro

te
in

 c
yp

he
r2

s
11

61
25

98
31

40
8

X
91

A

Pe
ro

xi
re

do
xi

n 
3

66
80

69
0

28
10

9
X

10
2A

Ph
os

ph
at

id
yl

et
ha

no
la

m
in

e 
bi

nd
in

g 
pr

ot
ei

n
53

23
69

78
20

81
7

X
g

26
C

Ph
os

ph
og

lu
co

m
ut

as
e 

1
83

93
95

1
61

36
5

X
g

9B

Ph
os

ph
og

lu
co

m
ut

as
e 

2
31

98
07

26
61

47
9

X
7B

, 8
B

Ph
os

ph
og

ly
ce

ra
te

 k
in

as
e 

1
40

25
47

52
44

51
0

X
g

28
B

,2
9B

Ph
os

ph
og

ly
ce

ra
te

 m
ut

as
e 

2
92

56
62

4
28

80
9

X
25

B
, 3

7B
, 4

0B

Po
ly

ub
iq

ui
tin

10
50

93
0

11
23

4
X

18
C

, 4
6C

Py
ru

va
te

 d
eh

yd
ro

ge
na

se
 (l

ip
oa

m
id

e)
 (E

C
1.

2.
4.

1)
 b

et
a 

ch
ai

n
11

22
53

38
82

3
X

g
44

A

Py
ru

va
te

 k
in

as
e,

 is
oz

ym
e 

M
2

25
06

79
6

57
85

0
X

g
20

B
,3

0B
,9

8A

R
ib

os
om

al
 p

ro
te

in
 L

1 
9

66
77

77
3

23
46

7
X

96
A

Sa
rc

al
um

en
in

34
32

84
17

99
12

3
X

93
A

, 9
5A

Sa
rc

om
er

ic
 m

ito
ch

on
dr

ia
l c

re
at

in
e 

ki
na

se
57

53
7

47
35

5
X

28
A

Sd
ha

 p
ro

te
in

15
03

01
02

72
28

0
X

15
A

Se
rp

in
a1

a 
pr

ot
ei

n
15

92
96

75
45

59
3

X
55

C

Sl
ow

 sk
el

et
al

 m
us

cl
e 

tro
po

ni
n 

T2
33

46
55

64
31

06
7

X
41

A

Sl
ow

 sk
el

et
al

 m
us

cl
e 

tro
po

ni
n 

T3
33

46
55

68
29

86
2

X
42

A

So
d2

 p
ro

te
in

17
39

03
79

24
07

0
X

68
B

Su
pe

ro
xi

de
 d

is
m

ut
as

e 
1,

 so
lu

bl
e

56
27

05
95

15
93

3
X

10
C

Tr
an

st
hy

re
tin

56
54

10
70

15
76

6
X

43
C

Tr
io

se
ph

os
ph

at
e 

is
om

er
as

e
18

64
01

8
22

49
2

X
g

9C
, 3

4C

Tr
io

se
ph

os
ph

at
e 

is
om

er
as

e 
1

66
78

41
3

26
69

6
X

X
45

B
, 4

9B
, 4

0C

Tr
op

om
yo

si
n 

2,
 b

et
a

11
87

52
03

32
81

7
X

55
A

Tr
op

om
yo

si
n 

al
ph

a 
ch

ai
n,

 st
ria

te
d 

m
us

cl
e

92
92

1
32

69
3

X
X

g
56

A
, 5

7B

Tr
op

on
in

 I,
 sk

el
et

al
, f

as
t 2

66
78

39
1

21
34

4
X

g
1A

, 2
A

, 3
A

, 8
6A

, 8
7A

Anal Biochem. Author manuscript; available in PMC 2009 March 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Vitorino et al. Page 17

G
as

tr
oc

ne
m

iu
s m

us
cl

e
Fr

ac
tio

n

Pr
ot

ei
n 

id
en

tif
ic

at
io

n
A

cc
es

si
on

 n
um

be
r

M
W

N
uc

le
ar

M
it/

M
em

C
yt

os
ol

Pr
ev

oi
us

 w
or

k
Sp

ot
(s

)

Tr
op

on
in

 T
23

40
05

0
28

32
0

X
5A

, 1
7A

, 3
2A

, 3
4A

,
36

A
, 3

7A
, 3

9A
, 4

0A
,

4A
, 6

A
, 3

8A

U
bi

qu
in

ol
-c

yt
oc

hr
om

e 
c 

re
du

ct
as

e 
bi

nd
in

g
pr

ot
ei

n
21

59
50

14
13

60
1

X
g

82
A

U
bi

qu
in

ol
-c

yt
oc

hr
om

e-
c r

ed
uc

ta
se

 co
m

pl
ex

 co
re

pr
ot

ei
n 

I, 
m

ito
ch

on
dr

ia
l p

re
cu

rs
or

14
54

83
01

52
73

5
X

13
B

V
al

os
in

-c
on

ta
in

in
g 

pr
ot

ei
n

17
86

53
51

89
29

3
X

2B

V
ol

ta
ge

-d
ep

en
de

nt
 a

ni
on

 c
ha

nn
el

 1
13

78
62

00
30

73
7

X
g

42
A

Pe
ro

re
do

xi
n 

6
g

D
j-1

g

M
al

at
e 

de
hy

dr
og

en
as

e
g

A
rs

en
ic

al
 p

um
p

g

M
yo

si
n-

bi
nd

in
g 

pr
ot

ei
n 

H
g

A
sp

ar
ta

te
 a

m
in

ot
ra

sn
fe

ra
se

g

ha
pt

og
lo

bi
n

g

D
ih

yd
ro

lip
oy

lly
si

ne
-r

es
id

ue
 a

ce
ty

ltr
an

sf
er

as
e

co
m

po
ne

nt
 o

f p
yr

uv
at

e

D
eh

yd
ro

ge
na

se
 c

om
pl

ex
g

C
re

at
in

e 
ki

na
se

, s
ar

co
m

er
ic

 m
ito

ch
on

dr
ia

l
g

G
ly

co
ge

n 
ph

os
ph

or
yl

as
e

g

Se
ro

tra
ns

fe
rr

in
g

N
uc

le
os

id
e 

di
ph

os
ph

at
e 

ki
na

se
 B

g

A
lp

ha
 c

ry
st

al
lin

 B
 c

ha
in

g

C
at

he
ps

in
 D

g

A
TP

 sy
nt

ha
se

 D
 c

ha
in

,
g

A
nn

ex
in

 A
6

g

H
sp

70
g

Su
cc

in
yl

-C
oA

g

M
ito

ch
on

dr
ia

l i
nn

er
 m

em
br

an
e 

pr
ot

ei
n

g

D
ih

yd
ro

lip
oy

lly
si

ne
-r

es
id

ue
g

Anal Biochem. Author manuscript; available in PMC 2009 March 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Vitorino et al. Page 18

G
as

tr
oc

ne
m

iu
s m

us
cl

e
Fr

ac
tio

n

Pr
ot

ei
n 

id
en

tif
ic

at
io

n
A

cc
es

si
on

 n
um

be
r

M
W

N
uc

le
ar

M
it/

M
em

C
yt

os
ol

Pr
ev

oi
us

 w
or

k
Sp

ot
(s

)

Su
cc

in
yl

tra
ns

fe
ra

se
 c

om
po

ne
nt

 o
f 2

-
ox

og
lu

ta
ra

te
 d

eh
yd

ro
ge

na
se

co
m

pl
ex

,m
ito

ch
on

dr
ia

l

g

H
ea

t-s
ho

ck
 p

ro
te

in
 b

et
a-

6
g

C
A

Pz
b 

pr
ot

ei
n

g

A
de

no
si

ne
 k

in
as

e
g

G
el

so
lin

g

D
ih

yd
ro

lip
oa

m
id

e d
eh

yd
ro

ge
na

se
, m

ito
ch

on
dr

ia
l

g

G
ly

ox
al

as
e 

1
g

A
co

ni
ta

te
 h

yd
ra

ta
se

, m
ito

ch
on

dr
ia

l
g

Su
cc

in
yl

-C
oA

 li
ga

se
 [A

D
Pf

or
m

in
g]

 b
et

a-
ch

ai
n,

m
ito

ch
on

dr
ia

l
g

N
ot

e.
 M

it/
M

em
, m

ito
ch

on
dr

ia
l/m

em
br

an
e.

 In
 th

e 
“p

re
vi

ou
s w

or
k”

 c
ol

um
n,

 th
e 

le
tte

r “
g”

 re
fe

rs
 to

 R
ef

. [
9]

.

Anal Biochem. Author manuscript; available in PMC 2009 March 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Vitorino et al. Page 19
Ta

bl
e 

2
Id

en
tif

ie
d 

so
le

us
 m

us
cl

e 
pr

ot
ei

ns
 in

 n
uc

le
ar

, m
ito

ch
on

dr
ia

l/m
em

br
an

e,
 a

nd
 c

yt
os

ol
ic

 fr
ac

tio
ns

So
le

us
 m

us
cl

e
Fr

ac
tio

n

Pr
ot

ei
n 

id
en

tif
ic

at
io

n
A

cc
es

si
on

 n
um

be
r

M
W

N
uc

le
ar

M
it/

M
em

C
yt

os
ol

Pr
ev

io
us

 w
or

k
Sp

ot
(s

)

A
co

ni
ta

se
 2

, m
ito

ch
on

dr
ia

l
18

07
93

39
85

41
0

X
10

9F
, 1

10
F

A
ct

in
55

57
7

42
02

4
X

X
n

15
E,

 4
2D

, 5
2D

,
65

D

A
ct

in
-c

ap
pi

ng
 p

ro
te

in
 b

et
a 

ch
ai

n,
 sp

lic
e 

fo
rm

 1
10

83
24

4
31

32
6

X
86

D

A
cy

l-C
oA

 d
eh

yd
ro

ge
na

se
 (E

C
 1

.3
.9

9.
3)

 p
re

cu
rs

or
,

sh
or

t-c
ha

in
-s

pe
ci

fic
, m

ito
ch

on
dr

ia
l

21
37

77
3

44
91

8
X

59
D

A
de

ny
la

te
 k

in
as

e 
1

15
92

86
66

21
52

6
X

10
7F

, 8
9F

, 2
1F

,
36

F

A
lb

um
in

55
39

15
08

68
71

4
X

X
X

n
1F

, 5
F,

 6
F,

 6
0F

,
78

F,
 6

8F
, 8

F,
 1

1
1F

, 3
 1

F,
 7

8D
,

19
E

A
ld

ol
as

e 
A

75
48

32
3

39
52

6
X

X
24

F,
 3

9F
, 4

9F
,

54
F,

 7
2F

, 8
3D

A
lp

ha
-a

ct
in

 (a
a 

40
–3

75
)

49
86

4
37

78
8

X
49

D

A
lp

ha
-f

et
op

ro
te

in
19

17
65

47
19

5
X

7F
, 9

F,
 2

F,
 1

0F
,

58
F

A
nk

yr
in

 re
pe

at
 d

om
ai

n 
2

99
10

13
0

36
68

4
X

53
D

A
po

lip
op

ro
te

in
 B

 e
di

tin
g 

co
m

pl
ex

 2
67

53
09

8
25

64
4

X
44

D

A
TP

 sy
nt

ha
se

, H
+ 

tra
ns

po
rti

ng
 m

ito
ch

on
dr

ia
l F

1
co

m
pl

ex
, b

et
a 

su
bu

ni
t

31
98

06
48

56
26

5
X

66
D

A
TP

 sy
nt

ha
se

, H
+ 

tra
ns

po
rti

ng
, m

ito
ch

on
dr

ia
l F

0
co

m
pl

ex
, s

ub
un

it 
d

51
98

04
58

18
73

8
X

X
20

D
, 2

1D
, 1

3E

A
TP

 sy
nt

ha
se

, H
+ 

tra
ns

po
rti

ng
, m

ito
ch

on
dr

ia
l F

1
co

m
pl

ex
, a

lp
ha

 su
bu

ni
t, 

is
of

or
m

 1
66

80
74

8
59

71
6

X
X

59
F,

 3
9D

A
TP

-s
pe

ci
fic

 su
cc

in
yl

-C
oA

 sy
nt

he
ta

se
 b

et
a 

su
bu

ni
t

37
66

20
1

46
21

5
X

71
D

B
et

a 
tu

bu
lin

53
74

07
49

71
6

X
67

D

B
et

a-
1-

gl
ob

in
47

60
59

0
15

69
9

X
X

10
D

, 9
5F

B
et

a-
tro

po
m

yo
si

n
50

19
0

32
92

5
X

16
E,

 1
7E

, 4
4D

C
ar

bo
ni

c 
an

hy
dr

as
e 

3
31

98
28

61
29

34
8

X
X

X
n

38
F,

 4
6F

, 4
7F

,
61

F,
 9

1F
, 9

3F
,

12
E,

 9
2D

C
ha

in
 D

, C
hi

m
er

ic
 M

ou
se

 c
ar

bo
nm

on
ox

y
he

m
og

lo
bi

n
18

65
56

89
15

60
7

X
63

F,
 9

0F

Anal Biochem. Author manuscript; available in PMC 2009 March 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Vitorino et al. Page 20

So
le

us
 m

us
cl

e
Fr

ac
tio

n

Pr
ot

ei
n 

id
en

tif
ic

at
io

n
A

cc
es

si
on

 n
um

be
r

M
W

N
uc

le
ar

M
it/

M
em

C
yt

os
ol

Pr
ev

io
us

 w
or

k
Sp

ot
(s

)

C
re

at
in

e 
ki

na
se

, m
us

cl
e

66
71

76
2

43
01

8
X

X
X

4F
, 1

6F
, 7

6F
,

15
F,

 1
7F

, 3
3F

,
34

F,
 5

5F
, 7

9F
,

96
F,

 9
8F

, 1
06

F,
4E

, 9
D

C
ry

ab
 p

ro
te

in
14

78
97

02
20

05
6

X
X

15
D

, 7
4F

C
u/

Zn
 su

pe
ro

xi
de

 d
is

m
ut

as
e

22
64

71
15

75
2

X
84

F

C
itr

at
e 

sy
nt

ha
se

13
38

59
42

51
70

3
X

37
D

C
yt

oc
hr

om
e 

c
34

87
13

28
11

62
8

X
14

D

C
yt

oc
hr

om
e 

c 
ox

id
as

e,
 su

bu
ni

t V
a

66
80

98
6

16
02

0
X

x
5D

, 5
E,

 6
D

, 6
E

C
yt

oc
hr

om
e 

c 
ox

id
as

e,
 su

bu
ni

t V
b

67
53

50
0

13
80

4
X

x
8D

, 8
E

C
yt

oc
hr

om
e 

c 
ox

id
as

e,
 su

bu
ni

t V
Ib

 p
ol

yp
ep

tid
e 

1
19

35
33

60
10

06
5

X
12

D

D
es

m
in

33
56

32
50

53
46

5
x

n
68

D
, 6

9D
, 1

8E

D
ih

yd
ro

lip
oa

m
id

e 
S-

ac
et

yl
tra

ns
fe

ra
se

 p
re

cu
rs

or
16

58
01

28
59

04
7

X
79

D

D
J-

1 
pr

ot
ei

n
55

74
14

60
20

00
8

X
13

E

D
na

K
-ty

pe
 m

ol
ec

ul
ar

 c
ha

pe
ro

ne
10

94
14

70
76

1
X

77
D

El
ec

tro
n 

tra
ns

fe
r f

la
vo

pr
ot

ei
n 

be
ta

-s
ub

un
it 

(B
et

a-
ET

F)
21

75
91

14
27

29
3

X
11

3F

El
ec

tro
n 

tra
ns

fe
rr

in
g 

fla
vo

pr
ot

ei
n,

 al
ph

a p
ol

yp
ep

tid
e

13
09

73
75

35
01

8
X

37
F

En
ol

as
e 

1,
 a

lp
ha

 n
on

-n
eu

ro
n

54
67

38
14

47
11

1
X

n
11

F

En
ol

as
e 

3,
 b

et
a

54
03

52
88

46
98

4
x

x
x

14
F,

 1
9F

, 2
5F

,
26

F,
 4

0F
, 5

 1
F,

67
F,

 6
9F

, 2
0E

,
21

E,
 2

2E
, 9

3D
,

94
D

Eu
ka

ry
ot

ic
 tr

an
sl

at
io

n 
el

on
ga

tio
n 

fa
ct

or
 1

 g
am

m
a

53
23

71
11

50
02

9
X

62
D

Ex
pr

es
se

d 
in

 n
on

-m
et

as
ta

tic
 c

el
ls

 2
55

77
86

52
17

27
2

X
80

F

Fa
st

 m
yo

si
n 

al
ka

li 
lig

ht
 c

ha
in

13
48

79
33

16
60

3
X

1D

Fa
tty

 a
ci

d 
bi

nd
in

g 
pr

ot
ei

n 
3

54
30

64
26

10
93

1
X

10
3F

Fa
tty

 a
ci

d 
bi

nd
in

g 
pr

ot
ei

n 
3,

 m
us

cl
e 

an
d 

he
ar

t
67

53
81

0
14

81
0

X
X

7D
, 1

2F

Fi
br

in
og

en
, B

 b
et

a 
po

ly
pe

pt
id

e
33

85
98

09
54

71
8

X
80

D

FL
J1

26
49

 p
ro

te
in

39
96

35
33

89
97

1
X

47
D

G
ly

ce
ra

ld
eh

yd
e-

3-
ph

os
ph

at
e 

de
hy

dr
og

en
as

e
(p

ho
sp

ho
ry

la
tin

g)
 (E

C
 1

.2
.1

.1
2)

51
76

42
12

35
78

9
n

35
D

, 7
5F

, 9
2F

Anal Biochem. Author manuscript; available in PMC 2009 March 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Vitorino et al. Page 21

So
le

us
 m

us
cl

e
Fr

ac
tio

n

Pr
ot

ei
n 

id
en

tif
ic

at
io

n
A

cc
es

si
on

 n
um

be
r

M
W

N
uc

le
ar

M
it/

M
em

C
yt

os
ol

Pr
ev

io
us

 w
or

k
Sp

ot
(s

)

H
ea

t s
ho

ck
 2

7k
D

a 
pr

ot
ei

n 
1

57
08

66
05

22
80

8
X

27
D

H
ea

t s
ho

ck
 7

0k
D

 p
ro

te
in

 5
25

74
27

63
73

20
2

X
74

D

H
ea

t s
ho

ck
 9

0k
D

a 
pr

ot
ei

n 
1,

 b
et

a
51

85
95

16
83

28
9

X
75

D

H
ea

t s
ho

ck
 p

ro
te

in
 1

 (c
ha

pe
ro

ni
n)

31
98

16
79

60
91

8
X

72
D

H
ea

t s
ho

ck
 p

ro
te

in
 fa

m
ily

, m
em

be
r 7

31
54

29
70

18
62

3
X

60
D

H
ea

t s
ho

ck
 p

ro
te

in
 H

SP
27

42
41

45
21

96
1

X
25

D

he
at

 sh
oc

k 
pr

ot
ei

n,
 a

lp
ha

-c
ry

st
al

lin
-r

el
at

ed
, B

6
59

80
84

19
17

51
0

X
16

D
, 8

8D

H
em

og
lo

bi
n 

al
ph

a 
ch

ai
n

49
90

0
15

07
9

X
29

F,
 1

1D
, 9

4F

H
sp

b1
 p

ro
te

in
17

39
05

97
23

00
0

X
23

D

Is
oc

itr
at

e d
eh

yd
ro

ge
na

se
 2

 (N
A

D
P+

), 
m

ito
ch

on
dr

ia
l

37
74

86
84

50
87

4
X

X
X

45
F,

 3
8D

, 3
 1

E

Is
oc

itr
at

e 
de

hy
dr

og
en

as
e 

3 
(N

A
D

+)
 a

lp
ha

18
25

02
84

39
61

3
X

50
D

, 5
 1

D

LO
C

43
42

46
 p

ro
te

in
45

50
09

97
41

18
2

X
63

D

M
al

at
e 

de
hy

dr
og

en
as

e 
1,

 N
A

D
 (s

ol
ub

le
)

15
10

01
79

36
46

0
X

x
32

F,
 8

7F
, 7

3F
,

53
F,

 1
08

F,
 3

4E

M
al

at
e 

de
hy

dr
og

en
as

e,
 m

ito
ch

on
dr

ia
l

42
47

61
81

35
66

1
X

25
E,

 3
6D

, 1
12

F

M
us

cl
e-

sp
ec

ifi
c 

en
ol

as
e 

be
ta

 su
bu

ni
t

38
71

44
40

68
0

X
50

F,
 2

3F

M
yo

gl
ob

in
21

35
98

20
17

05
9

X
n

7E
, 9

E,
 1

3D
, 8

5F
,

81
F

M
yo

si
n 

A
1 

ca
ta

ly
tic

 li
gh

t c
ha

in
, s

ke
le

ta
l m

us
cl

e
91

11
4

20
58

0
X

87
D

M
yo

si
n 

lig
ht

 c
ha

in
 1

 sl
ow

 a
26

98
65

56
22

73
5

X
x

n
18

D
, 3

E,
 2

2D
,

19
D

, 1
4E

M
yo

si
n 

lig
ht

 c
ha

in
, p

ho
sp

ho
ry

la
ta

bl
e,

 fa
st

 sk
el

et
al

m
us

cl
e

79
49

07
8

18
94

3
X

x
n

4D
, 2

E

M
yo

si
n 

lig
ht

 c
ha

in
 3

, s
ke

le
ta

l m
us

cl
e 

is
of

or
m

 (A
2

ca
ta

ly
tic

) (
A

lk
al

i m
yo

si
n 

lig
ht

 c
ha

in
 3

) (
M

LC
3F

)
12

71
34

16
58

9
X

n
18

D

M
yo

si
n 

lig
ht

 c
ha

in
, p

ho
sp

ho
ry

la
ta

bl
e,

 fa
st

 sk
el

et
al

m
us

cl
e

79
49

07
8

18
94

3
X

x
3D

, 1
E

N
A

D
H

 d
eh

yd
ro

ge
na

se
 (u

bi
qu

in
on

e)
 1

 a
lp

ha
su

bc
om

pl
ex

 1
0

13
19

56
24

40
57

8
X

58
D

N
A

D
H

 d
eh

yd
ro

ge
na

se
 (u

bi
qu

in
on

e)
 F

e-
S 

pr
ot

ei
n 

1
21

70
40

20
79

69
8

X
76

D

N
A

D
H

 d
eh

yd
ro

ge
na

se
 (u

bi
qu

in
on

e)
 F

e-
S 

pr
ot

ei
n 

2
23

34
64

61
52

59
2

X
85

D

N
A

D
H

 d
eh

yd
ro

ge
na

se
 (u

bi
qu

in
on

e)
 fl

av
op

ro
te

in
 2

51
77

03
47

28
85

2
X

31
D

Anal Biochem. Author manuscript; available in PMC 2009 March 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Vitorino et al. Page 22

So
le

us
 m

us
cl

e
Fr

ac
tio

n

Pr
ot

ei
n 

id
en

tif
ic

at
io

n
A

cc
es

si
on

 n
um

be
r

M
W

N
uc

le
ar

M
it/

M
em

C
yt

os
ol

Pr
ev

io
us

 w
or

k
Sp

ot
(s

)

N
A

D
H

-u
bi

qu
in

on
e 

ox
id

or
ed

uc
ta

se
 2

4 
kD

a 
su

bu
ni

t,
m

ito
ch

on
dr

ia
l p

re
cu

rs
or

20
17

80
12

27
29

8
X

26
D

N
A

D
H

-u
bi

qu
in

on
e 

ox
id

or
ed

uc
ta

se
 3

0 
kD

a 
su

bu
ni

t,
m

ito
ch

on
dr

ia
l p

re
cu

rs
or

 (C
om

pl
ex

 I-
30

K
D

)
(C

I-
30

K
D

)

23
39

67
86

30
18

9
X

24
D

N
ex

ili
n 

is
of

or
m

 s
40

53
88

78
78

34
5

X
32

F

O
xo

gl
ut

ar
at

e 
de

hy
dr

og
en

as
e 

(li
po

am
id

e)
56

20
61

43
11

76
82

X
X

33
E,

 8
2D

Pa
rv

al
bu

m
in

30
35

22
00

11
23

6
X

10
2F

, 1
04

F

PD
Z-

LI
M

 p
ro

te
in

 c
yp

he
r2

s
11

61
25

98
31

40
8

X
90

D

Pe
ro

xi
re

do
xi

n 
3

66
80

69
0

28
10

9
X

28
D

Pe
ro

xi
re

do
xi

n 
6

66
71

54
9

24
81

1
X

57
F

Ph
os

ph
at

id
yl

et
ha

no
la

m
in

e 
bi

nd
in

g 
pr

ot
ei

n
53

23
69

78
20

81
7

X
70

F

Ph
os

ph
og

ly
ce

ra
te

 m
ut

as
e 

2
92

56
62

4
28

80
9

X
17

D

Py
ru

va
te

 d
eh

yd
ro

ge
na

se
 (l

ip
oa

m
id

e)
 (E

C
 1

.2
.4

.1
)

be
ta

 c
ha

in
11

22
53

38
82

3
X

48
D

Py
ru

va
te

 k
in

as
e,

 is
oz

ym
e 

M
2

25
06

79
6

57
85

0
X

22
F

Sa
rc

om
er

ic
 m

ito
ch

on
dr

ia
l c

re
at

in
e 

ki
na

se
57

53
7

47
35

5
X

84
D

Si
m

ila
r t

o 
hy

po
th

et
ic

al
 p

ro
te

in
55

62
55

12
20

17
7

X
89

D

Si
m

ila
r t

o 
K

el
ch

 re
pe

at
 a

nd
 B

TB
 d

om
ai

n 
co

nt
ai

ni
ng

pr
ot

ei
n 

10
 (K

el
ch

-r
el

at
ed

 p
ro

te
in

 1
) (

K
el

-li
ke

 p
r)

38
07

48
00

68
14

7
X

73
D

Sl
ow

 sk
el

et
al

 m
us

cl
e 

tro
po

ni
n 

T 
2

33
46

55
68

29
86

2
X

28
E

Sl
ow

 sk
el

et
al

 m
us

cl
e 

tro
po

ni
n 

T 
3

33
46

55
68

29
86

2
X

54
D

, 5
5D

, 2
9E

Su
cc

in
at

e 
de

hy
dr

og
en

as
e 

Fp
 su

bu
ni

t
15

03
01

02
72

28
0

X
81

D

Su
pe

ro
xi

de
 d

is
m

ut
as

e 
2,

 m
ito

ch
on

dr
ia

l
31

98
07

62
24

58
8

X
44

F

Ti
tin

 im
m

un
og

lo
bu

lin
 d

om
ai

n 
pr

ot
ei

n 
(m

yo
til

in
)

10
94

68
92

55
28

2
X

40
D

, 4
 1

D

Tr
io

se
ph

os
ph

at
e 

is
om

er
as

e
18

64
01

8
22

49
2

X
62

F,
 5

6F
, 4

3F

Tr
op

om
yo

si
n 

is
of

or
m

10
82

87
6

28
40

3
X

n
43

D

Tr
op

on
in

 I,
 sk

el
et

al
, f

as
t 2

66
78

39
1

21
34

4
X

X
29

D
, 2

6E
, 3

0D

Tr
op

on
in

 T
23

40
05

0
28

32
0

X
56

D
, 5

7D

Tu
 tr

an
sl

at
io

n 
el

on
ga

tio
n 

fa
ct

or
, m

ito
ch

on
dr

ia
l

27
37

00
92

49
47

7
X

61
D

Ty
ro

si
ne

 3
-m

on
oo

xy
ge

na
se

/tr
yp

to
ph

an
 5

-
m

on
oo

xy
ge

na
se

 a
ct

iv
at

io
n 

pr
ot

ei
n,

 e
ps

ilo
n

po
ly

pe
pt

id
e

31
98

19
25

29
17

0
X

45
D

Anal Biochem. Author manuscript; available in PMC 2009 March 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Vitorino et al. Page 23

So
le

us
 m

us
cl

e
Fr

ac
tio

n

Pr
ot

ei
n 

id
en

tif
ic

at
io

n
A

cc
es

si
on

 n
um

be
r

M
W

N
uc

le
ar

M
it/

M
em

C
yt

os
ol

Pr
ev

io
us

 w
or

k
Sp

ot
(s

)

U
bi

qu
in

ol
-c

yt
oc

hr
om

e-
c 

re
du

ct
as

e 
co

m
pl

ex
 c

or
e

pr
ot

ei
n 

I, 
m

ito
ch

on
dr

ia
l p

re
cu

rs
or

14
54

83
01

52
73

5
X

23
E,

 7
0D

V
ol

ta
ge

-d
ep

en
de

nt
 a

ni
on

 c
ha

nn
el

 1
13

78
62

00
30

73
7

X
33

D
, 3

4D

G
ly

co
ge

n 
ph

os
ph

or
yl

as
e 

b
n

Fi
la

m
in

, m
us

cl
e 

is
of

or
m

n

b-
M

H
C

n

M
H

C
, 2

x
n

b-
M

H
C

n

N
ot

e.
 M

it/
M

em
, m

ito
ch

on
dr

ia
l/m

em
br

an
e.

 In
 th

e 
“p

re
vi

ou
s w

or
k”

 c
ol

um
n,

 th
e 

le
tte

r “
n”

 re
fe

rs
 to

 R
ef

. [
10

].

Anal Biochem. Author manuscript; available in PMC 2009 March 25.


