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Abstract

Previous studies using a cardiac-specific metallothionein (M T)-overexpressing transgenic
(MT-TG) mouse model have demonstrated that M T protects from doxorubicin (DOX)-induced
oxidative heart injury. The molecular mechanisms that underlie this cardioprotection, however,
have yet to be defined. In the present study, we tested the hypothesisthat MT overexpression
activates cytoprotective mechanisms leading to cardiac protection from DOX toxicity. MT-TG
mice and non-transgenic wild-type (WT) controls were treated intraperitoneally with DOX at a
single dose of 20 mg/kg and sacrificed on the third day after the treatment. An expression
proteomic analysis involving two-dimensional gel electrophoresis and MALDI-TOF mass
spectrometry was used to identify M T-induced changes in cytoprotection-related proteins. We
identified 18 proteins that were modified by DOX treatment in the heart. These proteins
included those involved in cellular antioxidant defense, enzymes of the mitochondrial electron
transport chain, enzymes involved in B-oxidation of fatty acids and glycolysis, and proteins
involved in regulation of cardiac muscle contraction. However, the most dominant modification
by MT isthe cytochrome ¢ oxidase subunit Va (CCO-Va). In responseto DOX treatment, a
specific isoform of CCO-Vawas enhanced in the MT-TG, but not in the WT mouse hearts.
Since CCO-Vaisacritical component in the mitochondrial e ectron transport chain, the results
suggest that the cardioprotective effect of MT may be related to an increased expression or a

differential modification of CCO-Va.
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Introduction

Doxorubicin (DOX) is a valuable component of multiple chemotherapeutic regimens,
however, severe cardiotoxicity isamajor limiting factor that compromisesits clinical use
(Ferrans, 1978). Previous studies using a cardiac-specific metallothionein (M T)-overexpressing
transgenic (MT-TG) mouse model have demonstrated that M T protects from DOX-induced
oxidative cardiac injury (Kang et al., 1997; 2000; Sun et a., 2001). MT overexpression
significantly inhibits DOX-induced apoptosis in the transgenic myocardium both in vivo (Kang
et al., 2000) and in vitro (Wang et al., 2001a). Furthermore, MT prevents DOX-induced
myocardial apoptosis viainhibition of DOX-activated p38 mitogen-activated protein kinase
(MAPK) (Kang et al., 2000) and mitochondrial cytochrome c release and caspase-3 activation
(Wang et al., 2001a). Studies using primary cultures of neonatal mouse cardiomyocytes have
shown that DOX-generated reactive oxygen species (ROS) accumulate predominantly in the
mitochondria (Wang et al., 2001a). MT eliminated the accumulation of ROS in the mitochondria
(Wang et al., 2001a) though M T is not localized in the mitochondria (Zhou and Kang, 2000).

The accumulation of ROS in the mitochondria appears to be an important cellular event
triggering apoptosis involved in the DOX-induced cardiac injury. Therefore, it isimportant to
define the molecular mechanisms by which MT inhibits the accumulation of ROS in the
mitochondria. Recent devel opments in proteomics have permitted robust investigations into the
molecular mechanisms underlying cardiovascular disease and have allowed for identification of
protein modifications (Arrell et al., 2001). Proteomics techniques also offer the ability to
simultaneously monitor differential changesin protein expression in response to various stimuli
and under different physiological and pathological conditions (Macri and Rapundalo, 2001). In

previous studies proteomics approaches have been used to identify DOX-induced protein
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changes in MCF-7 human breast cancer cells (Chen et al., 2002). Proteomics techniques would
also offer a powerful approach to understanding molecular mechanisms of M T protection against
DOX cardiotoxicity.

In the present study we used the unique cardiac-specific MT-TG mouse model in concert
with expression proteomics approaches to identify differencesin global proteomic profiles
between the WT and MT-TG mice in their responses to DOX cardiotoxicity, focusing on the
effect of MT on mitochondrial protection and thereby inhibition of myocardial oxidative injury.
Our data indicate that cytochrome ¢ oxidase subunit Va (CCO-Va) isamong several proteins that
are differentially expressed or modified in response to DOX treatment in the MT-TG mouse
hearts relative to controls. Since CCO-Vaisacritical component of the terminal enzyme of the
mitochondrial electron transport chain, the results obtained suggest that the cardioprotective

effect of MT may be related to an increased expression or adifferential modification of CCO-Va
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Methods

Chemicalsand reagents. Doxorubicin hydrochloride (DOX) was purchased from
Sigma (St. Louis, MO). Immobiline pH gradient strips were from Amersham Biosciences
(Uppsala, Sweden). Duracryl Tricine Chemistry gels and amphol ytes were obtained from
Genomic Solutions (Ann Arbor, MI1). Sypro Ruby was purchased from Bio-Rad (Hercules, CA)
and trypsin was from Promega (Madison, WI). Anti-CCO-Vamonoclonal antibody was
purchase from Molecular Probes (Eugene, OR) and HRP conjugated secondary antibody was
purchased from Upstate Biotechnology (Waltham, MA). All other reagents were obtained from
Sigma and were at least analytical grade.

Animals. Male FVB WT mice and cardiac-specific MT-TG mice (8-10 weeks) were
maintained at the University of Louisville Research Resources Center at 22 °C with a 12-h
light/dark cycle and were allowed free access to rodent chow and tap water. The cardiac-specific
MT-TG mice were produced and characterized as previously reported (Kang et al., 1997). The
transgenic founder mice were bred with WT mice of the same strain. Transgenic littermates
were identified by a pigment transgene marker (dark eye and fur) that was coinjected with the
MT transgene into the early embryo when the transgenic mice were produced. Transgenic and
WT mice were randomly assigned to control or treatment groups and were treated
intraperitoneally with either 0.9% NaCl or with DOX at a single dose of 20 mg/kg body weight.
All animal procedures were approved by the Institutional Animal Care and Use Committee,
which is certified by the American Association for Accreditation of Laboratory Animal Care.

Sample preparation. Three days after DOX treatment mice were sacrificed and the
hearts were removed and homogenized in solubilization buffer containing 8 M urea, 2 M

thiourea, 2% CHAPS, 65 mM dithiothreitol (DTT), 1% Zwittergent, and 1% protease inhibitor
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cocktail. Homogenates were allowed to incubate at room temperature for 30 minutes and were
then centrifuged twice at 14,000 x g for 15 minutes. The supernatant was then collected and the
protein concentration of each sample was determined using the Bradford assay (Bio-Rad). Initial
studiesindicated considerable variationsin protein levels among individual animals, thereby
complicating data analysis. In order to eliminate the variations, three hearts from each treatment
group were pooled to run the gel electrophoresis and imaging analysis, and 4 gel electrophoresis
and analysis were conducted for each treatment group. The same experiment was repeated 3
times (atotal of 9 mice and 12 gels for each treatment group).

Two-dimensional gel electrophoresis. First dimension isoelectric focusing (IEF) was
performed using 18-cm immobilized pH gradient (IPG) strips with apH range 3-10 using a
passive in-gel rehydration method. Briefly, 400 ug protein samples from each experimental
group (Con-WT, Con-TG, DOX-WT, DOX-TG) was diluted in arehydration buffer containing 7
M urea, 2 M thiourea, 2% CHAPS, 65 mM DTT, 1% Zwittergent, 0.80% ampholytes pH 3-10,
and 0.01% bromphenol blue to a volume of 400 ul and allowed to incubate at room temperature
for 30 minutes to allow the samples to be fully solubilized. Following incubation, protein
samples in rehydration buffer were added to IPG strips and the strips were allowed to rehydrate
overnight at room temperature. |EF was performed at 5000 V for 24 h for atotal of 100,000 Vh
using a Genomic Solutions pHaser Isoelectric Focusing System. After IEF was completed, IPG
strips were equilibrated for 15 minutes in equilibration buffer containing 45 mM Tris-HCI, pH
7.0,6 M urea, 130 mM DTT, 30% glyceral, 1.6% SDS, and 0.002% bromphenol blue, followed
by a second 15 minute incubation in the same buffer. The IPG strips were then equilibrated for
an additional 15 minutes in the same buffer containing 4.5% iodoacetamide in place of DTT.

Sodium dodecy! sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed on 18
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cm IPG stripsusing 12.5% Duracryl Tricine Chemistry gelsat 4 °C for 5 hours. Gels were then
stained with Sypro Ruby and gel images were captured using the ProXPRESS 2D Proteomic
Imaging System (Perkin EImer Life Sciences, Boston, MA) with excitation and emission

wavel engths of 480 nm and 620 nm, respectively.

Two-dimensional gel image analysis. Gels were matched and analyzed for protein
expression using Investigator HT Analyzer software (Genomic Solutions). Prior to image
analysis, Sypro Ruby stained gels were inverted so that the density of the fluorescent stained
spots could be detected as dark protein spots on alight background. For each treatment group an
analysis set containing eight gels (out of 12 gels) was created and protein spots on each gel were
detected and the imaging was digitalized and statistically analyzed. A representative gel was
presented as areference gel for each treatment group. Protein spotsin each gel were then
automatically matched to corresponding protein spotsin the reference gel and any incorrectly
matched protein spots were corrected manually. Individual protein spot numbers were then
synchronized to the corresponding protein spot number in the reference gel. An average mode of
background subtraction was used to normalize the intensity volume of each spot for
compatibility of intensity among gels. To accurately compare the measurements of protein spots
across different gels and to correct for any protein loading differences a normalization volume
was calculated for each protein spot in agiven gel by dividing the volume of the individual spot
by the total volume of all of the valid spotsin the gel. Normalization volumes were then
transferred to Microsoft Excel and an average normalization volume was determined for each
protein spot in each treatment group. For each protein spot, three separate -fold changes were

then calculated (Con-TG/Con-WT, DOX-WT/Con-WT, and DOX-TG/Con-TG).
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Peptide mass finger printing. Protein samples of interest were excised from gels and
taken for identification using peptide mass fingerprinting (PMF). Sampleswere excised from
gels and digested with trypsin as described previously (Jensen et al., 1999). Initially, protein
spots were minced into small gel pieces and incubated for 15 minin 50 mM NH4HCO:s.
Acetonitrile was then added to the gel suspension and the mixture was incubated for 15 min at
room temperature. The wash buffer was then removed and the gel was dried via vacuum
centrifugation. Subsequently, the gel pieces were rehydratedin 20 mM DTT in 100 mM
NH4HCO; and incubated at 56 °C for 45 min. The gel pieces were then incubated in 55 mM
iodoacetamide in 100 MM NH4HCO;z at room temperaturefor 30 min in the dark. Following
alkylation of the sulfhydryl groups, gel pieces were washed a second timein 50 mM NH4HCO3
and 50% acetonitrile for 15 minutes and dried via vacuum centrifugation. Finally, protein gel
pieces were incubated in 25 ng/ul of modified trypsin at 37 °C overnight. Tryptic digests then
underwent matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF) peptide
analysis.

Tryptic digests were initially mixed with an equal volume of a-cyano-4- hydroxy-trans-
cinnamic acid (a-CN) matrix. The mixture was then deposited on a o.-CN matrix surface and
allowed to dry. The sample was subsequently washed with 5% formic acid to remove any water-
soluble compounds. MALDI-TOF peptide fingerprint mass spectra were acquired with a
TofSpec 2E MALDI/TOF mass spectrometer (Micromass, UK) with anitrogen laser. Peptide
masses acquired by MALDI-TOF peptide analysis were searched against a subset of mouse
proteinsin the National Center for Biotechnology Information (NCBI) protein database using the

Mascot search engine (Matrix Science, London, UK) (www.matrixscience.com). The search was

based on three assumptions. First, that the polypeptides are monoisotopic. Second, the peptides
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may be oxidized at methionine residues. Third, that the peptides are carbamidomethylated at
cysteineresidues. Also, one missed trypsin cleavage and a mass tolerance of 100 ppm were
allowed for matching the peptide mass values.

Two-dimensional gel electrophoresislinked immunoblot analysis. First dimension
|EF was performed using 7-cm IPG strips with a pH range 4-7 as above. Five micrograms of
protein sample from DOX-TG was diluted in rehydration buffer containing IPG buffer pH 4-7 in
place of ampholytes pH 3-10 to avolume of 125 ul. As before, rehydrated sample was added to
IPG strips and the strips were allowed to rehydrate overnight at room temperature. |EF was
performed at 5000 V for 2 hr 40 min for atotal of 8000 Vh. Stripswere equilibrated as before
and SDS-PAGE was performed using 17% Tris-glycine gels. Protein was then transferred to
polyvinylidene difluoride (PVDF) membrane for immunaoblot analysis. Non-specific binding
was blocked via incubation of the membrane in blocking buffer (5% nonfat dry milk in Tris-
buffered saline) for 2 hr followed by incubation at 4 °C overnight in primary antibody
(monoclonal anti-cytochrome ¢ oxidase subunit Va, 1:2000) diluted in blocking buffer. The
membrane was washed in TBST (Tris-buffered saline, 1% Tween 20) and incubated for 2 hr at
room temperature with HRP conjugated goat anti-mouse 1gG (1:2000). The blot was then
processed and visualized by chemiluminescence (Amersham Biosciences).

Statistical analyss. All data are expressed as mean + SE (n=8). The data were analyzed
accordingto a2 X 2 factorial design. After a significant interaction was detected by the multi-
way analysis of variance (ANOV A), the significance of the main effects was further determined.
The level of significance was considered when p<0.05 aswell as when a 2-fold difference, either

increase or decrease, between the treated and control groups was detected.

10
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Results

Under the treatment condition applied here, DOX induced dramatic morphological
changes in the WT mouse heart including nuclear chromatin margination, severe mitochondrial
swelling, cristae disappearance and matrix clearout. Serum creatine phosphokinase (CPK)
activities were also significantly increased. Inthe MT-TG mice DOX-induced morphological
alterations and elevation of serum CPK activities were significantly suppressed. The DOX
cardiotoxic effects and the M T protection observed here (data not shown) were in agood
agreement with that reported before (Kang et al., 1997; Sun et a., 2001).

Conventional two-dimensional gel electrophoresis (IEF/SDS-PAGE) was performed
using total cardiac lysate to identify differencesin proteomic profiles between the WT and M T-
TG mouse hearts and their responses to DOX toxicity. The results presented in Fig. 1 show the
effectsof MT on DOX-induced changes in cardiac proteomic profiles. The gels were stained
with Sypro Ruby to visualize proteins. Image analysis using Investigator HT Analyzer software
revealed that 90 individual protein spots were differentially expressed (p<0.05 and a 2-fold or
more difference, either increase or decrease, between the groups) in either WT or MT-TG mouse
heartsin response to DOX treatment. Fold changes were calculated by dividing the average
normalization volume of the spots from the eight DOX-treated gels by the average normalization
volume of the spots from the eight control gels. Of these spots, 21 protein spots were increased
and 18 were decreased in the WT mouse hearts (DOX-WT/Con-WT), but not changed in the
MT-TG mouse hearts (DOX -TG/Con-TG). Inthe MT-TG mouse hearts 11 protein spots were
increased and 10 were decreased, but not changed in the WT mouse hearts. Image analysis also
revealed that 3 protein spots were increased in the WT mouse hearts while being decreased in the

MT-TG mouse hearts following DOX treatment and that another 5 protein spots were decreased
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in the WT mouse hearts while being increased in the MT-TG mouse hearts following DOX
treatment. Another 13 proteins were increased and 9 proteins were decreased in both WT and
MT-TG mouse hearts following DOX treatment. All of the 90 protein spots were analyzed by
MALDI-TOF mass spectrometry and 18 were identified successfully (Fig 2). These proteins
included those involved in cellular antioxidant defense, nuclear encoded subunits of the
mitochondrial electron transport chain, enzymes involved in 3-oxidation of fatty acids and
glycolysis, and proteinsinvolved in regulation of cardiac muscle contraction (Table 1).
Theindividual protein spot that showed the greatest change in staining intensity
following DOX treatment was spot 3 (Fig. 3). Following DOX treatment, spot 3 was found to be
dramatically increased in the M T-TG mouse heartsin comparison to the MT-TG controls
whereas in the DOX-treated WT mouse hearts spot 3 was found to be decreased dightly in
comparison to the WT control (Table 1). Peptide masses acquired from the mass spectrum of
spot 3 matched 7 theoretical peptide mass values of tryptic digests of cytochrome ¢ oxidase
subunit Va (CCO-Va) (Fig. 4A) and demonstrated a 48% coverage of the sequence (Fig 4B).
Interestingly, immunoblot analysis of the total proteinsisolated from the hearts did not reveal
significant difference in CCO-Va among the four treatment groups (data not shown).
Subsequent MALDI-TOF mass spectrometry analysis of protein spots adjacent to spot 3in
DOX-treated transgenic heart 2D gels identified that spot 2 was also CCO-Va (Fig. 5A). Two-
dimensional gel electrophoresis linked immunoblot analysis of CCO-Vain the DOX-treated M T-
TG mouse hearts revealed two specific spots for CCO-Va (Fig. 5B). MALDI-TOF mass
spectrometry analysis also identified that both of these spots were CCO-Va. The quantitative
changes between the two spots were significantly different among the treatment groups,

however, the combined total amounts of the two spots were not significantly different. In
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particular, CCO-Vain spot 3 was significantly increased and in spot 2 was significantly

decreased in response to DOX treatment in the MT-TG mouse hearts.

13
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Discussion

DOX-induced cardiotoxicity is related to the accumulation of ROS generated from DOX
metabolism in the heart. Both early studies (Bachur et a., 1977; Covaet a., 1992,
Goormaghtigh et al., 1980) and recent studies using more advanced techniques (Kang et al.,
1996; 1997; Sun et al., 2001; Wang et a., 2001a) have shown that ROS accumulation in
mitochondria of cardiomyocytesis highly responsible for the oxidative damage to the heart. In
particular, ROS accumulation in mitochondria triggers myocyte apoptosis (Kang et al., 2000;
Wang et al., 2001a; 2001b). MT inhibits DOX-induced myocardial apoptosis (Kang et al., 2000;
Wang et al., 2001a) as well as ROS accumulation in mitochondria (Wang et a., 2001a).
However, MT is not localized in mitochondriain the heart (Zhou and Kang, 2000; Yeet d.,
2001). Animportant question that needs to be addressed ishow MT affects DOX-induced ROS
accumulation in mitochondria

DOX-induced mitochondrial ROS accumulation is related to the mitochondrial oxidative
phosphorylation process. DOX has been shown to act as aredox cycling alternate electron
acceptor and thereby leads to the uncoupling of mitochondrial oxidative phosphorylation
(Wallace and Starkov, 2000). DOX is converted to reduced semiquinone free radical after
accepting el ectrons from complex | of the mitochondrial respiratory chain (Davies and
Doroshow, 1986). This semiquinone freeradical intermediate is highly unstable and rapidly
reacts with molecular oxygen to generate superoxide free radical with regeneration of intact
DOX (Jung and Reszka, 2001). Furthermore, redox cycling of DOX in the mitochondria was
shown to generate not only superoxide but also H,O, and more importantly hydroxyl radical
(Doroshow and Davies, 1986). The production and accumulation of ROS in the mitochondriais

therefore thought to be a major mechanism leading to DOX-induced cardiotoxicity.
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In mammals, mitochondrial oxidative phosphorylation is catalyzed by five membrane
bound protein complexes, NADH-ubiquinol oxidoreductase (complex 1), succinate-ubiguinol
oxidoreductase (complex I1), ubigquinol-cytochrome c oxidoreductase (complex 111), cytochrome
c oxidase (CCO) (complex 1V), and ATP synthase (complex V). These protein complexes are
composed of multiple subunits encoded by both mitochondrial DNA and nuclear DNA. The
mitochondrion contributes thirteen of these subunits, whereas the remaining subunits
(approximately 70) are encoded by nuclear DNA. Since MT is not localized in myocardial
mitochondria (Zhou and Kang, 2000; Yeet a., 2001), it islikely that MT modifies mitochondrial
proteinsthat are encoded by nuclear DNA. CCO-Vawould be such aprotein (Grossman and
Lomax, 1997).

CCO (complex 1V) isthe terminal enzyme of the mitochondrial respiratory chain and as
such catalyzes the transfer of electrons from reduced cytochrome c to molecular oxygen. CCOis
the primary determinant of molecular oxygen consumption in the cell and isthought to play an
important role in the regulation of energy production (Capaldi, 1990; Poyton and M cEwen,
1996). In mammals, CCO is composed of 13 subunits; 3 mitochondrial-encoded subunits and 10
nuclear encoded subunits, some of which occur as tissue-specific isoforms (Grossman and
Lomax, 1997). The three mitochondrial-encoded subunits compose the catalytic center of the
enzyme and are essential and sufficient to carry out the catalytic function of CCO (Grossman and
Lomax, 1997). The exact function of the nuclear encoded subunits of CCO has long been atopic
of debate. Experimental studies, however, suggest that these nuclear encoded subunits are
involved in the regulation of CCO activity, including the rate of respiration as well asthe

efficiency of proton translocation (Kadenbach, 2003). The nuclear encoded subunits of CCO,
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including CCO-Va, are therefore thought to be of importance in the regulation of oxidative
phosphorylation.

A specific function for CCO-Va has been shown in reconstituted CCO from bovine heart.
The thyroid hormone 3,5-diiodothyronine was found to specifically bind to CCO-Vausing the
radioactive hormone [3-°1]5-diiodothyronine (Arnold et al., 1998). This binding abolishes the
alosteric inhibition of CCO activity by ATP and leads to stimulation of respiration (Arnold et
a., 1998). Further function of CCO-Vain mitochondrial oxidative phosphorylation has yet to be
determined and it is unknown whether CCO-Vais subjected to posttranslational modification in
the heart. However, in the present study, the expression proteomic analysis indeed identified two
different CCO-Va protein spotsin the 2D gels. Interestingly, MT overexpression in the heart did
not change the total concentrations of CCO-Va under the treatment with DOX relative to saline-
treated controls, however, MT caused a shift of the dominant isoforms; enhanced one isoform
and reduced the other. We postulate that this alteration would be due to a posttranslational
modification of CCO-Vaand that such modification could enhance the oxidative
phosphorylation reaction thereby increasing the utilization of molecular oxygen and reducing the
opportunity for the generation and accumulation of ROS in the mitochondria.

Besides the CCO-Va, which showed the most dominant changein the MT-TG mouse
heart in response to DOX treatment, some other proteins also showed differential changes. The
significance of these changes is subjected to further analysis. Further work is aso necessary to
elucidate the mechanism by which CCO-Vaismodified by MT and the functional significance
of this modification in protection from DOX cardiotoxicity. The present study demonstrates that

modification of CCO-Vainthe heart islikely involved in M T protection from DOX
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cardiotoxicity, directing our future effort on the mechanistic understanding of MT modification

of this protein and functional significance of the modification.
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L egendsfor Figures

Figure 1. Effectsof MT on DOX-induced changes in cardiac protein profiles. Representative
high resolution separation of global cardiac proteinsisolated from WT or MT-TG (MT) in
response to DOX treatment relative to controls using two-dimensiona |IEF/SDS-PAGE.

Figure 2. Two-dimensional eectrophoresis global cardiac protein profiles in the DOX-treated
MT-TG mouse heart. Proteinsthat were differentially expressed (2-fold difference, either
increase or decrease) following DOX treatment in either WT or MT-TG hearts were identified by
peptide mass fingerprinting. Numbers are shown for 18 individual protein spots that were
successfully identified and their identities are disclosed in Table 1.

Figure 3. Close-up of protein spot 3. Following DOX treatment, protein spot 3 was
dramatically increased in the M T-TG mouse heart and slightly decreased in the WT heart in
comparison to controls, as shown in Table 1.

Figure4. ldentification of protein spot 3 as CCO-Va. A, Mass spectrum obtained by tryptic
digestion and peptide mass fingerprinting of protein spot 3. B, Amino acid sequence of CCO-
Va. Theunderline indicates that the peptides that were acquired from the mass spectrum of spot
3 matched the Mascot search engine analysis.

Figure5. A, Two different spots (spots 2 and 3) were identified from the protein profiles of
mouse heartsas CCO-Va. B, Total cardiac lysate from DOX-treated MT-TG mice was separated
by two-dimensional gel electrophoresis, transferred to PV DF membrane, and probed with anti-
CCO-Vamonaoclonal antibody. CCO-Vain spot 3 was significantly increased and in spot 2 was

decreased.
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Table 1. Differential protein profiles identified between MT-TG and WT mouse heartsin

response to DOX treatment relative to controls.

Protein Name Spot M2 pl? Con-TG/ DOX-WT/ DOX-TG/  Functional Category
(NCBI Accession Number) Number kDa Con-WTP Con-WTP Con-TG"
Ubiquinol-cytochrome C reductase 18 15.0(13.5) 9.3(9.1) 1.37 3.99 * 0.99 Respiratory chain
subunit VI (gi17380333) Complex |11
Tu translation elongation factor, 84 48.4 (47.7) 6.6 (7.6) 1.17 2.71* 1.39 Mitochondrial protein
mitochondrial (gi27370092) synthesis
Sarcalumenin (gi34328417) 124 59.6 (54.6) 6.0(6.2) 1.92 3.92* 133 Calcium handling
Nucl eoside-di phosphate kinase B 10 19.2(17.4) 7.2(6.9) 1.70 0.32* 0.54 Nucleoside synthesis/
(gi6679078) Transcription factor
ATP synthase, mitochondrial FO 34 28.8 (18.8) 52(55) 0.92 0.25* 0.86 Respiratory chain
complex, subunit d (gi51980458) Complex V
Aconitase 2, mitochondrial 148 95.3(86.1) 7.8 (8.0 141 0.37* 0.56 Citric acid cycle/
(gi18079339) Mitochondrial DNA
mai ntenance
Acyl-Coenzyme A dehydrogenase, 150 723 (71.2) 8.1(8.9) 0.80 0.48 * 0.88 [B-Oxidation of fatty
very long chain (gi23956084) acids
Fatty acid binding protein 3 5 16.2 (14.8) 5.7(6.1) 0.85 0.65 2.05* Long-chain fatty acid
(gi6753810) metabolism
Peroxiredoxin 6 (gi3219774) 56 30.8(24.9) 6.1(5.7) 1.09 147 210* Cellular antioxidant
defense
Myoglobin (gi21359820) 9 17.9(17.1) 7.0(7.0 1.06 0.77 0.07 * Oxygen handling
Pyruvate dehydrogenase beta 73 40.0(39.2) 5.4(6.4) 0.96 111 0.39* Metabolism/ Energy
(0i18152793) pathways
Enolase 3 (gi6679651) 129 52.3(47.3) 6.7 (6.7) 121 0.63 0.17* Glycolytic enzyme
Vimentin (gi2078001) 114 59.4 (51.6) 4.7 (5.0) 1.37 4.00* 0.41* Type Il intermediate
filament
Cytochrome c oxidase subunit Va 3 14.5(16.2) 5.0(6.2) 0.92 042* 3043 * Respiratory chain
(0i6680986) Complex IV
Cardiac Troponin T isoform Alb 79 45.2 (34.9) 5.4(5.2) 0.84 0.27* 255* Cardiac muscle
(gi1161066) contraction
Alpha-tropomyosin (gi20178271) 71 36.1(32.7) 4.3 (4.7) 101 0.48 * 0.19* Cardiac muscle
contraction
Acyl-CoA dehydrogenase 99 46.0 (48.3) 6.9 (8.5) 0.62 0.12* 0.07 * B-Oxidation of fatty
mitochondrial precursor (LCAD) acids
(0i32130423)
Aldolase 1 (gi42490830) 187 42.1(39.7) 8.7 (8.5) 0.75 0.09 * 0.22* Glycolytic enzyme

@ Theoretical values for M, and pl are shown in parenthesis and were obtained from the National Center for Biotechnology Information (NCBI)

protein database. ° Fold changes were calculated by dividing the average normalization volume of the spots from DOX-treated gels by the
* Significant changes were identified when a 2-fold change in the staining
intensity (2-fold difference, either increase or decrease) was observed.

average normalization volume of the spots from the control gels.
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