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Abstract

Myostatin, a secreted protein, is a negative regulator of skeletal muscle growth. Down-regulating its expression increases
skeletal muscle mass that is accompanied by a marked change in the fibre composition from one reliant on mitochondrial
oxidative metabolism to glycolysis. A comparative proteomic investigation of this altered metabolism was carried out on
mitochondria from the gastrocnemius muscle of myostatin-null mice compared with wild-type. Most of the proteins
identified showed no significant modulation between the 2 phenotypes, but give interesting insight into previous
observations. Several proteins were modulated, of which only one was identified. This protein, having a sequence similar to
that of aldehyde reductase, was up-regulated in myostatin-null mitochondria, but its importance was not established,

although it might play a role in the detoxification of harmful products of lipid peroxidation.
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1. Introduction

Myostatin (growth and differentiation factor-8) is a secreted
protein predominantly expressed in skeletal muscle that nega-
tively regulates muscle growth by altering transcription through
the activin type Il receptor (Lee, 2004). It is highly conserved,
showing a high degree of homology across a broad spectrum
of animals (McPherron and Lee, 1997). When myostatin is non-
functional or absent, myoblast proliferation and differentiation
increases with the fibre content of muscles being raised (hyper-
plasia) and/or the size of the individual muscle fibres (hypertrophy)
(McCroskery et al., 2003), commonly referred to as ‘double-
muscling’. This occurs naturally in Belgian Blue and Piedmontese
cattle (Kambadur et al., 1997), and artificially by inhibition of the
myostatin protein or deletion of the gene (McPherron et al., 1997;
Lee and McPherron, 2001; Grobet et al., 2003; Whittemore et al.,
20083).

The primary characteristic of the double-muscling phenotype
is a decrease in fat deposition along with an increase in muscle
mass (McPherron et al., 1997). The phenotype is also characterized
by reduced connective tissue, a lower proportion of bone and
a reduction in the size of organs. Due to a reduced respiratory
capacity, less body surface per mass unit and poorer circulation,
double-muscled cattle become more susceptible to stress and
heat (Boccard, 1981). The animals have an altered fibre-type
composition in that they have a larger proportion of type Il fibres
and a reduction in the type | fibres. There is also an increased
amount of type IIB (glycolytic) compared with type IIA fibres
(oxidative) (Girgenrath et al., 2005). This means double-muscled
animals tire faster than normal animals because of increased
metabolic acidosis due to reduced aerobic metabolism (Boccard,
1981) and blood circulation (Menissier, 1982) that normally removes
lactic acid.
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Type | and type IIB fibres generally differ in that the former have
more mitochondria (Jackman and Willis, 1996; Schmidt and
Herpin, 1997) and higher myoglobin content (Kim et al., 2004;
Donoghue et al., 2005), related to this type of fibre relying on
oxidative phosphorylation for ATP production. Type IIB fibres rely
primarily on glycolysis for energy production, with greater ex-
pression of glycolytic enzymes to support it (Rivero et al., 1998;
Hallauer and Hastings, 2002). Mitochondrial activity of oxidative
compared with glycolytic muscle fibres is no different with respect
to ATP synthase activity, but oxidative fibre mitochondria have
a greater rate of ATP synthesis, probably due to the increased
cytochrome c oxidase activity (Jackman and Willis, 1996; Schmidt
and Herpin, 1997; Gueguen et al., 2005). Mitochondria from
oxidative and glycolytic fibres both respire well (Schmidt and
Herpin, 1997; Gueguen et al., 2005), but the former are better
equipped to utilize fatty acids (Mogensen and Sahlin, 2005). While
the role of mitochondria in glycolytic muscle fibres is poorly char-
acterized, they could be utilized to support basal and recovery
metabolism (Mogensen and Sahlin, 2005), although not during
times of rapid contraction as the muscles would be operating
anaerobically due to their reduced myoglobin content (Kim et al.,
2004; Donoghue et al., 2005).

Comparative proteomics of the differences between oxidative
and glycolytic muscle fibres shows modulation of the levels of
contractile proteins, varying between fast twitch isoforms and
slow twitch forms, and of some small heat shock proteins. Up-
regulation of myoglobin levels was detected in the oxidative fibres,
as well as several oxidative metabolic proteins. Glycolytic fibres
had increased levels of enzymes associated with glycolysis
(Donoghue et al., 2005; Okumura et al., 2005; Sayd et al., 2006).
Likewise, proteomic investigations of double-muscled and normal
animals have shown up-regulation of multiple glycolytic proteins
(Bouley et al., 2005; Hamelin et al., 2006).

Abbreviations used: ALR, aldehyde reductase; IEF, isoelectric focusing; IPG strips, immobilized pH gradient strips; KO, knockout; MALDI-TOF-MS, matrix-
assisted laser-desorption ionization-time-of-flight MS; PMF, peptide mass fingerprinting; TFA, trifluoroacetic acid; 2DE, 2-dimensional electrophoresis; WT, wild-

type.
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So far, little work has been done on the metabolism of
myostatin KO (knockout) animals, and no one has assessed how
the mitochondria are affected. This is despite the increased pro-
portion of glycolytic fibres in double-muscled animals, which in
turn provides a model to look at changes associated with
differences in muscle fibre type metabolism. Our study used a
comparative proteomic approach to determine if the mitochondria
from myostatin KO skeletal muscle show modulated protein
expression compared with those from WT (wild-type) animals.

2. Materials and methods
2.1. Sample collection

Gastrocnemius muscle was dissected from the hind limbs of 14-
week-old WT and myostatin KO mice. The mice were asphyxiated
with carbon dioxide before the muscle was removed and placed
directly in ice-cold mitochondrial isolation buffer (Rustin et al.,
1994). Mitochondria were isolated on the same day. Muscles
tissues were acquired from the Growth and Development Group
at AgResearch Ruakura. The method of myostatin KO in these
mice was via genetic deletion (McPherron et al., 1997). All pro-
cedures involving the use of animals had the ethical approval of
the University of Waikato Animal Ethics Committee.

2.2. Proteomic analysis of KO mitochondrial protein
levels

Only the gastrocnemius muscle is used since it is easily isolated
and of reasonable size. It also has a mixed fibre composition and
therefore can display any changes in the mitochondria that occur
due to a switch in muscle metabolism.

2.2.1. Mitochondrial isolation

A mitochondria-enriched fraction was isolated from the gastro-
cnemius muscle using the method of Rustin et al. (1994) with slight
modifications. The dissected muscle was placed in ice-cold
mitochondrial isolation buffer, finely diced and homogenized
at 11500 rev./min for 15 s (IKA T10 basic ULTRA-TURRAX). The
homogenate was filtered through a 100 um nylon net, centrifuged
at 2000 rcf for 8 min (Eppendorf 5415R) to remove cell debris and
nuclei. The supernatant was centrifuged at 10000 rcf for 10 min
to pellet the mitochondria. The pellet was washed once more by
resuspending in mitochondrial isolation buffer supplemented
with 5% (v/v) Percoll and centrifuged at 10000 rcf for 10 min.
The mitochondria-enriched pellet was retained and frozen at
—70°C until required.

2.2.2. Protein solubilization

An IPG strips (immobilized pH gradient strips) rehydration/
solubilization solution was prepared fresh daily (8 M urea, 2 mM
TBP (tributylphosphine), 2% CHAPS and 0.2% pH 3-10 ampholytes).
The 8.5 M urea stock was treated with mixed-bed ion-exchange
resin for 10 min to remove charged species. It was vacuum filtered

through no.1 filter paper to remove the ion-exchange beads and
frozen at —20°C until required.

The IPG strips rehydration/solubilization solution was added
directly to the mitochondrial pellet, vortex-mixed (Grant-Bio) and
left for 1 h at 20°C. The solution was centrifuged at 14000 rcf
(Eppendorf miniSpin plus) for 4 min to pellet the insoluble material.
The supernatant was kept at 20°C until required. Protein concen-
tration of this solution was measured with a BCA (bicinchoninic
acid) protein assay kit (Pierce) according to the manufacturer’s
instructions, but with minor modifications. Because the IPG rehy-
dration/solubilization solution contains 8 M urea, which interferes
with the assay, it was used as a diluent, a blank and to make the
BSA standard.

2.2.3. 2DE (2-dimensional electrophoresis)

Protein solutions were diluted with the IPG strips rehydration/
solubilization solution prior to loading on to IPG strips. To track the
progress of the IEF (isoelectric focusing), 0.0007% Bromophenol
Blue was added to the diluted solution. The sample was laid along
the length of a 17 cm IEF focusing tray (Bio-Rad) and 17 cm pH
3-10 NL (non-linear) IPG strips (Bio-Rad) were laid on top. This
was left for 1 h before being overlaid with mineral oil. The focusing
tray lid was replaced and the IPG strips were left to rehydrate
passively for another 16 h at 20°C in a Protean IEF Cell (Bio-Rad).

Before running the IEF, the IPG strips were lifted at each end
and an electrode wick (Bio-Rad) wetted with MilliQ water was
placed between the electrode and the gel. The IEF was run at 20°C
where the gels were held at 250 V for 15 min and then subjected
to a rapid ramp over 3 h at 10000 V, where the voltage was main-
tained at 10000 V for 60000 V h. After completion of the IEF, the
gels were held at 500 V until removed from the IEF cell to limit
diffusion of the proteins. After removing excess mineral oil, the
IPG strips were placed gel side up in a rehydration/equilibration
tray (Bio-Rad), wrapped in cling film and frozen at —70°C until the
second dimension was run.

The IPG strips were prepared for the second dimension by
equilibrating them in SDS/PAGE equilibration buffer (6 M urea,
0.375 M Tris/HCI, pH 8.8, 2% SDS and 20% glycerol) supple-
mented with 2% dithiothreitol for 15 min to reduce disulfide
bonds. This was decanted off and replaced with SDS/PAGE
equilibration buffer supplemented with 2.5% iodoacetamide for
another 15 min to acetylate the free thiol groups (Herbert et al.,
2001).

After removing excess liquid, the IPG strips were laid on top
of an 18.5x20 cm?, 1.5 mm thick, SDS/12% PAGE gel. A 1%
agarose gel plug containing 10 kDa protein markers (GibcoBRL)
was placed next to the acidic end of the IPG strips and both
were covered in 2DE agar overlay (0.5% agarose and 0.003%
Bromophenol Blue). The gels were run at 35 mA per gel (Power
Supply 1000/500; Bio-Rad) for 5 h and 45 min, during which they
were maintained at 15°C by circulating chilled water (RB-12A/
TE-8D; Techne) through the cooling chamber.

On completion of the electrophoresis, the gel was removed
and stained using a Silver Stain Plus kit (Bio-Rad). Silver Stain Plus
does not cross-link lysine residues like conventional silver stain,
and therefore allows for downstream MS analysis. All glassware
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and gel containers used for silver staining were washed with 2 M
nitric acid overnight and rinsed in MilliQ water.

2.2.4. Image analysis

The gel image was captured on a luminescent image analyser
(LAS-1000 plus; FujiFilm) controlled by Image Reader LAS-1000
Lite (FujiFilm) with an exposure time of 1/60 s. The resulting
spot intensities were analysed using Image Gauge Version 4.0
(FujiFilm). Spots were selected manually and the pixel intensities
[expressed in AU (arbitrary units)] were divided by the size of the
area selected (in mm?) to take into account the different spot
sizes present. The background, also divided by its spot size, was
subtracted from the AU/mm?. Statistical significance was deter-
mined using a 2-tailed Student’s t test comparing the replicate
spot intensities from the WT gels with those of the KO gels.

2.2.5. In-gel tryptic digest

Spots of interest were excised using 200 pl pipette tips (Greiner
Bio-one) cut off at the first mark, 12 mm from the tip. These were
stored at —20°C until required. The gel plugs were destained in
1% H,0,, added directly to the tube in which the plugs were
stored and shaken (MS1 mini shaker; IKA) overnight at 600 rev./min.
The destain solution was removed and the plugs were washed
with 25 mM NH4HCO;3; for 15 min and equilibrated in 1:1 25 mM
NH4HCOgz/acetonitrile for 1 h before dehydrating with acetonitrile.
Acetonitrile was removed after 15 min and the gel plugs were left to
air-dry in a hood for 2 h.

Trypsin Gold (0.005 pg/pl; Promega), made up in 25 mM
NH4HCO3, was added to each dehydrated gel plug and left at 4°C
to rehydrate the gel for 1 h. Excess trypsin solution was removed
and the closed tubes were placed in a sealed container with a wet
paper towel to maintain humidity, which was incubated at 37°C for
6 h (Contherm Digital Series). The resulting peptides were
extracted in 20% acetonitrile/0.1% TFA (trifluoroacetic acid) over-
night at 4°C.

2.2.6. MALDI-TOF-MS (matrix-assisted
laser-desorption ionization-time-of-flight MS) of
tryptic digest products

Tryptic digest samples for PMF (peptide mass fingerprinting) were
prepared for MALDI-TOF-MS by applying 0.5 pl of the tryptic
digest to a thin layer of a-cyano-4-hydroxycinnamate on a 600 pm
anchorchip (Bruker Daltonics). Once the sample had air-dried, it
was washed with 0.1% TFA in 10 mM NH4H,PO, for ~5 s before
removing and allowing to air-dry again.

An AutoFlex Il MALDI-TOF mass spectrometer (Bruker
Daltonics) operated using FlexControl (Bruker Daltonics) was
used to assess the mass of the peptides produced in the tryptic
digest. The instrument was calibrated against a peptide cal-
ibration standard (Bruker Daltonics) that was loaded in the same
manner as the samples on to calibanchors, located at the centre
of every 4 sample anchors. Sample spectra were acquired over a
500-4000 m/z range by summing 500 shots, with an acceleration
voltage of 19 kV and a reflector voltage of 20 kV. Pulsed-ion

extraction of 80 ns was used to build up the concentration of ions
in the ion source, and ions below 500 m/z were suppressed to
avoid detector saturation from matrix ions.

Spectra were automatically annotated using FlexAnalysis (Bruker
Daltonics) to peak the mono-isotopic peaks within 800-4000 m/z
(SNAP algorithm). Mascot database searches were performed via
BioTools 3.0 (Bruker Daltonics), searching the NCBInr database for
sequences from either Mammalia (mammals) or Mus musculus
(house mouse) with a fixed modification of ‘Carbidomethyl’, 0 or 1
missed cleavages and a mass accuracy of 75-150 p.p.m.

3. Results

Mitochondrial proteins from the gastrocnemius muscle of WT and
myostatin KO mice were separated by their pl and their molecular
mass. This 2DE gel set consisted of 3 WT gels and 3 KO gels.
Figures 1 and 2 show 2DE gels from the WT and KO samples
respectively, showing the numbers assigned to the spots that had
their intensities assessed. These spot numbers were assigned to
spots that already had proteins identified and others that showed
visible differences in intensity. The pixel intensity of only these
spots was measured. In these gels, ~160 individual protein spots
were detected by silver staining. Proteins were concentrated in
the alkaline region of the gel and in the higher molecular mass
acidic region. A few proteins were resolved in the neutral pH
region. No proteins of M,>90 kDa were observed and proteins of
a lower mass were not well resolved, showing large amounts
of diffusion.

Seventy of these spots had their intensities measured and the
majority quantified showed no difference in expression between
the WT and KO mitochondria (Table 1). However, several proteins
did show changes in their levels of expression. Spot numbers 49
and 68 were up-regulated in the KO sample and spots 63 and 67
were down-regulated, but these differences were not statistically
significant (P<<0.1). Spot number 59 was expressed 1.2 times
lower in the KO mitochondria (P<0.05). Unfortunately, all these
proteins were expressed at levels too low to be identified during
the present study. Spot number 46, which was expressed
2.4 times higher (P<<0.005) in the KO mitochondria, was identified
as an unnamed protein from M. musculus (accession number
BAB23853).

4. Discussion
4.1. Proteins identified from 2DE gels

While most of the proteins identified in this study did not show
modulation in the myostatin KO mitochondria, spot number 46
showed increased expression in the KO mitochondria and was
identified as indicated above. lts amino acid sequence (Figure 3)
is extremely similar to ALR (aldehyde reductase; accession
number AAH46762), which is up-regulated in response to lipid
peroxidation (Rittner et al., 1999; Oberschall et al., 2000) and is
found in the mitochondrial inner membrane (Udovikova and
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Molecular Weight (kDa)

Figure 1

2DE gel of mitochondrial protein from WT gastrocnemius muscle
showing the assigned spot numbers

The ellipses are not an indication of the spot circumference, but serve to highlight the
location of the spot.

Wojtczak, 1998). Its increased level of expression in the myostatin
KO mitochondria could reflect a higher level of oxidative stress; how-
ever, other proteins commonly up-regulated in oxidative stress
were not significantly affected. These include isocitrate dehydro-
genase, superoxide dismutase 2 and thioredoxin-dependent
peroxide reductase, which are all involved in detoxifying reactive
oxygen species produced by aerobic respiration (Halliwell and
Chirico, 1993; Chang et al., 2004; Kim et al., 2005). Since several
other proteins normally associated with oxidative stress were not
modulated in the myostatin KO mitochondria, it is probable that
the increase in expression of the unidentified protein is unrelated
to increased lipid peroxidation.

The remainder of the proteins identified in the 2DE gels (Table 1)
were high-abundance mitochondrial proteins that were not modu-
lated in the myostatin KO muscle. They include those responsible
for the import of nuclear-encoded proteins into the mitochondria
and links among glycolysis, the tricarboxylic acid cycle, the electron
transport system and oxidative phosphorylation. This suggests that
muscle mitochondria from myostatin KO mice have the potential to
operate in a similar capacity as those from WT mice.

The presence of several proteins, considered to be cytoplas-
mic proteins, suggests a low level of cytoplasmic contamination of
the mitochondrial preparation. However, aldolase and enolase
have been shown to be present in or interact with the mitochondria
(Giegé et al., 2003; Brandina et al., 2006). Apolipoprotein A-1
interacts with the f subunit of ATP synthase (Martinez et al., 2003),
and prohibitin is a protein that acts as a chaperone to stabilize
newly synthesized proteins in the mitochondria (Nijtmans et al., 2000).
Creatine kinase is used in the mitochondria for ATP homoeostasis,
as it transfers a phosphate group from phosphocreatine stores
(Bruton et al., 2003). The BSA identified in spot 5 was most likely
carry over from the mitochondrial isolation buffer.

Figure 2  2DE gel of mitochondrial protein from myostatin KO gastrocnemius
muscle showing the assigned spot numbers
The ellipses are not an indication of the spot circumference, but serve to highlight the

location of the spot.

4.2 Identifications relevant to previous studies

Two of the mitochondrial enzymes identified in the present study
are known to have decreased activity in glycolytic muscle mito-
chondria compared with mitochondria from oxidative fibres.
Mogensen and Sahlin (2005) reported a 2-fold decrease in 3-
hydroxyacyl-CoA dehydrogenase activity in extensor digitorum
longus muscle mitochondria (type IIB fibres) compared with
soleus muscle mitochondria (type | fibres). Jackman and Willis
(1996) found that malate dehydrogenase was decreased in
glycolytic fibre mitochondria. Our present study showed no
significant change in the expression levels of these enzymes
between WT and myostatin KO mitochondria. As the myostatin
KO mice serve as a model for glycolytic muscle metabolism due to
their increased proportion of type IIB fibres (Girgenrath et al.,
2005), it suggests that the increased enzymatic activity observed
by these researchers could be due to either enzyme activation in
the oxidative fibre mitochondria or inhibition in the glycolytic fibre
mitochondria.

Proteomic studies analysing skeletal muscle samples from
oxidative and glycolytic fibres have reported modulation of mito-
chondrial metabolic proteins between the fibre types. Aconitase,
ATP synthase subunits, malate dehydrogenase, mitochondrial
creatine kinase and NADH dehydrogenase are down-regulated in
glycolytic fibres (Donoghue et al., 2005; Okumura et al., 2005; Sayd
et al.,, 2006). A similar trend was observed in proteomic studies
using double-muscled animals, with an increase in the presence of
glycolytic enzymes and reduction in those involved in oxidative
phosphorylation (Bouley et al., 2005; Hamelin et al., 2006). Our
present study, using only mitochondrial samples isolated from the
muscle, shows no significant change in expression of these pro-
teins, suggesting that the observations made by others could be
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Table 1 Modulation of proteins in myostatin KO mitochondria, as shown by changes in 2DE spot intensities
Spot(s)® Protein Species mpP pl° Accession no. Change® Significance®
Chaperone and regulator
proteins
1 Glucose-regulated protein, 78 kDa M. musculus  72.5 49 NP_071705 N/C
7,8, 9 Heat-shock protein 60 M. musculus 61.1 5.8 NP_034607 N/C
6 Inner membrane protein M. musculus ~ 84.2 6.2 NP_083949 N/C
41, 42 Prohibitin M. musculus  29.9 55 NP_032857 N/C
52, 53 Superoxide dismutase 2 M. musculus  24.8 9.5 NP_038699 N/C
60 Thioredoxin-dependent peroxide M. musculus ~ 28.3 8.0 NP_031478 N/C
reductase
38, 39, 40 Voltage-dependent anion channel 1 M. musculus ~ 30.9 9.2 NP_035824 N/C
45 Voltage-dependent anion channel, Homo sapiens  32.2 9.5 2JK4_A N/C
chain A
Oxidative phosphorylation
56, 58 ATP synthase, subunit d M. musculus 18.8 5.4 NP_082138 N/C
18 ATP synthase, F; complex, o subunit M. musculus ~ 54.7 8.9 EDL09448 N/C
15 ATP synthase, F; complex, f subunit H. sapiens 481 4.8 ABD77240 N/C
47 Electron transferring flavoprotein, « M. musculus ~ 35.4 9.5 AAH03432 N/C
subunit
37 Electron transferring plavoprotein, M. musculus ~ 21.9 9.6 EDL22659 N/C
S subunit
55 NADH dehydrogenase (ubiquinone) M. musculus ~ 27.6 7.8 NP_082664 N/C
flavoprotein 2
Tricarboxylic acid cycle
enzymes
2,3, 4 Aconitase hydratase M. musculus  86.2 8.9 NP_542364 N/C
22,23, 24 Fumarate hydratase 1 M. musculus ~ 54.6 9.7 NP_034339 N/C
29 Isocitrate dehydrogenase 3, 8 subunit M. musculus ~ 42.5 9.4 NP_570954 N/C
34, 35, 36 Malate dehydrogenase M. musculus 36.0 9.8 NP_032643 N/C
69 Nucleoside-diphosphate kinase B H. sapiens 9.6 10.1  NP_001185611 N/C
25 Succinate-CoA ligase, 8 subunit M. musculus ~ 48.2 57 EDL35853 N/C
Other metabolic enzymes
13 Aldehyde dehydrogenase 6al M. musculus ~ 50.0 7.7 AAH31148 N/C
30 Aldolase A, fructose-bisphosphate M. musculus ~ 39.8 9.2 NP_031464 N/C
10, 11,12 Dihydrolipoamide dehydrogenase M. musculus ~ 54.8 9.0 NP_031887 N/C
21 Enolase 3, f subunit M. musculus  49.0 6.9 EDL12600 N/C
48 Hydroxyacyl-CoA dehydrogenase 2 M. musculus ~ 27.4 9.6 NP_058043 N/C
26 Isovaleryl CoA dehydrogenase M. musculus ~ 46.7 9.3 NP_062800 N/C
32, 33 Pyruvate dehydrogenase, 8 subunit M. musculus ~ 35.2 5.6 AAH02188 N/C
46 Unnamed protein M. musculus ~ 29.1 6.6 BAB23853 1 24 P<0.005
Miscellaneous
57 Adenylate kinase 1 M. musculus  21.6 5.6 NP_001185719 N/C
54 Apolipoprotein A-1 Bos taurus 30.3 5.6 NP_776667 N/C
5 BSA B. taurus 71.3 5.8 NP_851335 N/C
27,28 Creatine kinase, M-type M. musculus ~ 43.2 6.6 NP_031736 N/C
50 ES1 M. musculus ~ 28.4 9.9 NP_613067 N/C
63 Unidentified |l 21 P<0.1
67 Unidentified 113 P<0.1
59 Unidentified 112 P<0.05
49 Unidentified 113 P<0.1
68 Unidentified 114 P<0.1

a Spot numbers correspond to those shown in Figure 1; those not listed were not able to be identified by PMF and did not show statistically significant chant

b Theoretical molecular mass (kDa).
¢ Theoretical pl.

e:

73

in expression between KO and WT.

=1

d Change in protein expression is expressed as a fold increase ( 1) or decrease ( | ) in the KO spot intensity compared to WT spot intensity; N/C signifies no statistically significant change in protein expression.

e Statistical significance.

due to a decrease in the density of mitochondria in these fibre
types. This reiterates observations made by other investigators that
there is a decrease in the number of mitochondria present in
glycolytic muscle fibres (Jackman and Willis, 1996; Schmidt and
Herpin, 1997).

4.3 Future directions

Estimates of the total number of proteins present in the
mitochondria vary between 1000 and 2000; these numbers are
gauged from genomic analysis, with only 685 of them being
identified (Gibson, 2005). In the final 2DE gel set, approx. 160

spots were visualized using Silver Stain Plus (Bio-Rad). This
corresponds to approximately one tenth of the proteins present in
the mitochondrial proteome. Granted that many of the proteins
present in the mitochondria are hydrophobic proteins and difficult
to resolve using IPG strips, there are still many more hydrophilic
proteins present in the mitochondria that cannot be seen in this
gel set.

Several strategies could have been adopted to detect more of
the mitochondrial proteome. The amount of protein loaded on
to the gel could have been increased, and the inherent loss in
resolution compensated for using a smaller pH gradient during the
IEF. However, sample availability did not allow for this during

© 2011 The Author(s) Thisi isan Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial Licence

m www.cellbiolintrep.org m volume 18 (2) art:e00013

(http://creati y-nc/2.5/) which permits unrestricted non-commercial use, distribution and reproduction in any medium, provided the original work is properly crted

39



Proteomics of myostatin null muscle mitochondria

ALR MTASSVLLHT
UNP

ALR YRHII
UNP

ALR I
UNP |

ALR GI
uNp

ALR L
UNP L

ALR |
UNP

ALR
UNP ¢

ALR
UNP

ALR
UNP FN

Figure 3  Sequence alignment of ALR (accession number AAH46762) and the
unnamed mouse protein (UNP; accession number BAB23853)

identified in spot 46

the present study. Also, a more sensitive detection method, such
as fluorescent staining, could have been used. This was not
undertaken because increasing the staining sensitivity would still
not allow for the newly detected proteins to be identified.

Of the 160 protein spots detected in the 2DE gels, 50 were
identified as known proteins. Since silver stain was used during
this study as opposed to Coomassie Blue stain, many of the spots
observed were not present at high enough levels to be identified
using PMF by MALDI MS. To identify more of the proteins seen in
the 2DE gels (via PMF by MALDI MS), more protein would have to
be loaded on to the gel. Preparative gels could have been run, but
was not applied during this study due to sample restriction. An
attempt was made to identify the protein in spot 59, by combining
gel plugs from 3 WT 2DE gels and performing a tryptic digest as
usual, but this yielded only a low-intensity spectrum.

In conclusion, 2DE gels of mitochondria from WT and
myostatin KO skeletal muscle showed 160 proteins, of which 50
were identified as known proteins. Most of these proteins were
high-abundance mitochondrial proteins that showed no significant
modulation between the WT and KO samples. This suggests that
the results observed in previous proteomic studies have been
due to a lower number of mitochondria in the glycolytic muscle
samples used, as opposed to a lower expression in the mito-
chondria themselves. A protein showing sequence similarity to
ALR was up-regulated in the myostatin KO mitochondria, but its
significance was not established.
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