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Abstract Muscle contraction may up-regulate the number
of Na'™-K" pumps in the plasma membrane by translocation
of subunits. Since there is still controversy about where this
translocation takes place from and if it takes place at all, the
present study used different techniques to characterize the
translocation. Electrical stimulation and biotin labeling of
rat muscle revealed a 40% and 18% increase in the amounts
of the Na'—K" pump «, subunit and caveolin-3 (Cav-3),
respectively, in the sarcolemma. Exercise induced a 36%
and 19% increase in the relative amounts of the «, subunit
and Cav-3, respectively, in an outer-membrane-enriched
fraction and a 41% and 17% increase, respectively, in
sarcolemma giant vesicles. The Na'—K' pump activity
measured with the 3-O-MFPase assay was increased by
37% in giant vesicles from exercised rats. Immunoprecip-
itation with Cav-3 antibody showed that 17%, 11% and
14% of the o subunits were associated with Cav-3 in
soleus, extensor digitorum longus, and mixed muscles,
respectively. For the o, the corresponding values were
17%, 5% and 16%. In conclusion; muscle contraction
induces translocation of the o subunits, which is suggested
to be caused partly by structural changes in caveolae and
partly by translocation from an intracellular pool.
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Introduction

When muscles are activated during exercise or electrical
stimulation, their force gradually declines (muscle fatigue).
The ability to generate action potentials and thus muscle
contractions depends on the maintenance of concentration
gradients for Na* and K" across the sarcolemma. These ion
gradients, and thus the membrane excitability of muscle
fibers, are mainly maintained by the Na'—K" pump [2, 29].
Functional Na'™~K" pumps in skeletal muscle consist of a
catalytic o« subunit (x;—c;) and a regulatory 3 subunit
(B1—B»; for review, see [2]). Long-term exercise training
increases Na'—K " pump density in skeletal muscles [7, 15,
26, 28, 31], but regulation of the Na'~K" pump during
acute exercise has not been fully elucidated. It has been
suggested that acute upregulation of Na'—K" pump trans-
port capacity could be mediated by increases in the number
of pump subunits in the plasma membrane (translocation).
Several studies using different cellular fractionation techni-
ques have shown that both exercise [12, 14, 36, 37] and
insulin [1, 10, 20] induce translocation of o subunits.
However, McKenna et al. [24] failed to detect translocation
of the «, subunit in both electrically stimulated and insulin-
treated muscles using ouabain labeling of intact muscles.
Another difficulty in the translocation model is the location
of the o subunit. This subunit has been shown to be
located in or in close proximity to the sarcolemmal
membrane which excludes a translocation from intracellular
pools or the T tubules. Therefore, although a few studies
have shown corresponding reductions in the amount of
Na'-K" pump subunits in the endosomal fraction [1, 36],
Sandiford et al. [36] concluded that, approximately 10 years
after the first report of translocation of Na'—K " pumps [37],
the origin of the translocated pumps was still unknown.
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As mentioned, the Na"™—K" pump «; subunit seems to be
located in or in close proximity to the sarcolemmal
membrane, whereas the «, subunit is widely distributed
throughout the muscle fiber [40], including T tubules,
perhaps intracellular pools, and probably caveolae (for
review, see [2]). Caveolae are small invaginations of the
cell membrane and are normally located in or near the
sarcolemmal membrane, meaning that the cell surface
membrane can be divided into a caveolae and a non-
caveolae sarcolemma membrane. However, a pool of sub-
sarcolemmal caveolae that do not connect directly to the
interstitium does also exist (for review, see [32]). The
caveolae are coated with the protein caveolin and are
believed to play several different roles in the cell including
mechanosensing, lipid regulation, and as carriers in endo-
and exocytosic pathways (for reviews, see [8, 32]).
Caveolin (Cav) has been shown to exist in at least three
different isoforms (Cav1-3), of which caveolin-3 (Cav-3)
has been shown to be muscle specific [38]. In the heart
muscle, approximately 20-30% of the Na'—K -pump «;
and «, subunits are present in caveolae, where they co-
localize with caveolin-3 [21, 22]. Furthermore, in the heart,
the o, subunits [22] as well as several other proteins have
been shown to relocate from surface membrane caveolae to
cell membranes when subjected to different stimuli [19,
27]. In skeletal muscle cells, it has been shown that insulin
stimulation changes the amount of Cav-3 in the sarcolem-
mal membrane, probably mediated by movements from
sub-sarcolemmal caveolae [4], confirming that structural
changes of the caveolae and a following movement of
caveolin can take place in skeletal muscle.

These results suggest that structural changes in the
sarcolemmal membrane and caveolae may also occur in
skeletal muscle. Thus, our hypothesis is that contraction-
induced changes in caveolae containing Na =K pumps are
involved in pump translocation.

The aims of this paper were therefore to investigate
translocation and location of the Na'—K"* pump and Cav-3
in skeletal muscle and thereby to elucidate the translocation
mechanism, i.e., whether it takes place from intracellular
pools (vesicular trafficking) or from other subcellular
compartments such as the caveolae, or from both.

To investigate contraction-induced translocation of both
the Na'—K" pump and Cav-3, we used both cell-surface
biotinylation of intact muscles as well as two different
fractionation methods based on different centrifugation
procedures. The 3-O-methylfluorescein phosphatase (3-
O-MFPase) assay was used to investigate if there was a
functional translocation of the pump. For Na'—K" pump
translocation, we focused on the x, subunit because it is by
far the most abundant [2] and widely distributed [40] o
subunit in skeletal muscle and because the greatest and
most consistent translocation has been reported for the x,
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subunit [10, 12, 14, 36, 37]. We used adenosine mono-
phosphate (AMP)-activated protein kinase (AMPK) for
“noncontractile” stimulation. This kinase is activated during
exercise and electrical stimulation [9, 34] and induces
translocation of GLUT4 to the sarcolemmal membrane
[17], thus mimicking exercise without inducing contraction.
Immunoprecipitation with a Cav-3 antibody was used to
investigate whether Na'—K " pumps are present in caveolae.
Immunofluorescence microscopy and muscle-specific dif-
ferences were used to further characterize translocation and
location of Cav-3 in various subcellular compartments of
the muscle.

Materials and methods
Experimental animals

All experiments were done using 4—6 week-old male Wistar
rats (Taconic Europe). The animals had unlimited access to
food and water and were exposed to a 12:12 h light/dark
cycle. The animals were allocated at random to the various
experiments and were anesthetized with a blow to the head,
immediately followed by cervical dislocation. The animals
were treated in accordance with the Danish Animal Welfare
Regulations with permission according to Consolidated Act
no. 726 of September, 1993.

Contraction-induced changes in the concentrations
of membrane proteins

Changes in the amounts of Na'~K" pump o, subunits were
investigated in the sarcolemmal membrane after acute
exercise using sarcolemmal giant vesicles or an outer-
membrane-enriched fraction and after in vitro electrical
stimulation using biotinylation of the sarcolemmal membrane
in intact muscles.

Exercise Rats (100—105 g) were subjected to seven bouts of
3 min treadmill running (20 m/min, slope=10°; Columbus
Instruments, Columbus, OH, USA) separated by 1-min rest
periods. In some cases, the speed of the treadmill was
increased during the last bout to ensure exhaustion. In
humans, it has previously been demonstrated that short,
exhaustive exercise lasting 3—8 min is sufficient to induce
translocation [14]. This high intensity cannot be obtained in
rats, but intermittent exercise including short periods of rest
has been shown to induce translocation [12]; we have
therefore chosen a similar exercise pattern. An air-puff
system was used as a motivator. The rats were sacrificed
immediately after the final bout of exercise. Weight-
matched rats served as controls. Muscle tissue was removed
from both hind legs and prepared for production of
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sarcolemma giant vesicles or an outer-membrane enriched
fraction.

Sarcolemmal giant vesicles In this study, vesicles with a
well-known protein profile (no T-tubule membrane and low
sarcoplasmatic reticulum content) [13, 16, 30] were purified
according to the method of Juel [11] and used as the
sarcolemmal fraction. Briefly, after dissection of all rat
hind-limb muscles, they were incubated in a KCI-MOPS
buffer (140 mM KCIl, 5 mM 3-morpholinopropanesulfonic
acid, pH 7.4) containing collagenase for approximately 45 min
(34°C). The samples were washed, and the supernatants were
exposed to 45 min of gradient centrifugation (50xg). After
centrifugation, the giant vesicles were harvested, diluted in a
collagenase-free KCI-MOPS buffer, and centrifuged at 830xg
for 30 min. The supernatants were removed, and the pellets
(vesicles) were either resuspended in Tris—SDS [4% sodium
dodecyl sulfate (SDS), 10 mM Tris—HCl, 1 mM ethyl-
enediaminetetraacetic acid (EDTA), 10 mM dithiothreitol
(DTT), 2 mM phenyl methyl sulfonyl fluoride (PMSF),
pH 7.4] for Western blotting or frozen until use for the 3-
O-MFPase assay or immunoprecipitation (see later). The
protein recovery with this method was 0.2-0.3% (vesicular
protein compared to total protein in homogenate including
soluble protein).

Outer-membrane-enriched fraction The outer-membrane-
enriched (OME) fraction was made from approximately
450 mg mixed muscle tissue (vastus lateralis, vastus medialis,
and rectus femoris), which was minced and incubated for
30 min in buffer A [2 M NaCl, 20 mM N-(2-hydroxyethyl)
piperazine-N'-(2-ethanesulfonic acid); 4-(2-hydroxyethyl)
piperazine-1-ethanesulfonic acid (HEPES), 0.2 mM PMSF,
pH 7.4]. After incubation, the tissue was recovered by
centrifugation (1,000xg), diluted in buffer B (250 mM
sucrose, 1 mM EDTA, 20 HEPES, 0.2 mM PMSF,
pH 7.4), and homogenized using a motor-driven plastic—
glass homogenizer and centrifuged at 1,000xg for 5 min. The
supernatant was harvested and centrifuged at 20,000xg for
30 min; the resulting supernatant was centrifuged at
190,000xg for 90 min. The pellet, representing the OME
fraction, was resuspended in Tris—SDS and used for Western
blotting. The protein recovery with this method was 2.1—
2.4%.

Electrical stimulation The rats (80-90 g) were killed, and
intact soleus muscles were carefully removed and placed
randomly in two different baths containing Krebs—Ringer
solution (122 mM NacCl, 25 mM NaHCOs;, 2.8 mM KClI,
1.2 mM KH,POy, 1.2 mM MgSOy, 1.3 mM CaCl,, 5.0 mM
D-glucose) at 30°C. The buffer was continuously gassed
with a mixture of 95% O, and 5% CO, (pH 7.4). One
soleus muscle was stimulated for 1 s at 3-s intervals (pulse

duration=2 ms, electrical field = 100 V/cm) using Ag/AgCl
electrodes separated by about 3 mm and a frequency of
33 Hz for 10 min; the contralateral muscle served as the
control. The resulting contractile force was recorded by an
analog-to-digital converter (Duo-18™ version 1.1). After
stimulation, the muscles were exposed to cell-surface
biotinylation.

Cell-surface biotinylation The cell-surface biotinylation
technique was modified from [1]. Muscles were incubated
at 4°C with gentle shaking for 1 h in phosphate-buffered
saline (PBS1; 137 mM NaCl, 3 mM KCI, 8 mM Na,HPOy,,
1.5 mM KH,PO,, pH 7.4) containing 1.5 mg/ml EZ-Link
Sulfo-NHS-SS-Biotin (Pierce). Biotinyl residues attach to
protein molecules on the cell surface and were therefore
used as a method to label cell-surface proteins from an
intact muscle. After the incubation period, muscles were
washed for 30 min with PBS1 containing 0.5% bovine
serum albumin (BSA) followed by three washes with cold
PBS1. Muscles were placed on a towel to remove excess
PBSI1 and then homogenized in lysis buffer (20 mM Tris
base, 135 mM NaCl, 1 mM MgCl,, 2.7 mM KCI, 10 mM
NasP,07, 10 mM NaF, 1 mM Na3;VOy, 1% Triton X-100,
10% v/v glycerol, 0.2 mM PMSF, and 10 pg/ml aprotinin
and leupeptin, pH 8.0). The muscles were then rotated
gently at 4°C for 1 h, followed by centrifugation (14,500xg
for 10 min) to remove insoluble material. Protein concen-
trations were measured using a BSA standard (DC protein
assay, Bio-Rad) and a ThermoSpectronis Genesys 10vis
(VWR) spectrophotometer. Muscle homogenates contain-
ing 1 mg protein were then added to 100 pul immobilized
streptavidin—agarose beads (Pierce) and diluted to a volume
of 1 ml with lysis buffer. The samples were incubated
overnight at 4°C with gentle rotation. Samples were then
centrifuged for 1 min at 1,000xg. The supernatant was
discarded, and the remaining pellet containing the beads
was washed three times with PBS1 containing 0.1% Triton
X-100 and three times with cold PBS1. Finally, Laemmli
buffer (62.5 mM Tris—HCI, 2% SDS, 10% glycerol, 5% 2-
mercaptoethanol, and 0.001% bromophenol blue, pH 6.8)
was added to the beads, and the samples were heated
(20 min, 56°C), to separate the streptavidin—agarose beads
from the protein—biotin complex. After mixing, samples
were centrifuged at 14,500%g for 1 min, and the supernatant
was used for Western blotting. Due to the methodological
approach, it was not possible to measure the protein
recovery directly in the samples. However, to ensure that
any observed differences were not due to a methodological
error, extensor digitorum longus (EDL) muscles were
removed as well and subjected to the biotinylation
procedure but without being subjected to electrical stimu-
lation. There were no differences in the Cav-3 or «, subunit
contents of unstimulated EDL muscles (P>0.05, n=6, data
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not shown). It should be noted that the biotinylation method
is probably not able to biotinylate Cav-3 directly [39].
However, Cav-3 is expected to be coprecipitated with other
proteins located in the caveolae [e.g., the Na'—K " pump
subunits (see later) or the dystrophin complex].

3-O-methylfluorescein phosphatase assay

Before use, the sarcolemmal giant vesicles were washed in
sucrose buffer (250 mM sucrose, 2 mM EDTA, 10 mM Tris
base, pH 7.4) containing 0.08% deoxycholate to remove K"
and to unmask the Na'—K" pumps. The solutions were then
ultracentrifuged for 1 h at 190,000xg and 4°C and resus-
pended in sucrose buffer (final K™ concentration <0.1 mM).
For the homogenate, 40-50 mg muscle samples were
homogenized in sucrose buffer followed by four freeze—thaw
cycles. The following procedure was done according to Fraser
and McKenna [6]. Briefly, samples were incubated in assay
medium [S mM MgCl,, 1.12 mM EDTA, 100 mM Tris base,
1.25 mM ethylene glycol-bis(2-aminoethylether)-N,N,N',N'-
tetraacetic acid (EGTA), pH 7.4], for 1 min before adding 3-
O-methylfluorescein phosphate to a final concentration of
160 uM. After 1 min, various concentrations of KCI were
added (final K" concentration 1-15 mM, see Fig. 2) to
stimulate the 3-O-MFPase reaction, which was monitored for
the next 2 min. All measurements were done with stirring at
37°C using a spectrofluorometer with a continuous recording
facility.

Immunofluorescence microscopy

Immunofluorescence microscopy was used to investigate
the subcellular localization of Cav-3. Rat soleus muscles
were embedded in Tissue-Tek (Sakura Finetek) and frozen
in liquid nitrogen. Cross sections (8 wm) were cut at —20°C
using a cryostat. The sections were placed on glass slides
and fixed in acetone at —20°C followed by a 2-min
incubation in 4% formaldehyde. The samples were blocked
with PBS2 buffer (137 mM NaCl, 1.34 mM KCIl, 8 mM
Na,HPO,, 1.5 mM KH,PO,, pH 7.2) containing 1% BSA
for 1 h. Primary antibody (anti-Cav-3, Abcam) and
secondary antibody (Alexa Fluor 488 anti-rabbit, Molecular
Probes) were diluted in similar BSA-containing buffers and
incubated for 1 h. After repeated washing in PBS2 buffer
without BSA, the sections were mounted with DakoCyto-
mation fluorescent mounting medium (DAKO) and stored
at —20°C until microscopy.

Immunoprecipitation

For immunoprecipitation, we used sarcolemmal giant
vesicles from mixed muscles as well as homogenates of
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soleus or EDL muscles (rat weight 100-110 g). The soleus
and EDL muscles were immediately frozen in liquid
nitrogen and then minced and homogenized in ice-cold
sucrose buffer (250 mM sucrose, 30 mM HEPES, 2 mM
EGTA, 40 mM NaCl, 2 mM PMSF, pH 7.4), followed by
centrifugation at 1,000xg at 4°C for 5 min. The supernatant
was collected, and the pellet was resuspended in sucrose
buffer and homogenized and centrifuged once more. The
second supernatant was collected and added to the first
supernatant. The pooled supernatant solutions were ultra-
centrifuged for 1.5 h at 190,000xg at 4°C. The pellets were
homogenized in ice-cold lysis buffer (100 mM NaCl,
20 mM Tris base, 10 mM NaF, 1 mM PMSF, 1 mg/ml
Ci,Eg, pH 7.4) and incubated for 2.5 h (0.5 h for the giant
vesicles) at 4°C. The protein concentration of the supernatant
was measured after centrifugation at 20,000xg for 15 min.
Protein A sepharose beads (Amersham Biosciences) were
added to samples containing equal amounts of protein. Lysis
buffer was added to equal sample volumes. The relevant
antibody was added, and the samples were incubated
overnight at 4°C. Negative samples were treated in the same
way except that the relevant antibody was substituted with an
irrelevant IgG antibody obtained from a similar species.
After incubation, the supernatants [IP-lysate (+) (with Cav-3
antibody) or lysate (—) (without Cav-3 antibody)] were
removed. The remaining pellets [beads with (IP+) or without
(IP-) the immune complexes] were washed three times in
ice-cold lysis buffer and three times in ice-cold lysis buffer
with only 0.5 mg/ml C;,Eg. Finally, the samples were
subjected to Western blotting.

The control homogenate from soleus and EDL muscles
were also used to investigate if there were any muscle-
specific differences for Cav-3 when subjected to Western
blotting.

Activation of AMP-kinase by AICAR injection

Rats (80-90 g) were allocated to an experimental group or a
control (placebo) group. A treated rat was always paired
with a control rat during the experimental sessions. The
experimental group received a 1-ml intraperitoneal injection
of 5-aminoimidazole-4-carboxamide-ribonucleoside
(AICAR; Toronto Research Chemicals) solution (0.7 mg/g
body weight), and the control group received an injection of
an equal volume of saline. After 1 h, the rats were killed,
and a mixture of muscle tissue from their hind legs was
removed and prepared for sarcolemmal giant-vesicle
production.

Western blotting and antibodies

Samples were mixed with sample buffer (10 mM Tris—HCI,
1 mM EDTA, 20 mM DTT, 4% SDS, 10% glycerol, 0.04%



Pflugers Arch - Eur J Physiol (2008) 456:979-989

983

bromophenol blue, pH 8.0), separated by an 8-18% SDS-
PAGE (Excell 8-18% Gradient Gel, Amersham) for
approximately 80 min at 225-550 mV, and electroblotted
to a polyvinylidene-difluoride membrane (Immobilon-P,
Millipore). The membrane was blocked for 1 h in Tris
buffer (10 mM Tris base, 0.9% NaCl, pH 7.4) containing
2% low-fat milk powder and 0.1% Tween 20 before
overnight incubation at 4°C with primary antibody diluted
in a similar buffer. After treatment with secondary antibody
coupled to horseradish peroxidase (DAKO) for 1.5 h at
room temperature, the membrane was repeatedly washed in
Tris buffer with and without 0.05% Tween 20 and Millipore
H,0. The membrane was incubated with enhanced chemi-
luminescence reagent (ECL, Amersham) and visualized on
Hyperfilm (ECL, Amersham). Protein content was quanti-
fied by scanning the film and analyzing band intensities
using UN-SCAN-IT version 5.1 software (Silk Scientific,
Orem, UT, USA).

The primary monoclonal antibody (McB2) for detecting
the o, subunit was kindly provided by Professor Per
Amstrup Pedersen (Department of Molecular Biology,
University of Copenhagen), and the primary monoclonal
«; (x6F) antibody was obtained from Hybridoma Bank
(IA, USA). A polyclonal o antibody recommended for
detection of o, &,, and oz isoforms (H-300: sc-28800) was
obtained from Santa Cruz Biotechnology. The Cav-3
(ab2912) and GLUT4 polyclonal antibody (AB1340) were
obtained from Abcam and Chemicon, respectively.

Statistics

Student’s paired and unpaired ¢ tests were used to compare
the relative changes of proteins subjected to Western
blotting. Two-way analysis of variance was used for
comparisons for the 3-O-methylfluorescein phosphatase
assay followed by post hoc analysis of mean values using
Tukey’s test. Hill equation was used to calculate V., and
K/, for K" (Sigma Plot). The unpaired ¢ test was used to
determine the significance of the differences in V,,x and
K /2. P<0.05 was considered significant.

Results

Contraction-induced changes in concentrations
of membrane proteins

Exercised muscle showed a 36% and 41% increase in o,
content of the outer membrane as measured using the OME
fraction (Meongrol=0, Mexercise=2) O sarcolemma giant vesicles
(n=28), respectively (P<0.05, Fig. 1). Electrical stimulation
followed by biotinylation of the soleus muscle revealed a
40% increase in the &, content (P<0.05, n=5, Fig. 1).

Muscles from exercised rats had a 17% (sarcolemma
giant vesicles, n=8) and 19% (OME fraction, 7ncyniro1=0,
Nexercise—2) greater content of Cav-3 in the outer membrane
compared with control rats (P<0.05, Fig. 1). Electrical
stimulation and biotinylation revealed a similar 18%
increase in the Cav-3 content (P<0.05, n=5; Fig. 1). In
the biotinylation experiment, the relative increase in «,
subunit content on the surface of the soleus muscle was
significantly greater than the increase in Cav-3 content (P<
0.05, n=5, Fig. 1), while there was a tendency to a
difference for the OME fraction (P<0.1, n=38, Fig. 1).

3-O-methylfluorescein phosphatase

The Vppay of the Na'—K " pump measured in sarcolemma giant
vesicles increased 37% (P<0.05) in exercised rats compared
with control rats (3,393+673 nmol mg protein ' h' and
2,482+648 nmol mg protein ' h™', respectively, n=7),
whereas the K, /,for K" remained constant (3.49+0.75 mM
K" and 3.36+0.97 mM K", n=7; Fig. 2a). In the homogenate,
no differences existed (P>0.05) in the V. of exercised rats
compared with control rats (18340 nmol mg protein ' h™'
and 176+69 nmol mg protein ' h™', respectively, n=8) or in
the K, K" of exercised rats compared with control rats
(2.09£0.56 mM K" and 2.10+0.64 mM K", respectively,
n=_8; Fig. 2b).

Subcellular localization and muscle-specific differences

Immunohistochemical staining for Cav-3 demonstrated that
the protein was located in or near the sarcolemmal
membrane as no visible staining existed inside the muscle
fiber (Fig. 3a). This pattern was consistent for all fibers
and is unlikely to have been an artifact of unspecific
binding because Western blotting showed that the anti-
body had very high specificity (Fig. 3b). The cell
membranes of control fibers, which were not incubated
with primary antibody, did not exhibit labeling (data not
shown). It was not possible to detect any fiber-type
differences from the immunofluorescence microscopy.
However, comparison in Western blot of the amount of
Cav-3 in EDL with that in soleus muscles shows that the
soleus muscle contains 40% more Cav-3 protein than the
EDL (P<0.05, n=5; Fig. 3c).

Immunoprecipitation

Approximately 90-100% of the Cav-3 protein was immu-
noprecipitated from the IP-lysate (+) sample (with Cav-3
antibody) when compared with the lysate (—) sample
(without Cav-3 antibody) in the soleus (Fig. 4a), EDL
(Fig. 4b) and sarcolemma giant-vesicle samples (Fig. 4c; P<
0.05; n=5, n=7, and n=6, respectively). A corresponding
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Fig. 1 Contraction-induced changes in muscle-membrane protein
distribution. Means (£SD) are expressed as relative amounts of the
Na"—K" pump «, subunits and Cav-3 in the sarcolemmal membrane
of either soleus muscles subjected to biotinylation or mixed muscle
from an outer-membrane-enriched (OME) fraction, or sarcolemmal
giant vesicles (vesicle). The mixed muscles (OME fraction or vesicles)
were from animals exposed to treadmill running, and the soleus
muscles (biotinylation) were exposed to electrical stimulation (EL
Stim). Representative immunoblots are placed above the quantified

Cav-3 band was evident in the IP+ fraction, whereas no Cav-3
was detected in the negative (IP—) control experiment
(Fig. 4c).

The Na™—K" pump coimmunoprecipitated with Cav-3 in
the soleus muscle homogenate; thus, a 17% reduction was
found for both «; and o, subunits, (P<0.05, n=5; Fig. 4a) in
the IP-lysate (+) sample compared with the lysate (—) sample.
For the EDL muscle homogenate, the reductions were 11%
(P<0.05, n=7) and 5% (P>0.05, n=7) for the o; and o,
subunits, respectively (Fig. 4b), while the corresponding
reductions were 15% and 16%, respectively (P<0.05, n=6;
Fig. 4c) for the sarcolemma giant vesicles (mixed muscles).
The «; and &, subunits were only detectable in the IP+
fraction and not in the control IP— fraction (Fig. 4d).

Coimmunoprecipitation of Cav-3 was also evident when
immunoprecipitating with an isoform-unspecific Na'—K"*
pump o antibody (data not shown).

Activation of AMP-kinase by AICAR injection

An 11% increase occurred in the relative amount of GLUT4
in the mixed muscle sarcolemmal membrane from AICAR-
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data. The «, and Cav-3 antibodies only labeled one band during
Western blotting. Pure black and white bars of the quantified data
represent changes for the «, subunits, while dotted bars represent
changes for the Cav-3 protein. Asterisk Significantly different from
control; dagger significant difference in the relative protein change
between two different proteins (x, and Cav-3); pound sign tendency
for a difference in the relative protein change between two different
proteins (x, and Cav-3)

infused rats compared with that of saline-infused (control)
rats (P<0.05, n=10; Fig. 5). In the same muscles, a 20%
decrease in the relative amount of o, subunits occurred in
sarcolemmal membranes of the AICAR-treated rats (P<
0.05, n=8; Fig. 5), while no differences existed in the
contents of ¢« subunits or Cav-3 (P>0.05, n=6; Fig. 5).

Discussion
Na'-K" pump translocation

Our studies with electrical stimulation and biotinylation
showed that muscle contractions resulted in a 40% increase
in the «, subunit content of the sarcolemmal membrane
compared with control muscles (Fig. 1). Almost identical
increases (36% and 41%) were observed after exercise
when using the OME fraction or the sarcolemma giant-
vesicle technique, respectively. These results are within the
range reported previously for «, translocation (25-94%;
[12, 14, 36, 37]) and strengthens the assumption that
translocation of the Na',K'-ATPase takes place during
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from the control

muscle contraction. One point of criticism for the giant-
vesicle experiments has been the low protein recovery (0.2—
0.3%). Based on the small recovery, it may be questioned if
these proteins are representative for the entire muscle. We
therefore supplemented with another membrane-purifica-
tion method, the OME-fractionation technique (2.1-2.4%
protein recovery) and the biotinylation technique. The
biotinylation technique used in our study detects membrane
proteins thanks to their extracellular domains and therefore
measures protein changes in intact muscles. This is
methodologically similar to the ouabain technique used by
McKenna et al. [24] but differs markedly from vesicles and
other subcellular fractionation methods [12, 14, 36, 37].
Based on the similar results obtained by the three different
methods, the present findings strengthen the assumption
that translocation of the Na",K"-ATPase takes place during
muscle contraction and confirm that the methods used are
representative for what happens in the intact muscle.

It should also be mentioned that due to the long
incubation periods and high temperature, the possibility
exists that pumps could be translocated back to their
original location during giant-vesicle production. It has
been shown that the back translocation of the Na*,K'-
ATPase subunits is almost completed already 30 min after

exercise [12]. Consequently, the translocation measured
with vesicles could be underestimated. It is therefore a
surprise that the ouabain technique could not confirm
translocation. One reason could be the earlier-mentioned
differences in recovery obtained for the different techni-
ques. Another reason could be due to back translocation of
the pump. There are indications that the ouabain & complex
can be internalized [18, 41]. It is therefore a possibility that
ouabain is internalized during the 2 h of incubation at 30°C
[24], which would blur translocation. Biotin labeling, on
the other hand, was performed at 4°C, which is expected to
inhibit back translocation.

Functional importance

The increase in Na'—K " pump subunits shown in our study
is of functional importance as demonstrated by the 3-
O-MFPase experiments (Fig. 2a). The Na'™—K" pump Viax
of the sarcolemmal membrane from exercised muscles was
37% greater than that of control muscle, which also
corresponds with the observed increase in the amount of

=]
(=]
*

e G r el
N33
S oo
P

e

[=]
=]
.
—

588

(%]
o o

Soleus EDL
Cav-3
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3 antibody had a very high specificity for Cav-3 in muscle
homogenate. ¢ The relative amount (mean+SD) of Cav-3 in oxidative
(Soleus) compared with glycolytic (EDL) muscle homogenates.
Asterisk Significantly different from the control

a
8
2
L]

=

5
=
L]
&

2

=
i

£
8
c
<]

o

£

@

2
g

o

@ Springer



986

Pflugers Arch - Eur J Physiol (2008) 456:979-989

Fig. 4 Immunoprecipitation of
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Na'-K" pumps in the sarcolemmal membrane after exercise
(Fig. 1). This increase in V.., was not caused by an
increase in the activities of individual pumps because the
Vmax Was unchanged in the homogenates, which contain a
constant number of pumps (Fig. 2b). There seems to be some
controversy in the literature about exercise-induced changes
in pump activity measured with 3-O-MFPase method.
Sandiford et al. [36] showed a similar increase (37-40%)
in K'-stimulated Na'—K" pump activity (V) of a
sarcolemma-enriched fraction from electrically stimulated
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Cav-3
—
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IP- IP+ IP- IP+

muscles compared with control muscles and a corresponding
increase in levels of the ; and o, subunits. Surprisingly,
they also showed a 40-53% increase in pump activity in
muscle homogenate, indicating that the increased activity in
the sarcolemma-enriched fractions was not necessarily
caused by translocation but could also be due to a change
in the activities of individual pumps. In contrast, Fraser et al.
[5] and McKenna et al. [25] observed an exercise-induced
reduction in Na'-K" pump activity (14-20% and 22-24%,
respectively) in muscle homogenate.
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Protein location

The term “translocation” has been used in the literature to
describe movement of proteins from one pool to another,
such as from an intracellular pool to the sarcolemmal
membrane, and the transport process involved has been
called “vesicular trafficking”. Therefore, a pool of non-
sarcolemmal proteins (Cav-3 and the «; and «, subunits)
must exist for vesicular trafficking to take place. However,
an increase in a subunit observed with a labeling procedure
may be caused by increased accessibility of the protein, for
instance, as a result of opening of caveolae, restructuring of
the membrane, or changes in T tubules.

Muscle caveolae membrane located in or in very close
proximity of the sarcolemmal membrane contains a very
high density of Cav-3 (Fig. 3a, [33, 35]). However, because
of the very large area of T-tubule membranes compared with
that of the sarcolemma, the total content of Cav-3 in the core
of the soleus fiber is approximately 40% greater than that of
the sarcolemma [35]. Therefore, Cav-3 seems to be located
in two main subcellular compartments in skeletal muscle:
caveolae and T tubules, although this is not visible in
immunohistochemical pictures as the one in Fig. 3.

The o subunit has been found to be located in or very
close to the sarcolemmal membrane, while the o, subunit is
widely distributed throughout the fiber, including T tubules
and perhaps intracellular pools [10, 23, 40]. Due to the
location of the o subunit, it has been difficult to explain
the observed o translocation [12, 14, 36, 37]. In our study,
immunoprecipitation with anti-Cav-3 removed 90-100% of
Cav-3 from soleus, EDL, and sarcolemma giant-vesicle
samples. Corresponding coimmunoprecipitation indicates

that up to approximately 20% of the Na'—K" pumps are
located in caveolae (Fig. 4), which corresponds to what has
been observed in heart muscles [21, 22]. Therefore, one
fraction of the «; (and «,) subunits is most likely present in
the caveolae, and it could be that translocation of the «
subunits takes place from the caveolae to the sarcolemma
membrane during muscle contraction (see below).

We also found that a greater amount of Cav-3 existed in
soleus muscle than in EDL muscle (Fig. 3c). This was
unexpected because the amount of T tubules in glycolytic
muscles is approximately 50% greater than in oxidative
muscles [3]. Consequently, the density of Cav-3 in the
caveolae and T-tubule membrane must be approximately
twice as high in oxidative muscles compared to glycolytic
muscles. This higher amount of Cav-3 in soleus compared
to EDL muscles could explain the apparent higher relative
amount of «; and o, subunits coimmunoprecipitated from
soleus muscles compared to EDL muscles.

Translocation: changes in caveolae or vesicular trafficking
from an intracellular pool?

Translocation has normally been suggested to be mediated
by vesicular trafficking from some yet unidentified intra-
cellular pools. However, caveolae are another subcellular
membrane compartment from where the translocation could
take place. This could be either due to a relocation of the
subunits from the caveolae to the sarcolemma membrane as
observed for several different proteins [19, 22, 27] or if
caveolae make contact with the cell surface during muscle
contraction either by subsarcolemmal caveolae “docking”
the sarcolemmal membrane or, as suggested by Marette et
al, [23], by opening up. These mechanisms could mediate
an increase in functional Na'—K " pumps in the sarcolemmal
membrane. Our results show that translocation of Cav-3
proteins takes place during muscle contraction (Fig. 1).
This was demonstrated in three independent experiments
using three different methods. The amount of Cav-3 in the
sarcolemma of stimulated muscles was 17% and 19%
greater after exercise (measured using the sarcolemmal
giant-vesicle and OME-fraction techniques) and 18%
greater after electrical stimulation (measured using the
biotinylation technique) compared with control muscles
(Fig. 1). Combined with the location of Cav-3, these
observations indicate that Cav-3 translocation was probably
caused by translocation of Cav-3 from caveolae to the
sarcolemma, and not vesicular trafficking from an intracel-
lular pool. Therefore, a potential explanation for the
reported increase in the contents of «; and «, subunits
(Fig. 1, [12, 14, 36, 37]) is that it is caused by structural
changes in the sarcolemmal membrane and/or caveolae
occurring during muscle contractions. For the o subunit,
translocation from the caveolae would explain why several
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studies show an increase in the amount of this subunit in
the sarcolemma despite its location in or very close to the
sarcolemmal membrane [40].

If it is assumed that more Cav-3 protein than o, subunit
protein exist in caveolae, and as the relative increase in «,
subunits was significantly greater than that of Cav-3
(biotinylation experiment, Fig. 1), it can be suggested that
«, subunits also translocate from an intracellular pool
(vesicular trafficking) different from caveolae. In support of
this, a significant change occurred in the o, subunit in
AICAR-treated rats, whereas no change in the o; subunit or
Cav-3 was found (Fig. 5). Thus, part of the &, subunit, but
not the & subunit, could be involved in Cav-3-independent
translocation to the sarcolemmal membrane. Yuan et al.
[42] showed that subcellular changes in «; and &, subunits
occurred in muscle cells subjected to passive stretching but
that vesicular trafficking was only involved in translocation
of the «, subunit, and they concluded that different
mechanisms were involved in the regulation of the two «
isoforms. We therefore suggest that both the «; and «,
subunits relocate from caveolae to the sarcolemma during
muscle contraction and that the &, subunit also translocates
via vesicular trafficking. This would explain why contraction-
induced translocation reported in the literature is greater for
the &, subunit than for the «; subunit; the reported increase
in the content of the «; subunit is between 0% and 55%
while the increase in the content of the o, subunit is between
25% and 94% [12, 14, 36, 37].

Conclusion

Muscle contractions (electrical stimulation or exercise) induce
an increase in the amount of Na'—K " pump o, subunits and
Cav-3 in the sarcolemmal membrane. Coimmunoprecipita-
tion of the Na™—K " pump with Cav-3 indicates that the pump
is present in caveolae. On the basis of this evidence, the
increase in the Cav-3 level in sarcolemmal membrane during
contraction, and the AICAR data, we suggest that part of the
observed Na'—K' pump translocation was caused by
structural changes in or relocation from caveolae as well as
vesicular trafficking from intracellular pools.

Acknowledgment This work was supported by the Ministry of
Science Technology and Innovation 272-05-0407, Kulturministeriets
udvalg for Idretsforskning and Copenhagen Muscle Research Centre.

References

1. Al-Khalili L, Yu M, Chibalin AV (2003) Na'™—K*-ATPase
trafficking in skeletal muscle: insulin stimulates translocation of
both alpha 1- and alpha 2 subunit isoforms. FEBS Lett 536:198—
202

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Clausen T (2003) Na“~K " pump regulation and muscle contractility.

Physiol Rev 83:1269-1324

. Cullen MJ, Hollingworth S, Marshall MW (1984) A comparative

study of the transverse tubular system of the rat extensor
digitorum longus and soleus muscles. J Anat 138:297-308

. Fecchi K, Volonte D, Hezel MP, Schmeck K, Galbiati F (2006)

Spatial and temporal regulation of GLUT4 translocation by
flotillin-1 and caveolin-3 in skeletal muscle cells. FASEB J
20:705-707

. Fraser SF, Li JL, Carey MF, Wang XN, Sangkabutra T,

Sostaric S, Selig SE, Kjeldsen K, McKenna MJ (2002) Fatigue
depresses maximal in vitro skeletal muscle Na'-K'-ATPase
activity in untrained and trained individuals. J Appl Physiol
93:1650-1659

. Fraser S, McKenna M (1998) Measurement of Na",K'-ATPase

activity in human skeletal muscle. Anal Biochem 258:63-67

. Green H, Dahly A, Shoemaker K, Goreham C, Bombardier E,

Ball-Burnett M (1999) Serial effects of high-resistance and
prolonged endurance training on Na'—K' pump concentration
and enzymatic activities in human vastus lateralis. Acta Physiol
Scand 165:177-184

. Harder T, Simons K (1997) Caveolae, DIGs, and the dynamics of

sphingolipid—cholesterol microdomains. Curr Opin Cell Biol
9:534-542

. Hayashi T, Hirshman MF, Kurth EJ, Winder WW, Goodyear LJ

(1998) Evidence for 5’AMP-activated protein kinase mediation of
the effect of muscle contraction on glucose transport. Diabetes
47:1369-1373

Hundal HS, Marette A, Mitsumoto Y, Ramlal T, Blostein R, Klip
A (1992) Insulin induces translocation of the alpha 2 and beta 1
subunits of the Na'/K'-ATPase from intracellular compartments
to the plasma membrane in mammalian skeletal muscle. J Biol
Chem 267:5040-5043

Juel C (1991) Muscle lactate transport studied in sarcolemmal
giant vesicles. Biochim Biophys Acta 1065:15-20

Juel C, Grunnet L, Holse M, Kenworthy S, Sommer V, Wulff T
(2001) Reversibility of exercise-induced translocation of Na'—K"
pump subunits to the plasma membrane in rat skeletal muscles.
Pflugers Arch 443:212-217

Juel C, Kristiansen S, Pilegaard H, Wojtaszewski J, Richter EA
(1994) Kinetics of lactate transport in sarcolemmal giant vesicles
obtained from human skeletal muscle. J Appl Physiol 76:1031—
1036

Juel C, Nielsen JJ, Bangsbo J (2000) Exercise-induced transloca-
tion of Na'—K" pump subunits to the plasma membrane in human
skeletal muscle. Am J Physiol 278:R1107-R1110

Kjeldsen K, Richter EA, Galbo H, Lortie G, Clausen T (1986)
Training increases the concentration of *H-ouabain binding sites
in rat skeletal muscle. Biochim Biophys Acta 860:708—712
Kristensen M, Hansen T, Juel C (2006) Membrane proteins
involved in potassium shifts during muscle activity and fatigue.
Am J Physiol Regul Integr Comp Physiol 290:766—772
Kurth-Kraczek EJ, Hirshman MF, Goodyear LJ, Winder WW
(1999) 5'AMP-activated protein kinase activation causes GLUT4
translocation in skeletal muscle. Diabetes 48:1667-1671

Lamb JF, Ogden P (1982) Internalization of ouabain and
replacement of sodium pumps in the plasma membranes of HeLa
cells following block with cardiac glycosides. Q J Exp Physiol
67:105-119

Lasley RD, Narayan P, Uittenbogaard A, Smart EJ (2000)
Activated cardiac adenosine A(1) receptors translocate out of
caveolae. J Biol Chem 275(6):4417-4421

Lavoie L, He L, Ramlal T, Ackerley C, Marette A, Klip A (1995)
The GLUT4 glucose transporter and the alpha 2 subunit of the
Na™—K*-ATPase do not localize to the same intracellular vesicles
in rat skeletal muscle. FEBS Lett 366:109-114



Pflugers Arch - Eur J Physiol (2008) 456:979-989

989

21.

22.

23.

24.

25.

26.

27

28.

29.

30.

Liu L, Askari A (2006) Beta-subunit of cardiac Na'™—K"-ATPase
dictates the concentration of the functional enzyme in caveolae.
Am J Physiol Cell Physiol 291:C569-C578

Liu L, Mohammadi K, Aynafshar B, Wang H, Li D, Liu J, Ivanov
AV, Xie Z, Askari A (2003) Role of caveolae in signal-transducing
function of cardiac Na"/K*-ATPase. Am J Physiol Cell Physiol
284(6):C1550-C1560

Marette A, Krischer J, Lavoie L, Ackerley C, Carpentier JL, Klip
A (1993) Insulin increases the Na"™—K'-ATPase alpha 2-subunit in
the surface of rat skeletal muscle: morphological evidence. Am J
Physiol 265:C1716-C1722

McKenna MJ, Gissel H, Clausen T (2003) Effects of electrical
stimulation and insulin on Na™—K* ATPase ([*H]ouabain binding)
in rat skeletal muscle. J Physiol 547:567-580

McKenna MJ, Medved I, Goodman CA, Brown MJ, Bjorksten
AR, Murphy KT, Petersen AC, Sostaric S, Gong X (2006) N-
acetylcysteine attenuates the decline in muscle Na“,K*-pump
activity and delays fatigue during prolonged exercise in humans. J
Physiol 576(Pt1):279-288

McKenna M, Schmidt TA, Hargreaves M, Cameron L, Skinner SL,
Kjeldsen K (1993) Sprint training increases human skeletal muscle
Na"™—K"-ATPase concentration and improves K regulation. J Appl
Physiol 75:173-180

. Mineo C, Gill GN, Anderson RG (1999) Regulated migration of

epidermal growth factor receptor from caveolae. J Biol Chem
274:30636-30643

Mohr M, Krustrup P, Nielsen JJ, Nybo L, Rasmussen MK, Juel C,
Bangsbo J (2007) Effect of two different intense training regimes
on skeletal muscle ion transport proteins and fatigue development.
Am J Physiol Regul Integr Comp Physiol 292:R1594-R1602
Nielsen OB, Clausen T (2000) The Na™K " pump protects muscle
excitability and contractility during exercise. Exerc Sport Sci Rev
28:159-164

Nielsen JJ, Kristensen M, Hellsten Y, Bangsbo J, Juel C (2003)
Localization and function of ATP-sensitive potassium channels in
human skeletal muscle. Am J Physiol Regul Integr Comp Physiol
284:R558-R563

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Nielsen JJ, Mohr M, Klarskov C, Kristensen M, Krustrup P, Juel
C, Bangsbo J (2003) Effects of high-intensity intermittent training
on potassium kinetics and performance in human skeletal muscle.
J Physiol 554:857-870

Parton RG, Simons K (2007) The multiple faces of caveolae. Nat
Rev Mol Cell Biol 8:185-194

Parton RG, Way M, Zorzi N, Stang E (1997) Caveolin-3 associates
with developing T-tubules during muscle differentiation. J Cell Biol
136(1):137-154

Rasmussen BB, Winder WW (1997) Effect of exercise intensity
on skeletal muscle malonyl-CoA and acetyl-CoA carboxylase. J
Appl Physiol 83:1104—1109

Ralston E, Ploug T (1999) Caveolin-3 is associated with the T-
tubules of mature skeletal muscle fibers. Exp Cell Res 246:510-515
Sandiford S, Green H, Ouyang J (2005) Mechanisms underlying
increases in rat soleus Na'—K'-ATPase activity by induced
contractions. J Appl Physiol 99:2222-2232

Tsakiridis T, Wong P, Liu Z, Rodgers C, Vranic M, Klip A (1996)
Exercise increases the plasma membrane content of the Na™—K”
pump and its mRNA in rat skeletal muscle. J Appl Physiol
80:699-705

Way M, Parton RG (1996) M-caveolin, a muscle-specific
caveolin-related protein. FEBS Lett 378:108—-112

Williams TM, Lisanti MP (2004) The caveolin proteins. Genome
Biol 5(3):214

Williams MW, Resneck WG, Kaysser T, Ursitti JA, Birkenmeier
CS, Barker JE, Bloch RJ (2001) Na—K-ATPase in skeletal muscle:
two populations of beta-spectrin control localization in the
sarcolemma but not partitioning between the sarcolemma and
the transverse tubules. J Cell Sci 114:51-762

Yoshimura SH, Takeyasu K (2003) Differential degradation of the
Na"/K*-ATPase subunits in the plasma membrane. Ann N 'Y Acad
Sci 986:378-381

Yuan X, Luo S, Lin Z, Wu Y (2006) Cyclic stretch translocates
the alpha(2) subunit of the Na pump to plasma membrane in
skeletal muscle cells in vitro. Biochem Biophys Res Commun
348:750-757

@ Springer



	Na+–K+ pump location and translocation during muscle contraction in rat skeletal muscle
	Abstract
	Introduction
	Materials and methods
	Experimental animals
	Contraction-induced changes in the concentrations of membrane proteins
	3-O-methylfluorescein phosphatase assay
	Immunofluorescence microscopy
	Immunoprecipitation
	Activation of AMP-kinase by AICAR injection
	Western blotting and antibodies
	Statistics

	Results
	Contraction-induced changes in concentrations of membrane proteins
	3-O-methylfluorescein phosphatase
	Subcellular localization and muscle-specific differences
	Immunoprecipitation
	Activation of AMP-kinase by AICAR injection

	Discussion
	Na+–K+ pump translocation
	Functional importance
	Protein location
	Translocation: changes in caveolae or vesicular trafficking from an intracellular pool?

	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


