
Pflugers Arch - Eur J Physiol (2006) 452: 117–123
DOI 10.1007/s00424-005-0018-5

SKELETAL MUSCLE

Takaaki Mishima · Minako Sugiyama ·
Takashi Yamada · Makoto Sakamoto ·
Masanobu Wada

Effects of reduced glycogen on structure and in vitro function

of rat sarcoplasmic reticulum Ca
2+

-ATPase

Received: 7 October 2005 / Accepted: 4 November 2005 / Published online: 21 December 2005
# Springer-Verlag 2005

Abstract The aim of this study was to examine the effects
of reduced glycogen concentration on sarcoplasmic retic-
ulum (SR) Ca2+-ATPase activity in rat fast-twitch muscles.
In the first experiment, the gastrocnemius (GAS) muscle
from one leg was removed, followed by starvation for 24–
72 h, after which the remaining GAS was removed. Intra-
animal comparisons revealed that starvation caused a 25%
reduction (P<0.05) in the glycogen concentration but no
change in SR Ca2+-ATPase activity in the GAS. In the
second experiment, the SR was purified from a mixture of
the GAS and vastus lateralis muscles. In half of the samples
obtained from each animal, glycogen was extracted from
the SR by treatment with glucoamylase. Treatment resulted
in a 94.1 and 70.2% decrease (P<0.01) in glycogen and
glycogen phosphorylase, respectively, and a 41.5%
increase (P<0.05) in a fluorescein isothiocyanate (FITC)
binding to SR Ca2+-ATPase. On the other hand, SR Ca2+-
ATPase activity and the affinity of the enzyme for ATP
were unaltered. These results do not implicate depletion of
muscle glycogen as a contributor to impaired SR Ca2+-
ATPase activity as measured in vitro. Therefore, it is
concluded that muscle glycogen does not influence exer-
cise tolerance and work productivity in working muscles
by modulating the structure of protein involved in Ca2+

sequestering. Furthermore, it is suggested that the FITC

binding assay may be inappropriate as a method for
examining the mechanisms for the altered activity of SR
Ca2+-ATPase.
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Introduction

Skeletal muscles induced to contract repeatedly respond
with a progressive loss in their ability to generate a target
force or power. This decline in function, referred to as
muscle fatigue, has a complex etiology that can involve
various metabolic and ionic factors [2, 28, 33]. Among the
numerous factors implicated in fatigue, none have been
more evident or universally agreed upon than the need for a
reserve of glycogen in the working muscle cell. Evidence
linking muscle glycogen to muscle fatigue has been most
apparent during large muscle group activity, e.g., running
and cycling, at intensities ranging from 60 to 85% of
maximal aerobic power [12, 15]. Despite the well-accepted
view of a close correlation between glycogen and fatigue,
the precise mechanisms by which glycogen depletion
disrupts cellular function remain incompletely understood.
During repeated contraction at moderate intensities, gly-
colysis functions to provide essential precursors for the
generation of citric acid cycle intermediates. Therefore, it is
assumed that fatigue associated with glycogen depletion
would be due to the loss of an energy source. This energy
crisis hypothesis remains the widely accepted explanation
to account for fatigue during low-glycogen states. The
possibility, however, seems remote since either little or no
reduction in the ATP concentration occurs during pro-
longed exercise [15].

Skeletal muscle sarcoplasmic reticulum (SR) regulates
intracellular free calcium concentration and plays a central
role in muscle contraction and relaxation. Accumulating
evidence has implicated altered intracellular Ca2+ regula-
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tion as a major contributor to fatigue. Studies utilizing
muscles from human, horse, and rat have demonstrated that
exercise that results in muscle fatigue disturbs SR Ca2+

handling properties in working muscle [6, 10, 17]. The Ca2+

handling properties that are attenuated with exercise
include both Ca2+ uptake and Ca2+ release. The major
protein responsible for Ca2+ uptake is the 110-kDa ATPase
(SR Ca2+-ATPase) that translocates 2 mol of Ca2+ across
the SR bilayer membrane upon the hydrolysis of 1 mol of
ATP, and the exercise-induced depression in Ca2+ uptake
results primarily from the impaired catalytic function of this
enzyme [17, 29]. There is evidence to suggest that the
lowered SR Ca2+-ATPase activity induced by vigorous
contractile activity may be ascribed to structural changes in
its nucleotide-binding domain, i.e., the ATP binding site
[25, 27]. A fraction of muscle glycogen appears to be
specifically associated with the SR membrane [13, 23].
Glycogen phosphorylase (GP) is also associated with the
SR via its binding to the glycogen particles [23]. Thus,
glycolysis of SR glycogen accompanied by muscle con-
traction elicits the release of GP from the SR membrane
[23]. In vitro study of Cuenda et al. [8] revealed that the
addition of exogenous GP to SR vesicles shifted the ATP
binging site of SR Ca2+-ATPase towards an ATP binding
conformation, suggesting that endogenous GP associated
with the SRmay exert the effects on the structure of the ATP
binding site.

These findings raise the plausible hypotheses that
depressions in SR Ca2+-ATPase activity and structural
alterations in the ATP binging site with contractile activity
might occur secondarily to the decreased glycogen and GP
contents and that deteriorations in exercise tolerance and
work productivity of muscles resulting from glycogen
depletion might be mediated through such mechanisms.
However, few data were available concerning the effects of
glycogen status on SR function. No published study pres-
ently exists, moreover, that examines whether a decrease in
the glycogen content that occurs in vivo might influence
SR Ca2+-ATPase activity.

These findings prompted us to investigate changes in SR
Ca2+-ATPase activity in muscles where the glycogen
content was repressed. In the first experiment (starvation
experiment), we subjected rats to starvation, which resulted
in the varied degrees of reductions in muscle glycogen. The
results from the starvation experiment suggest that, for
conditions in which the muscle glycogen content is reduced
by up to 50%, glycogen status does not alter SR Ca2+-
ATPase activity. However, it was envisaged that the mag-
nitude of the decline in glycogen observed in the starvation
experiment might be too small to affect the activity.
Therefore, we performed the second experiment (glycogen-
extraction experiment) in which glycogen was extracted
from the SR membrane by treatment with glucoamylase.
Considering the findings reported by Cuenda et al. [8], the
glycogen-extraction experiment focused on changes not
only in SR Ca2+-ATPase activity but also in the structure of
the ATP binding site and the affinity of the enzyme for ATP.

Methods

Starvation experiment

The Animal Care Committee of Hiroshima University
approved all procedures for this study. Experiments were
performed on the gastrocnemius (GAS) muscles from male
Wistar strain rats ranging in body weight from 190 to
220 g. Rats had free access to standard rodent chow and
water until the time of experiment. On the day of
experiment, while animals were anesthetized using an
intraperitoneal injection of pentobarbital sodium (40 mg
kg−1), the GAS (control muscle) from all rats was
surgically removed from one leg according to Ianuzzo et
al. [16]. Then, animals were arbitrarily assigned to a
control and a starvation group. After surgery, control rats
were given chow and water ad libitum, whereas starved
rats were given water only. The GAS (experimental
muscle) was removed from the other leg under anesthesia
1, 2, or 3 days later for starved rats and 3 days later for
control rats (n=7 per group).

Immediately after ablation, muscle pieces of ∼100 mg
wet weight were diluted with 9 volumes (mass vol−1) of
ice-cold homogenizing buffer composed of (in mM) 300
sucrose, 20 3-(N-morpholino)propanesulfonic acid (MOPS)/
KOH, pH 7.4, 0.0014 pepstatin, 0.83 benzamidine, 0.0022
leupeptin, and 0.2 phenylmethanesulfonyl fluoride (PMSF)
and homogenized for 3×30 s at 5,000 rpm. The homogenates
were centrifuged at 2,000×g for 15 min. The resulting su-
pernatant was used for measurement of SR Ca2+-ATPase
activity. The remaining portion of the muscle was stored at
−80°C for later analysis.

SR Ca2+-ATPase activity was spectrophotometrically
determined in homogenates at 37°C according to Simonides
and van Hardeveld [31]. The analytical procedure for mea-
surement has been described in detail elsewhere [36].
Briefly, the assay mixture consisted of 20 mM N-2-hy-
droxyethyl-piperazine-N'-2-ethanesulfonic acid (HEPES),
pH 7.5, 1 mM ethyleneglycotetraacetic acid (EGTA),
200 mM KCl, 15 mM MgCl2, 0.8 mM CaCl2, 10 mM
sodium azide, 0.4 mM nicotinamide adenine dinucleotide
(NADH), 10 mM phosphoenolpyruvate, 18 U ml−1 pyru-
vate kinase, 18 U ml−1 lactate dehydrogenase, and 1 μg
ml−1 Ca2+ ionophore A23187. The reaction was started
by adding MgATP to give a final concentration of 4 mM.

Muscle samples were freeze-dried at −70°C for 24 h, and
glycogen concentration was measured in perchloric-acid-
denatured protein pellets. To hydrolyze glycogen, pellets
were boiled in 2 N HCl for 2 h. The concentration was
determined fluorometrically using the production of nico-
tinamide adenine dinucleotide phosphate (NADPH) [24].

Glycogen-extraction experiment

Experiments were performed on male Wistar strain rats
ranging in body weight from 250 to 260 g (n=6 per group).
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Each animal was deeply anaesthetized using an intraperi-
toneal injection of pentobarbital sodium (40 mg kg−1). The
GAS and vastus lateralis muscles were exposed, dissected
free from surrounding muscle, and excised from both legs.
These two muscles were combined for microsomal
preparations.

Microsomes were prepared according to Lees and
Williams [22]. The muscle was placed in 5 volumes
(mass vol−1) of ice-cold homogenizing buffer consisting of
20 mM HEPES, pH 7.0, 0.2% (mass vol−1) sodium azide,
0.2 mM PMSF, and 1 mM ethylenediaminetetraacetic acid
(EDTA) and homogenized for 3×30 s at 5,000 rpm.
Homogenates were centrifuged at 8,000×g for 15 min at
4°C. After filtration through four layers of gauze, the
supernatants obtained from each muscle were divided into
a glycogen-extracted (GE) and a control (CON) group, and
KCl was added to give a final concentration of 600 mM. In
order to extract SR glycogen, the GE group buffer was
supplemented with 17.4 U ml−1 glucoamylase. Samples
were gently stirred on ice for 1 h and then centrifuged at
50,000×g for 120 min at 4°C. The resulting pellet was
resuspended in the storage buffer (homogenizing buffer
containing 300 mM sucrose and 150 mM KCl). The
storage buffer used for SR glycogen measurement did not
contain sucrose [22]. Protein concentrations were deter-
mined by the Bradford assay [5] using bovine serum
albumin as a standard.

The SR Ca2+-ATPase and GP contents in microsomal
proteins were determined by densitometric analysis of
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE). Ten micrograms microsomal protein was
applied to gels. Electrophoresis was carried out using a
10% acrylamide separating gel and a 4% acrylamide
stacking gel and lasted 15 h at constant voltage (60 V) in a
cold room. The gels were stained with Coomassie blue R in
45% (vol vol−1) methanol and densitometrically evaluated
using NIH Image software. In addition to the CON and GE
samples, each gel always contained microsomal proteins

obtained from the plantaris muscle. This was utilized as a
standard. Densitometrically evaluated amounts of SR Ca2+-
ATPase and GP were normalized by reference to those in a
standard.

Thirty micrograms microsomal protein was incubated in
a solution containing (in mM) 50 Tris–HCl, pH 8.8, 250
sucrose, 0.1 CaCl2, 5 MgCl2, and 0.05 fluorescein
isothiocyanate (FITC) for 60 min at room temperature.
The reaction was stopped by adding a solution consisting
of (in mM) 100 Tris–HCl, pH 6.8, 250 sucrose, and 5
Na2ATP [21]. Proteins were separated by electrophoresis as
mentioned above and then fixed by incubating the gel in
25% (vol vol−1) isopropanol. The gel was photographed
with ultraviolet illumination. The FITC binding to SR
Ca2+-ATPase was densitometrically evaluated using the
negative of the photograph and the NIH Image software.

With the exception of the use of microsomes and the
method used for hydrolysis of glycogen, glycogen con-
centration and SR Ca2+-ATPase activity were measured
using the same methods as described in the starvation
experiment. Five and ten micrograms microsomal proteins
were used for measurements of the glycogen content and
enzyme activity, respectively. To hydrolyze glycogen,
proteins were incubated with gentle shaking in the assay
mixture composed of 174 mM acetic acid, pH 4.8 and
8.7 U ml−1 glucoamylase for 120 min at 40°C. Determina-
tions of ATP dependence, namely, the ATP concentration
needed to obtain half-maximum activity, were performed
by varying the ATP concentration in the assay mixture. On
the basis of a double reciprocal plot for the ATP
concentration and SR Ca2+-ATPase activity, the ATP
dependence was calculated.

Statistical analyses

All data were expressed as means±SD. Significances of the
effects of starvation on muscles from the left and right legs

Table 1 Glycogen concentration and sarcoplasmic reticulum (SR) Ca2+-ATPase activity

Glycogen concentration
n Control muscle

(μmol g−1 dry wt)
Experimental muscle
(μmol g−1 dry wt)

Control 7 136.5±21.8 130.9±21.9
1-day starved 7 155.1±41.8 117.2±18.1a

2-day starved 7 143.1±40.6 110.1±12.1a

3-day starved 7 136.1±19.4 102.0±20.6a,b

SR Ca2+-ATPase activity
n Control muscle

(μmol min−1 g−1 wet wt)
Experimental muscle
(μmol min−1 g−1 wet wt)

Control 7 66.6±6.2 66.2±6.3
1-day starved 7 61.1±4.1 64.8±4.8
2-day starved 7 63.3±6.2 65.1±7.0
3-day starved 7 64.7±11.2 63.3±6.3

Values are means±SD. Glycogen concentration is expressed as micromole glucosyl units per gram dry weight
n Number of samples
aP<0.05, compared with control muscle within rats
bP<0.05, compared with experimental muscle from control rats
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(starvation experiment) and of glycogen extraction (gly-
cogen-extraction experiment) were assessed using Stu-
dent's t test for paired samples. A two-way variance
analysis was performed to evaluate the influence of
starvation and duration of starvation (starvation experi-
ment). If an overall F-value was obtained, a Scheffé post
hoc analysis was used to isolate the significance different
means. All comparisons were performed at the 95%
confidence level.

Results

Starvation experiment

No differences existed in the glycogen contents of control
muscles among four groups studied. As shown in control
rats, ablation per se caused no changes in the glycogen
content (Table 1). Intra-animal comparisons revealed that
starvation for up to 3 days evoked significant reductions
(P<0.05) in the glycogen content. The reductions in
muscles of rats starved for 1, 2, and 3 days averaged 24,
23, and 25%, respectively. Large differences were observed
between animals with regard to the extent of these changes;
the range of decreases was from 0 to 50%. For rats starved
for 3 days, significant decreases (P<0.05) were also
observed when compared to experimental muscles from
control rats. For all groups, there were no differences in SR
Ca2+-ATPase activities between control and experimental
muscles, suggesting no causal relationship between glyco-
gen status and the enzyme activity. In order to more

unequivocally elucidate this, SR Ca2+-ATPase activity was
plotted against differences in the glycogen concentration
for all samples (including control and experimental mus-

Fig. 3 Electrophoretic separation of sarcoplasmic reticulum (SR) Ca2+-
ATPase and glycogen phosphorylase (GP) (a) and their contents (b) in
microsomal fractions for control (solid bars) and glycogen-extracted
(open bars) conditions. For treatment of glycogen-extracted condition,
see legend to Fig. 2. Microsomal proteins were separated on a 10%
polyacrylamide gel. Only Ca2+-ATPase and GP regions are shown (a).
The contents of SR Ca2+-ATPase and GP are expressed as a percentage
of control (b). Values are means±SD. **P<0.01, compared with control

Fig. 2 Glycogen concentration associated with sarcoplasmic retic-
ulum (SR) for control (CON) and glycogen-extracted (GE)
conditions. Glycogen associated with the SR was extracted by
incubating muscle homogenates in a solution containing glucoamy-
lase. Values are means±SD. **P<0.01, compared with control

Fig. 1 Plot of muscle glycogen concentration vs sarcoplasmic
reticulum (SR) Ca2+-ATPase activity for gastrocnemius. The
gastrocnemius muscle (control) was removed from one leg, followed
by starvation for 24–72 h, after which the remaining gastrocnemius
(experimental) was removed. On the average, starvation elicited a
25% decrease in the glycogen concentration. The values for all
samples (including control and experimental muscles from each
animal) were plotted. Glycogen concentration is expressed as
micromole glucosyl units per gram dry weight. There was no
significant correlation between glycogen concentration and enzyme
activity (r=0.05)
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cles from each rat). As expected, no significant correlation
was observed (Fig. 1).

Glycogen-extraction experiment

Treatment with glucoamylase resulted in pronounced de-
creases (P<0.01) in the glycogen and GP contents in mi-
crosomes, which amounted to 5.9 and 29.8% of control
levels, respectively (Figs. 2 and 3). It was possible that the
reduction in the GP content would lead to a decrease in the
relative concentration of SR Ca2+-ATPase in microsomes.
However, its content was unchanged. The unexpected result
was that extraction evoked significant increases in an FITC
binding to SR Ca2+-ATPase (Fig. 4). Densitometry of the SR
Ca2+-ATPase band revealed a 41.5% increase (P<0.05) as
compared to control. As shown in previous studies [21, 25],
FITC is a fluorescein molecule that binds specifically to a
lysine residue located in the ATP binding site of the SR.
Thus, alterations in the FITC binding reflect structural
changes in the ATP binding site [21, 25]. From the increased
FITC binding observed in the glycogen extraction experi-
ment, it was expected that glycogen-extraction might be
responsible for increases in maximal SR Ca2+-ATPase
activity or in the affinity of the enzyme for ATP [8, 23].
However, both parameters were unaltered (Fig. 5).

Discussion

The fact that muscle fatigue is highly correlated with
glycogen depletion at work loads ranging from 60 to 85%
of maximal aerobic power was clearly established by a
series of reports published in the late 1960s and early 1970s
[1, 4, 18]. Despite years of investigation, the precise
mechanisms underlying glycogen-depletion-induced fa-
tigue remain incompletely understood. The possible
causality of SR glycogen in changes of SR Ca2+-ATPase
as assessed in vitro stems from the following previous
observations: (1) repressions in SR Ca2+-ATPase activity
due to vigorous muscle contraction are always accompa-
nied by reductions in the FITC binding to the enzyme [21,
25]; (2) the reduced SR glycogen content leads to the
release of GP from the SR membrane [23]; and (3) the
increased GP content in SR vesicles results in the en-
hancement in the FITC binding to SR Ca2+-ATPase [8].
Taking these findings into account, we hypothesized that
decreases in the glycogen content associated with the SR
might induce the inactivation of SR Ca2+-ATPase that is
mediated through structural alterations in the ATP binding
site. However, this assumption is not supported by our
results demonstrating that in vivo and in vitro decreases in
the glycogen content fail to influence SR Ca2+-ATPase
activity.

Glycolytic enzymes as well as glycogen particles are
associated with the SR membrane [20]. The rate of
utilization of glycogen during intense muscle contraction
is several-fold higher for the SR vesicles than for whole
muscles [23], suggesting that locally generated ATP

Fig. 5 Sarcoplasmic reticulum (SR) Ca2+-ATPase activity and ATP
dependence of SR Ca2+-ATPase for control (solid bars) and
glycogen-extracted (open bars) conditions. For treatment of glyco-
gen-extracted condition, see legend to Fig. 2. The ATP dependence
represents the ATP concentration needed to obtain half-maximum
activity. Values are means±SD

Fig. 4 Electrophoresis of FITC-labeled sarcoplasmic reticulum (a)
and densitometric evaluation of FITC binding (b) for control (CON)
and glycogen-extracted (GE) conditions. For treatment of glycogen-
extracted condition, see legend to Fig. 2. The FITC labeling was
visualized by photography under ultraviolet light. Values are
means±SD. *P<0.05, compared with control
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supplied by glycolytic enzymes bound to the SRmembrane
may be utilized to sequester Ca2+ from the cytoplasm to the
SR lumen [13, 23]. It has been shown that these metabolic
systems are necessary for optimal SR Ca2+ sequestering
and in some cases are more efficient than exogenous ATP
[35]. It appears likely, therefore, that the decreased
glycogen located on the SR membrane may adversely
affect SR Ca2+ uptake capacity in vivo.

Pronounced decreases in muscle glycogen can be
achieved by exposing muscles to prolonged contractile
activities. In most cases, such activities cause appreciable
reductions not only in the glycogen content, but also in SR
Ca2+-ATPase activity. The depression of SR Ca2+-ATPase
activity observed in these muscles seems to result to some
extent from protein oxidation [19, 26]. It is obvious that,
using muscles undergoing repetitive contraction, the
question cannot be assessed as to whether the reduced
content of muscle glycogen might by itself account for
changes in SR Ca2+-ATPase activity because the effects of
glycogen are indistinguishable from those of oxidation.
Therefore, the first experiment utilized starvation, which
allows examination of the impact of the reduced glycogen
on its own. Although not measured in the starvation
experiment because of restriction on the amount of tissue
available, the GP content associated with the SR has been
reported to reduce by 50 to 75% in muscles from rabbits
that were starved for 48 h [9]. According to the
aforementioned findings observed by Cuenda et al. [8], it
is conceivable that the loss of GP would be responsible for
structural changes in the ATP binding site, leading to the
decreased SR Ca2+-ATPase activity. However, the results
obtained in the starvation experiment demonstrated that
similar treatment, i.e., starvation for 24–72 h, was not
capable of bringing about the decay of enzyme activity
(Table 1).

Historical studies on humans have demonstrated that
only when glycogen levels in working muscles are nearly
depleted does muscular fatigue become manifest [14, 18].
The possibility exists that a maximum of 50% reduction in
the glycogen content in the starvation experiment may be
too small to result in a decrease in SR Ca2+-ATPase
activity. On the basis of this assumption, in the second
experiment, glycogen was extracted from the SR mem-
brane by incubating a solution containing glucoamylase.
The glycogen extraction experiment confirms observations
of Lees and Williams [22] who found marked decreases in
the GP content associated with the SR to result from
glycogen extraction. On the other hand, we found the
enhancement of the FITC binding to the SR to be without
concomitant changes in SR Ca2+ATPase activity and in the
affinity of the enzyme for ATP (Fig. 5), whereas they
observed an increase in the enzyme activity with no
alterations in the FITC binding [22]. Although the reason
for this controversy is unclear, an important implication of
observations by Lees and Williams [22] and in the
glycogen-extraction experiment is that it could negate the
use of the FITC binding assay as a method for examining
the mechanisms for the altered catalytic activity of SR
Ca2+-ATPase.

Glycogen-depletion-mediated muscular fatigue could be
explained by the failure of the excitation–contraction
coupling processes other than SR Ca2+-sequestering
ability. Both dihydropyridine receptor, voltage sensor of
transverse (T)-tubule, and SR Ca2+-release channel have
several phosphorylation sites [11]. It is purported that
phosphorylation of some of these sites, which is an ATP-
requiring process, is necessary for normal transmission of
signals within the triad [34]. Similar to the SR membrane,
the triads comprise glycogen and a complex of glycolytic
enzymes that can synthesize ATP. Single-fiber studies by
Allen and colleagues [3, 7] suggest that the repressed force
output that occurs with repetitive contraction may be
ascribed to reductions in the ATP concentration within the
narrow space of the triad gap, which result from
compartmentalized depletion of glycogen and lead to the
altered phosphorylation status in the triad. In contrast, a
more recent study by Stephenson et al. [32] has indicated
that even when the ATP concentration is maintained,
glycogen depletion is associated with loss of fiber ability to
respond to T-system depolarization. Their observations
lead to the implication that glycogen might exert the effects
on the structure of the T-tubular SR Ca2+-release site
complex. It is also pointed out that glycogen status may be
involved in plasma membrane excitability. The Na+-K+-
ATPase is an integral membrane protein and can maintain
low internal Na+ and high internal K+ concentrations by the
vectorical transport of three Na+ and two K+ per each
molecule of ATP utilized. ATP synthesized through
glycolysis appears to be the predominant source of the
fuel for the Na+-K+-ATPase [30]. Therefore, energy
homeostasis for this enzyme would be jeopardized if
glycogen is depleted.

Although it appears likely that not only does muscle
glycogen provide the primary energy source during
exercise, but that glycogen affects the structure and
function of organs in skeletal muscles [8], the results
reported here do not implicate depletion of muscle
glycogen as a contributor to impaired SR Ca2+-ATPase
activity as measured in vitro. Therefore, it is concluded that
muscle glycogen does not influence exercise tolerance and
work productivity in working muscles by modulating the
structure of proteins involved in Ca2+ sequestering.
Furthermore, it is suggested that the FITC binding assay
may be inappropriate as a method for examining the
mechanisms for the altered activity of SR Ca2+-ATPase.
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