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ABSTRACT

Oxidative modification of cellular proteins and lipids may play a role in the development of diabet-
ic complications. Diabetic cardiomyopathy has been suggested to be caused by the intracellular Ca**
overload in the myocardium, which is partly due to the defect of calcium transport of the cardiac sar-
coplasmic reticulum (SR). In the present study, the possible mechanism of the functional defect of car-
diac SR in diabetic rats was studied. Both of the maximal Ca** uptake and the affinity for Ca** were
decreased in the diabetic rat SR in comparison with the control. To investigate whether the func-
tional defect of the cardiac SR in streptozotocin-induced diabetic rat is associated with the oxidative
changes of cardiac SR proteins, the carbonyl group content and glycohemoglobin levels were deter-
mined. The increase in carbonyl group content of cardiac SR (2.30 nmols/mg protein, DM; 1.78, con-
trol) and in glycohemoglobin level (13~17%, DM; 3~ 5%, control) were observed in the diabetics. The
extent of increase in calcium transport by phospholamban phosphorylation was greater in the diabetic
cardiac SR membranes than that in the control. The phosphorylation levels of phospholamban, as de-
termined by SDS-PAGE and autoradiography with [7*PJATP, were increased in diabetic cardiac SR.
These results suggest that the impaired cardiac SR function in diabetic rat could be a consequence of
the less-phosphorylation of phospholamban in the basal state, which is partly due to the depleted nor-
epinephrine stores in the heart. Furthermore, the oxidative damages in cardiac SR membranes might
be one of the additional factors leading to the diabetic cardiomyopathy.
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INTRODUCTION

Contraction and relaxation of cardiac muscle
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are regulated by physiological and pharmacolo-
gical interventions involving second messengers,
which transmit signals in the interior of the cell.
One of these messengers is cyclic AMP (cAMP)
and another is calcium. In cardiac muscle, the
two major second messengers (cAMP and Ca’)
are integrated at the level of sarcoplasmic reticu-
lum (SR) protein phosphorylation via the activa-
tion of protein kinases, cAMP-dependent and
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Ca?* » calmodulin-dependent, respectively (Kranias,
1985). In particular, calcium transport across the
SR is regulated by the phosphorylation of
phospholamban, a 27,000-dalton membrane-bound
proteolipid. Dephosphorylated phospholamban is
an inhibitor of cardiac SR Ca**-ATPase and upon
phosphorylation the inhibitory effect of phos-
pholamban is relieved and, thus, that stimulated
the SR Ca®" transport (Kim, 1992; Kim et al., 1990).
The stimulatory effects of the protein kinases on
SR function can be reversed by a protein phos-
phatase which dephosphorylates phospholamban
(Kranias and DiSalvo, 1986; Kranias et al., 1988).
Therefore, phspholamban appears to be an impor-
tant regulator of SR function and, thus, a modula-
tor of cardiac muscle function in general.

In diabetic patients, heart failure is the leading
cause of death (Dhalla et al,, 1985). Several studies
have revealed the presence of cardiac dysfunc-
tions and ultrastructural abnormalities in chronic
diabetes (Dhalla et al., 1985; Garber et al., 1983).
Cardiomyopathy in chronic diabetes has been as-
sociated with the alterations in the sarcolemmal
membrane and in myosin ATPase (Garber et dl.,
1983; Makino ef al, 1987), and the defective SR
Ca** uptake and Ca’"-ATPase activity (Afzal et
al., 1989; Penpargkul ef al, 1981). The decreased
activity of myofibrillar ATPase has been suggest-
ed to explain the impaired ability of diabetic
heart to generate contractile force. On the other
hand, impaired relaxation of diabetic hearts has
been attributed to the defective SR fuction. There
has been suggestions that oxidative stress may be
a common pathway linking diverse mechanisms
for the pathogenesis of complications in diabetes.
Recently, several reports clearly showed underly-
ing evidence that diabetes with complications is
associated with increased chemical modification
of proteins and lipids and that this damage ap-
pears to be largely oxidative in origin and is suffi-
cient to explain the altered function of proteins
(Baynes, 1991; Wolff ef al., 1991).

Although a defect in the capacity of the cardiac
SR isolated from chronically diabetic rats to ac-
cumulate calcium has been observed, its direct re-
lationship to the phospholamban regulation on
the SR Ca’**-ATPase by phosphorylation has not
been established yet. The plasma catecholamine
level in the diabetic subjects is known to be de-
creased in chronic status (Kahn et al., 1986), it is

possible that the defect in cardiac SR calcium up-
take during chronic diabetes may be partly due to
the decreased level of norepinephrine in myocar-
dium in addition to the defect in SR Ca**-ATPase
itself. Therefore, this study was done to determine
whether the decrease of the cardiac SR function
in streptozotocin-induced diabetic rat is associat-
ed with the oxidative damages of cardiac SR, and
the phosphorylation level of phospholamban.

MATERIALS AND METHODS

Animals

Male Sprague-Dawley rats (8 wk) weighing
about 250g were randomly divided into two
groups. One animal group was made diabetic with
a single injection of streptozotocin (65 mg/kg i.p.)
dissolved in citrate buffer (pH 4.5) whereas the
other group of control animals was injected with
citrate buffer. In a diabetic group, the develop-
ment of diabetes mellitus (DM) was confirmed by
urine test after one week of streptozotocin injec-
tion. All rats were maintained on normal animal
chow and water ad libitum for 8~12wk, after
which the rats were fasted Sh prior to the blood
sampling. Blood samples were taken and assayed
for glycohemoglobin using affinity chromatogra-
phy (Glyc-Affin GHb, Iso Lab Inc; Akron, OH)
and for glucose using glucose analyzer (Beckman).
Routine urine analysis was done by Diastix and
Ketostix (Miles Sankyo Co,; Tokyo, Japan). Since
Thompson et al. (1991) reported that the severity
of diabetes is a major determinant of myocardial
damages in the rat, hearts with the glycohemoglo-
bin level above 13% were excised and placed in
ice-cold saline for 5~10 min prior to use.

Preparation of cardiac sarcoplasmic reticulum
vesicles

Membrane fraction enriched with sarcoplasmic
reticulum (SR) was isolated according to the
slight modification of the method by Feher and
LeBolt (1990). Briefly, the ventricular tissue re-
moved large vessels and aorta, was homogenized
in a Virtis hemogenizer at medium speed for 60
sec in a medium containing 10 mM imidazole, pH
70, 1 M KCl, and 10mM sodium metabisulfite.
The homogenate was centrifuged at 4,000 g for 20
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min, and the supernatant was again centrifuged at
11,000 g for 25 min. The supernatant was centri-
fuged at 40,000 g for 25 min and this supernatant
was again centrifuged at 100,000 g for 30 min. The
resultant pellet was suspended in 10 mM imidaz-
ole, pH 7.0, 0.6 M KCl, and 0.3 M sucrose and then
centrifuged at 100,000 g for 45 min. The final pel-
let was suspended in 10 mM imidazole, pH 7.0, 0.1
M KCl, and 0.3 M sucrose. Protein was measured
by the method of Lowry ef al. (1951) and Ca®*
transport assay was completed within 2 h.

Determination of calcium uptake

* Calcium uptake was determined at 37°C by
using “CaCl, and a modification of the Millipore
filtration technique described by Martonosi and
Feretos (1964). In the Millipore filtration assay,
the rate of Ca’ uptake was determined in a medi-
um containing 50 #g of SR per ml, 0.1 M KCl,
5 mM MgCl,, various amounts of “CaCl, 0.5 mM
EGTA, 5mM ATP, 2.5 mM oxalate, 5mM NaN;,
and 40 mM histidine-HCI, pH 7.0, using Millipore
filters with a pore size of 0.45 um (type GS). Calci-
um uptake was initiated by the addition of 5mM
ATP. The initial rates of Ca** uptake were calcu-
lated using least squares linear regression analysis
of the 20-, 40-, and 60-sec values of Ca’* uptake.

Determination of protein carbonyl content by
reduction with NaBH,

The carbonyl group content of cardiac SR was
measured by the method of Oliver et al. (1987).
Cardiac SR vesicles (0.3~0.5 mg protein in 200~
400/4) and 104 of 1% CHAPS were mixed with
254 of 1 M Tris-HCL, 10mM EDTA, pH 8.5, and
4041 of 100 mM NaOH in a 1.5ml Sarstedt tube
fitted with an O-ring and a cap. Then 304 of
0.1M [*HINaBH. (specific activity, 50 mCi/m
mol) in 0. N NaOH was added to the mixture
and incubated at 37°C for 30 min, without cap in
the hood. After incubation the protein was precip-
itated with 1 ml of 20% TCA and left for 5 min in
the hood without cap, and was centrifuged at
16,000g for 15 min with cap. The precipitate
was washed twice with 1 ml of 10% TCA. The pre-
cipitate was then dissolved in 1 ml of 6 M guani-
dine, 20 mM NaH:PO., pH 2.3 (adjusted pH with
TFA) and incubated at 37°C for 15 min. The sam-
ple was sonicated in a bath-type sonicator (Virtis,

Virsonic 300) for 10 min and the radioactivity of
0.5ml aliquot was counted by a liquid scintilla-
tion counter (Packard, Tri-Carb 2500 TR). An
aliquot was evaporated to dryness and then redis-
solved and retained for protein determination by
the method of Lowry et al. (1951).

Phosphorylation of phospholamban

Phosphorylation of cardiac SR (0.5 mg/ml) was
carried out, in 50 mM potassium phosphate, pH
70, 10 mM MgCl;, 5mM azide, 10 mM NaF, 0.5
mM EGTA, 50 units of catalytic subunit of the
cAMP-dependent protein kinase, and 50 M [7*P]
ATP for 10 min at 30°C. Reactions were terminat-
ed by the addition of SDS-polyacrylamide gel
electrophoresis sample buffer (62.5mM Tris-HCI,
pH 6.8, 5% glycerol, 1.5% SDS, 0.05% bromo-
phenolblue, and 5% S-mercaptoethanol).

For investigation of the effect of phospho-
lamban phosphorylation on Ca** uptake, control
or diabetic cardiac SR vesicles were phospho-
rylated under the same conditions as the above
using unlabeled ATP. The phosphorylation reac-
tion was initiated by the addition of ATP. Non-
phosphorylated vesicles were also incubated
under identical conditions, but in the absence of
ATP. After 2 min of incubation at 30°C, the reac-
tion mixture was diluted 2-fold with ice-cold
40 mM imidazole, pH 7.0, 0.3 M sucrose (Buffer A)
and centrifuged at 100,000 g for 30 min. The pellet
was resuspended in Buffer A, and the protein was
determined by the method of Lowry ef al. (1951).
The non-phosphorylated and phosphorylated ves-
icles were used for Ca’* uptake to determine the
SR function in control or diabetic hearts.

Polyacrylamide gel electrophoresis

Gel electrophoresis was performed on sodium
dodecyl sulfate (SDS) polyacrylamide gels (10~
18%) according to the method of Laemmli (1970).
Autoradiograms were obtained from stained gels
using Kodak film.

RESULTS

Animal conditions

In contrast to nondiabetic ones, rats treated
with streptozotocin develop characteristics that
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confirm diabetes. After 8~12 weeks of a single
streptozotocin-injection, body weight of rats de-
creased significantly compared to the nondiabetic
ones. Table 1 showes that the diabetic rats used in
this study exhibited high glycohemoglobin levels
in addition to the decreased heart weights.

Table 1. Conditions of diabetic animals. Values
shown represent means£SE of 21 rats

Chracteristics Nondiabetic Diabetic*
Body weight, g 463.5+144 2626+11.1
Heart weight, g 0.93+0.07 0.64 +0.03
Glycohemoglobin, % 4.24+0.09 15.15+0.37

*Significant difference from nondiabetic,
p<0.05.
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Fig. 1. Calcium dependence of calcium uptake by
cardiac sarcoplasmic reticulum Ca®*-
ATPase. The initial rates of calcium up-
take by sarcoplasmic reticulum vesicles
(50 #g/ml) from control (QO) and diabetic
(M) rat heart were determined over vari-
ous free calcium concentrations, as de-
scribed in the Materials and Methods.
Each value represents mean +SE of six dif-
ferent preparations.

Calcium transport of cardiac sarcoplasmic
reticulum

Rates of Ca’* uptake in cardiac sarcoplasmic
reticulum (SR) fractions were examined in con-
trol and diabetic rats at various concentrations of
Ca’". The data in Fig. 1 confirm those reported
previously (Afzal er al, 1989; Penpargkul e al,
1981). Maximum Ca’" uptake rates of SR (40 nmol
/min/mg diabetic SR vesicles compared with 50
nmol/mg control SR vesicles) were depressed in
hearts from chronically diabetic rats. The affinity
of Ca®-ATPase for Ca** were also decreased in
the diabetic rat heart in comparison with the con-
trol. The ECx values for Ca®* was 0.18 4M for Ca**
uptake in diabetic SR vesicles compared with
0.13 #M Ca*" in control SR vesicles. ‘

Determination of SR protein carbonyl content

To investigate whether the functional defect of
the cardiac SR in streptozotocin-induced diabetic
rat is associated with the oxidative changes of
cardiac SR proteins, the carbonyl group content
was determined. The increase in carbonyl group
content, as an index of oxidized protein, of cardi-
ac SR was observed in the diabetic rats (Table 2).

Table 2. Protein carbonyl group content by boro-
hydride method. The carbonyl group
content of cardiac SR (0.3~0.5mg pro-
tein in 200~400/) was measured by re-
duction with [PH]NaBH, in 0.1 N NaOH.
After reduction the protein was precipi-
tated with 20% TCA and centrifuged at
16,000 g for 15 min. The precipitate was
washed and dissoved in 6 M guanidine,
20 mM NaH.PO,, pH 2.3 (with TFA), and
the radioactivity of the sample was
counted. Each value represents the mean
+SE of triplicates of 6 different prepara-

tions
Carbonyl content
n mol/mg prot %
Control 1.78£0.08 100.0+4.5
DM 2.30+£0.09 1292+5.1
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This data correlate well with the recent report
(Jang-Yang et al., 1993) that the hepatic intracellu-
lar proteins are oxidatively modified in the
chronic diabetes and the damages could be pre-
vented by the administration of vitamin E.

Effect of phosphorylation on Ca’" uptake

To determine whether the decrease of the cardi-
ac SR function in streptozotocin-induced diabetic
rat is associated with the level of phospholamban
phosphorylation, phosphorylation of phospho-
lamban by the catalytic subunit of the cAMP-
dependent protein kinase was studied. The phos-
phorylation of the cardiac SR membranes from
both control and diabetic rats resuited in an in-
crease of the initial rates of Ca’" transport, com-
pared to non-phosphorylated control and non-

Table 3. Effect of cAMP-dependent phosphoryla-
tion on calcium uptake by sarcoplasmic
reticulum from control and diabetic rat
heart. Phosphorylation of cardiac SR (0.5
mg/ml) was carried out, in the presence
of 50 mM potassium phosphate, pH 7.0,
10 mM MgCl, 5 mM azide, 0.5 mM
EGTA, 50 units of catalytic subunit of
the cAMP-dependent protein Kinase, and
5 mM ATP. The phosphorylation reac-
tion was initiated by the addition of ATP
and was terminated by the dilution with
ice-cold 40 mM imidazole, pH 7.0, 0.3 M
sucrose and centrification. The nonphos-
phorylated and phosphorylated vesicles
were used for Ca*’* uptake to determine
the SR function in control and diabetic
rat hearts. The results are expressed as
percent stimulation over nonphosphory-
lated vesicles, shown in Fig. 1. Each value
represents the mean +SE of five different

preparations
Ca’* uptake
pCa (% of nonphosphorylated)
Control DM
7.0 165.7+94 186.9+9.8
6.8 1439102 173.1£11.2
6.0 1172+6.6 129.7+94

phosphorylated diabetic SR, respectively (Table
3). The extent of increase of the Ca®* transport
rates were greater between phosphorylated-dia-
betic and nonphosphorylated-diabetic cardiac SR
membranes, than between phosphorylated-control
and nonphosphorylated-control SR membranes.
From this findings, it is tentatively suggested that
the apparent phosphorylation levels of cardiac
SR in basal state are quite different in control or
in diabetic hearts.

Phosphorylation of phospholamban with [77P]
ATP

Phospholamban from control and diabetic car-
diac SR was phosphorylated with [¥*P]ATP and
the catalytic subunit of cAMP-dependent protein
kinase. After phosphorylation of phospholamban,

21.5-

14.4-

Std - + - + - +
A B C D E F

Fig. 2. Autoradiogram of SDS-polyacrylamide (10
~18%) gels of cardiac sarcoplasmic retic-
ulum vesicles from control (C, D) and di-
abetic (E, F) rat heart. Sarcoplasmic retic-
ulum membranes (10 #g/lane) were phos-
phorylated at 30°C for 2 min in the pres-
ence of catalytic subunit of the cAMP-de-
pendent protein kinase and [7°?PJATP,
as described in Materials and Methods.
Some samples (+) were placed in a boil-
ing water bath for 5 min prior to electro-
phoresis, and the others (—) were not. (A,
B); canine cardiac sarcoplasmic reticulum
membranes as a positive control.
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SDS-polyacrylamide gel electrophoresis was done
followed by autoradiography of phosphorylated
phospholamban. Interestingly, the level of phos-
pholamban phosphorylation was higher in phos-
pholamban from diabetic hearts than in phos-
pholamban from control hearts (Fig. 2).

DISCUSSION

The attenuation of the ability of diabetic heart
to generate cardiac relaxation has been suggested
to be due to the depression in sarcoplasmic retic-
ulum (SR) Ca** uptake (Afzal ef al,, 1989). Results
of this study demonstrate that a decrease in calci-
um transport activity of the cardiac SR, in terms
of the maximum Ca’ uptake rate and affinity of
Ca**-ATPase for Ca®".

Conflicting results have been presented regard-
ing the relative roles of microvascular changes,
interstitial fibrosis, and metabolic derangements
in the pathogenesis of diabetic cardiomyopathy.
Although the cardiac dysfunction is frequently as-
sociated with the enhanced coronary atheroscle-
rosis in diabetic patients, evidence has been accu-
mulated for the existence of a specific diabetic
cardiomyopathy (Zarich and Nesto, 1989). There
are several hypotheses regarding the pathogenesis
of diabetic cardiomyopathy. One is the oxidative
stresses and the other is the diabetic autonomic
neuropathy.

There has been some suggestions that oxidative
modification of cellular proteins and lipids might
play a role in the development of diabetic compli-
cations. In vitro, free radicals, hydrogen peroxide,
and alphaketoaldehydes produced by glucose au-
toxidation appear to be primary mediators of pro-
tein modification and peroxidation of protein-
associated lipid under physiological conditions
(Wolff et dl., 1991). However, in vivo, the involve-
ment of the oxidative pathway in the develop-
ment of diabetic complications is still uncertain.
In this study, the increase of the carbonyl group
content in cardiac SR protein from the diabetic
rats was observed, which correlate well with the
recent report of diabetic hepatic protein oxida-
tion by Jang-Yang et al. (1993). However, the in-
volvement of the peroxidation of protein-associat-
ed lipid in the diabetic cardiomyopathy needs to
be determined.

Defective S-adrenergic responsiveness has been
suggested for the characteristic feature of diabe-
tes. Schaffer et al. (1991) reported that the basis
for decreased S-adrenoceptor resposiveness in the
diabetic rat heart is the reductions both in f-re-
ceptor number and in isoproterenol-induced
activation of adenylate cyclase in the diabetic
heart. Although the relationship of autonomic
nervous system dysfunction to. diabetic cardio-
myopathy is suggested, the exact nature of the re-
lationship is not completely clear.

In this study, we have shown that the phos-
phorylation of phospholamban with the catalytic
subunit of cAMP-dependent protein Kkinase
resulted in the improved SR Ca’** pump activity
in both the control and the diabetic hearts. The
degree of stimulation of Ca’ transport is greater
in SR prepared from diabetic hearts than that in
SR from the control, which is different from the
previous report (Schaffer et al., 1991). The conflict
between results by other investigators (Schaffer e
al., 1991) and ours makes an absolute comparison
virtually impossible. Part of the problem arises
from the difference in animal models, such as
other study using the rat model of non-insulin-de-
pendent diabetes and our study using the chemi-
cally induced model of insulin-dependent diabe-
tes. In accordance with our above result, we found
that the phosphorylation band of phospholamban
from diabetic hearts using [7*PJATP was strong,
compared with the phospholamban band of con-
trol hearts. This may suggest that in basal state,
phospholamban is less-phosphorylated in diabetic
hearts than in control hearts. Since phospho-
lamban is an inhibitor of cardiac SR Ca’*-ATPase
and phosphorylation of phospholamban stimu-
lates SR calcium transport (Kim, 1992; Kim et al.,
1990), the defect in SR function of chronic diabet-
ic rats may partly due to the less-phosphorylation
of phospholamban in the basal state.

It is interesting to determine the mechanism for
this less-phosphorylation of phospholamban in
the diabetic hearts. Phospholamban can be phos-
phorylated by three different protein kinases;
cAMP-dependent, Ca’" - calmodulin-dependent,
and Ca’ - phospholipid-dependent. As we men-
tioned in the Introduction, CAMP and Ca’" is the
two major second messengers to modulate SR
function. In the physiological status, norepineph-
rine is the major candidate to modulate cAMP
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and Ca’* in myocardium. Kahn et al. (1986) re-
ported that plasma catecholamine levels were sig-
nificantly reduced in diabetic subjects. Further-
more, myocardial catecholamine depletion fre-
quently occurs in patients with heart failure.
Thus, the decreased NE content in heart homo-
genate from diabetic rats (data not shown) might
be the possible cause of the less-phosphorylation
of phospholamban. However, the direct involve-
ment of the decreased myocardial norepinephrine
level remains to be clarified.

From these above findings, we could conclude
that cardiac dysfunction in chronically diabetic
rats may partly due to the less-phosphorylation of
phospholamban in the basal state possibly be-
cause of the depleted norepinephrine content in
the myocardium. Furthermore, the oxidative
damages in cardiac SR membranes might be one
of additional factors leading to the diabetic
cardiomyopathy. However, the direct evidence for
cardiac muscle dysfunction due to oxidative dam-
ages in terms of lipid peroxidation and DNA
damages still remains to be determined.

ACKNOWLEDGEMENTS

We wish to thank Ms. Hyung Nim Jang for the
preparation of manuscript.

REFERENCES

Afzal N, Pierce GN, Elimban V, Beamish RE and
Dhalla NS: Influence of verapamil on some subcellular
defects in diabetic cardiomyopathy. Am J Physiol 256
(Endocrinol Metab 19): E453-E458, 1989

Baynes JW: Role of oxidative stress in development of com-
Hications in diabetes. Diabetes 40: 405-412, 1991

Dhalla NS, Pierce GN, Innes IR and Beamish RE:
Pathogenesis of cardiac dysfunction in diabetes melli-
tus. Can J Cardiol 1: 263-284, 1985

Feher JJ and LeBolt WR: Stabilization of rat cardiac sar-
coplasmic reticulum Ca** uptake gnd isolation of vesi-
cles with improved calcium uptake activity. Mol Cell
Biochem 99: 41-52, 1990

Garber DW, Everett AW and Neely JR: Cardiac func-
tion and myosin AT Pase in diabetic rats treated with in-
sulin, T3 and T4. Am J Physiol 244 (Heart Circ Phsyiol

13): H592-H598, 1983

Jang-Yang YJ, Lee JD and Park H: The oxidative modi-
fication of hepatic intracellular proteins in the
streptozotocin-induced diabetic rats. J Korean Diabetes
17:175-182, 1993

Kahn JK, Zola B, Juni JE and Vini Al: Radionuclide as-
sessment of left ventricular diastolic filling in diabetes
mellitus with and without cardiac autonomic neuropa-
thy. J Am Coll Cardiol 7: 1303-1309, 1986

Kim HW: Mechanism of regulation of the sarcoplasmic re-
ticulum Ca** pump by phospholamban. Mol Cells 2:
341-347, 1992

Kim HW, Steenaart NAE, Ferguson DG and Kranias
EG: Functional reconstitution of the cardiac sarcoplas-
mic reticullum Ca**-AT Pase with phospholamban in
phospholipid vesicles. J Biol Chem 265: 1702-1709,
1990

Kranias EG: Regulation of Ca** transport by cyclic 3 5-
AMP-dependent and  calcium-calmodulin-dependent
phospharylation of cardiac sarcoplasmic reticulum.
Biochim Biophys Acta 844: 193-199, 1985

Kranias EG and DiSalvo J: A phospholamban protein
phosphatase activity associated with cardiac sarcoplas-
mic reticulum. J Biol Chem 26 1: 10029-10032, 1986

Kranias EG, Steenaart NAE and DiSalvo J: Purification
and characterization of phospholamban phosphatase
from cardiac muscle. J Biol Chem 263: 15681-15687,
1988

Laemmli UK: Cleavage of structural proteins during the
assembly of the head of bacteriophage T 4. Nature 227:
680-685, 1970

Lowry OH, Rosebrough NJ, Farr AL and Randall RJ:
Protein measurement with the Folin phenol reagent. J
Biol Chem 193: 265-275, 1951

Makino N, Dhalla KS, Elimban V and Dhalla NS:
Sarcolemmal Ca** transport in streptozotocin-induced
diabetic cardiomyopathy in rats. Am J Physiol 253
(Endocrinol. Metab. 16): E202-E207, 1987

Martonosi A and Feretos R: Sarcoplamic reticulum. I.
The uptake of Ca** by sarcoplasmic reticulum frag-
ments. J Biol Chem 239: 648-658, 1964

Oliver CN, Ahn B, Moerman EJ, Goldstein S and
Stadtman ER: Age-related changes in oxidized proteins.
J Biol Chem 262: 5488-5491, 1987

Penpargkul S, Fein F, Sonnenblick EH and Scheuer J:
Depressed cardiac sarcoplasmic reticular function from
diabetic rats. J Mol Cell Cardiol 13: 303-309, 1981

Schaffer SW, Allo S, Punna S and White T: Defective
response to cAMP-dependent protein kinase in non-in-
sulin-dependent diabetic heart. Am J Physiol 261
(Endocrinol Metab 24); E369-E376, 1991

Thompson EW, Baker JC, Kamoss SA and Anderson

— 201 —



WH: T he severity of diabetes is a major determinant of oxidative stress in diabetes mellitus and aging. Free Rad

myocardial damage in the rat. J Exp Biol Med 1962: Biol Med 10: 339-352, 1991
230-233, 1991 Zarich SW and Nesto RW: Diabetic cardiomyopahy. Cur-
Wolff SP, Jiang ZY and Hunt JV: Protein glycation and riculum Cardiol 118: 1000-1012, 1989
=(EER=

By A2 A 2AIE Jsel A 1 AETA

SAbelsbs olsh oFelstauAl, Ao et m A
ol A HA AT 4 oFe] « BT ATAL

Halg' - olsley - FHZP - grgY' - Yo

AEHEZEANOCR BLuE $HAT] F AT AR ZEolFel AdFEE E 5 AN
o} Zol5 Y Aste HUZE uptake?] a9t Zgel HiE affinity o] FHAaE vebdel. of
B3 AT 2RZEY Z15ASF Jehte 2golde) AT TAnE o] A & B
A7t QEAE ARyt FuFdrE glycohemoglobin® carbonyl group?l kel A3
Z719e B 4 ggich "o 2 cyclic AMP 2/%£4 protein kinase] catalytic subunitel
23 phospholamban 14ttel 93] A TR2E ZFolFd 718 2AT, °] F7he WE
ol wlsle] gxFold A FAsA el SDS-polyacrylamide® |48 A7]95F
autoradiogram$ %3} #alg phospholamban U4HsE FaFoA 28 bandE el
o] a4t ol AR ulFo] BdnFe AT THIE JFATE, TR oz
A4l #3l" norephinephrine % ¢ 2 <ql3le] phospholamban ¢14t3 A7} AHe o=
A2E Ca**-ATPase JA7} vehd S A8l 0, ALE Do) Ashyd 4% Buy 4
TARE do ¢ gl oFE 89 Fo shpE AR

— 202 —



