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Changes in the Expressional Levels of Sarcoplasmic Reticulum
Ca“-regulatory Proteins in the Postnatal Developing Rat Heart
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In the present study, the postnatal developmental changes in the expressional levels of cardiac
sarcoplasmic reticulum (SR) Ca’" regulatory proteins, i.e. Ca’*-ATPase, phospholamban, and Ca’"
release channel, were investigated. Both SR Ca’*-ATPase and phospholamban mRNA levels were about
35% of adult levels at birth and gradually increased to adult levels. Protein levels of both SR Ca**
-ATPase and phospholamban, which were measured by quantitative immunoblotting, were closely
correlated with the mRNA levels. The initial rates of Ca’" uptake at birth were about 40% of adult
rates and also increased gradually during the myocardial development. Consequently, the relative
phospholamban/Ca’"-ATPase ratio was 1 in developmental hearts. Ca®* release channel (ryanodine
receptor) mRNA was about 50~60% at birth and increased gradually to adult level throughout the
postnatal rat heart development. 3[H]ryanodine binding increased gradually during postnatal myocar-
dial development, which was closely correlated with ryanodine mRNA expression levels during the
development except the ryanodine mRNA level at birth. These findings indicate that cardiac SR Ca®'-
ATPase, phospholamban, and Ca®* release channel are expressed coordinately, which may be necessary

for intracellular Ca’" regulation during the rat heart development.
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INTRODUCTION

Fetal and newborn hearts from variety of species exhibit
profound differences in contraction and relaxation proc-
esses compared with adults (Nakanishi et al, 1988; Artman,
1992; Kojima et al, 1992). Many developmental changes in
cardiac contractile function have been attributed to
alterations in Ca®* regulation by the cardiomyocyte (Naka-
nishi et al, 1988; Kojima et al, 1992). In addition to sar-
colemma, sarcoplasmic reticulum (SR) is also an important
determinant in the regulation of intracellular Ca®* fluxes
(Lo et al, 1994). Ultrastructural and biochemical analyses
indicate that Ca®" regulation by the SR of the immature
heart is deficient compared with that of the adult heart
(Pegg & Michalak, 1987; Arai et al, 1992; Kojima et al,
1992). To compensate for an underdeveloped SR, immature
cardiomyocytes appear to be relatively more dependent on
transsarcolemmal Ca®" fluxes for directly regulating Ca®*
concentrations at the contractile proteins during excitation-
contraction coupling (Hoerter et al, 1981; Klitzner & Fried-
man, 1988; Nakanishi et al, 1988; Chin et al, 1990). Futher-
more, developmental studies on Na"-Ca®" exchanger, one
of the major proteins of the sarcolemma (SL), have been
actively carried out. These studies show that during normal
cardiac development, Na*-Ca®" exchanger expression is
maximal near the time of birth and then declines post-
natally, and Ca®" regulation by the sarcoplasmic reticulum
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reaches functional maturity (Boerth et al, 1994). Further-
more, Reed et al. (2000) reported that the expression of SR
Ca’ -ATPase and the Na™-Ca’" exchanger are antitheti-
cally regulated during mouse cardiac development.
Previous study has shown that Ca®* uptake and Ca®'-
ATPase activity were low in fetal SR compared to adult
control membranes, although the apparent affinities of the
enzyme for Ca®" were similar (Michalak, 1987). These find-
ings indicate that developmental changes in cardiac func-
tion have been attributed to changes in SR protein expres-
sion levels (Nakanishi & Jarmakani, 1984; Mahony & Jones,
1986; Pegg & Michalak, 1987). Several studies have shown
that SR Ca®*-ATPase mRNA and protein are lower in
neonatal animals than in adult animals (Mahoney, 1988;
Kaufman et al, 1990; Fisher et al, 1992). However, there
are a few conflicting findings on the developmental changes
of phospholamban in cardiac muscle (Pegg & Michalak,
1987; Mahoney & Jones, 1988; Arai et al, 1992; Szymanska
et al, 1995). Arai et al. (1992) reported that the steady-state
mRNA levels of phospholamban were not changed in the
postnatal developing rabbit heart, although the SR Ca®"-
ATPase increased throughout development. Another group
reported that both phospholamban and SR Ca®"-ATPase
mRNA and protein levels were lower in neonatal rabbits
compared with adults (Szymanska et al, 1995). These con-
flicting findings could be explained that transcript expres-
sion levels are not always indicative of protein levels (God-
win et al, 1992; Mearow et al, 1993). Harrer et al. (1997)
also reported that both phospholamban and Ca®’-ATPase

ABBREVIATIONS: SR, sarcoplasmic reticulum; PLB, phospholam-
ban; SERCA, SR Ca’"-ATPase; RyR, ryanodine receptor
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mRNAs were ~40% of adult levels at birth and gradually
increased to approach adult levels (100%) by day 15 of
postnatal development. These changes in transcript levels
were indicative of changes at the protein level for both
phospholamban and Ca®*-ATPase.

Ca®" release channel is also an important Ca®" transport
protein located in SR membranes, which releases the Ca®*
from the SR, resulting in muscle contraction. However,
there are currently no extensive studies available on the
developmental changes of SR Ca’" release channel in rat
hearts. Therefore, in this study we examined changes in
the expressional levels of phospholamban, SR Ca®'-
ATPase, and Ca’" release channel throughout rat heart
development,.

METHODS
¢DNA expression and isolation

E. coli DH5 cells (Pharmacia Biotec.) transfected with the
pCRII (vector inserted 38%bp ryanodine receptor cDNA,
Pharmacia Biotech.) constructs were grown in 5~ 10 ml of
Luria Bertani (LB) médium supplemented with 100 xg of
ampicillin/ml, to an Agp=1.0—1.5 at 37°C, then treated
with 1 mM isopropyl-1-thio- 3-D-galactopyranoside, and
incubated 12~ 16 h at 20°C with constant shaking. The cells
were harvested by centrifugation (10,000Xg, 5 min) and
the pellet was used as the DNA purification source. The
cardiac-specific ryanodine receptor cDNA was a generous
gift from Dr. Do Han Kim in Kwang-Ju Institute for Science
and Technology. DNA was isolated using DNA purification
system (Promega) according to the procedure described by
the manufacturer.

RNA isolation and dot blot analysis

Total RNA was isolated from whole rat hearts, by the
guanidium isothiocyanate method (Chomeczynski & Sacchi,
1987), on the following days during development: 0.5, 3, 4,
5, 7, 15, 25 and 30 days after birth, and adult (100 days
postnatal). For dot blots, RNA samples were denatured by
heating at 55°C for 5 min, cooled on ice, diluted with 2 vol
of 4% formaldehyde in 20 x SSC, and further diluted with
8 vol of 20 X SSC. Serial dilutions (5, 2.5, 1.25, 0.625, 0.312,
and 0.156 xg) were spotted onto Gene Screen Plus mem-
branes using a dot blot manifold (Bio-Rad, Hercules, CA).
The filters were dried, baked at 80°C for 2h under vacuum,
and then processed for hybridization according to the
manufacture's instructions. Dot blots were hybridized with
an excess of either the **P end-labeled oligonucleotide (60-
mer), corresponding to the phospholamban-coding region or
the *“P end-labeled 60-mer specific for rat cardiac SR Ca**-
ATPase, or the 389 bp cardiac-specific ryanodine receptor
¢DNA probe. The specificity of the ryanodine receptor probe
was tested in preliminary studies by Northern blot analysis
(Data not shown). Autoradiography was done with Kodak
X-Omat AR film at — 70°C for 1 day. The degree of labeling
for dot blots was determined using PhosphorIlmager
analysis and ImageQuant software (Molecular Dynamics,
Sunnyvale, CA). To normalize for RNA loading onto the
blotted membranes, the hybridized blots were subsequently
rehybridized with a P end-labeled 60-base oligonucleotide
antisense to a portion of the rat 185 rRNA probe.

Oligonucleotides

Three kinds of synthetic 60-mer oligonucleotides were
used in the hybridization; one is specific for phospholamban
(5" TGA CGT GCT TGC TGA GGC ATT TCA ATA GTG
GAG GCT CTC CTG ATA GCC GAG CGA GTG AGG 3),
one for Ca®"-ATPase (5' AGG TGT GTT GCT AAC AAC
GCA GAT GCA CGC ACC CGA ACA CCC TTA TAT TTC
TGC AAA TGG 3", and one for 18S rRNA (5' GTA TCT
GAT CGT CTT CGA ACC TCC GAC TTT CGT TCT TGA
TTA ATG AAA ACA TTC TTG GCA 3'. The oligonu-
cleotides were end-labeled with [ 7 -**P]JATP by T4 polynu-
cleotide kinase and unincorporated nucleotides were re-
moved by C18 Sep-Pak cartridge (Millipore, Bedford,
USA).

Quantitative immunoblots

Whole hearts from 0.5, 4, 7, 15 days postnatal and adult
(100 days postnatal) rat were homogenized in 10 mM
imidazole, pH 7.0, 300 mM sucrose, 1 mM dithiothreitol,
and 1 mM sodium metabisulfite. Protein concentrations
were determined by the Bio-Rad standard method using
bovine gamma globulin for the standard. The relative
protein levels of phospholamban and the SR Ca®"-ATPase
in cardiac homogenates from adult and developing rat were
estimated with quantitative immunoblotting (Harrer et al,
1995). For the study of ryanodine receptor, purified heavy
SR protein was used instead of cardiac homogenate.
Cardiac homogenate or heavy SR proteins were separated
by SDS-polyacrylamide gel electrophoresis (10~ 18% gradi-
ent gel for homogenate, 4% gel for ryanodine receptor), and
were transferred electrophoretically onto polyvinylidene di-
fluoride (PVDF) membranes (Immobilon, Millipore, Bed-
ford, USA). Transblots were reacted with a monoclonal
antibody specific for phospholamban (PLB-Ab, 1 : 1000
dilution) or specific for cardiac SR Ca®'-ATPase (SERCA-
ADb, 1: 1000 dilution), or specific for ryanodine receptor
(RyR-Ab, 1: 1000 dilution). PLB-Ab was purchased from
Upstate Biotechnology Inc. (Lake Placid, NY, USA) and
SERCA-ADb and RyR-Ab were from Affinity Bioreagents Inc.
(Golden, Co, USA). The antibody-antigen reactions were
done using the horseradish peroxidase (HRP)-linked anti-
rat whole antibody (from goat) from Amersham Interna-
tional (Little Chalfont, UK) at 1 : 2000 for 2 h. Antibody
binding was detected using enhanced chemiluminescence
(ECL)-HRP developing agents from Amersham Interna-
tional (Little Chalfont, UK), and membranes were ex-
posed to a sheet of autoradiography film. The developed
bands were quantitated by the scanned image using
ImageQuant software, with data reported as integrated
density units.

Determination of Ca’* uptake

Frozen hearts from adult (100-day) and 0.5-day-old
postnatal rat were homogenized, as described above (Luo
et al, 1994). Ca®" uptake into SR vesicles in cardiac homo-
genates (0.1 mg/ml) was determined at 37°C by using
$CaCl, and Millipore filters with a pore size of 0.45 mm
(type GS) with a modification of the Millipore filtration
technique described by Martonosi & Feretos (1964). Homo-
genates were incubated in 40 mM imidazole, pH 7.0, 100
mM KCL 5 mM MgCl;, 5 mM NaNs;, 5 mM Na™ oxalate,
0.5 mM EGTA, 5 M ruthenium red, and various amounts
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of *CaCl; to yield 0.05~5 ¢M free Ca®*. The reaction was
initiated by the addition of 5 mM ATP, and the rates of
Ca®" uptake were calculated by least squares linear re-
gression analysis of the 20-, 40-, and 60-s values of Ca**
uptake.

Preparation of heavy sarcoplasmic reticulum vesicles

Heavy sarcoplasmic reticulum (HSR) vesicles were pre-
pared by the method previously described (Lee et al, 2001).
Briefly, rats were killed and the heart muscle was quickly
removed, minced, and homogenized in 6 vol. of cold 20 mM
Tris-HCI, pH 7.0, 0.1 M KCl, 5 mM EDTA, 0.3 mM pheny-
Imethylsulfonyl fluoride (PMSF), 50 U/ml aprotinin, and 10
#M benzetonium chloride. Homogenates were centrifuged
at 500X g for 10 minutes, and supernatants were centri-
fuged at 12,000 X g for 30 min. The pellets were suspended
and homogenized in 10 mM histidine, pH 7.0, 0.6 M KCl
to extract contractile protein. The suspension was centri-
fuged at 40,000 < g for 15 minutes. The pellets were then
resuspended and centrifuged at 120,000 X g for 60 minutes.
The resultant precipitates were resuspended in 10% su-
crose solution and subjected to a discontinuous sucrose
gradient centrifugation for 5 h at 100,000 X g. Microsomal
fractions were recovered from the interfaces of 20, 30, 35,
40% of sucrose layers and HSR vesicles were obtained from
the interface between 30% and 35% sucrose layers. The
subfraction was diluted with 10% sucrose solution and cen-
trifuged for 90 min at 100,000 xg. The pellet was resus-
pended in a solution containing 0.3 M sucrose, 0.1 M KCl,
and 5 mM Na-PIPES, pH 6.8, frozen in liquid nitrogen, and
stored at —80°C before use.

[3H]r:yanodine binding assay

[*H]ryanodine binding was carried out for 90 min at 37°C
in 0.1 ml of 0.2 M KCl, 1 mM Na:EGTA, 0.995 mM CaCls,
and 10 mM Na-PIPES, pH 7.2. Free Ca®" concentration
was 10 zM. [*H]ryanodine (60 mCi/mmol) was purchased
from Du Pont-New England Nuclear and was diluted di-
rectly in the incubation medium to achieve concentrations
in the saturable range of 1~30 nM. During incubation,
cardiac SR (0.3~0.5 mg/ml) were the last reagent to be
added to the medium. Aliquots of the samples were placed
on Whatman GF/B glass fiber filters, using a Brandel
(Gaithersburg, Maryland, U.S.A.) cell harvester. Filters
were washed three times with 5-ml of ice-cold 0.1 M KCJ,
1 mM K-PIPES, pH 7.0. Nonspecific ["H]ryanodine binding
was determined in the presence of 10 4M unlabeled ryano-
dine and was subtracted from each sample. In order to
establish whether [*H]ryanodine binding was affected by
proteolytic degradation that may have occurred during the
binding assay, control incubations were carried out in the
presence or absence of the protease inhibitors pepstatin A
(1 M), iodoacetamide (1 mM), phenylmethylsulfonyl fluo-
ride (0.1 mM), leupeptin (1 M), and benzamidine (1 mM).
Addition of the protease inhibitor mixture did not result
in a significant change in the site density or in the affinity
of [*H]ryanodine binding. Radioactivity was measured by
scintillation counting.

RESULTS
Quantitation of phospholamban and SR Ca’ *-ATPase
mRNA expression levels during postnatal myocardial
development

Phospholamban and SR Ca®"-ATPase expression in post-

natal developing rat hearts has not been clearly defined.

In the present study, quantitative analyses of expression
levels for these two SR proteins was performed using RNA
dot blot analysis. Total RNA was isolated from rat hearts
at various ages during the postnatal (0.5 ~25 days) develop-
ment, and the mRNA expression levels were compared with
those expressed in adult (100 days) hearts. Phospholamban
mRNA was ~40% at birth and gradually increased to ~80%
of adult levels at 25 days of development (Fig. 1). SR Ca®*-
ATPase mRNA was ~35% at birth and increased gradually
to adult levels (Fig. 3), which were closely correlated with
phospholamban mRNA expression levels during the devel-
opment.
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Fig. 1. RNA dot blot analysis of phospholamban during postnatal
myocardial development. (A) Representative RNA dot blots of phos-
pholamban. (B) Quantitative representation of percent changes in
phospholamban mRNA levels. RNA was isolated form rat hearts
of 0.5, 8, 4, 5, 7, 15, 25 days after birth and adult (100 days). mRNA
levels of phospholamban corrected by 18S rRNA level in the same
membrane were expressed as percentage of adult mRNA levels
(100%). Values in each experiment were expressed as meantSE.
Each assayed in triplicates of 5 different preparations. PLB; phos-
pholamban.
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Fig. 2. Western blot analysis of phospholamban during postnatal
myocardial development. (A) Representative Western blots of phos-
pholamban. (B) Quantitative representation of percent changes in
phospholamban protein levels. Protein levels of phospholamban in
0.5, 4, 7, 15-day old rat hearts were expressed as a percentage of
levels (100%) in adult (100-day) hearts. Protein concentrations
were within the linear range of detection. Values in each ex-
periment were expressed as mean* SE. Each assayed in tripli-
cates of 5 different preparations. PLB; phospholamban.
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Fig. 3. RNA dot blot analysis of SR Ca**-ATPase during postnatal
myzqgardial development. (A) Representative RNA dot blots of SR
Ca -ATg’gse. (B) Quantitative representation of percent changes
in SR Ca”"-ATPase mRNA levels. RNA was isolated form rat hearts
of 0.5, 3, 4, 5, 7,15, 25 days after birth and adult (100 days). mRNA
levels of SR Ca®’-ATPase corrected by 18S rRNA level in the same
membrane were expressed as percentage of adult mRNA levels
(100%). Values in each experiment were expressed as the mean+
SE. Eagh assayed in triplicates of 5 different preparations. SERCA;
SR Ca*"-ATPase.

Quantitation of phospholamban and SR Ca® *-ATPase
protein levels during postnatal myocardial develop-
ment

To determine whether the observed changes in mRNA
levels in the developing hearts reflected closely those
changes in the protein levels, Western blot analyses of
phospholamban and SR Ca®*-ATPase were performed. The
expression levels of phospholamban and SR Ca®*-ATPase
in hearts of 0.5, 4, 7, and 15 days of postnatal development
were compared with the levels expressed in adult rat heart
(Fig. 2, 4). After SDS-PAGE, gel was cut in half (top and
bottom), and phospholamban and SR Ca®"-ATPase proteins
on the gel were transferred to a separate sheet of PVDF
membrane. On the day of birth (0.5 day), phospholamban
protein levels were ~40% (Fig. 2) and SR Ca®'-ATPase
protein levels were ~30% (Fig. 4) of the protein levels
observed in the adult hearts (100%). These levels increased
gradually. By the day 15, the relative levels of both proteins
were ~80% of adult levels (Fig. 2 and 4).

SR Ca’ * uptake of rat hearts during postnatal devel-
opment

To determine whether developmental changes in the
expression levels of phospholamban and SR Ca® -ATPase
affected SR Ca®" uptake, initial rates of Ca®>" uptake were
studied in cardiac homogenates prepared from 0.5- and
100-day-old rat. At pCa of 6.0, maximal rate of Ca®" uptake
was 50+ 5 at birth (0.5 day) and the rate observed in the
adult hearts was 120+ 12 nmol Ca**/mg/min (Fig. 5). The
increase in the maximal rates of Ca®* uptake correlated
with the SR Ca*"-ATPase expression levels of neonatal and
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Fig. 4. Western blot analysis of SR Ca®*-ATPase during postnatal
myocardial development. (A) Representative Western blots of SR
Ca®"-ATPase. (B) Quantitative representation of percent changes
in SR Ca”*-ATPase protein levels. Protein levels of SR Ca*'
-ATPase in 0.5, 4, 7, 15-day old rat hearts were expressed as a
percentage of levels (100%) in adult (100-day) hearts. Protein
concentrations were within the linear range of detection. Values
in each experiment were expressed as mean+SE. Each assayed in
triplicates of 5 different preparations. SERCA; SR Ca®"-ATPase.
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Fig. 5. CaZ;+ uptake rates in neonatal and adult rat hearts. Initial

rates of Ca®" uptake were determined in cardiac homogenates from
0.5, and 100-day-old rat. Ca’* dependency of Ca®" uptake was
determined in the pregsence of 5uM ruthenium red. (A) Data
expressed as nmol Ca’*/mg/min in neonatal (Q) and adult (@)
hearts. (B) Data expressed as percentage of Ca®  uptake rates at
pCa 6.0 for neonatal (O) and adult (@) hearts, respectively. Values
in each experiment were expressed as mean=SE. Each assayed in
triplicates of 5 different preparations. A minimum pool of six hearts
was used for each experiment.

adult hearts (Fig. 3~5). To determine the affinity of the
SR Ca®"-ATPase, we expressed the data as percentage of
the maximal uptake rates obtained at pCa 6.0 for 0.5-day
and adult rat hearts. However, the affinity of the SR Ca®"-
ATPase did not change significantly between 0.5-day and
adult rat hearts (Fig. 5). Data indicated that the relative
ratio of phospholamban to the SR Ca®"-ATPase was main-
tained constant in the developing rat heart.

Expression of SR Ca®™ release channel and 3[H]rya-
nodine binding during postnatal myocardial devel-
opment

To study possible correlation between the developmental
changes in the expression of SR Ca®" release channel and
those of phospholamban and SR Ca®*-ATPase, we analyzed
the expression level of mRNA for cardiac ryanodine recep-
tor durin§ postnatal myocardial development. mRNA levels
of SR Ca®" release channel in rat hearts of 0.5-, 4-, 7-, 15-,
30-days of postnatal and the adult (100-day) were examined
by the RNA dot blot method. Ryanodine receptor mRNA
was ~60% at birth, which was higher than mRNA levels
of phospholamban and SR Ca®"-ATPase at birth. mRNA
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Fig. 6. RNA dot blot analysis of SR ryanodine receptor during
postnatal myocardial development. (A) Representative RNA dot
blots of SR ryanodine receptor. (B) Quantitative representation of
percent changes in cardiac ryanodine receptor mRNA levels. RNA
was isolated form rat hearts of 0.5, 4, 7, 15, 30 days after birth
and adult (100 days). mRNA levels of cardiac ryanodine receptor
corrected by 18S rRNA level in the same membrane were expressed
as percentage of adult mRNA levels (100%). Values in each experi-
ment were expressed as mean+SE. Each assayed in triplicates of
5 different preparations. RyR, ryanodine receptor.
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Fig. 7. *[Hlryanodine binding of rat hearts during postnatal myo-
cardial development. ["H]ryanodine binding was carried out for 90
min at 37 °C in 0.1 ml of 0.2 mM Na,EGTA, 0.995 mM CaCl,, and
10 mM Na-PIPES, pH 7.2. The calculated free Ca*™ was 10 gM.
Values are mean=+ SE of 5 different preparations, each assayed in
triplicate.
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levels of ryanodine receptor at 4-, and 7-day postnatal
hearts seemed to be slightly decreased, but gradually in-
creased to the adult level (Fig. 6). *[H]ryanodine binding
increased gradually during postnatal myocardial develop-
ment, which was closely correlated with ryanodine mRNA
expression levels during the development, except the mRNA
level at birth (Fig. 7).

DISCUSSION

Our present study demonstrates that there is a close
correlation between the increasing expression levels of SR
Ca® -ATPase and phospholamban in the developing rat
heart. Previous studies on the developmental regulation of
the SR Ca®*-ATPase revealed that mRNA levels were lower
in neonatal rabbit hearts than in adult hearts (Arai et al,
1992; Fisher et al, 1992). To determine the developmental
changes in the expression levels of phospholamban and SR
Ca®"-ATPase in the rat heart, both SR Ca’"-ATPase and
phospholamban mRNA and protein levels were measured
during the heart development. Both SR Ca®>*-ATPase and
phospholamban mRNA levels in newborn rat hearts were
~40% of adult levels and subsequently increased to adult
levels. The increase of SR Ca®’-ATPase mRNA levels dur-
ing heart development in rat was similar to the increase
during heart development in rabbit (Arai et al, 1992).
Harrer et al. (1997) also reported that the increase of
phospholamban mRNA levels was occurred during heart
development in mouse, and expression levels of SR Ca**-
ATPase and phospholamban were also closely coordinated
during the heart development of mouse. Recently, Reed et
al. (2000) also demonstrated that the expression of SERCA2
(SR Ca®*-ATPase) and phospholamban mRNA in murine
hearts increased eight-fold from fetal to adult stages. How-
ever, the increase of phospholamban mRNA levels during
mouse heart development was different from previous
observations by Arai et al. (1992) who reported that the
phospholamban mRNA levels during rabbit heart devel-
opment were similar between neonatal and adult levels.
However, it has been shown that alterations at the tran-

scriptional levels might not necessarily correlate with alter-

ations at the translational level Mearow et al, 1993). Our
data showed that alterations of mRNA levels were closely
correlated with alterations of the protein level for both
phospholamban and SR Ca®*-ATPase during rat cardiac
development. Furthermore, Ca’>" uptake rates of neonatal
rat hearts were lower than those of the adult hearts. Our
data were in support of previous findings of SR Ca®" uptake
rates in the neonatal and adult rabbit (Fisher et al, 1992;
Szymanska et al, 1995), mouse (Harrer et al, 1997), and
rat (Vetler et al, 1995) hearts. The coordinated develop-
mental expression of the SR Ca®"-ATPase and phospholam-
ban suggests that the phospholamban/Ca®*-ATPase ratio
may be important for regulation of cardiac SR function. OQur
result on the Ca®" uptake indicated that the affinity of the
SR Ca®*-ATPase for Ca®" was maintained in neonatal or
adult rat hearts. Such regulated coordination between the
SR Ca’"-ATPase and phospholamban may be important in
maintaining SR function in normal physiological hearts.

Our previous studies showed that in pathologic condi-
tions such as diabetic cardiomyopathy and hypothyroid
hearts, there existed an inverse relationship between SR
Ca®'-ATPase and phospholamban expression. Both mRNA
and protein levels of SR Ca®*-ATPase were markedly de-

creased in diabetic cardiomyopathy (Kim et al, 1999a; Kim
et al, 2001) and hypothyroid hearts (Kim et al, 1999b),
whereas they were significantly increased in hyperthyroid
hearts (Kim et al, 1999b; Kim et al, 2001). Phospholamban
expression, however, showed an opposite trend. Reed et al.
(2000) also reported that SERCA2 mRNA/protein levels
were downregulated in hypothyroid hearts, whereas an
opposite response was observed in hyperthyroid hearts.

In addltlon to SR Ca®"-ATPase, another protein termed
SR Ca’" release channel also contributes to intracellular
Ca®" homeostasis by releasing Ca®' to the cytosol, which
results in muscle contraction. However, the contributions
of SR Ca®' release channel during postnatal rat heart
development have not been studied extensively yet. In the
present study, expression levels of mRNA coding for cardiac
SR Ca®" release channel were low at birth and increased
gradually to the adult level. In contrast to the mRNA levels
of SR Ca®’"-ATPase and phospholamban (~ 35% of the
adult) at birth, the mRNA level of the SR Ca®" release
channel was relatively higher (~60% of the adult) at birth.
Levels of [*H]-labeled ryanodine binding throughout the
postnatal rat heart development were relatively well corre-
lated with levels of the SR Ca’" release channel mRNA,
except the level of SR Ca*" release channel mRNA at blrth
Since [*H]ryanodine binds to the open state of SR Ca®*
release channel, our data of low ["H]ryanodine binding to
the SR Ca®* release channel in the neonatal rat heart may
indicate that the SR Ca®" release channel exists but dwells
more in a closed state. However, further evaluation by
electrophysiological studies i is in need. In summary, SR Ca®*-
ATPase/phospholamban/Ca release channel expressions
were low at birth and increased gradually to adult levels
during postnatal rat heart development. It is, therefore
apparent that relative contribution of these SR Ca®" regu-
lating proteins is important for cardiac muscle function
during postnatal rat heart development.
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