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Abstract The effect of Ca21-binding protein regucalcin on protein kinase activity in the nuclei of normal and
regenerating rat livers was investigated. Protein kinase activity in the nuclei isolated from normal rat liver was
significantly increased by addition of Ca21 (500 µM) and calmodulin (10 µg/ml) in the enzyme reaction mixture. Nuclear
protein kinase activity was significantly decreased in the presence of EGTA (1.0 mM), trifluoperazine (TFP; 20 µM),
dibucaine (1024 M), or staurosporine (1027 M), indicating that Ca21-dependent protein kinases are present in the nuclei.
Protein kinase activity was significantly elevated in the liver nuclei obtained at 6 to 48 h after a partial hepatectomy.
Hepatectomy-increased nuclear protein kinase activity was significantly decreased in the presence of EGTA (1.0 mM),
TFP (20 µM), or staurosporine (1027 M) in the enzyme reaction mixture. The presence of regucalcin (0.1–0.5 µM) caused
a significant decrease in protein kinase activity in the nuclei obtained from normal and regenerating rat livers.
Meanwhile, the nuclear protein kinase activity from normal and regenerating livers was significantly elevated in the
presence of anti-regucalcin monoclonal antibody (50–200 ng/ml). The present study suggests that regucalcin plays a role
in the regulation of protein kinase activity in the nuclei of proliferative liver cells. J. Cell. Biochem. 71:569–576, 1998.
r 1998 Wiley-Liss, Inc.
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Calcium ion (Ca21) plays an important role in
the regulation of many cell functions. The Ca21

effect in cells is amplified by calmodulin and
protein kinase C, which is related to a signal
transduction due to hormonal stimulation
[Cheung, 1980; Nishizuka, 1986; Heizmann and
Hunziker, 1991; Kraus-Friedman and Feng,
1996]. A novel Ca21-binding protein, regucal-
cin, has been demonstrated to regulate the Ca21-
dependent signaling system; the protein inhib-
its Ca21/calmodulin-dependent protein kinase
and protein kinase C [Mori and Yamaguchi,
1990; Yamaguchi and Mori, 1990]. Regucalcin
may play a role as a regulatory protein in the
Ca21-signaling process.

The regucalcin gene is localized on rat chro-
mosome Xq11. 1-12 proximal end, and regucal-

cin messenger ribonucleic acid (mRNA) is
mainly expressed in liver [Shimokawa and
Yamaguchi, 1993b; Shimokawa et al., 1995; Mu-
rata and Yamaguchi, 1998]. The expression of
hepatic regucalcin mRNA is clearly stimulated
by the administration of calcium chloride to
rats; the expression may be mediated through
Ca21/calmodulin [Shimokawa and Yamaguchi,
1993a; Murata and Yamaguchi, 1998]. More-
over, regucalcin mRNA has been demonstrated
to be enhanced in regenerating rat liver, which
induces a proliferation of liver cells after a
partial hepatectomy [Yamaguchi and Kana-
yama, 1995].

There has been growing evidence that Ca21

plays a role in liver nuclear function [Jones et
al., 1989; Backs et al., 1990; Allbritton et al.,
1994]. The existence of an ATP-stimulated Ca21

seqestration system in rat liver nuclei that gen-
erates a net increase in nuclear matrix free
Ca21 concentration has been reported [Nicotera
et al., 1989; Yamaguchi and Oishi, 1993].
Calmodulin exists in rat liver nuclei [Backs and
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Carafoli, 1987], and the protein stimulates de-
oxyribonucleic acid (DNA) synthesis by liver
cells [Backs et al., 1990]. Regucalcin has an
inhibitory effect on DNA and RNA syntheses in
the nuclei isolated from regenerating rat liver,
suggesting that the protein plays a role in the
regulation of nuclear function in proliferative
liver cells [Yamaguchi and Kanayama, 1996;
Yamaguchi and Ueoka, 1997]. The action of
regucalcin on liver nuclear function, however,
has not been fully clarified.

It has been reported that Ca21/calmodulin-
dependent protein kinase and protein kinase C
exist in liver nuclei [Backs and Carafoli, 1987;
Block et al., 1992]. The present study, there-
fore, was undertaken to clarify the effect of
regucalcin on Ca21-dependent protein kinase
activity in the nuclei isolated from normal and
regenerating rat livers. It was found that regu-
calcin can inhibit nuclear protein kinase activ-
ity in regenerating rat liver.

MATERIALS AND METHODS
Chemicals

Calmodulin [52,000 units (U)/mg protein
from bovine brain], calcineurin (from bovine
brain), adenosine triphosphate (ATP), etylene
glycol bis(2-aminothylether)N,N,N8,N8-tetraace-
tic acid (EGTA, pH 7.0), trifluoperazine, dibu-
caine, staurosporine, and nonimmune IgG were
obtained from Sigma Chemical Co. (St. Louis,
MO). [g-32P]ATP (111 TBq/mmol) was pur-
chased from New England Nuclear (Boston,
MA). NHS-LC-Biotin was obtained from Pierce
(Rockford, IL). Streptavidin-peroxidase conju-
gate was obtained from Tago, Inc. (Burlingame,
CA). Calcium chloride and all other chemicals
were reagent grade from Wako Pure Chemical
Industries Ltd. (Osaka, Japan). All reagents
used were dissolved in distilled water then
passed through an ion-exchange resin to re-
move metal ions.

Animals and Hepatectomy

Male Wistar rats, weighing 100–120 g, were
used. They were obtained commercially from
the Japan SLC Inc. (Hamamatsu, Japan). The
animals were fed commercial laboratory chow
(solid) containing 57.5% carbohydrate, 1.1% Ca,
and 1.1% P at a room temperature of 25°C, and
were allowed distilled water freely. Partial he-
patectomy was carried out by excision of two-
thirds of the liver (the medium and left lateral

lobes), as described by Higgins and Anderson
[1931]. Rats were anesthetized with ether be-
fore surgery. In sham-operated rats, an incision
was made, and the liver was manipulated, but
not ligated. Surgery was routinely performed at
10:00–12:00.

Isolation of Nuclei

Liver nuclei were isolated by the procedure of
Jones et al. [1989] with a minor modification.
Rats were killed by cardiac puncture, and the
livers were perfused with approximately 10 ml
of ice-cold TKM solution (50 mM Tris-HCl, pH
7.5, 25 mM KCl, 5 mM MgCl2) to remove blood.
Livers were then removed, cut into small pieces,
and homogenized in a Potter-Elvehjem homog-
enizer with a Teflon pestle in 40 ml of the same
solution containing 0.25 M sucrose and 1.0 mM
ethyleneglycol-bis-(aminoethylether)N,N,N8,N8-
tetraacetic acid (EGTA). The homogenate was
filtered through three layers of cheesecloth. The
nuclei were pelleted by centrifugation at 700g
for 10 min. The pellets were homogenized (five
strokes) in 40 ml of the same solution and
centrifuged again at 700g for 10 min. The pellet
was resuspended in 24 ml of the same solution
by homogenization (five strokes), and 6 ml was
added to each of four tubes containing 12 ml of
TKM including 2.3 M sucrose. The tubes were
gently mixed, and a 6-ml cushion (TKM contain-
ing 2.3 M sucrose) was carefully layered on the
bottom of each tube. The tubes were centri-
fuged at 37,000g for 30 min. The upper layer
and the sucrose cushion were removed with an
aspirator. The resulting pellet of highly purified
nuclei was resuspended in the incubation me-
dium (125 mM KCl, 2 mM potassium phos-
phate, 25 mM Hepes, 4 mM MgCl2, pH 7.0) by
hand homogenization. Assay of marker en-
zymes, as reported previously [Yamaguchi and
Kanayama, 1996], showed that there was less
than 5% contamination by microsomes, plasma
membranes, or mitochondria.

DNA content in the nuclei was determined
using the diphenylamine reaction [Burton,
1956]. Nuclear protein concentration was mea-
sured by the method of Lowry et al. using
bovine albumin as standard [1951]. The amount
of calcium in the nuclei was determined by
atomic absorption spectrophotometry after di-
gestion with nitric acid [Yamaguchi et al., 1975].
Calcium content was expressed microgram per
gram of nuclear protein.
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Isolation of Regucalcin

Regucalcin is markedly expressed in rat liver
cytosol [Shimokawa and Yamaguchi, 1993].
Regucalcin was isolated from rat liver cytosol.
The livers were perfused with Tris-HCl buffer
(pH 7.4), containing 100 mM Tris, 120 mM
NaCl, 4 mM KCl, cooled to 4°C). The livers were
removed, cut into small pieces, suspended 1:4
(weight:volume) in Tris-HCl buffer (pH 7.4); the
homogenate was spun at 5,500g in a refriger-
ated centrifuge for 10 min, and the supernatant
was spun at 105,000g for 60 min. The resulting
supernatant was heated at 60°C for 10 min and
recentrifuged at 38,000g for 20 min. Regucalcin
in the supernatant was purified to electropho-
retic homogeneity by gel filtration on Sephadex
G-75 and G-50 followed by ion-exchange chro-
matography on diethylaminoethyl (DEAE)-
cellulose, as reported previously [Yamaguchi
and Yamamoto, 1978].

Anti-Regucalcin Antibody

Anti-regucalcin antibody was a monoclonal
antibody raised against regucalcin prepared us-
ing standard methods [Omura and Yamaguchi,
1989]. Mice (BALB/C, Japan SLC) were subcu-
taneously injected with 0.1 mg per animal of
antigen (rat liver regucalcin) emulsified with
Freund’s complete adjuvant, and 19 days later
antigen (0.25 mg/animal) was intraperitoneally
injected with Freund’s incomplete adjuvant.
Animals were killed by bleeding 3 days after
the last injection. Spleen cells were prepared
from immunized mouse and fused into my-
eloma cells. Anti-regucalcin monoclonal anti-
body-producing cells (hybridoma cells) were ob-
tained by screening. The IgG from hybridoma
cells was isolated through a protein A-agarose
column (Sigma).

Assay of Protein Kinase Activity

Ca21/calmodulin-dependent protein kinase ac-
tivity was measured at 30°C in an incubation
volume of 500 µl as described by Connelly et al.
[1987]. Phosphorylation of the substrate was
performed in a reaction mixture containing liver
nuclei (500–700 µg protein/ml; 400–700 µg
DNA/ml), 50 mM HEPES, pH 7.4, 5 mM MgCl2,
0.2 mM EGTA, 20 µM ATP, 5.55 TBq [g-32p] ATP
in the presence or absence of 0.5 mM CaCl2 and
calmodulin (10 µg/ml). In separate experi-
ments, the enzyme reaction mixture contained

regucalcin (0.1–0.5 µM) and other reagents
without Ca21 and calmodulin addition. The
phosphorylation reaction was terminated by
the addition of 2 ml of ice-cold 5% trichloroace-
tic acid containing 10 mM H3PO4. The radioac-
tivity retained on GF/B glass fiber filters after
filtration was determined by counting the dried
filters in 2 ml of scintillation fluid. Ca21/
calmodulin-dependent protein kinase activity
was determined after substracting the incorpo-
ration in the absence of Ca21 and calmodulin.
The enzyme activity was expressed as the radio-
activity (dpm) of [32P]phosphate phosphory-
lated per milligram of the nuclear protein dur-
ing incubation (10 min).

Statistical Analysis

Data were expressed as the mean 6 SEM.
Statistical differences were analyzed using Stu-
dent’s t-test. A P value of less than .05 was
considered to indicate a statistically significant
difference.

RESULTS
Ca21-Dependent Protein Kinase Activity in Rat

Liver Nuclei

The phosphorylation of the nuclear protein
using isolated rat liver nuclei was examined.
The phosphorylation of nuclear protein rapidly
occurred by incubation at an earlier time (2.5
min) (Fig. 1). Phosphorylation was not in-
creased by further increasing incubation times
(2.5–30 min). The result indicates that protein
kinase activity exists in liver nuclei isolated
from normal rats. This activity was further
increased by the addition of calcium chloride
(Ca21; 500 µM) plus calmodulin (10 µg/ml) to
the reaction mixture (Fig. 1). This demon-
strates that Ca21/calmodulin-dependent pro-
tein kinase is present in the liver nuclei.

The effect of EGTA or trifluoperazine (TFP)
on protein kinase activity in the liver nuclei
isolated from normal rats is shown in Figure 2.
Nuclear protein kinase activity was signifi-
cantly decreased in the presence of EGTA (1.0
mM), a chelator of Ca21, or TFP (20 µM), an
antagonist of Ca21/calmodulin action, at 5 and
10 min of the enzyme reaction. Endogenous
Ca21/calmodulin in the liver nuclei seemed to
be involved in the phosphorylation. Calcium
content in isolated rat liver nuclei was 351 6 18
(µg/g protein; mean 6 SEM of five rats). Liver
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nuclei contained a considerable amount of cal-
cium.

The effect of staurosporine or dibucaine on
protein kinase activity in isolated rat liver nu-
clei is shown in Figure 3. The enzyme reaction

mixture was incubated for 5 and 10 min in the
presence of staurosporine (1027 M), an inhibitor
of protein kinase C, or dibucaine (1024 M), an
inhibitor of Ca21/calmodulin-dependent protein
kinase. Nuclear protein kinase activity was sig-
nificantly decreased in the presence of stauro-
sporine or dibucaine after a 10-min incubation.

Alteration in Protein Kinase Activity in the Nuclei
Isolated From Regenerating Rat Liver

The alteration in protein kinase activity in
the nuclei isolated from regenerating rat liver
is shown in Figure 4. Partial hepatectomy was
carried out by excision of two-thirds of the liver.
Also, rats were sham-operated. Nuclear protein
kinase activity was significantly enhanced in
regenerating liver at 6 h after a partial hepatec-
tomy. This increase was also seen at 24 and 48 h
after a partial hepatectomy. At 72 h after a
partial hepatectomy, however, the nuclear pro-
tein kinase activity was restored to the control
levels of sham-operated rats. Meanwhile, pro-
tein kinase activity in the liver nuclei isolated
from sham-operated rats was not significantly
altered by the operation.

The effect of EGTA, TFP, and staurosporine
on protein kinase activity in the nuclei isolated
from regenerating rat liver is shown in Figure
5. Rats were sacrificed by bleeding at 24 and
48 h after a partial hepatectomy. Protein kinase

Fig. 1. Alteration in protein kinase activity in the nuclei iso-
lated from normal rat liver without or with Ca21/calmodulin
addition. The enzyme reaction mixture was incubated for 2.5–30
min in the absence or presence of CaCl2 (500 µM) and calmodu-
lin (10 µg/ml). Each value is the mean 6 SEM of five rats with
different experiments. *P , .01 as compared with the value
without Ca21/calmodulin addition. Open circles: Control; solid
circles: Ca21/calmodulin addition.

Fig. 2. Effect of Ca21/calmodulin antagonist on protein kinase
activity in the nuclei isolated from normal rat liver. The enzyme
reaction mixture was incubated for 5 or 10 min in the absence
or presence of EGTA (1 mM) or trifluoperazine (TFP; 20 µM).
Each value is the mean 6 SEM of five rats with different
experiments. *P , .01 as compared with the control value
without EGTA or TFP addition. Open bars: control, hatched
bars: EGTA, solid bars: TFP.

Fig. 3. Effect of staurosporine or dibucaine on protein kinase
activity in the nuclei isolated from normal rat liver. The enzyme
reaction mixture was incubated for 5 or 10 min in the absence
or presence of staurosporine (1027 M) or dibucaine (1024 M).
Each value is the mean 6 SEM of five rats with different
experiments. *P , .01 as compared with the control value
without staurosporine or dibucaine. Open bars: control; hatched
bars: staurosporine; solid bars: dibucaine.
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activity in the nuclei obtained at 24 or 48 h
after a partial hepatectomy was significantly
decreased in the presence of EGTA (1.0 mM),
TFP (20 µM), or staurosporine (1027 M) in the
enzyme reaction mixture. Also, these inhibitors

had an effect on protein kinase activity in the
nuclei isolated from normal rat liver.

Effect of Regucalcin on Protein Kinase Activity
in Isolated Rat Liver Nuclei

The effect of regucalcin, a Ca21-binding pro-
tein, on protein kinase activity in the nuclei
isolated from normal rat liver is shown in Fig-
ure 6. The presence of regucalcin (0.1, 0.25, and
0.5 µM) in the enzyme reaction mixture caused
a significant decrease in nuclear protein kinase
activity. The inhibitory effect of regucalcin was
saturated at the concentration of 0.25 and 0.5
µM (Fig. 6A). In the presence of EGTA (1.0
mM), regucalcin (0.25 µM) had a significant
effect on nuclear protein kinase activity
(Fig. 6B).

The effect of regucalcin on protein kinase
activity in the nuclei isolated from regenerat-
ing rat liver is shown in Figure 7. Rats were
sacrificed by bleeding at 24 h after a partial
hepatectomy. Nuclear protein kinase activity
was significantly decreased in the presence of
regucalcin (0.1 µM) in the enzyme reaction mix-
ture (Fig. 6A). The inhibition was saturated at
the concentration of 0.25 µM regucalcin. This
effect of regucalcin (0.25 µM) on the enzyme

Fig. 4. Alteration in protein kinase activity in the nuclei iso-
lated from regenerating rat liver. Rats were partially hepatecto-
mized, and 6, 24, 48, and 72 h later the animals were sacrificed
by bleeding. The enzyme reaction mixture was incubated for
10 min without Ca21/calmodulin addition. Each value is the
mean 6 SEM of five rats with different experiments. *P , .01 as
compared with the control value obtained from sham-operated
rats. Open circles: sham-operated (control) rats; solid circles:
partial hepatectomized rats.

Fig. 5. Effect of EGTA, trifluoperazine, and staurosporine on
protein kinase activity in the nuclei isolated from regenerating
rat liver. Rats were partially hepatectomized, and 24 or 48 h
later the animals were sacrificed by bleeding. The enzyme
reaction mixture was incubated for 10 min without or with
EGTA (1 mM), trifuoperazine (TFP; 20 µM), or staurosporine
(1027 M). Each value is the mean 6 SEM of five rats with
different experiments. *P , .01 as compared with the control
value without inhibitor addition. Open bars: control; hatched
bars: EGTA; cross-hatched bars: TFP; solid bars: staurosporine.

Fig. 6. Effect of Ca21-binding protein regucalcin on protein
kinase activity in the nuclei isolated from normal rat liver. The
enzyme reaction mixture was incubated for 10 min. A: The
reaction mixture contained either vehicle or regucalcin (RC;
0.1, 0.25, and 0.5 µM). B: The reaction mixture contained either
vehicle (control), EGTA (1 mM), or EGTA (1 mM) plus RC (0.25
µM). Each value is the mean 6 SEM of five rats with different
experiments. *P , .01 as compared with the control value
without EGTA or RC addition. #P , .01 as compared with the
value of EGTA addition. Open bars: control; hatched bars:
EGTA; solid bars: EGTA plus RC.

Role of Regucalcin in Ca21-Signaling Process 573



activity was also seen in the presence of EGTA
(1.0 mM) (Fig. 7B).

The effect of anti-regucalcin monoclonal anti-
body on protein kinase activity in isolated rat
liver nuclei is shown in Figure 8. The presence
of anti-regucalcin monoclonal antibody (50–200
ng/ml) in the enzyme reaction mixture caused a
significant increase in the nuclei isolated from
normal rat liver, whereas the enzyme activity
was not significantly altered by the addition of
nonimmune IgG (50, 100, and 200 ng/ml). Mean-
while, protein kinase activity in the liver nuclei
obtained at 24 h after a partial hepatectomy
was significantly elevated in the presence of
anti-regucalcin monoclonal antibody (50–200
ng/ml); such effect was not seen in the presence
of nonimmuned IgG (50–200 ng/ml). The net
increase in the enzyme activity caused by anti-
regucalcin antibody was about twofold in the
nuclei of regenerating liver as compared with
that of normal rat liver nuclei.

The effect of anti-regucalcin monoclonal anti-
body (200 ng/ml) to enhance the nuclear protein
kinase activity in normal rat liver and regener-
ating rat liver was completely abolished by the

addition of regucalcin (0.25 µM) in the enzyme
reaction mixture (Fig. 9).

DISCUSSION

The present study demonstrates that phos-
phorylation in nuclei isolated from normal rat
liver is stimulated by the addition of Ca21/
calmodulin, indicating the existence of Ca21/
calmodulin-dependent protein kinase in the nu-
clei. Moreover, phosphorylation in liver nuclei
was decreased by the addition of EGTA, trifluo-
perazine (TFP), dibucaine, or staurosporine in
the reaction mixture. TFP and dibucaine are an
antagonist of calmodulin [Vincenzi, 1982], and
staurosporine is an inhibitor of protein kinase
C [Tamaoki et al., 1986]. Thus, protein kinases,
which are related to Ca21 signaling, are present
in the nuclei isolated from rat liver.

Protein kinase activity was enhanced in the
nuclei of regenerating rat liver after a partial
hepatectomy, indicating that nuclear phosphor-
ylation is stimulated in proliferative liver cells.
This enhancement was clearly inhibited in the
presence of EGTA, TFP, or staurosporine in the
reaction mixture. Presumably, protein kinases,
which are involved in Ca21 signaling, partici-
pate in the enhancement of nuclear phosphory-
lation in regenerating liver.

Fig. 7. Effect of Ca21-binding protein regucalcin on protein
kinase activity in the nuclei isolated from regenerating rat liver.
Rats were partially hepatectomized, and 24 h later the animals
were sacrificed by bleeding. The enzyme reaction mixture was
incubated for 10 min. A: The reaction mixture contained either
vehicle or regucalcin (0.1, 0.25, and 0.5 µM). B: The reaction
mixture contained either vehicle (control), EGTA (1 mM), or
EGTA (1 mM) plus regucalcin (0.25 µM). Each value is the
mean 6 SEM of five rats with different experiments. *P , .01 as
compared with the control value without EGTA or regucalcin
addition. #P , .01 as compared with the value of EGTA addi-
tion. Open bars: control; hatched bars: EGTA; solid bars: EGTA
plus regucalcin.

Fig. 8. Effect of anti-regucalcin antibody on protein kinase
activity in the nuclei isolated from normal rat liver or regenerat-
ing rat liver. Rats were sham-operated or partially hepatecto-
mized, and 24 h later the animals were sacrificed by bleeding.
The enzyme reaction mixture was incubated for 10 min in the
presence of either vehicle, nonimmune IgG (50–200 ng/ml), or
anti-regucalcin antibody (50–200 ng/ml). Each value is the
mean 6 SEM of five rats with different experiments. *P , .01 as
compared with the control value with nonimmune IgG addi-
tion. Open circles: control (nonimmune IgG); solid circles:
anti-regucalcin antibody.
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The expression of Ca21-binding protein regu-
calcin mRNA in the liver has been demon-
strated to be stimulated in regenerating rat
liver after a partial hepatectomy [Yamaguchi
and Kanayama, 1995]. Regucalcin can inhibit
DNA and RNA syntheses in the nuclei isolated
from regenerating rat liver [Yamaguchi and
Kanayama, 1996; Yamaguchi and Ueoka, 1997].
These observations suggest that regucalcin
plays a role in the regulation of the prolifera-
tion of liver cells after a partial hepatectomy.
The regulatory mechanism of regucalcin in the
liver nuclei, however, is not fully clarified. The
present finding that regucalcin can inhibit pro-
tein kinase activity in the nuclei of regenerat-
ing rat liver may provide a possible mechanism
in the regulation of proliferation of liver cells.

The effect of regucalcin to inhibit protein
kinase activity in the nuclei isolated from nor-
mal and regenerating rat livers was seen in the
presence of a physiological concentration of
regucalcin [Yamaguchi and Isogai, 1993]. The
regucalcin effect was also revealed in the pres-
ence of EGTA, a chelator of Ca21, although the
chelator caused a significant decrease in the
nuclear protein kinase activity. Regucalcin may

have an inhibitory effect on Ca21 signaling–
dependent protein kinase including Ca21/
calmodulin-dependent protein kinase and pro-
tein kinase C in the nuclei isolated from normal
and regenerating rat livers. In addition, regucal-
cin may be able to inhibit other protein kinases
besides Ca21 signaling–dependent protein ki-
nases in liver nuclei.

The phosphorylation in the nuclei isolated
from normal and regenerating rat livers was
significantly stimulated in the presence of anti-
regucalcin antibody in the reaction mixture.
Such stimulation was completely abolished by
the addition of exogenous regucalcin. These
results suggest that endogenous regucalcin in
the nuclei is involved in the regulation of pro-
tein kinase activity. The net increase in protein
kinase activity caused by the addition of anti-
regucalcin antibody was about twofold in the
nuclei isolated from regenerating rat liver as
compared with that of normal rat liver. This
increase may result from an elevation of endog-
enous regucalcin in regenerating liver nuclei, if
hepatic regucalcin mRNA expression is raised
after a partial hepatectomy [Yamaguchi and
Yamanaka, 1995]. At present, whether regucal-
cin in liver cytoplasm is transported into the
nuclear matrix is unknown. It appears, how-
ever, that regucalcin may translocate to the
nuclei in regenerating liver. This remains to be
elucidated.

There has been growing evidence that Ca21

plays a role in the regulation of liver nuclear
function [Block et al., 1992; Csermely et al.,
1995]. This regulatory mechanism has not been
fully resolved. Ca21-binding protein regucalcin
has an inhibitory effect on DNA and RNA syn-
theses in liver nuclei [Yamaguchi and Ka-
nayama, 1996; Yamaguchi and Ueoka, 1997],
and it can also inhibit hepatic nuclear protein
kinase activity. Presumably, regucalcin plays a
role as a regulatory protein in liver nuclear
function.

In conclusion, it has been demonstrated that
regucalcin can inhibit protein kinase activity in
the nuclei of normal and regenerating rat livers.
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