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Abstract 

The effect of regucalcin, a calcium-binding protein isolated from rat liver cytosol, on deoxyuridine 5'-triphosphatase 
(dUTPase) in the cytosol of rat liver was investigated. Addition of Ca 2+ up to 5.0/xM to the enzyme reaction mixture 
caused a significant decrease of dUTPase activity, while Zn 2+, C d  2+ , C o  z+ , A P  +, M n  2+ a n d  Ni  2+ ( 1 0 / x M )  did not have 
an appreciable effect. The Ca2+-induced decrease of dUTPase activity was reversed by the presence of regucalcin; the 
effect was complete at 1.0/xM of the protein. Regucalcin had no effect on the basal activity of the enzyme. Meanwhile, 
the reversible effect of regucalcin on the Ca 2+ (10/xM)-induced decrease of dUTPase activity was not altered by the 
coexistence of Cd 2+ o r  Z n  2+ ( 1 0 / x M ) .  The present data suggest that liver cytosolic dUTPase is uniquely regulated by 
C a  2+ of various metals, and that the C a  2+ effect is reversed by regucalcin. (Mol Cell Biochem 110: 25-29, 1992) 
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Introduction 

Recently, it has been demonstrated that liver metabo- 
lism is regulated by increase of Ca 2+ in the cytosol of 
liver cells due to hormonal stimulation [1, 2]. The Ca 2+ 
effect is amplified through calmodulin, a calcium-bind- 
ing protein, in liver cells [1, 2]. It has been also reported 
that a calcium-binding protein (regucalcin), which dif- 
fers from calmodulin, is distributed in the hepatic cyto- 
sol of rats [3-5]. The molecular weight of regucalcin was 
estimated to be 28800, and the Ca 2+ binding constant 
was found to be 4.19 x 105M -1 by equilibrium dialysis 

[4]. This novel protein has a reversible effect on the 
activation of various enzymes by Ca2+/calmodulin in 
liver cells [6, 7]. Regucalcin may play a cell physiolog- 
ical role in the regulation of liver cell function related to 
Ca 2+" 

On the other hand, the existence of deoxyuridine 
5'-triphosphatase (EC 3.6.1.23; dUTPase), which cata- 
lyzes the conversion of dUTP to dUMP and PPi has 
been demonstrated in rat liver cytosol [8]. Although the 
function of this enzyme is still unclear, it has been 
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Fig. 1. Effect of various metal ions on dUTPase activity in the cytosol 
of rat liver. The enzyme activity was measured in the reaction mixture 
containing 10tzM metal as a final concentration. Each value re- 
presents the mean + S.E.M. of 5 experiments. * P < 0.01, as compa- 
red with the control (none) value. 

thought that it removes dUTP from the cells to prevent 
it from serving as a substrate for DNA polymerase [8], 
and also provides the substrate for thymidylate syn- 
thetase to synthesize TMP. Recently, it has been postu- 
lated that dUTPase serves to keep the concentration of 
dUTP low enough to avoid incoporation into DNA by 
DNA polymerase in liver cells [9]. 

Therefore, the present study was undertaken to in- 
vestigate the regulatory effect of regucalcin on dUT- 
Pase in rat liver cytosol. It was found that, of various 
metal ions, the enzyme is uniquely inhibited by C a  2+, 

and that regucalcin can reverse the Ca > effect. The 
present finding supports the view that regucalcin plays a 
regulatory role in the regulation of liver cell function by 
Ca 2+ ' 

Materia ls  and methods  

Chemicals 
dUTP, other nucleotides, and inorganic pyrophospha- 
tase (from bahers yeast) were purchased from Sigma 
Chemical Co. (St. Louis, MO, U.S.A.). Calcium chlo- 
ride and all other reagents were obtained from Wako 
Pure Chemical Co. (Osaka, Japan). The reagents were 
dissolved in distilled water and then passed through 
ion-exchange resin to remove metal ions. 

Animals 
Male Wistar rats, weighing 100-120 g, purchased from 

the Japan SLC Inc. (Hamamatsu, Japan), were fed 
commercial laboratory chow (solid) containing 57.5% 
carbohydrate, 1.1% Ca, and 1.1% P, and distilled wa- 
ter, freely. After one week on this diet animals were 
killed by bleeding. 

Isolation of regucalcin 
The livers were perfused with Tris-HCl buffer (pH 7.4; 
containing 100raM Tris, 120mM NaC1, 4mM KC1, 
cooled to 4 ° C). The livers were removed, cut into small 
pieces, suspended 1 : 4 in Tris-HC1 buffer (pH7.4) and 
homogenized in a Potter-Elvehjem homogenizer with a 
Teflon pestle. The homogenate was spun at 5500 g in a 
refrigerated centrifuge for 10 min and the supernatant 
was spun at 105000 g for 60 min. The supernatant was 
heated at 60 ° C for 10 rain. The solution was then cooled 
and recentrifuged at 38000 × g for 20 rain. The resulting 
supernatant fraction contained essentially regucalcin. 
Regucalcin in the supernatant was purified to electro- 
phoretic homogeneity by gel filtration on Sephadex 
G-75 and G-50 followed by ion exchange chromatog- 
raphy on diethyl-aminoethyl (DEAE)-cellulose, as re- 
ported previously [3]. 

Assay of dUTPase activity 
The livers were perfused with ice-cold 0.25 M sucrose, 
frozen immediately, cut into small pieces, suspended 1 : 
4 in a 0.25 M sucrose solution containing 1 mM ethyle- 
neglycol bis(2-aminoethyl-ether)-N,N,N',N'-tetra- 
acetic acid (EGTA), and homogenized in Potter-Elveh- 
jem homogenizer with a Teflon pestle. The homog- 
enate was spun at 5500 g in a refrigerated centrifuge for 
10 min to remove mitochondria. The 5500 g supernatant 
was spun at 105000g for 60min, and the supernatant 
fraction (cytosol) was pooled to assay dUTPase activity. 

The assay of dUTPase activity was based on the re- 
lease of PPi during incubation to inactivate inorganic 
pyrophosphatase (PPase) in the absence of M g  2+ [9]. 

The dUTPase reaction mixture (0.4ml) contained 
0.1M Tris-HC1 (pH7.8), 0.180mM dUTP, and liver 
cytosol (1.0-1.2mg of protein). After incubation at 
37 ° C for 20 rain, the reaction was stopped by cooling in 
ice. Aliquots (0.2 ml) were transferred to another tube 
and 0.25 unit of PPase and 10/zl of 0.4M MgCI2 were 
added, followed by incubation for 5rain at 37°C to 
convert PPi to Pi. The Pi formed was determined by the 
method of Nakamura and Mori [10] after the termina- 
tion of the reaction by addition of 5% trichloroacetic 
acid. The PPi formed in the main reaction mixture was 
determined and the difference calculated. The assay for 
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Fig. 2. Effect of increasing concentrations of Ca 2+ on dUTPase activi- 
ty in the cytosol of rat liver. The enzyme activity was measured in the 
reaction mixture containing 1.0, 5.0, 10, and 25/xM Ca z+ added as a 
final concentration. Addition of 1.0~M Ca 2+ did not affect the en- 
zyme activity. Each value represents the mean + S.E.M. of 5 experi- 
ments. * P <  0.05, and * * P <  0.01, as compared with the control 
(none) value. 
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Fig. 3. Effect of regucalcin on the Ca2+-induced decrease of dUTPase 
activity in the cytosol of rat liver. Figure A shows the effect of 10/xM 
Ca z+ addition on dUTPase activity. Figure B shows the effect of 
increasing concentrations of regucalcin (0.5, 1.0 and 2.0 txM) in the 
presence of 10#M Ca 2+. Each value represents the mean + S.E.M. 
of 5 experiments. * P < 0.01, as compared with the control (none) 
value. ** P < 0.01, as compared with the value of 10/xM Ca 2÷ addi- 
tion without regucalcin. El, control; II, 10b~M Ca 2+ addition. 

non-specific nucleotide triphosphate pyrophosphatase 
activity was carried out with UTP instead of dUTP as 
the substrate. Protein concentration was determined by 
the method of Lowry et al. [11]. The enzyme activity is 
expressed as nmol of PPi formed per min per mg of 
protein. 

Statistical methods  

The significance of differences between values was esti- 
mated by using Student's t test; p values of less than 0.05 
were considered to indicate statistically significant dif- 
ferences. 

R e s u l t s  

The effect of various metal ions on dUTPase activity in 
the cytosol of rat liver is shown in Fig. 1. The concentra- 
tion of metal ions used in this experiment was 10/xM in 
the enzyme reaction mixture. Addition of Ca 2+ caused a 
significant decrease in dUTPase activity. Zn 2+, Cd 2+, 
Co 2~, AP +, Mn 2+ and Ni 2+ did not have an appreciable 

effect on the enzyme activity. Thus, Ca 2+ could unique- 
ly regulate dUTPase in rat liver cytosol. 

The effect of increasing concentrations of added Ca 2+ 
on dUTPase activity in hepatic cytosol is shown in 
Fig. 2. Addition of 1.0/~M C a  2+ had no effect on the 
enzyme activity. C a  2+ up tO 5.0 ~M caused a significant 
decrease in the enzyme activity. At 10 I~M Ca 2+, the 
decrease of the enzyme activity was maximum. 

The effect of regucalcin, a calcium-binding protein, 
on dUTPase activity in hepatic cytosol is shown in 
Fig. 3. The presence of regucalcin (2.0/xM) in the en- 
zyme reaction mixture did not have an appreciable ef- 
fect on the basal activity of dUTPase (data not shown). 
The decrease of the enzyme activity caused by addition 
of  C a  2+ ( 1 0 / z M )  was  completely reversed by the pres- 
ence of regucalcin (1.0/zM). At 0.5/zM regucalcin, the 
protein had an appreciable effect. The reversible effect 
of regucalcin was saturated at up to 1.0/zM of the pro- 
tein. 

In the presence of Ca 2+ (5.0 and 10~M), regucalcin 
had a reversible effect on the Ca2+-induced decrease in 
dUTPase activity in hepatic cytosol (Fig. 4). At a higher 
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Fig. 4. Effect of increasing concentrations of Ca 2+ on liver cytosolic 
dUTPase activity in the presence of regucalcin. The enzyme activity 
was measured in the reaction mixture containing 5.0, 10 and 25/~M 
Ca 2+ (final concentration) in the presence or absence of 1.0p, M 
regucalcin. Each value represents the mean _+ S.E.M. of 5 experi- 
ments. * P <  0.05, and * * P <  0.01, as compared with the control 
(none) value. [3, control (none); I ,  in the presence of 1.0 p,M regucal- 
cin. 

concentration of Ca 2+ (25/zM), the effect of regucalcin 
(1.0/zM) was not seen. 

An inhibitory effect of Ca > (10/zM) on dUTPase in 
hepatic cytosol was slightly weakened by the presence 
o f  C d  2+ o r  Z n  2+ ( 1 0 / z M )  (Fig. 5). In the presence of 
Cd 2+ or Zn 2+ (10/zM), regucalcin (1.0/zM) had a re- 
versible effect on the decrease in dUTPase activity by 
Ca 2+ . Thus, the effect of regucalcin was not modified by 
the presence of Cd 2+ or Zn 2+ beside Ca 2+. 

D i s c u s s i o n  

Deoxyuridine 5'-triphosphatase (dUTPase) can cata- 
lyze the conversion of dUTP to dUMP and PPi. Al- 
though the function of this enzyme is fairly unclear, it 
has been thought that it removes dUTP from the cells to 
prevent it from serving as a substrate for DNA polym- 
erase [8, 9], and also provides the substrate for thymidy- 
late synthetase to synthesize TMP. Recently, it has 
been reported that dUTPase activity is increased after 
partial hepatoectomy at the same time of increase of 

2.4 

~ 1.8 

I--- "" 

"~E 
c 0.6 

T 

I _ _  

None Ca 2. Ca2** Cd 2. Ca~÷,Zn2÷ 

Fig. 5. Effect of regucalcin on liver cytosolic dUTPase activity in the 
presence of various metal ions. The enzyme activity was measured in 
the reaction mixture containing Ca 2+, Ca 2+ plus Cd 2+ , and Ca 2+ plus 
Zn 2+ (10/zM as final concentration) in the presence or absence of 
1.0/zM regucalcin. Each value represents the mean + S.E.M. of 5 
experiments. * P < 0.01, as compared with the value obtained in the 
absence of regucalcin. M, without regucalcin; I ,  with 1.0/zM regucal- 
cin. 

DNA synthesis, suggesting that the enzyme activity is 
correlated with increased DNA synthesis [9]. Thus, 
dUTPase has a physiological role in liver cells. 

In the present study, it was found that dUTPase 
activity in rat liver cytosol was significantly decreased 
by addition of C a  2+ , of various metal ions (10/zM). This 
decrease was seen at 5.0/zM Ca 2+, suggesting that the 
metal at physiological level has a regulatory role for 
dUTPase. Moreover, it was found that regucalcin, a 
calcium-binding protein isolated from rat liver cytosol, 
prevented the decrease of dUTPase activity in the he- 
patic cytosol by addition of Ca 2+ (5.0 and 10/zM). The 
effect of regucalcin was complete at 1.0/zM. However, 
the regucalcin effect was not seen at a higher concentra- 
tion of Ca 2+ (25 M), when the protein exists at 1.0/~M 
in enzyme reaction mixture. Regucalcin did not have an 
appreciable effect on the basal activity of dUTPase in 
liver cytosol. The Ca 2+ binding constant of regucalcin is 
found to be 4.19 × 105 M -1 by equilibrium dialysis, and 
there appear to be 6-7 high affinity binding sites for 
Ca 2+ per molecule of protein [4]. Therefore, the effect 
of regucalcin to prevent the Ca>-induced decrease in 
dUTPase activity may be based on the binding of C a  2+ 



due to regucalcin. Fu r the rmore ,  the reversible effect of  

regucalcin on the Ca2+-induced decrease in d U T O a s e  

activity in rat liver cytosol  was clearly seen in the coexis- 
tence of  Cd 2+ or  Zn  2+ at the same concent ra t ion  of  Ca 2+ 

(10/xM). This result  suggests that  regucalcin uniquely 

binds Ca > ,  and that  the prote in  effect is not  modif ied 

by the presence  of  Cd  2+ and Zn  ~+. 

Present ly,  we do not  know a physiological  role of  the 

reversible effect of  regucalcin on the Ca2+-induced de- 

crease of  d U T P a s e  activity in rat liver cytosol.  Since it 

has been  postula ted that  d U T P a s e  serves to keep the 

concent ra t ion  o f  d U T P  low enough  to avoid incorpora-  

tion into D N A  by D N A  polymerase  [9], it is of  in- 

terest ing to note  that  regucalcin prevents  a decrease in 

dUTPase  activity due to Ca 2+, which m a y  be increased 

in liver cell prol i ferat ion [12, 13]. The  role of  regucalcin 

in liver cell prol iferat ion,  however ,  remains  to be eluci- 

dated,  a l though there  are growing evidences in the role 

of  calmodul in  [14, 15]. 

In  conclusion,  the present  s tudy demons t ra tes  that  

Ca > uniquely decreases  dUT Pa se  activity in rat liver 

cytosol ,  and that  regucalcin can reverse the effect of  

Ca 2+. The  previous  investigations showed  that  regucal-  

cin can reverse activation of  enzymes  by Ca 2+ and cal- 

modul in  [6, 7]. Presumably ,  regucalcin plays a regu- 

la tory role in liver cell funct ion related to Ca 2+. 
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