Velume 279, number 2, 281 -284

ADONIS MIAS?'&!‘JIM} 164

FERS 09426
& 1991 Pederalon af Eurapean Blechemival Sedlerios (143793491 283.50 ’

' Febmar_y 1991 '

Inhlbltory effect of calc:um-bmdmg protem regucalcm on Ca? *'wactwated |
. | DNA fragmentatmn in rat liver nuclm

Masayoshi Yamagu'chi and T ukuShi Sakurai

Drpurmwu aj’ E.*m‘wmrmmu' Rr.e:.*iwnn‘.ffry Srhwf al’ Pharmeceutival Seiences, University of .S‘!H"'uukat 39.5 }'mi:z*
S‘fn‘.uakd Ciry 423, Japan

Received l3 December 1990

Ineubation of tsuialcd rat liver uuclcu with ATP, NAD®, und mxx.mmnl.lr Cal” eoncentrations of vurigus metal jons résulied in extcmwa DNA

hydrolyiis. Hallmaximael activity cecurred with 1.0 4M Ca# ™ sdded, and saturadon of the pracess was observed with 10 4M Cat*, The Cal*

" 110 pMJsactivated DNA fragmentation was inhibited by the presence of Cad *-binding protein regucaivinivolated-from rat liver cytosel, The inhibi-

" tory.effect of reguenicin wagcomplete ut 0.5 M. At 25 M Cat* added, such anefect of reguenlein (1.0 4M) was not seen, Regucatein nlso inhibited

Qi ‘-m:lwu(cd DNA fragmentation in ¢ presence of énlmodulin (10 nnd 20 ug). The results show that reguealein can (nhiblt the Ca?*-uctivated
DNA feagmentition due to binding the metul. suggc:ung u role in tegulution of liver nuelear functions.

Ca!cmm. chuc-ﬂcm. DNA- r:ngmcaluimm Rm iver aucitus :

1. lNTRODUCTlON

Ca** plays an xmpcrtam role in the regulanon of
many <eil functions (1], The role of Ca** in liver
metabolism has been demonstrated in receni investiga-
tions {2,3]. Lwcr metabolism is regulated by the in~
crease of Ca* ™ in the cytosol of liver cells due to hor-

_monal stimulation. Recent accumulating evidence sug-~

gests that Ca®* plays a role in liver nuclear function
{4-9]. Calmodulin, a calgium- bindmg protein which
can amplify Ca?* effect [10], exists in rat liver nuclen

{4]. The existence of an ATP-stimulated Ca** se- .

questration systemt in rat liver nuclei that requires
calmodulin and generates a net increase in nuclear
matrix free Ca®* concentration has been reported [5)].
Calmodulin stimulates DNA synthesis by liver cells [6],
and the calmodulin effect may be mediated through o~
adrenergic stimulation [7,8].

On the other hand, a novel calcium- bmdmg protem‘

(regucalcin), which differs from calmodulin [10] and
other caldlum-binding proteins (ecaligulin  [11],
calregulin [12] and calreticulin [13]) is distributed in rat
liver ¢vtosol [14-16]. Regucalcin may play a cell
physiological role : different from those of  other

calciim-binding proteins in the regulation of hver ceil

functions; regucalcin can reverse the effect of Ca®*

many enzymes in liver cells [17—20] ‘Regucalein - may
play a role as a regulatory pmtem for Ca®* effectsin
hver ceils : ‘
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" ¢larify  whether

More recently, it has been reported that isolated rat
liver nuclel contain a DNA endonuclease activity depen-
dent upon Ca’* in the submicromolar range, and that
Ca’~ resuits “in  extensive DNA hydrolysis [21].
Therefore, the present investigation was undertaken to
regucalcin has  an .effect - on
Ca?*.-activated DNA fregmentation in isolated rat liver
nuclel, It was found  that regucalcin inhibits
Ca? *-activated DNA fragmentation in the nuclei.

2. MATERIALS AND METHODS

'2 {. Chemicals

Adenosine - 5'-xriphasmame (ATP), nicotinamide adenine
dinucieotide - (NAD*), ethyleneglycoi-bis-(aminoethyl
cther)N, N -latrascetic aid (EGTA), and calmodulin (52 000 units/mg
protein from bovine brain) wers abtained from the Slgma Chemical
Co. (St. Louls, MO, USA), CaCl; + 2H20-and other reagents were
purchased fromt Wako Pure Chemical Co. {Csaka, Japan). The
reageints were dissolvad in distilled water.and then passed through ion-
exchange resin to remove metal ions, '

2.2, Isolation of regucalcm
Male Wistar rats, weighing 100-120 g, purchnscd from the Japan

~Ine, {Hamamatsu, Japan), were fed commerclal laboratory chow

(selid) comaining §7.5% carbohydrate, 1.19% Ca, and 1.1% P, and
cistilled water, freely, After one week on this diet animals were killed
by bleeding. The livers were perfused with Tris-HC! buffer (pH 7.5,
containing 100 mM Tris, 120 mM NaCl, 4 mM KCl, cooled o 4°C).-

. The tivers were remmoved, cut into small pieces, suspended 1 4 in Tris-

HCI buffer (WH 7.4) and the homogenate was spun at 5500 x g in a
ref‘ngerated centrifuge for 10 min and the supernatant was spun at

© 105 000 x g for 80 min. Regucalein in the 105 0G0 x g supernalant

{cytosol) was purified to electrophoretic homogeneity by gel filiration
on  Sephadex ' G-75 and G-50 followed by ion exchange
chromatography on dxethylaminoethyl(DEAE) vellulose, as réported
previously [14], Protein concentration was determined by the method
of Lowry et.al, [22] using albumin as a standard.
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2.1 Isvlavion af mucilel
Liver nuslel were hedated by the praeedure of Joney eral. {21 with

# minor wodification, Rats were killed by eardiae punciure, and the -

liver was perfused witly appraximately 10 mi of ice-cald TKM solution
430 mM TrissHCL, pH 2.5, 38 mM K€L, $ mM M3ClL 16 remove
bivad. Livers were then removed, <ul inta ymall pieees, amd
hamogenized in a Portern.Blvehjem homogenlzer with n Tellon penile
in 40 mi of the same sclution containing 6.25 M suetase. The
honyogenate was filered through 1hree layers of ¢heeszeloiiv, The
nuckel were pelleted by centzifugation at 700 » g for 10 min, The
pellels were hoamogenized {five strokes) in 40 mi af the same solution
- and centrifuged again at 700 » g for 10 min. The pellet was
resuspended in 24 ml of the same sohution by hemogenizution (five
srokes), and 6 ml were added 10 each of Four wubes sontaining 12 mi

of TKM contalning 2.3 M sucrose solution. The tibes were gently

mixed, and a &-ml ¢ushion (TKM comalning 2.3 M sucrose) was
carafully lavered on the botiom af cach tubie, The 1ubes were cens
trifuged at 37 000, x g for 30 min. The upper layer and the sucrose
cushlon were reinoved with an axpirator. The resulting pellet of highly
purificd nuclel was resuspénded in' the ingubation medium (125 mM
KCI 2 mM potnssium phasphate, 25 mM EHepes, 4 mM MgCh, pH
7.0) by ‘hand homogenization. Assay of marker enzymes
{glucose-6-phosphatase, - 8’ -nucleolidase, succinate dehydrogenase)
showed [hat there was less than about 5% cumnminuncn by
microsones, plasma membranes; or mitochondrin,

2.4, Assay oj DNA fragmemation

Nugclei from one liver were suspended in 10 ml of incubation
medium and divided {nto the appropriate number of flanskswith nddi-
tions as needed, The incubation mixture o Bssay in vitro DNA
fragmentation contained, in a total of 2,4 ml, nuclel (1.0-1.5 mp of
DNA), 1 mM ATP (adjusted 1o pH 7.0 with KOH), t mM NAD* and
cither 2 mM EGTA or the indicated concentration of CaCl;, and
unless otherwise. indicated, - regucalein  (0.25-2,0 M) and/or
calmodulin (10 and 20 xg), as deseribed by Janes et al, (21], After in-
cubaticn at 37°C for 10 min, 2-m! aliguots were removed and added
103 ml of ice-cold lysis medium (5 mM Tris-HC!, 20 mM EDTA,
0.01% (w/v) Triton X-100, pH 8.0), After 10 min, samples were cen-
trifuged for 20 min at 27 000 % g to separale the intact chromatin
(pellet) from the fragmented DNA (supernatant) {23]. The super.
natants were decanted and saved; the pellets were resuspended in 5 ml
of 10 mM Tris-HCl, 1 mM EDTA, pH 8.0. Pellet and supernatant
fractions were assayed for DNA content with the diphenylamine reac-
- tion (24]. DNA fragmentation was expressed as percentage of super-

natant DNA for total DNA {supernatant plus pcllcl DNA) whlch

resisted centrifugation at 27 000 x g,

2.8, Sratistical methods ‘

Thesignificance of differences between values was estimated by us-
ing Student's s-test, A P-value of less than .05 was considered win-
dicate a statistically significant difference, ‘

3. RESULTS ‘

The effect of various metals on in vitroc DNA
fragmentation in isolated rat liver nuclei is shown in
Fig. 1. When liver nuclei were added into the assay mix-
ture containing various metals (10 uM), the fragmenta-
tion of DNA in the nuclei was significantly increased by
the presence of CaCl,, Meanwhile, ZnCl,, AICl,
- €CdClz, MnClz, CoCl; and NiCl, did not have an ap-
preciable effect on DNA fragmentatmn in the nuclei.
"Thus, of the various metal ions, Ca’* could uniquely
activate DNA fragmentation in rat liver nuclei.

The effect of increasing concentrations of added

Ca®?* on the fragmentation of DNA in rat liver nuclei .

is shown in Fig. 2. Addition of 0.1 uM Ca®* had no ef-
282
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to 1.0 xM Ca?*
.fragmentauon and the increase was saturatcd at 10;¢M
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Fig. 1. Effect of various metals on DNA I’rngmmtminn inea diver
nuclei, The nuclei were ineubated for 10 min in the reaction misture
conlaining ¢ither 2 mM EQTA or the indicated metal ion (10 4M),

_ Each baristhe mean of values ohiained from five rais per group, The

vertical lings represent the B, *2<0.01, 85 compired with the vatue
of control (nnne). ,

fect on DNA fragmentanon (datanot shown) Ca“ up
‘caused a significant increase in DNA

Ca**,

The effect of regucalein, a calcium- bmdlng protem.
on the fragmentation of DNA in rat liver nuclei is
shown in Fig. 3. An appreciable effect of regucalein on
Ca’* (10 uM)-activated DNA fragmentauon was not
seen at 0.25 M. However, the Ca®*.activated DNA

- fragmentation was significantly inhibited by the
. presence of 0.5 uM regucalcin. With the greater concen-

trations (1.0 and 2.0 xM), the effect was salurated.
Meanwhiie, regucalcin (1.0 uM) did not have an effect
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Fig. 2. Effect of increasing concentrations of Ca* * on DNA fragmen-

tation in rat liver nuclei. The nuclei were incubated for 10 min in the

reaction mixture containing either 2 mM EGTA or CaCl in thé range

of 1.0~5.0 uM as a final concentration added. Each point is the mean

of values obtained from five rats per group. The vertical lines repre-

sent the SE; *P<0.01, as compared with the value without Ca?* ad
duion
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Fig. 3. Effect of in¢reasing cancenirations of reguealein on DNA
fragmentation in rat liver nucled. The reactlon mixture was ineubared

for 10 min in the presence af 10 xM CaCla nnd reguenlcin (0, 0.25, .

'0.50, 1.0and 2.0 uM}, Each bar or pelnt is the mean of values obtain-
ed from five ruts. per group. The vertienl lines represent the SE,
*£< 0,01, 43 compared with the eontrol value, (o) none; (@) 10 uM

C:\Ch addition,

on DNA fragmentation in the absence of Ca?* (with 2
mM EGTA).

When the concentration of Ca?* added in the reac-
tion mixture with liver nuclei was varied in the range of
5.0-50 uM with 1.0 uM regucalcin, the fragmentation
of DNA in the nuclei increassd at a higher concentra-
tion (25 and 50 yM)of the'metal {Fig. 4). [n the presence
of 5.0 and 10 uM Ca?* added, regucalcin (1.0 uM) com-
pletely prevented an increase in the nuclear DNA

fragmentation caused by the metal. Thus, the inhibitary -

effect of regucalcin (1.0 ©M) was seen at a comparative-
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Fig.: 4. Effect of regucalcin on DNA fragmentation with variation of
Ca** concentrations inrat liver nuclel, The reaction mixture was in-
cubated for 1D min in the presence of CaCl; (0, 5, 10, 25 and 50 uM)
and regucalcin (1.0 uM). Each bar is the mean of values obtained
from five rats per group. The vertical lines represent the SE,

*P<0.01, as compared with the value of conirol (none). (B) none;

(m) 1.0 ;_‘M regucalcin addition.

- [15,16].

Calmoduhn(m)
Fsg 5, Effect of rcgucalcln an DNA fragméentation with calmodulin |

“in et Yver nuelel, The reactian mixure wax incubated fer 10 min in

the presence of 10 uM CaCly, calmadulin (0, 10 and 20 pg} and 1.0 M
reguealeln. Each bar or point is the mean of values obtained from five
rats per_group, The vertical lines represent the SE. *P< 0,01, ascom-

pared wuh !he gantrel value. {9 withewt regumlem. o} with .

regucalein.

1y lower coﬁccntration‘ (less than 10 pM) of Ca®"

added. ‘

fn the presence of 10 uM Ca?* added DNA .
fragmentation in liver -nuclei was not significantly
enhanced by the presence of calmodulin (10 and 20 xg)
(Fig. 5). The inhibitory effect of regucalein (1.0 uM) on

‘Ca“ (10 uM)-activated DNA- fragmentation was seen

in the presence af calmodulm (10 and 20 ;.Lg)

‘4. DISCUSSION

A novel calcium-binding protein regucalcin, which
differs from calmodulin and other calcium-binding pro-
teins [11-13], is distributed in the hepatic cytosol of rats
The molecular weight of regucalcin was
estimated to be 28 800 [15]. The Ca®* binding constant
was found to be 4.19 x 10° M~! by equilibrium
dialysis, and there appears to be 6-7 high affinity bin-
ding sites for Ca** per molecule of protein [15]. Amino -
acid analysis of regucalein showed glycine and glutamlc
acid to be the predominant amino acid [15]. The isoelec-
tric point of regucalcin is $5.20; from the circular
dichroism spectrum, the apparent «-helical content of -
regucalcin in Ca? " -free buffer is estimated to be 34%

- [16], and this value is decreased by 1.0 mM Ca?" addi-

tion [16].. Regucalcin may play a cell physiological role

- different from those of other calcium-binding proteins

in the regucalcin of liver cell fumnons. This novel pro-
tein can reverse the effect of Ca** OnmMany enzymes in:

- hepatic eytosol [17,19,25].

More recent investigations suggest that. Ca plays

‘_an important role in the regulation of liver nuclear func-
tions [4-9]. Previous work has shown that rapid

autodigesticn of DNA can occur when nuclei isolated
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from a variely of chn‘erem tissues, including ra: lwer.‘

“are incubated in 8 buffer containing Ca?* and Mg'*
{26,27]. The Ca®" dependence of this endogenous
DNA fragmeniation pracess in more ¢etail has been ex-
amined in a recent study (21]; it shows that isalated rat
liver nuelei contnin a DNA endonucleate activity depen-
dent upan Ca* in the submicremolar range when the
nuclei are reconstituted with NAD™ and ATP [21).
This endogenous endonuclease activity may be respon-
sible for the DNA fragmentation accurring during pro-
grammed cell death and cerrain types of toxic cell
killing.

In the present mvesnganon ithas been demonstralcd
that Ca?*, of various metals, can uniquely stimulate in
vitro DNA fragmentation in isvlated rat liver nuclei. A

significant increase was seen by addition of 1.0 yM

Ca®". This result coincides with previous other work
'[21]. The presence of regucalcin (0.5-2.0 xM) complete-
Iy inhibited the activation of liver nuclear DNA
fragmentation by addition of 10 4M Ca**, This inhibi-
tion was nat seen by addition of Ca®* at 25 and 50 uM.
Thus, regucalein had an effect on DNA fragmentation
with a comparatively lower concentration of Ca®* (5.0
and 10 uM) used. The regucalcin effect on DNA
fragmentation may be based on binding Cai*, since

there ‘appear to be &-7 high affinity binding sites for.

Ca%* per molecule of regucalcin {15].

- DNA' fragmentation in rat liver nuclei may be
stimulated by Ca®*-calmodulin {21], and calmodulin
exists in liver nuclei [4]. In the present study. addition
of calmodulin (10 and 20 ug) did .not cause an ap-
preciable increase of Ca®* (10 uM)-activated DNA

fragmentation  in llver nuclei. The endogenous

calmodulin may have a sufficient effect to enhance

Ca“-acuvated DNA fragmentation in liver nuclei.
" However, the presence of regucalcin caused an inhibi-
tion of Ca®*-activated DNA fragmentation due to
Ca?* addition. Such inhibition was also seen in the
presence of exogenous calmodulin, Presumably,
regucalcin can regulate Ca** /calmodulin-depéndent
DNA fragmentation in liver nuclei, Radioiodinated
regucalcm can bind to the nuclei isolated from rat liver
in the absence or presence of 1.0 mM Ca** [lB! ‘

Several recen: studies have indicated that Ca?* plays -

an important role in regulation of nuclear functions
[4-9, 21] Also, it has been found that a sustained in-

crease in cytosolic Ca’* level precedes the activation.of
" DNA fragmentanon that is characteristic of programm-
ed cell death (apoptosis) and in certain forms of
chemically induced cell killing [28,29]. The present fin-
ding, that regucalcin prevents the activation of DNA
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fragmentation by Ca* ", suggests a cell physiolegical
rale in liver cells. Regucalcin may have a role ag
rcgulamry prmeln for Ca*" uction. :
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