PHARM

aspet

MOLECULAR PHARMACOLOGY, 23:78-85

Effect of Calmodulin and Calmodulin Antagonists on the Ca?* Uptake
by the Intracellular Ca?**-Accumulating System of Guinea Pig Peritoneal

Macrophages Treated with Saponin

MasaTo HiIRATA, EnicHl SUEMATSU,' AND TosHITAKA KoGa

Department of Biochemistry, Faculty of Dentistry, and Department of Pharmacology, Faculty of Medicine, Kyushu

University, Fukuoka 812, Japan
Received June 3, 1982; Accepted August 2, 1982

SUMMARY

Guinea pig peritoneal macrophages were treated with saponin, and the effects of calmod-
ulin and “calmodulin antagonists” on the Ca®* uptake of saponin-treated macrophages
were examined. With this intracellular Ca®*-accumulating system we found that intact
macrophages contained 672 ng/4 x 10° cells (2874 ng/mg of protein), which was reduced
to 64 ng/4 x 10° cells (799 ng/mg of protein) by treatment of the macrophages with
saponin. Exogeneously added calmodulin affected neither the maximal capacity of the
Ca®* uptake nor the apparent affinity of Ca’* of the saponin-treated macrophages. All of
the calmodulin antagonists examined [chlorpromazine, trifluoperazine, N-(6-aminohexyl)-
5-chloro-1-naphthalenesulfonamide, and N-(6-aminohexyl)-1-naphthalenesulfonamide]
inhibited the Ca** uptake of saponin-treated macrophages. However, the concentrations
of these drugs required for half-maximal inhibition of the Ca®>* uptake were much higher
than those described for the calmodulin stimulation of phosphodiesterase. Troponin I,
which inhibited calmodulin-stimulated phosphodiesterase activity, did not inhibit Ca®*
uptake. Inhibition of Ca’* uptake by chlorpromazine and trifluoperazine was not reduced
by the addition of excess calmodulin and was not altered by changes in concentration of
both Mg-ATP and free Ca®**. The Ca®* accumulated in saponin-treated macrophages was
released by the addition of chlorpromazine and trifluoperazine, and, after removal of the
drugs, Ca** accumulation was restored. This release of Ca®*' by chlorpromazine and
trifluoperazine was concentration-dependent, and the concentration required for half-
maximal release of Ca®* was similar to that for half-maximal inhibition of Ca’* uptake.
From these findings, we conclude that the intracellular Ca?*-accumulating system in
guinea pig peritoneal macrophages was not stimulated by calmodulin. Although calmod-
ulin antagonists inhibited Ca** uptake and released accumulated Ca** in saponin-treated
macrophages, these effects may be unrelated to the specific effect of the drugs on

calmodulin.

INTRODUCTION

CaM? seems to play a pivotal role in many cellular
functions (1). In the Ca®*-transport system, the (Ca®* +
Mg?*)-ATPase activity of erythrocytes is enhanced by
CaM (2-4). In addition to erythrocytes, CaM stimulates
the Ca®*-transport system of the plasma membranes of
most cell types, e.g., cardiac muscles (5), macrophages
(6), and adipocytes (7), by a direct interaction with (Ca**
+ Mg**)-ATPase (4, 5).
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Katz and Remtulla (8) noted CaM stimulation of Ca**
transport in sarcoplasmic reticulum-enriched cardiac mi-
crosomes. However, this stimulation was not due to the
direct interaction of CaM with (Ca®>* + Mg®*)-ATPase,
but rather to the CaM-dependent phosphorylation of
phospholamban (9), which was originally discovered in
the case of cyclic AMP-dependent phosphorylation.
Thus, both direct and indirect stimulatory mechanisms
of the Ca®*-transport system by CaM have been docu-
mented.

.Carafoli et al. (10) reported that CaM could be ex-

tracted from the endoplasmic reticulum-rich fractions of

both lobster muscle and rat liver, suggesting some essen-
tial role of CaM in the Ca®*-transport system of both
types of tissues: On the other hand, Pershadsingh et al.
(7) found that, although CaM stimulated Ca®* transport
in plasma membrane vesicles of adipocytes prepared
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from rat epididymal fat-pads, it did not stimulate Ca**
transport in endoplasmic reticulum-enriched adipocyte
microsomes. Therefore, they concluded that the CaM
stimulation of Ca®* transport occurs in plasma mem-
branes but probably not in endoplasmic reticulum, and
that the sarcoplasmic reticulum of cardiac muscle was an
exception. However, the biochemical preparations of
both plasma membrane and endoplasmic reticulum were
often intercontaminated.

We reported that the plasma membrane of guinea pig
peritoneal macrophages could be destroyed easily and
selectively by treatment with saponin, and that in mac-
rophages so treated two elements of the intracellular
Ca’*-accumulating system were observed in the presence
of Mg-ATP, i.e, one in the absence of sodium azide and
the other in the presence of it (11).

In the present study, we attempted to determine
whether CaM could stimulate Ca®* transport in the in-
tracellular Ca’*-accumulating system, which was ob-
served in the presence of sodium azide, of guinea pig
peritoneal macrophages.

MATERIALS AND METHODS

Preparation of macrophages and saponin treatment.
The peritoneal macrophages of guinea pigs were prepared
and treated with saponin by essentially the same method
as described previously (11), except that 2 mm EGTA
was included during the saponin treatment.

Preparation of various proteins, CaM, TNI, and
CaM-deficient PDE. CaM was prepared from dog brain
by the method of Yazawa et al. (12). Troponin was
prepared from rabbit skeletal muscle, and TNI was sep-

arated from the troponin by the method of Ebashi (13).-

CaM-deficient PDE was prepared from dog brain by the
method of Watterson et al. (14), except that it was eluted
from a DEAE-cellulose column by an NaCl gradient from
0.1 M to 0.4 M at pH 7.5.

Assays of Ca®* uptake and Ca’* release of saponin-
treated macrophages. The uptake and release of Ca®* in
saponin-treated macrophages were assayed by a filtration
method using “Ca (11). Saponin-treated macrophages
(4 X 10°) were preincubated for 2 min at 37° in 1 ml of
0.13 m KCl, 20 mM Tris-maleate buffer (pH 6.80), 5 mm
NaNs, 5 mm MgCl,, 0.1 mm CaCl; (containing 1 uCi of
“*Ca), and a specific concentration of EGTA to obtain a
desired free Ca®* concentration. The reaction was started
by the addition of 5 mM ATP. The incubation was
continued for various times at 37°, and the reaction was
stopped by passing the mixture through a glass-fiber
filter (Whatman GF/C, pore size 1.2 um). The. filter was
washed twice with 2 ml of the above solution without
“*Ca, dried, and counted in 10 ml of 0.4% 2,5-diphenylox-
azole and 0.02% 1,4-bis[2-(4-methyl-5-phenyloxazole)]
benzene] in toluene. Almost all saponin-treated macro-
phages were trapped on the filter, because no cells were
observed in the filtrates under a phase-contrast micro-
scope. Furthermore, the same value of Ca** uptake was
obtained when cells were trapped on the filter, which had
a pore size of 0.45 um. The apparent binding constant of
EGTA for Ca** was assumed to be 1 X 10° M~' at pH 6.80
(11). When the concentration of Mg-ATP was changed
(Fig. 6), various concentrations of MgCl; and ATP were

added to the reaction mixture under the assumption that
the apparent affinity constant of ATP for Mg** was 4 X
10° M~' (11).

The Ca®* release in saponin-treated macrophages was
assayed as follows. The Ca®* uptake of the saponin-
treated macrophages was determined as described above.
At an appropriate time, a small volume of concentrated
drugs, CPZ and TFP, was added to the reaction mixture
for Ca®* uptake. The mixture was incubated at 37°, and
the reaction was stopped by passing.the mixture through
a filter as described above. As a control, the same volume
of distilled water was added to the reaction mixture, so
that the specific activity of “*Ca was not changed between
the experimental tube and the control tube.

Extraction of soluble fractions of both untreated mac-
rophages and saponin-treated macrophages and assays
of PDE activity. Cells (1 X 10°) of both untreated mac-
rophages and saponin-treated macrophages were homog-
enized in 2 ml of 10 mm Tris-HCl (pH 7.5) and 1 mMm
EGTA in a motor-driven homogenizer with a Teflon
pestle; and centrifuged at 140,000 X g for 60 min. The
supernatant then was dialyzed against 10 mm Tris-HCl
(pH 7.5). The dialyzed extracts were diluted with 10 mm
Tris-HCl (pH 7.5) and boiled in water for 3 min to
denature the endogenous PDE, and their CaM content
was determined. PDE activity was assayed by the two-
step method of Cheung (15).

Polyacrylamide gel electrophoresis and determina-
tion of protein concentration. Electrophoresis was car-
ried out on 12% polyacrylamide gels by the method of
Laemmli (16).

Protein concentration was determined by the biuret
reaction and/or the method of Lowry et al. (17), using
bovine serum albumin as a standard.

Materials. CPZ was obtained from Sigma Chemical
Company (St. Louis, Mo.). TFP was a gift from Yoshi-
tomi Pharmaceutical Science Company Ltd.: (Japan)
through the courtesy of Dr. Y. Kawano, Chief of Phar-
macy, Kyushu University Hospital attached to the Fac-
ulty of Dentistry. W-7 and W-5 were obtained from
Rikaken Company (Japan). These drugs were freshly
dissolved just prior to addition to the incubation mixture
and were protected from light.

RESULTS

Content of CaM in the soluble fractions of macro-
phages and saponin-treated macrophages. Jamieson
and Vanaman (18) prepared and characterizted CaM
from the murine macrophage cell line, P388D,. Figure 1a
shows that the soluble fractions of both untreated mac-
rophages and saponin-treated macrophages could stim-
ulate activity of PDE prepared from dog brain only in
the presence of Ca’*—like CaM prepared from dog
brain—indicating that the peritoneal macrophages of the
guinea pig contain CaM. From the protein concentration
required for half-maximal activation of CaM-deficient
PDE activity in comparison with the purified CaM, we
calculated the CaM content in the soluble fractions of
both untreated macrophages and saponin-treated mac-
rophages. To check the validity of our method for deter-
mination of the CaM content, we examined the CaM
content of the soluble fractions of rat brain cortex and
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FiG. 1. Stimulation of PDE activity by CaM and extracts of heat-treated and saponin-treated macrophages, and inhibition of CaM-

activated PDE activity by TNI

a. Stimulation of PDE activity by CaM and extracts of both heat-treated macrophages and saponin-treated macrophages. PDE activity was
assayed by a two-step procedure in the presence of either 0.1 mm CaCl; (open symbols) or 1 mM EGTA (closed symbols). O, CaM; [J, heat-treated
extracts of macrophages; A, heat-treated extracts of saponin-treated macrophages.

b. Inhibition of CaM-activated PDE activity by TNI. PDE activity was assayed in the presence of 0.1 mm CaCl,, CaM (0.38 pg/ml), and
various concentrations of TNI. Inset, Electrophoretic patterns of TNI (1) and CaM (2) which were used in the study.

lung, and obtained values of 377 and 54.3 pg/g (wet
weight), respectively. Previously, Kakiuchi (19) reported
that the CaM content of both rat brain cortex and lung
were 379 and 75 pg/g (wet weight), respectively. The
CaM content of the soluble fraction was reduced from
672 to 64 ng/4 X 10° cells, or from 2874 to 799 ng/mg of
protein, by treatment of the macrophages with saponin
(Table 1). When the saponin treatment of macrophages
was carried out with high-ionic strength solution, e.g.,
above 0.3 M KCl, CaM was not detected in saponin-
treated macrophages by the present method. However,
macrophages so treated could not be used for assay of
Ca®* uptake because the cells aggregated.

Figure 1b shows the effect of TNI prepared from rabbit
skeletal muscle on CaM-activated PDE activity. TNI
inhibited CaM-activated PDE activity, probably because
TNI could interact with CaM in the presence of Ca**.
Shenolikar et al. (20) reported that TNI inhibited CaM-

activated phosphorylase kinase from skeletal muscle.
Lack of effect of CaM on the Ca** uptake of saponin-
treated macrophages. Figure 2 shows the effect of exog-

TABLE 1

Contents of CaM in soluble fractions of both macrophages and
saponin-treated macrophages

The concentrations of CaM in soluble fractions of both untreated
macrophages and saponin-treated macrophages were determined on
the basis of the protein concentration required for the half-maximal
activation of PDE activity in comparison with the purified CaM (Fig.
1a), and are expressed as means + standard error of the mean.

Macrophages CaM
ng/4 x 10° cells ng/mg protein
Untreated (n = 6) 672 + 29 2874 + 320
Saponin-treated (n = 5) 64+8 799 + 91
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F16. 2. Effect of CaM on the Ca®* uptake of saponin-treated macrophages (Mg).

The Ca®* uptake of saponin-treated macrophages was assayed as described under Materials and Methods. a, The CaM concentration added
was varied; the free Ca’* concentration was 3.5 X 107 M. b, The free Ca’* concentration was 3.5 X 107® M. O, @, In the absence of oxalate; A, A,
in the presence of oxalate (5 mM). Open symbols represent control experiments; closed symbols represent experiments carried out in the presence
of CaM (10 ug/ml). ¢, The free Ca®* concentration was varied. O, control; ®, CaM (10 pg/ml). The energy-independent Ca** uptake was carried
out in the absence of ATP and subtracted from the value of Ca®* uptake in the presence of ATP. All other figures are the same.

enously added CaM on the Ca’' uptake of saponin-
treated macrophages. CaM at concentrations up to 100
pg/ml did not affect the maximal Ca** uptake of saponin-
treated macrophages (Fig. 2a). Vincenzi et al. (21) re-
ported that sufficient preincubation of the (Ca** + Mg**)-
ATPase of erythrocytes with CaM in the presence of
Ca®* was critical for the observation of CaM activation
of (Ca®* + Mg?*)-ATPase. Under our experimental con-
ditions, the preincubation time was 2 min and the incu-
bation time was 10 min. Even when measuring the Ca®*
uptake of saponin-treated macrophages for 10 min after
preincubation for 20 min at 37°, CaM did not stimulate
the maximal Ca®* uptake (data not shown). Furthermore,
CaM (10 ug/ml) did not affect the time course of Ca®*
uptake of the saponin-treated macrophages, in either the
presence or absence of the Ca®*-precipitating anion, ox-
alate (Fig. 2b). Moreover, CaM (10 pg/ml) did not change
the apparent affinity of saponin-treated macrophages for
Ca®* (Fig. 2c). The lack of effect of CaM on the Ca®*
uptake of saponin-treated macrophages apparently dif-
fered from the effects on (Ca’* + Mg®*)-ATPase of
erythrocytes (2-4), and the Ca®* transport of the plasma
membranes of macrophages (6), adipocytes (7), and the
sarcoplasmic reticulum of cardiac muscle (8, 9).

Effect of CaM antagonists on the Ca’* uptake of
saponin-treated macrophages. Phenothiazines and
naphthalenesulfonamides reportedly interact with CaM
in the presence of Ca®*, and inhibit the CaM activation
of PDE activity and the (Ca** + Mg®*)-ATPase activity
of erythrocyte (1, 22, 23). Furthermore, TNI from skeletal
muscle interacts with CaM in the presence of Ca®*, and
thus inhibits the muscle phosphorylase kinase (20) and

PDE activity (Fig. 1b). Phenothiazines, naphthalenesul-
fonamides, and TNI have been designated “CaM antag-
onists” and have been widely used.

Although the CaM content of the soluble fraction of
saponin-treated macrophages was substantially reduced
to 64 ng/4 X 10° cells (Table 1), the Ca®>* uptake or the
(Ca®* + Mg?*)-ATPase activity of the inside-out vesicles
or the ghost of human erythrocytes was stimulated ap-
proximately 2 times by the addition of about 60 ng of
CaM (3, 23). Thus, the role of endogenous CaM in the
Ca’* uptake of saponin-treated macrophages could not
be completely excluded. Therefore, we examined the
effect of CaM antagonists on the Ca’* uptake of saponin-
treated macrophages (Fig. 3). Both phenothiazines (CPZ
and TFP) and naghthalenesulfonamides (W-7 and W-5)
inhibited the Ca** uptake of saponin-treated macro-
phages in a dose-dependent manner (Fig. 3a). Naphtha-
lenesulfonamides were less effective than phenothiazines.
However, the half-maximal inhibitory concentrations
(ICs0) of phenothiazines (CPZ and TFP) were about 100
uM, the ICs of CPZ was slightly higher, and that of TFP
was much higher than those described for CaM activation
of PDE activity and of (Ca®>* + Mg®*)-ATPase activity;
i.e., the ICs, values of CPZ and TFP were around 50 uM
and 10 uM, respectively (22, 23). Moreover, TNI at con-
centrations up to 200 pg/ml did not inhibit the Ca®*
uptake of saponin-treated macrophages (Fig. 3b), in con-
trast with the CaM activation of PDE activity (Fig. 1b)
and phosphorylase kinase (20). Therefore, it seems likely
that the inhibition of Ca** uptake of saponin-treated
macrophages by CaM antagonists might be due to non-
specific effects which are unrelated to interactions with

2102 ‘9 JaquiadaQ Uo ollduer ap Oy Op OpeIST Op apepisianiun e Bio sjeuinofadse wieydjow woiy papeojumoq


http://molpharm.aspetjournals.org/

PHARM

aspet.’

82  HIRATA ET AL.

~ a b
=
[7+)
g 4 h//*’ﬁao-#\ 4 ;/‘l/"_.q.—’_. *——o¢
% \.\. A\A -
-g - \' \A
H 3 A \ 3 i
3 \
" 2+ 'y 2t
5 o \
@
3 1+ i 1f
3 \
o]
° |, A
N L 1 N I/ a n L " e
o 3 10 30 00 300 o " 3 10 100 300

Drugs(uM)

TNI(pg/ml)

FiG. 3. Effect of CaM antagonists on the Ca®* uptake of saponin-treated macrophages (s-Mg).
a. O, TFP; @, CPZ; A, W-5; A, W-7. b. TNI. The free Ca®* concentration was 3.5 X 107 M.

CaM of CaM antagonists, as previously noted by Caroni
and Carafoli (5).

Characteristics of the inhibitory effect of CaM antag-
onists on Ca** uptake of saponin-treated macrophages.
Figure 4 shows the effect of exogenously added CaM on
the Ca’* uptake of saponin-treated macrophages in the
presence of CPZ. CaM at concentrations up to 100 ug/ml
did not reduce the inhibition of Ca®** uptake by 50 um
CPZ. Since CaM would interact with CPZ in the presence
of Ca®*, the inhibitory effect of CPZ on Ca** uptake was
quite apparent even with a bound form of CPZ, i.e., CaM-
CPZ complexes. Essentially the same result was obtained
with TFP.

Figure 5 shows the inhibition of Ca®* uptake of sa-
ponin-treated macrophages by CPZ at various concentra-
tions of free Ca’*. The inhibitory effect of CPZ on the
Ca®* uptake was appreciable with the free Ca** concen-
tration over 10~7 M, and the degree of inhibition was not
changed with an increase in the concentration of free
Ca®*. Furthermore, the apparent affinity constant of
saponin-treated macro!)hages for Ca®*, which is the re-
ciprocal of the free Ca®* concentration for half-maximal
Ca®* uptake, was not changed in either the presence or
absence of CPZ, indicating that the inhibition of Ca**
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Fi1G. 4. Effect of CaM on the Ca** uptake of saponin-treated mac-
rophages (s-Mg) in the presence of CPZ.

The Ca?* uptake was carried out in the presence of 50 uM CPZ and
various concentrations of CaM. The free Ca** concentration was 3.5 X
107¢ M. The broken line was drawn from Fig. 2a.

uptake by CPZ might not be due to the competition
between CPZ and Ca®* for the Ca®* binding sites during
the mechanism of Ca’* uptake. Essentially the same
result was obtained with TFP.

Figure 6 shows the inhibition of the Ca’* uptake of
saponin-treated macrophages by CPZ at various concen-
trations of Mg-ATP. Over 2 mM Mg-ATP was required
to obtain the maximal Ca®* uptake, as previously dem-
onstrated (11). The Ca®* uptake was invariably inhibited
by CPZ at a concentration of Mg-ATP ranging from 0.5
mM to 5 mM. Thus, inhibition of Ca®>* uptake by CPZ
may not be due to the competition between CPZ and
Mg-ATP for binding sites of the substrate for Ca®>* up-
take.

Release of Ca®* in saponin-treated macrophages by
CPZ. Kurebayashi and Ogawa (24) reported that CPZ
released accumulated Ca** in the sarcoplasmic reticulum
of skeletal muscle, and they assumed that this release
was due to an enhancement of the Ca®**-induced Ca®*-
release mechanism, as was proposed in the case of caf-
feine and halothane (25). Therefore, we next examined
the release of Ca’* in saponin-treated macrophages by
CPZ. As shown in Fig. 7, Ca’* taken up was rapidly
released by the addition of 50 um of CPZ, and the
maximal release by CPZ was obtained within 3 min after
the addition of CPZ. After the removal of CPZ, the Ca%*

~
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Ca?’ uptake of s-Mg (nmoles/ 4 10°Mg)

\

1 1 1
08 1067 108 10°
Free Ca concentration (M)

F1G. 5. Ca®* uptake of saponin-treated macrophages (s-Mg) at
various concentrations of free Ca®* and the inhibition by CPZ.
O, Control; ®, 50 um CPZ.
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Fi1c. 6. Ca®* uptake of saponin-treated macrophages (s-Mg) at
various concentrations of Mg-ATP, and inhibition by CPZ.

Free Ca®* and Mg®* concentrations were 3.5 X 10™* M and 1 mm,
respectively. O, Control; @, 50 um CPZ.

level was again restored to the original level within 5
min. In this experiment, we used a free Mg>* concentra-
tion of 1 mM. When the free Mg®>* concentration was
increased to 10 mM, the value of the maximal release of
Ca’* with CPZ was not affected (data not shown). The
Ca’*-induced Ca®* release in the sarcoplasmic reticulum
of skeletal muscle was inhibited with increase in the free
Mg®* concentration (24, 25). Figure 8 shows the Ca®*
remaining in saponin-treated macrophages after the max-
imal release by the addition of various concentrations of
CPZ. The release of Ca’>* by CPZ was dose-dependent,
and the half-maximal release of Ca®* was obtained by the
addition of about 100 um CPZ, at free Ca®* concentrations
of both 3.5 X 10 M and 1.4 X 1077 M. Although the
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FIG. 7. Ca** release by CPZ in saponin-treated macrophages (s-
Mo)

The Ca®* uptake of s-Mg was carried out as described under Mate-
rials and Methods. Seven minutes after the start of the Ca®* uptake,
CPZ was added to give a final concentration of 50 uM (@); at the time
indicated, an aliquot of the reaction mixture was passed through a
glass-fiber filter, and the Ca®* remaining in s-Mg was determined. As
a control, the same volume of distilled water was added (O). At 7 min
after the addition of CPZ, the cells were sedimented to remove CPZ,
and fresh reaction solution containing the same specific activity of *Ca
as the initial Ca®* uptake solution was added. The free Ca®* concentra-
tion was 3.5 X 107 m.
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7
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Fic. 8. Ca®* release in saponin-treated macrophages (s-Mg) by
various concentrations of CPZ

The Ca®* release in s-Mg was carried out as described in Fig. 7. The
Ca’* remaining in s-Mg was determined at 5 min after the addition of
various concentrations of CPZ. The free Ca®* concentrations were 3.5
X 107 M (@) and 1.4 X 107" M (O).

Ca’*-induced Ca®* release in the sarcoplasmic reticulum
of skeletal muscle was strongly dependent on the concen-
tration of free Ca®* (25), the release of Ca’* in saponin-
treated macrophages by CPZ was not. The dose-depend-
ent release of Ca®* in saponin-treated macrophages, as
induced by CPZ, was much the same as the dose-depend-
ent inhibition of Ca®* uptake induced by CPZ (Fig. 5).
Much the same dose-dependent release of Ca®* was ob-
tained with TFP.

DISCUSSION

We have previously shown that the treatment of mac-
rophages with saponin results in the destruction of the
plasma membrane (11), because cholesterol molecules
are enriched in plasma membranes, but not in both
endoplasmic reticulum and mitochondria; therefore, sa-
ponin selectively removes cholesterol molecules from the
plasma membrane (26, 27). Electron microscopic obser-
vation of saponin-treated macrophages revealed that
both endoplasmic reticulum and mitochondria preserve
their intact structures, in spite of destruction of the
plasma membrane.? Saponin-treated macrophages could
accumulate Ca’* in the presence of Mg-ATP in two ways:
i.e., with high capacity (95 nmoles/4 X 10° cells) and low
affinity for Ca®>* (3 X 10° M7!) in the absence of the
inhibitor of mitochondrial Ca®** uptake, sodium azide,
and with low capacity (4 nmoles/4 X 10° cells) and high
affinity (6 X 10° M~') in the presence of sodium azide
(11). The accumulation of Ca®* in saponin-treated mac-
rophages was substantially stimulated in the presence of
oxalate, and the addition of Triton X-100 abolished the
Ca’* uptake of saponin-treated macrophages (11). There-
fore, the accumulation of Ca®>* by Mg-ATP in saponin-
treated macrophages was probably due to both endo-
plasmic reticulum and mitochondria. Since the Ca** up-
take of saponin-treated macrophages was carried out
throughout this study in the presence of sodium azide,
the Ca”* uptake would be due to endoplasmic reticulum,
but not to mitochondria.

3 M. Hirata, E. Suematsu, and T. Koga, unpublished data.
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In the experiments of Ca®* release by CPZ (Figs. 7 and
8), there is the possibility that the specific activity of **Ca
was diluted and the Ca®* remaining in saponin-treated
macrophages was underestimated. This possibility may
not apply, since the accumulated Ca®* in the mitochon-
dria of saponin-treated macrophages was released by the
addition of EGTA and the saponin treatment of macro-
phages was carried out in the presence of 2 mmM EGTA so
that the mitochondria would not contain unlabeled Ca**.
Therefore, the Ca®* release would be due to endoplasmic
reticulum, but not to mitochondria.

CaM, which was originally discovered in the activation
of brain PDE activity (15, 28), is an important regulatory
protein which binds Ca** and mediates Ca®* stimulation
of several enzyme activities, including all types of (Ca”*
+ Mg**)-ATPases of plasma membrane examined (1-7).
On the other hand, with respect to the Ca**-transport
system in the cytoplasm, CaM has been reported to
stimulate Ca®* transport in the sarcoplasmic reticulum
of cardiac muscle (8, 9), and CaM has been extracted
from endoplasmic reticulum of both lobster muscle and
rat liver (10). However, Pershadsingh et al. (7) reported
that CaM did not stimulate Ca®* transport in the endo-
plasmic reticulum-rich fraction of the rat adipocytes.
Thus, whether CaM would stimulate Ca** transport in
the cytoplasm is controversial. We have now obtained
evidence that CaM does not enhance either the maximal
capacity for Ca®* uptake or the apparent affinity for Ca®*
of Ca®* accumulation by the endoplasmic reticulum of
guinea pig peritoneal macrophages, under the condition
of saponin treatment in the presence of an inhibitor of
mitochondrial Ca** uptake (11). Therefore, it seems
likely that even though stimulation of the Ca**-transport
mechanism by CaM may be generally applicable to all
types of plasma membranes, CaM stimulation of the
Ca®* iransport of endoplasmic reticulum may be peculiar
to cardiac muscle, probably due to the presence of a
special protein, phospholamban, in cardiac sarcoplasmic
reticulum (9).

CaM antagonists, both phenothiazines and naphtha-
lenesulfonamides, inhibited the Ca?* uptake of saponin-
treated macrophages. However, inhibition of Ca®* uptake
by CaM antagonists required a higher concentration than
did inhibition of CaM stimulation of PDE activity (22,
23), and the order of potency of inhibition of PDE activity
by various CaM antagonists was not applicable to inhi-
bition of Ca** uptake. Furthermore, inhibition of Ca**
uptake by phenothiazines was not reduced by the addi-
tion of excess CaM, and TNI, which inhibited the CaM
stimulation of PDE activity and phosphorylase kinase
(20), did not inhibit Ca** uptake. Therefore, the inhibi-
tory effect of Ca** uptake by CaM antagonists does not
seem to be due to a specific effect on endogenous CaM in
the saponin-treated macrophages. The inhibition of Ca®*
uptake by CaM antagonists was not modified by changes
in the concentration of either Mg-ATP or free Ca®*, both
of which are important factors in Ca?* uptake.

Kurebayashi and Ogawa (24) reported that CPZ as
well as caffeine and halothane enhanced the Ca**-in-
duced Ca®* release mechanism in sarcoplasmic reticulum
of skeletal muscle. Caffeine is a well-known stimulator of
Ca’*-induced Ca®* release in sarcoplasmic reticulum of

skeletal, cardiac, and smooth muscle (25). However, Ca**
which had accumulated in saponin-treated macrophages
was not released by the addition of caffeine under con-
ditions in which Ca®* is readily released in the sarco-
plasmic reticulum of muscles by the addition of caffeine.*
Furthermore, the release of accumulated Ca** in saponin-
treated macrophages by CPZ was not inhibited by an
increase in free Mg>* concentration. The Ca®*-induced
Ca®* release in the sarcoplasmic reticulum of muscles
was completely inhibited by an increase in free Mg**
concentration (25). Thus, the release of Ca®* in saponin-
treated macrophages by CPZ might not be due to an
enhancement of Ca”*-induced Ca®* release.

Phenothiazines are water-soluble cationic detergents
and preferentially partition into phospholipid within the
membrane, particularly to phosphatidylserine on the in-
ner half of the lipid bilayer (29). In fact, Naccache et al.
(30) reported that TFP induced the release of lactate
dehydrogenase from rabbit peritoneal neutrophils, prob-
ably due to leakage of the plasma membrane. Naphtha-
lenesulfonamide had the same effect on the plasma mem-
brane of neutrophils, although much higher concentra-
tions were required (30). Furthermore, TFP modified
Ca®* transport in the plasma membrane of cardiac mus-
cle, apart from the specific effect on CaM (5). In addition,
Kurebayashi and Ogawa (24) reported that CPZ released
Ca®* from the sarcoplasmic reticulum of skeletal muscle.
Thus, inhibition of Ca®* uptake and the release of accu-
mulated Ca®* in saponin-treated macrophages by CaM
antagonists may not be related to a specific effect of the
drugs on CaM, probably because of their detergent-like
action.

In conclusion, the intracellular Ca®*-accumulating sys-
tem in guinea pig peritoneal macrophages was not en-
hanced by CaM. CaM antagonists, both phenothiazines
and naphthalenesulfonamides, made the membrane
leaky, inhibited Ca®* uptake, and released accumulated
Ca®* in saponin-treated macrophages. Furthermore,
these CaM antagonists strongly inhibited active Ca’*
uptake by mitochondria of guinea pig peritoneal macro-
phages, in low concentrations (31). Therefore, when one
is using CaM antagonists in experiments on intact cells
and/or membrane vesicles, great care should be taken in
interpreting the results.
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