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Saponin, a cell-skinning reagent which perforates the cell membrane via its specific interaction with 
plasmalemmal cholesterol, was used to identify the subcellular origin of ATP-dependent Ca 2 + accumulation 
in the presence and absence of inorganic phosphate and oxalate by microsomal fractions isolated from rat vas 
deferens and dog aorta. The purified plasma membranes from rat gastric fundns muscle, which elicit the 
stimulation of ATP-dependent Ca 2+ accumulation by inorganic phosphate but not by oxalate, were used as a 
control reference. Saponin at concentrations effective for skinning smooth muscle fibres (10-50  # g / m l )  
inhibited Ca 2+ binding in the absence of ATP to a similar extent in all fractions, but the inhibition of 
ATP-dependent Ca 2+ accumulation was more pronounced in dog aorta microsomes and rat gastric fundus 
muscle plasma membranes than in rat vas deferens microsomes. The resistance of phosphate- and oxalate- 
stimulated ATP-dependent Ca 2 + accumulation to inhibition by saponin was much greater in rat vas deferens 
than in dog aorta microsomes. Our results suggest that phosphate- and oxalate-stimulated ATP-dependent 
Ca 2+ accumulation also occurs in plasma membrane vesicles isolated from smooth muscle and is by no means 
an unique property of endoplasmic reticulum. 

Smooth muscle microsomal membrane vesicles 
prepared by conventional differential centrifuga- 
tion have been widely used to study the ATP-driven 
Ca2+-transport properties [1-4]. It is well recog- 
nized that such microsomal membrane fractions 
are highly heterogeneous, containing plasma mem- 
branes, endoplasmic reticulum vesicles and small 
amounts of mitochondrial fragments, all of which 
are capable of accumulating Ca 2+ in the presence 
of ATP. Although the contribution by mito- 
chondrial membranes to the Ca z+ transport can be 
eliminated by inclusion of azide or Ruthenium red 
in the assay medium, the subcellular origin of the 
azide-insensitive ATP-dependent Ca 2+ transport 
has long been an issue of debate [2,3,5,6] because 
of the lack of specific inhibitor to differentiate the 

plasma membrane Ca2+-pump from the endo- 
plasmic reticulum Ca:+-pump. Since ATP-depen- 
dent Ca2+-transport by the sarcoplasmic reticulum 
vesicles isolated from the striated muscle is greatly 
stimulated in the presence of oxalate and phos- 
phate ions, it has become habitual to extrapolate 
this property to the isolated smooth muscle micro- 
somal membranes and attribute this anion-stimu- 
lated ATP-dependent Ca 2+ transport to endo- 
plasmic reticulum. Such an extrapolation requires 
special caution because: (a) lack of an oxalate 
stimulation has been reported in some crude 
smooth muscle microsome preparations [7,8]; (b) 
no oxalate effect was found in microsomal sub- 
fractions enriched in endoplasmic reticulum iso- 
lated from rat mesenteric artery, whereas the 
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plasma-membrane-enriched fraction showed the 
highest phosphate stimulation of the active Ca -,+ 
transport [9]; (c) ATP-dependent Ca 2+ accumula- 
tion in the presence of oxalate and phosphate by 
some smooth muscle membranes showed different 
subcellular distributions [11,10]; (d) subcellular 
distribution of ATP-dependent Ca 2 + accumulation 
in the presence of oxalate by human myometrium 
[12] and dog aortic muscle membranes [13] paral- 
leled that of the plasma membrane marker enzyme 
activities; (e) pretreatment with digitonin of the 
smooth muscle microsomes isolated from rat vas 
deferens and dog aorta prior to sucrose density 
gradient centrifugation resulted in a shift toward 
higher density of oxalate-stimulated ATP-depen- 
dent Ca 2+ accumulation (together with that of 
plasma marker enzyme activities) in dog aortic [13] 
but not in rat vas deferens preparation [14]. Such a 
shift toward higher density of plasma-membrane- 
associated properties is due to the specific interac- 
tion of digitonin with the plasmalemmal cholesterol 
[15]. Recently, we have shown that the ATP-de- 
pendent Ca 2+ accumulation by rat vas deferens 
microsomes was much less sensitive in the pres- 
ence than in the absence of oxalate to the inhibi- 
tion by saponin [16], which perforates the plasma 
membranes via its interaction with plasmalemmal 
cholesterol and is widely used as a skinning re- 
agent to destroy selectively the smooth muscle 
plasma membrane [17-19]. In this report, we de- 
scribe the effect of this plasma-membrane-specific 
reagent, saponin, on the Ca 2 +-binding ATP-depen- 
dent CA 2+ transport in the presence and absence 
of oxalate and inorganic phosphate anions in three 
different smooth muscle membrane preparations. 

The detailed procedures and characterization of 
microsomal membranes isolated from rat vas de- 
ferens and dog aortic smooth muscle by differen- 
tial centrifugation have previously been reported 
[13,20]. Rat gastric fundus smooth muscle plasma 
membrane was used as an internal reference mem- 
brane which is, primarily, purified plasma mem- 
brane [21] and does not elicit oxalate stimulated 
ATP-dependent Ca 2+ accumulation [22]. Azide-in- 
sensitive Ca 2+ accumulation over a period of 10 
min, in the presence and absence of 5 mM ATP, 
with and without 2 mM oxalate or 20 mM in- 
organic phosphate, was investigated using the Mil- 
lipore filtration method, as is routinely used in this 
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laboratory [9,13,16,20,21]. 
Table I shows the levels of Ca 2 + accumulation 

under various conditions similarly employed for 
three different smooth muscle membrane prepara- 
tions. In vas deferens microsomes, Ca 2+ binding in 
the absence of ATP was the lowest, whereas the 
stimulation of ATP-dependent Ca 2+ accumulation 
by either oxalate or phosphate was the highest. 
Dog aortic microsomes also showed oxalate and 
phosphate-stimulated ATP-dependent Ca 2+ accu- 
mulation but with less magnitude compared to vas 
deferens microsomes. Gastric fundus plasma mem- 
branes showed no oxalate-stimulated Ca 2+ trans- 
port as previously observed [22], but were capable 
of actively accumulating Ca 2+ in the presence of 
20 mM inorganic phosphate, being similar to the 
plasma membranes isolated from rat mesenteric 
arteries [9]. Also, the effect of oxalate in the case 
of vas deferens microsomes was greater than that 
of phosphate, whereas in dog aortic microsomes, 
the reverse relationship was observed. It was also 
reported that in rat myometrial plasma mem- 
branes, the effect of phosphate at 25 mM was 
greater than the effect of oxalate at 5 mM [10]. 
Therefore, it is clear that different degrees of the 
stimulation of ATP-dependent Ca 2+ accumultion 
by oxalate and phosphate anions exist in different 
smooth muscle preparations. The oxalate and 
phosphate anions may act either separately on 
different submicrosomal membranes or commonly 
on similar submicrosomal membranes with differ- 
ent efficacies. 

Fig. 1 shows that 30-100 ~tg/ml of saponin, the 
concentrations effective for skinning of smooth 
muscle fibre without affecting the endoplasmic 
reticulum [17-19], substantially inhibited the bind- 
ing of Ca 2+ in the absence of ATP. The patterns of 
inhibition were quite similar for all three smooth 
muscle membranes, suggesting that a large portion 
of Ca 2 + binding in smooth muscle microsomes was 
of plasma membrane origin. This is consistent with 
our previous studies using microsomal subfrac- 
tions isolated from a number of smooth muscles 
on the sucrose density gradient [9,13,20,21]. A 
potent inhibition by saponin of ATP-dependent 
Ca 2+ accumulation was also observed for these 
smooth muscle membrane preparations. The pat- 
tern of saponin inhibition was similar for both rat 
fundus plasma membranes and dog aortic micro- 
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TABLE I 

A C C U M U L A T I O N  OF Ca z+ BY M E M B R A N E  FRACTIONS ISOLATED F R O M  RAT VAS DEFERENS,  DOG AORTA A N D  
RAT GASTRIC F U N D U S  MUSCLES 

Ca 2+ accumulation was determined in a final volume of 250 /~1 imidazole (50 mM) buffered (pH 6.87, 37°C) sucrose (250 mM) 
solution containing 5 m M  ATP, 20 /LM free Ca 2+, trace amount  of 45Ca2+, 5 mM sodium azide and Mg z+ (0.5 mM and 5.0 mM in 
the absence and presence of ATP, respectively). The reaction was started by the addition of 50 t~l membranes  containing 10-50/~g 
protein) and stopped after 10 min by rapid filtration using Millipore HAWP filter (0.45 # m  pore size). Ca 2+ accumulation is 
expressed in # m o l / g  per 10 min. Data are expressed as mean_+ S.D. from the number  of experiments indicated in parentheses. 

Vas deferens Dog aorta Gastric fundus 
microsomes microsomes plasma membranes  
(6) (5) (4) 

0.83 _+ 0.32 1.48 _+ 0.21 1.57 _+ 0.32 
ATP-independent  

Ca 2+ binding 
ATP-dependent  

Ca 2+ accumulation 
Basal 
2 mM oxalate 
20 mM phosphate 

20.84__+ 5.52 16.52__+ 2.18 19.70_+2.02 
163.75 _+ 57.81 29.60 _+ 3.49 19.24_+ 2.64 

76.12 _+ 19.57 41.07 _+ 10.16 30.40 _+ 4.84 

somes with an ICs0 of approx. 5 /zg/ml saponin. 
This finding is very similar to that obtained using 
inside-out erythrocyte cell membranes [23,24]. For 
rat vas deferens microsomes, similar inhibition by 
saponin was observed except for a small portion of 
saponin-resistant ATP-dependent  Ca 2+ accumula- 
tion, which was reflected as a shoulder near 30 
# g / m l  saponin. This suggests that such a 
saponin-resistant Ca 2+ transport is not derived 
from the cholesterol-enriched plasma membranes 
of this smooth muscle, and represents only a small 
portion of the functional ATP-dependent Ca 2+ 
transport in the microsomes. 

Fig. 2 shows that the effects of saponin on the 
ATP-dependent  Ca 2 + transport in the presence of 
20 mM inorganic phosphate and 2 mM oxalate 
among these smooth muscle membrane were quite 
contrasting. In the case of rat fundus plasma mem- 
branes, the pattern of inhibition by saponin (10-50 
/zg/ml)  of phosphate-stimulated ATP-dependent 
Ca 2 + accumulation, whether corrected for the basal 
ATP-dependent  Ca 2+ accumulation or not, is very 
similar to that seen in Fig. 1, with an ICs0 of 5 
/~g/ml saponin. The portion of saponin-resistant 
C a  2+ transport increases in dog aortic microsomes 
and is greatest in rat vas deferens microsomes. 
Similar patterns of inhibition by saponin of 
oxalate-stimulated ATP-dependent Ca 2+ accumu- 
lation by rat vas deferens and dog aortic micro- 

somes were also obtained, except that no less than 
90% of the saponin-resistant Ca 2+ transport was 
observed in rat vas deferens at 10-50 # g / m l  
saponin and, in contrast, only a very small portion 
of such a saponin-resistant Ca 2+ transport was 
observed in dog aortic microsomes at 30 /~g/ml 
saponin. The IC50 of saponin inhibition of Ca 2+ 
transport in the presence of oxalate in rat vas 
deferens was approx. 80/~g/ml,  which is compara- 
ble to the corresponding value of about 100/~g/ml 
reported using isolated cardiac sarcoplasmic re- 
ticulum. Although it is tempting to suggest that 
most of the saponin-resistant, oxalate-stimulated 
Ca 2+ transport is derived from the smooth muscle 
endoplasmic reticulum, one should be cautious in 
that our present study does not rule out the possi- 
ble contribution from the cholesterol-poor plasma 
membrane subfractions. The fact that a substantial 
fraction of the oxalate-stimulated ATP-dependent 
C a  2+ transport by dog aortic microsomes was 
saponin-sensitive, in contrast to that found using 
rat vas deferens microsomes, is consistent with our 
previous findings that digitonin pretreatment of 
the dog aortic microsomes shifted the modal den- 
sity of oxalate-stimulated C a  2 + transport activities 
to a higher density in a continuous sucrose density 
gradient [13], but this did not occur with rat vas 
deferens microsomes [14]. It appears that the 
plasma-membrane-related oxalate effect is greater 
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Fig. 1. Effect of saponin on the Ca2+-accumulation by rat vas 
deferens microsomes (©),  dog aortic muscle microsomes (zx) 
and rat gastric fundus muscle plasma membranes  (D) in the 
absence (top) and presence (bottom) of ATP. Conditions are 
the same as described in Table I. Each point represents the 
mean value from three separate experiments using three repli- 
cate samples in each experiment. Standard deviations are less 
than 10% of the mean and are excluded for clarity. All data 
points  were normalized using the values obtained in the ab- 
sence of saponin as 100%. 

in dog aortic microsomes than in rat vas deferens 
microsomes, whereas the plasma-membrane-asso- 
ciated phosphate effect is greatest in rat fundus 
and least in rat vas deferens. Thus, in conclusion, 
our present and previous studies [9,12,13] do not 
support  the view that oxalate- or phosphate- 
stimulated ATP-dependent  Ca 2+ accumulation is a 
unique property of endoplasmic reticulum in 
smooth muscle. But rather, we suggest that oxalate- 
or phosphate-stimulated ATP-dependent Ca 2+- 
transport is a property of plasma membranes as 
well as of endoplasmic reticulum. The relative 
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Fig. 2. Effect of saponin on the ATP-driven Ca 2 + accumulation 
by rat vas deferens microsomes (e, O), dog aortic muscle 
microsomes (A zx) and rat gastric fundus muscle plasma 
membranes  (11, Q) in the presence of 20 mM inorganic phos- 
phate (top) and 2 mM oxalate (bottom). Open symbols repre- 
sent the total ATP-dependent  Ca 2+ accumulation in the pres- 
ence of oxalate or phosphate. Closed symbols represent the 
anion-stimulated ATP-dependent  Ca 2+ accumulation after 
subtraction of the basal Ca2+-accumulation from the total 
Ca 2 + accumulation. Presentation and normalization of the data 
remain the same as described in Fig. 1. 

magnitude of stimulation by these anions at sub- 
cellular membrane sites depends upon the source 
of smooth muscle used. Therefore, such an anion- 
stimulated ATP-dependent  Ca 2+ transport should 
not be used as a membrane marker for smooth 
muscle endoplasmic reticulum. 
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