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ABSTRACT Microsomes from intestinal and aortic smooth muscles were loaded 
with Ca ions at O'C for 4 hrs, then the medium was diluted with 

Ca(-), or Ca(+)-solution and the time course of Ca ion flux with or without 
ATP was tested by Millipore filtration. It was found that ATP caused release 
of Ca from intestinal microsomes and uptake of Ca by aortic microsomes. Marker 
enzymes showed that the intestinal microsomes were mainly composed of plasma 
membranes and the aortic microsomes of the sarcoplasmic reticulum. Thus the 
active release of Ca from the intestinal microsomes was associated with plasma 
membranes. The active release mechanism is probably responsible for efflux of 
Ca from muscle strips during relaxation. 

INTRODUCTION 

Ca ions are closely related to muscular activities. From numerous studies 

on various types of smooth muscles it is now thought that the cytoplasmic 

level of free Ca is regulated by two mechanisms (1) : sequestration of Ca into 

intracellular locations, such as the sarcoplasmic reticulum and mitochondria 

and extrusion of Ca into the extracellular fluid through the plasma membrane. 

In vitro experiments on Ca uptake by various microsomal fractions have shown 

that Ca ion sequestration depends on ATP (Z-91, whereas efflux of Ca ions from 

the muscle strips preloaded with radioactive Ca ions was observed during 

relaxation suggesting that it may also be correlated with relaxation mecha- 

nisms (10-14). In this work the efflux of Ca from microsomal preparations 

from aortic and intestinal smooth muscles was studied in vitro under condi- 

tions where efflux could be distinguished from sequestration. 

Materials and Methods 

Preparation of microsomal fractions 

Aortic microsomes were obtained from rabbits as described by Fitzpatrick et 
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aZ.(6). Intestinal microsomes were obtained from cat small intestinal smooth 
muscles as described previously (15). The microsomal fractions obtained were 
suspended by flocculation in ice-cold 0.32 M sucrose solution containing 0.3 
mM CaC12 (approx. 5 PCi 45Cajml) and 2 mM MgC12 and adjusted to pH 7.2 with 
imidazole at a protein concentration of 3-6 mg/ml, determined by the micro- 
biuret method (16). The suspension was stored at O'C. The radioactivity of the 
microsome increased with time and reached a plateau within 4 hrs. The time 
course of increase was similar to that observed on loading synaptosomes with 
Ca (17). After 4 hrs, the suspension was centrifuged at 10,000 x g for 20 min 
using an ice-cold titanium roter and the supernatant was used for experiments. 
As marker enzymes, activities of 5'-nucleotidase and NADH cytochrome c reduc- 
tase were examined (9,1&J). 

Experiment 1 
The supernatant was diluted 20-fold with Ca-free 50 mM imidazole buffer 

(pH 7.2) containing 2 mM MgC12, 100 mM KC1 and 5 mM potassium azide at 22'C. 
Samples were taken after various times and filtered through Millipore filters 
(HA 0.45 um) and the radioactivity of the filters was counted by a liquid 
scintillation spectrometer (9). In some cases 3 mM ATP (Tris salt) was added 
alone or in the presence of 3 mM iodoacetic acid. (Concentration of drugs are 
given as final concentration in this paper.) 

Experiment 2 
Conditions were as for Experiment 1 except that the buffer contained 0.3 mM 

CaC12 (nonradioactive). 

Results 

The aortic microsomal preparation was rich in NADH cytochrome c reductase 

(rotenone insensitive), which is a marker of endoplasmic reticulum, whereas 

that of intestinal microsomes was rich in 5'-nucleotidase, a marker of the 

plasma membrane. These findings are in accordance with those of Hurwitz et al. 

(6). By electron microscopy the preparations were seen to consist of smooth 

surfaced, closed vesicles of 0.3-0.8 l.ta diameter (19). They had the same 

diameter as the microsacs of electric organs, which have been used for the 

study of ion flux in vitro (20,21). 

In ExpeLiment 1, after equilibration of the microsomes with the medium, the 

suspension was diluted with Ca-free medium. These experimental conditions 

caused passive efflux of loaded Ca ions. The effect of ATP on this Ca efflux 

was tested. Figure 1-A shows results with intestinal microsomes. ATP acceler- 

ated Ca ion flux and its effect was blocked by iodoacetic acid. Figure 1-B 

shows results with aortic microsomes. Addition of ATP resulted in uptake of Ca 

ions and this was inhibited by iodoacetic acid. 

In Experiment 2, the calcium concentration was not diluted and under equi- 
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Figure 1. Experiment 1 

Suspensions of microsomes loaded with 45Ca were diluted with Ca-free solution 
and the time course of the change in 45Ca content of the microsomes was exam- 
ined. A; intestinal microsomes, B; aortic microsomes. l ; control, 

0; + ATP (3 mM), 0; + ATP + iodoacetic acid (3 mM). Ca contents of 
the microsomes are expressed as percentages of the value at the equilibrium 
after dilution which was calculated according to Kasai and Changeux (20). 
Vertical bars represent standard errors of 5 determinations. The statistical 
significance with respect to the control was evaluated by Student's t-test. 

* ; pco.05, ** ; p<O.Ol 
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Figure 2. Experiment -f 
Experimental conditions were as for Experiment 1 except that the diluting 
solution contained 0.3 mM CaC12 (nonradioactive). Ca contents were expressed 
as percentages of the value at the equilibrium after dilution which was the 
average value of control samples at various times. Other notes are the same 
as in Figure 1. 

librium of the Ca ions inside and outside the microsomes ATP was added to the 

suspension. As shown in Figure 2-A, microsomes from small intestinal muscles 
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released Ca ions in the presence of ATP, whereas in aortic microsomes Ca ions 

were sequestered by ATP as shown in Figure 2-B. The effects of ATP on the two 

kinds of muscle microsomes both inhibited by iodoacetic acid. 

Discussion 

Previous workers have shown that smooth muscles differ in sensitivity to Ca 

depletion (6,22-24). The main pulmonary artery of the rabbit when immersed in 

Ca-free medium retains its capacity to contract long after extracellular Ca 

ions have been removed, whereas under the same conditions the intestinal mus- 

cles only retain their capacity to contract for a short time. The difference 

in the durations of contractile responses of different types of smooth muscles 

in Ca-depleted medium may be related to differences in the volumes of their Ca 

storage structures (7) or to differences in the affinities of their storage 

sites for Ca (1). Plasma membarnes of various cells have the ability to trans- 

port ions against a concentration gradient and plasma membranes of smooth mus- 

cles are important in extrusion of Ca ions from tissues (25,26). This Ca ex- 

trusion may depend on ATP (27) or on a Na-Ca exchange system (28). In taenia 

coli of guinea pig the latter mechanism has been excluded (26). Hurwitz et 

al. (7) showed that Ca uptake activity of microsomes from intestinal smooth 

muscle of guinea pig is mainly associated with the plasma membranes, whereas 

that of rabbit aortic smooth muscle is mainly associated with intracellular 

structures. 

Unlike in previous works, in the present study the membrane vesicles were 

loaded with Ca ions before adding ATP. Active extrusion of Ca by intestinal 

microsomes can be attributed to the activity of plasma membrane vesicles and 

Ca uptake by aortic microsomes to fragmented sarcoplasmic reticulum. Two 

different mechanisms, efflux and sequestration regulate the intracellular Ca 

level and both these mechanisms operate in both muscles, so the apparent Ca 

ion movements which were observed in this study depended on the balance be- 

tween the activities of ion translocation by the two kinds of membrane struc- 
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tures. In intestinal microsomes ATP accelerated Ca efflux in Experiment 2 and 

this may be due to the same mechanism as the active efflux observed with mus- 

cle strips (10-14). On the other hand, in aortic microsomes ATP stimulated Ca 

sequestration. The role of sarcoplasmic reticulum in the aorta may be similar 

to that in skeletal muscles. However, although intestinal microsomes can take 

up Ca ions actively (1,7,9,29), active extrusion is probably more important in 

relaxation. Thus in regulating the level of Ca active extrusion through the 

plasma membrane may compensate for the relatively low sequestering activity of 

the sarcoplasmic reticulum. In contrast, in aortic muscle, the sarcoplasmic 

reticulum is more important in Ca regulation. 

These conclusions from these experiments in vitro agree with physiological 

and histological evidence for the existence of a functional sarcoplasmic re- 

ticulum in vascular smooth muscle, for its relative insignificance in intes- 

tinal smooth muscle and for active Ca extrusion through the plasma membrane, 

which may mediate Ca efflux during relaxation. 
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