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ABSTRACT  Micromolar concentrations of mercury, silver,
-and other reagents known to react with sulfhydryl groups are
shown to stimulate ATPase activity and inhibit active calcium up-
take in sarcoplasmic reticulum vesicles derived from rabbit fast
skeletal muscle. These effects are caused by a dramatic increase

- in the calcium permeability of the sarcoplasmic reticulum. Mea-
surements of Ca?* permeability were made using both isotopes
and by spectrophotometric techniques using the Ca®* indicator
arsenazo III. Air oxidation of a sulfhydryl group to a disulfide
group also leads to a large increase in the calcium permeability
of the sarcoplasmic reticulum.

The sarcoplasmic reticulum (SR) is responsible for the regula-
tion of relaxation and contraction in skeletal muscle. It accom-
-plishes this by controlling the Ca®* concentration in the region
of the myofibrils (1). The cycle of contraction and relaxation is
initiated by a neural impulse that propagates a wave of depo-
larization along the sarcolemma, or surface membrane of the
muscle cell. The electrical impulse is transmitted from the sur-
face membrane to the transverse tubule. Depolarization of the
transverse tubule causes the release of Ca®* stored in the SR (2,
3). The Ca®* that is released into the myoplasm binds to tro-
ponin and initiates contraction of the muscle. On repolarization
of the surface membrane, the Ca®"* is actively reaccumulated by
the SR. Ca®* uptake by the SR leads to a decrease in myoplasmic
calcium, which leads to relaxation of the muscle cell.

Several hypotheses have been presented to explain how de-
polarization of the ¢ tubule leads to release of Ca®* from the
SR. Ca?*-induced Ca®" release appears to play an important role
in cardiac SR, but it is not yet clear whether or not Ca?*-induced
Ca’* release plays a corresponding part in skeletal SR (4). De-
polarization-induced Ca®* release has been studied in several
laboratories (5, 6). There is evidence to support the hypothesis
that depolarization is the physiological trigger for Ca>* release,
but experimental difficulties, primarily osmotic effects (7-9) and

- the lack of a reliable method for measuring membrane poten-
tial, raise doubts regarding this proposal. Ca®* release can also
be triggered by increasing the pH of the medium containing the
SR (10, 11).

In this paper, we present data showing that various heavy
metals cause the fast release of Ca®* from SR vesicles. This in-

crease in Ca®* permeability of the SR causes a stimulation of
Ca?*,Mg?*-ATPase activity and an inhibition of active Ca®* up-
take. We also show that the heavy metals tested appear to be
binding to a sulfhydryl group on a protein in the SR. Our pre-
liminary results suggest that this protein is not Ca**,Mg>*-
ATPase. In addition to triggering release by heavy metal bind-
ing to a sulfhydryl group, we show that oxidation of a sulfhydryl-
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group to a disulfide also causes a very large increase in the Ca2*
permeability of SR vesicles.

METHODS

Materials. Octyl B-D-glucopyranoside and ATP were pur-
chased from Calbiochem. [y-*?PJATP and **CaCl, were pur-
chased from New England Nuclear. All other chemicals were
purchased from Sigma.

Preparations. SR vesicles were prepared from rabbit white
skeletal muscle according to the method of MacLennan (12).
Ca®*,Mg?*-ATPase was isolated by extraction with octyl glu-
coside (13). Protein concentration was determined by the method
of Lowry et al. (14).

Assays. Isotopic measurements of Ca®* uptake and Ca®*,Mg**-
ATPase activity were made at 37°C in 100 mM KCI/50 mM
Hepes/KOH, pH 7.0/5 mM MgCl,/30 uM CaCl,. Uptake and
ATPase activity were initiated by the addition of 1 mM Na,ATP
to a solution containing SR at 0.2 mg/ml. Uptake was measured
with **CaCl, (=10° cpm/nmol of Ca®*). The reaction was

-stopped by filtration through a Millipore 0.45-um type HA fil-

ter (15). Filters were washed and dried, and radioactivity was
determined in Aquasol-2 universal liquid scintillation cocktail
(New England Nuclear). ATPase activity was measured using
unlabeled CaCl, and [y-*2P]ATP. The reaction was terminated
by the addition of ice-cold trichloroacetic acid. The precipitated
protein was pelleted, and the supernatant was added to butyl

-acetate/ammonium molybdate (16). The labeled phosphomo-
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lybdate complex was extracted into the butyl acetate phase by

extended Vortex mixing. The phases were separated by cen-
trifugation, and samples from the butyl acetate phase containing
[**P]phosphomolybdate were assayed in a liquid scintillation
counter.

Isotopic Measurements of Ca®* Release. SR vesicles at 5
mg/ml were passively loaded with 100 mM KCI/50 mM
Hepes/KOH, pH 7.0/5 mM MgCl,/5 mM *CaCl, on ice for
16-24 hr. The samples were then diluted (1:25) into a 100 mM
KCl/50 mM Hepes/KOH, pH 7.0/5 mM MgCl,. The exper-
iment was carried out at 37°C. Samples were removed at various
times and filtered through Millipore 0.45-um type HA filters.
Filters were washed and dried, and radioactivity was deter-
mined.

Spectrophotometric Measurements of Ca®>* Efflux. Extra-
vesicular Ca** was measured using arsenazo III as an indicator.
Measurements were made using a time-sharing dual-wave-
length spectrophotometer at 675-685 nm (17). SR at =0.2 mg/
ml was incubated in 67 mM K;S0,/5 mM MgSO,/20 mM Tris
maleate, pH 7.0/100 uM arsenazo III (Sigma, purified grade).
The temperature was regulated at either 22°C or 37°C. Two
aliquots of 25 uM Ca®* were added to calibrate the arsenazo—

Abbreviation: SR, sarcoplasmic reticulum.
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Ca?* signal. Uptake was initiated by addition of 0.4 mM ATP.
Release was initiated by addition of AgNO; or HgCl,. Neither
Ag' or Hg®" interfered with the arsenazo-Ca®* calibration.

RESULTS

As shown in Fig. 1, mercury causes a stimulation of Ca®*,Mg**-
ATPase activity and a decrease in the total amount of Ca** ac-
cumulated. We found a 4-fold increase in ATPase activity at a
Hg>* /SR ratio of 5 mol/100 kg. Further increase in the mer-
cury concentration inhibits both ATPase activity and active Ca®*
uptake. Shamoo and MacLennan (18, 19) have looked at the ef-
fects of HgCl, and CH;HgCl on ATPase activity and active Ca®*
uptake in SR vesicles in the presence of potassium oxalate. At
approximately the same Hg?"/SR ratio, they found an inhibition
of both ATPase activity and active Ca®* uptake. Ca®* transport,
however, decreases more quickly with increasing Hg*>* con-
centration than does ATPase activity. The experiments shown
in Fig. 1 were done in the absence of the Ca®* precipitable an-
ion oxalate. Not only did we find that Hg?" inhibits Ca®* uptake
more potently than it inhibits ATPase activity, we also observed
that, in the absence of oxalate, Hg>* stimulates ATPase activity.
We have also found that AgNO; stimulates ATPase activity and
inhibits Ca®>* uptake into SR vesicles (data not shown). Ag” is
not quite as potent in stimulating ATPase activity as Hg>".

One possible explanation for these data is that, in the pres-
ence of Hg?", the energy derived from the hydrolysis of ATP
is no longer efficiently coupled into the movement of Ca* across
the membrane. As a result of this, the activity of the pump is
stimulated. To test for this, we isolated Ca®>*,Mg®*-ATPase by
using the method of Banerjee et al (13) and measured the
ATPase activity of the isolated enzyme versus the mercury con-
centration. Hg** does not stimulate the ATPase activity of the
isolated Ca®*,Mg>*-ATPase molecule. It does not appear that
Hg®* causes an uncoupling of ATPase activity and active Ca®*
uptake by acting directly on the Ca®*,Mg**-ATPase molecule.

Another possible explanation is that mercury causes the SR
to become more leaky to Ca®*. The Ca®* that is pumped into
the SR leaks out more quickly. The net effect is that less Ca®*
is accumulated by the SR and the ATPase activity is stimulated,
because there is less of a Ca®* gradient to pump against.

In Fig. 2, we show the results of an experiment designed to
measure the Ca®* permeability of the SR in the presence and
absence of Hg>*. SR vesicles were passively loaded with 5 mM
*CaCl, and, on equilibration, the sample was diluted 1:25 with
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Fic. 1. Calcium uptake (0) and ATPase activity (v) as a function
of HgCl, concentration in SR vesicles. Values given are mean + SEM.

Proc. Natl. Acad. Sci. USA 80 (1983) 1527

100

10

% calcium remaining in SR

1.0 2.0 3.0 40 5.0
Time, min

Fic. 2. Calcium efflux in the presence and absence of Hg?>*. SR
vesicles at 5 mg/ml were incubated overnight at 0°C in 5 mM #°CaCl,/
100 mM KC1/50 mM Hepes/KOH, pH 7.0/5 mM MgCl, and then di-
luted 1:25 (¢ = 0) into 100 mM KC1/50 mM Hepes/KOH, pH 7.0/5 mM
MSSCIz with (0) and without (v) 10 uM HgCl,. Values given are mean
+ SD.

a buffer containing no Ca®*. If all the Ca** were to equilibrate,
4% of the initial Ca®* in the vesicle would remain in the vesi-
cles. Hg®" was present in the dilution medium at a concentra-
tion of 10 M. On dilution of the SR into this medium, the SR
concentration was 0.2 mg/ml. There are 5 mol of Hg>* present
per 100 kg of SR. This corresponds to the concentration of Hg**
that causes maximum stimulation of ATPase activity (Fig. 1).
Under these conditions, almost all of the Ca®* present in the SR
was released within 30 sec.

To determine whether heavy metal-induced Ca®* release is
a reversible effect, we modified our experimental procedure
slightly and this time added a large excess of reducing agent. SR
at5 mg/ml was incubated with 250 uM HgCly/5 mM **CaCl,/100
mM KCI/50 mM Hepes/KOH, pH 7.0/5 mM MgCl, at room
temperature for 15 min, 2.5 mM 2-mercaptoethanol was added,
and this preparation was incubated for 30 min at room tem-
perature and then allowed to equilibrate at 0°C for 16-24 hr.
The SR was then diluted 1:25 with 100 mM KCIl/50 mM Hepes,
pH 7.0/5 mM MgCl,. When the SR was incubated in the ab-
sence of 2-mercaptoethanol, we obtained a curve almost iden-
tical to the 10 uM Hg*>* curve shown in Fig. 2. In the presence
of a 10-fold excess of 2-mercaptoethanol over Hg®*, Ca®* re-
maining in the SR at the first time point (¢ = 30 sec) was 40—
50% of that at ¢t = 0, and the values found at all later time points
paralleled the “no Hg?*” curve in Fig. 2; i.e., they were all lower
by 40-50%. It appears that some, but not all, of the Hg** or Ag*
can be displaced by a large excess of reducing agent. Those ves-
icles in which the Hg?* was removed by 2-mercaptoethanol ap-
pear to be as impermeable to Ca®* as normal untreated SR ves-
icles.

To increase our time resolution, the flux of Ca®* ions across
the SR was followed by measuring differential absorption changes
of arsenazo III as an indicator of extravesicular Ca** concen-
tration. Fig. 3 shows the time course of Ca®* uptake initiated
by addition of ATP followed by Ca®* release initiated by ad-
dition of AgNO;. The Ca®* ionophore A23187 was added on
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Fic. 3. Calcium uptake of SR vesicles followed by release triggered by addition of AgNOQ; at various concentrations. SR vesicles at 0.22 mg/ml
were incubated at 25°C in 67 mM K,S0,/5 mM MgS0,/20 mM Tris maleate, pH 7.0/100 uM arsenazo ITI. Two aliquots of Ca** were added to bring
the final Ca2* concentration to 50 uM. Then, 400 uM ATP was added and Ca?* uptake was recorded (absorbance decreased), after which AgNO,
was added and Ca?* release was recorded. Finally, A23187 (1 ug/ml) was added and the remaining Ca®* was released by the SR vesicles (absorbance
increased). Extravesicular Ca%* was monitored by a dual-wavelength spectrophotometer measuring changes in the absorption at 675-685 nm.

completion of the experiment to cause the efflux of the re-
maining Ca®"*.

In Fig. 4, the initial rate of Ca®* efflux averaged over the first
6 sec and the total percentage of Ca®* efflux are plotted as func-
tions of Ag* and Hg*" concentrations. The initial rate was av-
eraged over the first 6 sec, because it takes 2 to 3 sec to manually
add and mix samples (ATP or Ag*). Neither Ag"* nor Hg*" in-
terfered with calibration of the arsenazo signal versus the free
Ca®" concentration. Increasing the Ag® concentration in-
creased both the initial rate and the total percentage effluxed.
In the case of Hg?* -induced Ca®* release, both the rate of efflux
and the total Ca?* effluxed were less sensitive to increasing
concentration. A small amount of Hg?* caused a relatively large
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FiG. 4. Percent calcium efflux (-—-) and initial efflux rate (—)
as a function of HgCl; (@) or AgNOj; (¥) concentration. Initial efflux
rates were averaged over the first 6 sec. Experiments were done at 37°C
as described in Fig. 3.

amount of total Ca®* to efflux. Efflux rates measured at 37°C
were 3 to 4 times higher than efflux rates measured at 25°C.

To determine the nature of the binding site that initiates Ca**
release in SR vesicles, we examined the relative potency of sev-
eral heavy metals in causing Ca®* release. In Table 1, we show
the concentrations of various agents that cause release of 50%
of passively loaded °Ca in 30 sec. The sequence—Cu®* > Hg?*
> Ag* > Cd* = Zn®* > CH;Hg" > N-ethylmaleimide >
Ba®*—is almost identical to the binding sequence of heavy
metals to such sulfhydryl-containing reagents as S-methylcyste-
ine and penicillamine (20). Methylmercuric chloride is less po-
tent than the more hydrophilic mercuric cloride. N-Ethylmal-
eimide, a relatively specific sulfhydryl reagent, causes release
of Ca®* at a somewhat higher concentration. These experi-
ments can be done by incubating the SR (5 mg/ml) in a solution
containing the heavy metal (at a concentration 25-fold that
shown in Table 1) or the SR can be diluted 1:25 (final SR concen-
tration = 0.2 mg/ml) into a solution containing the heavy metal
at the concentration shown in the table. It is important to main-
tain the heavy metal/SR ratio (mol/wt) constant.

A reagent such as Hg>* is bifunctiopal; i.e., it can react with
two sulfhydryl containing ligands to form a complex. The ques-
tion arose as to whether or not the oxidation of two neighboring
sulfhydryl groups to form a disulfide would lead to Ca®* release.

Table 1. Relative potency of various reagents in causing
Ca?* release

Concentration, uM

Cu?* 2
Hg?* 4

* 10
Cd* 15
Zn?* 20
CH,Hg" 30
MalNEt 40
Ba?* No release

SR vesicles at 5 mg/ml were incubated overnight on ice in 100 mM
KCl1/50 mM Hepes/KOH, pH 7.0/5 mM MgCl,/5 mM *°CaCl, and then
diluted 1:25 with buffers lacking Ca?* and containing heavy metal or
sulfhydryl reagents at various concentrations. The concentration of
reagent (after dilution of the SR) that causes 50% of the Ca?* to be re-
leased in 30 sec is given. MalNEt, N-ethylmaleimide.
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Fic. 5. Calcium release in the presence and absence of cupric
phenanthroline. SR vesicles at 5 mg/ml were incubated overnight as
described in Fig. 2 with (0) and without (v) 5 uM CuCl;/10 uM phen-
anthroline. Controls were run with CuCl; alone, phenanthroline alone,
and buffer alone. At ¢ = 0, samples were diluted 1:25 into buffer lacking
Ca?*, CuCl,, and phenanthroline. “*Ca remaining in the SR was as-
sayed as a function of time. Values given are mean * SD.

Cupric phenanthroline is known to catalyze the air oxidation of
SH to S—S (21). In Fig. 5, we show the effect of cupric phen-
anthroline on the permeability of SR vesicles passively loaded
with *Ca. In these experiments, SR vesicles at 5 mg/ml were
incubated overnight with 5 uM Cules/lO #M o-phenanthro-
line (Sigma) in the presence of 5 mM **CaCl; and then diluted
1:25 into a buffer without Ca®*. Ca®* efflux was measured as
afunction of time. Controls with buffer alone, 5 uM CuCl, alone,
and 10 uM o-phenanthroline alone were the same as the control
shown.

We also attempted to reverse the Cu®*/phenanthroline ef-
fect by adding a large excess of 2-mercaptoethanol in a manner
similar to that described in the Hg>* and Ag* experiments. In
these experiments, we found that 2-mercaptoethanol was not at
all successful in reversing the effect of cupric phenanthroline.

DISCUSSION

In the present study, we have shown that heavy metals stimulate
ATPase activity and inhibit total Ca®* actively accumulated by
SR vesicles derived from fast skeletal muscle. This effect is due
to a large increase in the Ca®>* permeability of the membrane
(at least 3 orders of magnitude) that is triggered by the addition
of heavy metals. It appears that the heavy metals tested react
with a sulfhydryl group on a protein present in the SR. Ca®*
release is initiated either by binding of a heavy metal to this
sulfhydryl group or by oxidation of this sulfhydryl group to form
a disulfide.

Previously, it has been shown, on a time scale of minutes, that
Salyrgan, N-ethylmaleimide, and ZnCl, cause release of Ca®*
from fragmented SR vesicles (15, 22-24). More recently, it has
been shown that Hg?* at high concentrations, which totally in-
hibits ATPase activity, causes a fast release of accumulated Ca*
(25).

The experiments described in this paper were done in the
absence of the Ca®* precipitable anions oxalate and phosphate.
Shamoo and MacLennan (18, 19) have done experiments similar
to the one described in Fig. 1 in the presence of K* oxalate. At
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approximately the same Hg?*/SR ratio (mol/wt), instead of the
stimulation of ATPase activity and an inhibition of active Ca®*
uptake found in this study, they found only an inhibition of Ca®*
uptake. The oxalate present in their experiments prevents the
development of a large Ca®** gradient across the membrane.
The stimulation of ATPase activity that we report here is due to
the ability of the heavy metals tested to decrease the Ca®* gra-
dient by increasing the permeability of the SR to Ca®*. The ac-
tion of the heavy metal is similar to the effect of various de-
tergents on the SR, which increase Ca®* permeability (12, 26)
and consequently stimulate ATPase activity.

Shamoo and MacLennan (18, 19) explain their observation
that Hg?* is more potent in inhibiting Ca®* uptake than in in-
hibiting Ca®*-ATPase activity in terms of Hg?* binding to the
transport or ionophoric site on the Ca®>*,Mg®*-ATPase mole-
cule. They further support this statement by their observation
that Hg®" is a potent inhibitor of the ionophoric activity of
Ca®* Mg®*-ATPase when assayed in a black lipid membrane.
Our observations do not indicate that Ca®* uptake in the SR is
being inhibited because Hg?* is binding to the ionophoric site
on the Ca**,Mg>*-ATPase molecule but rather that Ca** up-
take decreases with increased Hg?* concentration because the
SR is becoming more leaky to Ca*. Hg?* and the other heavy
metals tested are binding to a sulfhydryl group on a protein in
the SR, which causes a dramatic increase in the Ca®* perme-
ability of the SR.

We have evidence that the release protein is not Ca®*,Mg>*-
ATPase. We have tested SR preparations that have lost their
ATPase activity and hence can no longer take up Ca®*. These
preparations still respond to the addition of heavy metals by
increased Ca®* permeability of the SR. Thus, heavy metal stim-
ulation of Ca®* release in SR vesicles is not dependent on a func-
tioning ATPase molecule. Although this does not prove that the
release protein is not Ca®*,Mg>*-ATPase, it does indicate that
some other protein in the SR is probably the heavy metal-in-
duced Ca®* release protein.

As measured using arsenazo III as an indicator for extraves-
icular Ca®*, Ag* and Hg>* are very potent in increasing the Ca®*
permeability of the SR membrane. Ag* and Hg>* increase the
Ca®* permeability of the SR by at least a factor of 1,000. The
Ca®* efflux rate is greater than 35 nmol/mg/sec. Rapid mixing
should allow determination of how close the rate of Ca®* efflux
25 tjo the rate of physiological Ca** release [4-8 (1mol/mg)/sec

9)].

To determine the nature of the binding site, we examined
Ca®* release triggered by various heavy metals. Those heavy
metals that were most effective in causing Ca®* release react
most strongly with sulfhydryl groups. It appears that the heavy
metals bind to a sulfhydryl group on a protein in the SR that
triggers Ca®* release. This sulfhydryl group appears to be lo-
cated in a relatively hydrophilic environment. HgCl, is a more
potent reagent in causing Ca®* release then the more hydro-
phobic CH;HgCl.

Ca®* release can also be triggered by oxidation of a sulfhydryl
group to a disulfide group. Incubation with cupric phenanthro-
line, which catalyzes air oxidation of sulfhydryl groups to di-
sulfides, leads to a large increase in the Ca®* permeability of the
SR membrane. This effect is not reversed by addition of a large
excess of reducing agent. The inability of reducing agents to
reverse the oxidation caused by cupric phenanthroline has also
been reported with myosin chymotryptic subfragment one. It
appears that cupric phenanthroline treatment may lead to the
generation of oxygen free radicals during oxidation (27).

We have shown that heavy metals induce rapid release of Ca**
from skeletal muscle SR vesicles. The rate and extent of Ca®*
release are dramatic compared with those of Ca®* release in-
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duced by addition of Ca** (28-30) or by conditions designed to
depolarize the SR membrane (8) in vesicle preparations. If the
heavy metals are acting by binding to the “physiological release
protein,” sulfhydryl reagents may prove to be an important tool
in characterization and identification of the Ca®* release pro-
tein.

We thank Dr. Joann Loehr for valuable help during the progress of
this work. This work was supported by the Medical Research Foun-
dation of Oregon, the Health Research and Services Foundation of
Western Pennsylvania, and the Western Pennsylvania Heart Associa-
tion.

1. Ebashi, S., Endo, M. & Ohtsuki, 1. (1969) Q. Rev. Biophys. 2, 351-

384.

2. Endo, M. (1977) Physiol. Rev. 57, 71-108.

3. MacLennan, D. H. & Klip. A. (1979) in Membrane Transduction
Mechanisms, eds. Cone, R. A. & Dowling, J. E. (Raven, New
York), pp. 61-75.

4. Fabiato, A. & Fabiato, F. (1977) Circ. Res. 40, 119-129.

5. Endo, M. & Nakajima, Y. (1971) Nature (London) 246, 216-218.

6. Benzanilla, F. & Horowicz, P. (1975) J. Physiol. (London) 246, 709
735.

7. Kasai, M. & Miyamoto, H. (1973) FEBS Lett. 34, 299-301.

8. Kasai, M. & Miyamoto, H. (1976) J. Biochem. 79, 1067-1076.

9. Meissner, G. & McKinley, D. (1976) J. Membr. Biol. 30, 79-98.

0. Nakamaru, Y. & Schwartz, A. (1970) Biochem. Biophys. Res.

Commun. 41, 830-836.

11. Shoshan, V., MacLennan, D. H. & Wood, D. S. (1981) Proc. Natl.
Acad. Sci. USA 78, 4828-4832.

12.
13.

14.
15.
16.
17.
18.
19.

20.

R

27.
28.

o
©

30.

Proc. Natl. Acad. Sci. USA 80 (1983)

MacLennan, D. H. (1970) J. Biol. Chem. 245, 4508-4518.
Banerjee, R., Epstein, M., Kandrach, M., Zimniak, P. & Racker,
E. (1979) Membr. Biochem. 2, 283-296.

Lowry, O. H., Rosebrough, N. J., Farr, A. L. & Randall, R. J.
(1953) J. Biol. Chem. 193, 265-275.

Martonosi, A. & Feretos, R. (1964) J. Biol. Chem. 239, 648-658.
Sanui, H. (1974) Anal. Biochem. 60, 489-504.

Chance, B., Legallais, V., Sorge, J. & Graham, N. (1975) Anal
Biochem. 66, 498—564.

Shamoo, A. E. & MacLennan, D. H. (1975) J. Membr. Biol. 25,
65-74.

Shamoo, A. E. & MacLennan, D. H. (1976) Chem.-Biol. Interact.
12, 41-52.

Martell, A. E. (1971) Stability Constants of Metal-Ion Com-
slexes, Special Publication No. 25 (The Chemical Society, Lon-

on).

Kobashi, K. (1968) Biochim. Biophys. Acta 158, 239-245.
Duggan, P. F. & Martonosi, A. (1970) J. Gen. Physiol. 56, 147-167.
Vanderkooi, J. M. & Martonosi, A. (1971) Arch. Biochem. Bio-
phys. 144, 99-106.

Fairhurst, A. S. & Hasselbach, W. (1970) Eur. J. Biochem. 13, 504—
509.

Chiesi, M. & Inesi, G. (1979) . Biol. Chem. 254, 10370-10377.
Abramson, J. J. & Shamoo, A. E. (1979) . Membr. Biol. 50, 241~
255

Wells, J. A., Werber, M. W. & Yount, R. G. (1979) Biochemistry
22, 4800-4805.

Ohnishi, S. T. (1979) J. Biochem. 86, 1147-1150.

Miyamoto, H. & Racker, E. (1981) FEBS Lett. 133, 235-238.
Miyamoto, H. & Racker, E. (1982) . Membr. Biol. 66, 193-201.



