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SUMMARY: Sarcolemma vesicles isolated from rabbit ventricular muscle showed
a high degree of purity when assessed in terms of calcium binding and marker
enzyme activity. Calcium binding to the sarcolemma increased as the free

calcium concentration of the medium increased. ATP-independent (passive) and
ATP-dependent (active) calcium binding activities were observed. The active
binding was associated with an increase in the calcium stimulated ATPase activity
of the preparation. A lineweaver-Burke plot of the ATP-dependent calcium binding

data was linear over the whole range of calcium concentrations (20-200 uM)
investigated.

Recently studies have been undertaken to investigate the involvement
of extracellularly located calcium in excitation contraction coupling in cardiac
muscle and it has been suggested that the sarcolemma may regulate the supply
of calcium from this source (1). This theory gains support from the fact that
isolated fragments of the sarcolemma bind calcium in a concentration~dependent
and saturatable manner (2, 3). There is evidence that the basement coat of
the sarcolemma is of importance in this process @, 5, 6), the negative charged
residues of carbohydrates (5, 7), the amino acids of the superficially-located
proteins and the phospholipids (7) all being considered as possible calcium
storage sites. Although a number of workers have investigated sarcolemmal
calcium binding, disagreement exists concerning the mechanisms that are
involved. It is generally accepted that isolated sarcolemmal fragments are
capable of binding appreciable amounts of calcium in the absence of an added

energy source such as ATP (2). Some workers have reported that adding ATP

to such a system enhances its calcium binding (3), whilst others have found
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either no stimulation or in some cases a decrease in the amount of calcium
bound (8). In this communication we report attempts to elucidate the
process of calcium binding to isolated cardiac sarcolemma by measuring both
passive and energy-dependent binding in the same system.

MATERIALS AND METHODS

Isolation of cardiac sarcolemma.  The isolation procedure used is based on

that of St. Louis et al. (9) and involves the solubilization of the contractile
proteins in combination with differential centrifugation and separation of the
remaining membrane components by density gradient centrifugation using either
swing out or zonal rotors. The sucrose concentrations for the first gradient were
1.17, 1.39, 1.60 and 1.83 M. The fraction banding between 1.39 - 1.60 M
was layered on a second gradient made up of 1.39, 1.53, 1.60 and 1.83 M
sucrose. The fraction banding between 1.53 and 1.60 M showed sarcolemmal
properties and was characterized by establishing its ATPase activity (Table 1),
comparing its enzymatic properties with sarcoplasmic reticulum and mitochondrial
preparations (Table 2) and by electron microscopic examination using both
negatively stained and sectioned material (data not shown). Cardiac muscle
sarcoplasmic reticulum was prepared by the method of Harigaya and Schwartz (10)
as modified by Nayler et al (11). Cardiac mitochondria were isolated as described
by Willioms and Barrie (12). ATPases were assayed according fo the method of
Matsui and Schwartz (13), and liberated Pi determined by the method of Fiske and
Subbarow (14), modified by Price and Williams (15). Cytochrome oxidase was
measured as described by Cooperstein and Lazarow (16). Protein concentrations
were determined using an adoptation of the method described by Bradford (17).

Calcium binding  Sarcolemmal calcium binding was investigated isotopically
using a rapid sampling technique followed by Millipore filtration. Calcium binding
was studied over a range of free calcium concentrations using either nitrilotriacetic
acid (NTA) or a mixture of NTA and ATP as calcium buffers. In each experiment
approximately 250 ug of sarcolemmal protein was pre-incubated for one minute in
a medium containing 2.5 mM NTA, 100 mM KC1, 5 mM MgCl,, 50 mM Tris-HC1
ot pH 7.4, and 25°C.  Passive calcium binding was initiated by adding a known
amount of CaCly containing approximately 2.5 pCi 45C 42t in a final volume of
1.675ml. 200 pl samples of this system were withdrawn after 5, 25 and 45 seconds
and immediately filtered through 0.45 pm Millipore filters and washed with 7 ml of
a buffer containing 100 mM KC1, 50 mM Tris-HCl ot pH 7.4.  After 45 seconds of
passive binding ATP-dependent binding was initiated by adding 10 pl of a solution
containing 2.71 p moles of ATP (pH 7.4), giving a final [ATP] of 2.5 mM. Five,
25, 45 and 65 seconds later 200 pl samples were withdrawn and filtered. The
filters were dried for 30 minutes before mixing with scintillation fluid. Radioactivity
was counted in a Packard Tri-Carb Liquid Scintillation Spectrometer. The experiments
in which calcium binding and Ca2t stimulated ATPase activities were measured in
parallel were carried out using the system developed for calcium binding measurements,
C02+ stimulated ATPase activity being assayed after adding unlabetled calcium.

200 pl samples were taken and added to 1 ml aliquots of deionized boiling
water. Inorganic phosphate concentrations were then determined as described
previously. Variations in the free calcium and magnesium concentrations of

the reaction media caused by adding ATP were calculated using an ion-complexes
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in solution computer programme and available stability constants (18). In each
experiment the free calcium concentration remained constant following the addition
of ATP. The free magnesium concentration deviated by no more than 150 pM from
the original concentration of 2.5 mM.

RESULTS AND DISCUSSION

Myocardial sarcolemma isolated as described appeared to be essentially free
from sarcoplasmic reticulum and mitochondrial contamination, as shown by the
different distribution of marker enzymes (Tables 1 - 2) and ifs appearance in the
electron microscope. Passive calcium binding to the sarcolemma increased as
the free calcium concentration of the medium was increased (Fig. 1). At all the
calcium concentrations investigated, but particularly at the higher C02+
concentrations (100 - 200 uM), the initial passive binding after five seconds
incubation was high and decreased over the next 20 seconds of incubation.
Increasing the calcium buffering capacity of the medium or extending the pre-
incubation time, increased the initial binding (data not shown). This initial phase
of rapid passive calcium binding may be related to the endogenous calcium content
of the sarcolemma which may be influenced by the NTA buffer system. This
possibility is now under investigation. Adding ATP increased the amount of calcium
bound to the sarcolemma ot all free calcium concentrations examined (Fig. 1).

The relationship between calcium binding and calcium stimulated ATPase
activity of the sarcolemma was investigated. The increased binding observed after
adding ATP was associated with a marked but transient increase in calcium stimulated
ATPase activity. Following this short period of ATP hydrolysis the calcium bound
to the sarcolemmal preparations continued to increase but at a decreased rate relative
to that observed during ATP hydrolysis (Fig. 2). Initial rates of ATP-stimulated
calcium binding, calculated on the basis of results obtained during the first five

seconds of the ATP-supported reaction, are shown in Figure 3; a double reciprocal
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Table 2

Distribution of marker enzymes in isolated fractions

(n=6) (n=3) (n=3)
SL SR M
Na', K*-ATPase 9.76 0.04 0.07
+1.38  +0.005  +0.005
Cytochrome oxidase 10.0 46.0 154.0.
+1.79  +5.13  +740

Cardiac sarcolemma (SL), sarcoplasmic reticulum (SR) and mitochondria (M).
ATPase activity expressed as p moles Pi/mg/h and cytochrome oxidase activity as
n moles of cytochrome c oxidized/mg/min. Valves + S.E.M.

L 200
! o/ 5
LI
61 ././ 100
— . -
?. 5| /°/./. 80 =
o —
R l//?/ =
E 4 ° 60
Z \ /././. — %
& . . . /./
23t \./ S ——— W0
s N oo o —
2 2k .\./. .
5 —— ) e 20
8 L o\./. ] ————
-
&3 1 .\: :/./
e
A 1 1 1 1 1 1
5 25 4550 70 90 110

FIGURE 1

Time course and free calcium concentration dependence of the ATP-independent
and ATP-dependent calcium binding by cardiac sarcolemma. Samples were
withdrawn aofter the indicated times, filtered and washed with cold buffer
containing 100 mM KC1, and 50 mM Tris-HC1, pH 7.4. The arrow represents
the addition of 10 pl of a solution containing 2.71 pmoles of ATP to give a final
concentration of 2.5 mM. Each point represents the mean of six different
experiments with S.E. M. values < 0.5 n moles/mg protein. For details see
experimental section.
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FIGURE 2

Relationship between calcium binding and C02+ stimulated ATPase activities in

rabbit cardiac sarcolemma. Calcium binding assays were performed under the same
conditions as Fig. 1. For Ca2* stimulated ATPase determinations samples were
withdrawn at the indicated times and added to deionized boiling water before

inorganic phosphate (Pi) determinations were made. Each point represents the mean

of 5 different experiments, with S.E.M. values for calcium binding of < 0.5 n moley/
mg protein and < 0.04 p moles/mg protein for Ca?* stimulated ATPase. Ca2t binding,
(® )60pMand (m) 150 yM free[CaZ"j. Ca2t stimulated-ATPase, ( O )
60pMand ( O ) 150 pM free [CaZ¥
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FIGURE 3 Free [Ca"] pM

Calcium concentration dependence of the initial rate of sarcolemma ATP-dependent
calcium binding (conditions as Fig. 1). Each point represents the mean of six different
experiments with S.E. M. values < 0.7 n moles/mg protein. Inset: Reciprocal plot of
the initial rates at the different free calcium concentrations, with an apparent Km for
the calcium binding of 25 pM with a Vmax at 6.3 n moles calcium/mg/min.
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plot of this data was linear over the whole range of calcium concentrations
investigated, producing an apparent Km of 25 pM and Vmax of 6.3 n moles min.l
-1
mg .
Our results suggest that ATP does increase calcium binding to isolated cardiac
sarcolemma. Details of the mechanism involved in this process and the significance
of energy-dependent calcium binding in terms of regulation and control of excitation

contraction coupling in cardiac muscle are still under investigation.
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