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Summary. Cardiac sarcolemma (SL) vesicles were subjected to
irradiation inactivation-target sizing analyses and gel permeation
high performance liquid chromatography (HPLC) to ascertain
the weight range of native Na-Ca exchange. Frozen SL vesicle
preparations were irradiated by electron bombardment and as-
sayed for Na-Ca exchange activity. When applied to classical
target sizing theory, the results yielded a minimum molecular
weight (M,) of approximately 226,000 = 20,000 sp (n = 6). SL.
vesicle proteins were solubilized in 6% sodium cholate in the
presence of exogenous phospholipid and fractionated by size on
a TSK 30XL HPLC column. Eluted proteins were mixed 1:1
with mobile phase buffer containing 50 mg/ml soybean phospho-
lipid and reconstituted by detergent dilution. The resulting pro-
teoliposomes were assayed for Na-Ca exchange activity. Na-Ca
exchange activity eluted in early fractions containing larger pro-
teins as revealed by SDS-PAGE. Recovery of total protein and
Na-Ca exchange activity were 91 = 7 and 68 = 11%, respec-
tively. In the peak fraction, Na-Ca exchange specific activity
increased two- to threefold compared to reconstituted controls.
Compared to the elution profile of protein standards under identi-
cal column conditions, sodium cholate solubilized exchange ac-
tivity had a minimum M, of 224,000 Da. Specific #*Ca**-binding
SL proteins with M, of 234,000, 112,000, and 90,000 Da were
detected by autoradiography of proteins transferred electropho-
retically to nitrocellulose.

These data suggest that native cardiac Na-Ca exchange is
approximately 225,000 Da or larger. The exact identification and
purification of cardiac Na-Ca exchange protein(s) remains in-
complete.
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Introduction

Many “‘excitable’” cells contain a Na-Ca exchange
mechanism on their plasma membrane, which may
play a role in either excitation-secretion or excita-
tion-contraction coupling. In cardiac myocytes, Na-
Ca exchange is likely to affect Ca?t homeostasis by
lowering cytosolic Ca’" levels during diastole [cf.
25, 28]. In 1979, Reeves and Sutko demonstrated

Na-Ca exchange in subcellular vesicle preparations
[26]. Highly purified sarcolemma (SL) vesicle prep-
arations have enabled description of important pa-
rameters of the exchange process such as electro-
genicity, kinetics, and stoichiometry as well as
advances toward purification {¢f. 25]. Three labora-
tories have reportedly identified protein(s) responsi-
ble for catalyzing the exchange of Na* for Ca’* in
cardiac SL vesicles. In the first report, Hale et al.
detailed a protease digestion procedure in which de-
tergent-solubilized cardiac SL. vesicle proteins were
rapidly degraded prior to reconstitution [6]. The re-
sulting proteoliposomes contained significant Na-
Ca exchange activity that escaped degradation.
Analysis of these preparations by sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) revealed the presence of a diffuse 82,000-Da
protein. The second report was that of Michalak
and coworkers who reported that monoclonal anti-
body 44D7, originally raised against non-T non-B
acute lymphoblastic leukemia cells, inhibited Na-Ca
exchange in cardiac and skeletal muscle SL vesicles
[15,20]. Under nonreducing conditions, immuno-
precipitates of SL protein by 44D7 contained a ma-
jor polypeptide with an apparent M, of 125,000 Da
by SDS-PAGE. The intensity of this band was de-
creased by the reducing agent dithiothreitol (DTT)
and two bands of apparent M, of 95,000 and 38,000
Da were observed. The third report was from Cara-
foli and coworkers who used rate zonal centrifuga-
tion to facilitate density separation of cardiac SL
vesicles and reconstituted proteoliposomes [31].
They determined that a SL protein with an apparent
M, of 33,000 Da best correlated with Na-Ca ex-
change activity in these preparations. Additionally,
“‘specific’’ polyclonal antibodies prepared against
this protein not only inhibited Na-Ca exchange but,
under nonreducing conditions, recognized proteins
of 33,000, 70,000, and 140,000 Da M, following



212

SDS-PAGE and electrophoretic transfer to nitrocel-
tulose [16]. Under reducing conditions, the 140,000~
M, protein was not recognized. They proposed that
the basic unit of cardiac Na-Ca exchange was a
monomer of 33,000 with the 140,000-M; tetramer
representing the functional form. The 70,000-M,
protein in this scheme represented an intermediate
dimeric state in the monomer-tetramer transition.

In addition to proteins identified in the heart,
Barzilai et al. described a 70,000-Da protein in brain
synaptosomes that purified with Na-Ca exchange
activity upon density gradient centrifugation [4].
Relationship, if any, between this protein and the
70,000-Da intermediate dimeric protein described
above is unclear. In any event, an antibody pre-
pared against the protein in brain has been reported
capable of immunoprecipitation of the functional
protein [3].

Thus the protein(s) responsible for catalyzing
cardiac Na-Ca exchange has not been conclusively
identified. Antibodies apparently capable of inhibit-
ing the exchange process have no cross-recognition
with other reported proteins. In this report, we de-
scribe the results of radiation target analysis and
high pressure liquid chromatography (HPLC) frac-
tionation of Na-Ca exchange activity and the identi-
fication of specific Ca?*-binding SL proteins. Based
on the data, we conclude that the native cardiac
Na-Ca exchanger is approximately 225,000 M, or
larger.

Materials and Methods

PREPARATION AND HANDLING OF SL. VESICLES

Cardiac SL vesicles were prepared from trimmed bovine ventric-
ular tissue obtained from a local abattoir by the method of Ku-
wayama and Kanazawa [12] as modified by Slaughter, Sutko and
Reeves [30]. In experiments where vesicle protein was subjected
to HPL.C, the final washes for the vesicle preparations contained
160 mm sodium phosphate, 20 mm MOPS/Tris buffer, at pH 7.4.
SL vesicle preparations were rapidly frozen in cryovials with
liquid N; and stored at —70°C until used for study. For target
sizing protocols, 0.5 ml aliquots were rapidly frozen in planchets
and stored at —70°C. Na-Ca exchange activity in freshly pre-
pared SL vesicle preparations was unaltered by one freeze-thaw
cycle.

SoLUBILIZATION AND HPLC FRACTIONATION
oF SL VESICLE PROTEIN

Vesicles were thawed at 37°C, pelleted by ultracentrifugation
(180,000 x g; 0.5 hr). The pellet was resuspended and solubilized
in 6% sodium cholate buffered with 100 mm sodium phosphate,
2.5 mg/ml soybean phospholipids (Asolectin; Associated Con-
centrates), pH 7.3 at a final protein concentration of 10 mg/ml.
This mixture remained at room temperature for 30 min with oc-
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casional agitation on a vortex mixer. The extracted, solubilized
proteins were recovered from the supernatant fluid of this mix-
ture following 0.5 hr centrifugation at 100,000 X g. The unsolubi-
lized, pelleted fraction was discarded. Extracted proteins (0.2
ml) were injected onto a TSK 30XL column (7.7 X 300 mm, 5.0
ml void; BioRad) connected to a Perkin-Elmer Series 4 HPLC.
The column resin had been previously equilibrated with a mobile
phase of the above phosphate-lipid buffer containing 2% sodium
cholate. The column flow rate was 0.3 ml/min and column efflu-
ent fraction was collected at 1-min intervals.

RECONSTITUTION OF SL VESICLE PROTEIN

Reconstitution of sodium cholate solubilized SL protein into
proteoliposomes was accomplished by the detergent-dilution
method described by Miyamoto and Racker [21] and modified by
Hale et al. [6]. HPLC fractions and control extracts were mixed
1:1 with column equilibration buffer containing S0 mg/ml soy-
bean phospholipid followed by a five-fold dilution into ice-cold
buffer of 160 mm NaCl, 20 mm MOPS/Tris, pH 7.4. Reconsti-
tuted proteoliposomes were recovered by two successive ultra-
centrifugation washes (180,000 x g; 2.0 hr) in the dilution buffer.

ELECTROPHORETIC TECHNIQUES

The Tris-glycine system of Laemmli was used for electrophore-
sis in 0.1% sodium dodecyl sulfate (SDS) with the percent acryl-
amide in the resolving gel indicated in the figure legends [13].
Samples were prepared and visualized as previously described
[6]. Electrophoretic transfer onto nitrocellulose (Western blot)
was performed by the method of Towbin, Staehelin and Gordon
[33]. Calcium-binding proteins, which had been electrophoreti-
cally transferred onto nitrocellulose, were visualized using auto-
radiography as described by Ebashi and coworkers [18]. Briefly,
150 ug of bovine SL vesicle proteins were fractionated on a 5%
SDS polyacrylamide gel followed by electrophoretic transfer
onto a nitrocellulose membrane at room temperature at 100 mA
for 12 hr. The extended time insured a more complete transfer of
proteins with M, greater than 100,000. The blot was then washed
at room temperature for 1 hr (two changes) with 60 mm KCl, 5
mM MgCl;, 10 mm MOPS/Tris, pH 6.8, followed by a [0-min
incubation in the same buffer containing 1 mCi #Ca’*/liter. Fi-
nally, the blot was rinsed 5 min with dH,0, dried at 37°C and
subjected to autoradiography. Radioactive peaks were quantified
using a scanning densitometer (Hoefer Scientific Instruments,
Model 6S300).

RADIATION TARGET SIZING
oF CarDIAC Na-Ca EXCHANGE

Five hundred ul of freshly prepared SL vesicles (~5-10 mg pro-
tein) were placed in aluminum planchets and rapidly frozen in
liguid N,. Samples (including controls that were not irradiated)
were packed in dry ice and shipped from Columbia, MO, to Buf-
falo, NY, for electron bombardment. Samples were then shipped
back to Columbia, MO, for assay. At no time during transport or
handling during irradiation treatment were samples allowed to
thaw. The irradiation inactivation was performed as previously
described by Jung et al. with some modification [8]. Briefly,
planchets containing frozen samples were passed under an elec-
tron beam of uniform geometry and frequency receiving 0.675
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MeV at a dose rate of 0.5 MeV/min/pass. Radiation target analy-
ses of Na-Ca exchange activity were performed as described by
Kepner and Macey [11].

MISCELLANEQUS ASSAYS

Na-Ca exchange activity was measured in native SL vesicles and
reconstituted proteoliposomes by the method of Reeves and
Sutko [27]. Na-Ca exchange was quantified as the difference in
4Ca?* accumulation into vesicles in the presence or absence of
an outwardly directed Na* gradient. Protein assays for native SL
vesicles were performed by the method of Lowry [17]. To avoid
interference from the high concentrations of exogenous lipid and
low protein content, reconstituted proteoliposome protein as-
says were performed by the method of Schaffner and Weissmann
[29] as described by Kaback and coworkers [22].

Based on the procedure of Ahmed and Reis [1], the hydro-
lysis rate of 2, 8, *H-5'-adenosine monophosphate (AMP) to *H-
adenosine was used to estimate 5'nucleotidase activity. The re-
action was initiated by rapid mixing of 40 to 80 ug bovine SL
vesicle protein with 10 um AMP, 10 #Ci *H-AMP/ml in 160 mMm
NaCl, 20 mm MOPS/Tris, 2 mm MgSO,, pH 7.4 at 37°C. Sam-
ples were taken from the reaction vessels at timed intervals up to
5 min. These were immediately mixed with ice-cold perchloric
acid to give a final acid concentration of 4.6% (wt/vol). The
protein was pelleted by centrifugation (13,000 X g, 5 min) and the
supernatant fluid was removed, neutralized with 2 M K.CO,. 0.5
M MOPS. Aliguots were loaded on 7 x 40 mm columns of PEI
cellulose (Sigma) equilibrated with dH,0. Nucleosides, including
3H-adenosine, were eluted with dH,0. AMP was eluted with 3, 1
ml volumes of 50 mM KH,PO,. The column eluates were col-
lected and the radioactivities were determined by liquid scintilla-
tion spectroscopy. In all cases the time courses for AMP hydro-
lysis were determined and were found to be linear over several
minutes. The rates were calculated from linear time course
curves over which no more than 20% of the AMP was hydro-
lyzed.

Results

RADIATION TARGET ANALYSIS OF Na-Ca
ExcHANGE IN CARDIAC SL VESICLES

Initial attempts to assess Na-Ca exchange by radia-
tion target analysis used SL vesicle preparations
subjected to radiation doses up to 15 Mrad. These
preliminary experiments clearly indicated that Na-
Ca exchange activity was substantially decreased
by irradiation doses less than 5 Mrad and was es-
sentially inactivated by higher doses. Subsequent
experiments were confined to radiation levels be-
tween 1 and 4 Mrad. The sensitivity of Na-Ca ex-
change to electron bombardment inactivation is
shown in Fig. 1. Na-Ca exchange activity was inac-
tivated by relatively low-dose radiation. In addition
to Na-Ca exchange, the same SL vesicle prepara-
tions were assayed for 5'-nucleotidase, cytochala-
sin B binding, and glucose transport [5]. Inactiva-

213

D 1.00 4

<

~ 0.90

<

g 0.80

> .

= 0.70 o

=

<

o 0.60

g‘ o o

o

g 0.50 >

(5]

x

Lt

5 0.40
2

o Q
z
0.30 ! + ——
0.0 1.0 2.0 3.0 40

Radiation Dose (Mrad)

Fig. 1. Loss of Na-Ca exchange activity in cardiac SL vesicles
following irradiation by high energy electrons. Native cardiac SL.
vesicles were irradiated in the frozen state as described in Mate-
rials and Methods and [8). Data shown were from a single experi-
ment. Each datum point represents the average of triplicate de-
terminations. In this experiment, target size analysis M, was
225,000 Da

Table. Radiation target analyses of Na-Ca exchange in cardiac
sarcolemmal vesicles®

Experiment Mol wt (Da)

1 223,000
2 258,000
3 216,000
4 225,000
5 195,000
6 241,000
Mean 226,000 = 20,000 (sp)

* Summary of Na-Ca exchange irradiation inactivation sizing ex-
periments. Six separate bovine SL vesicle preparations were
subjected to irradiation inactivation and target sizing analyses.
Each experiment was conducted individually over the course of
one year.

tion of D-glucose (vs. L-glucose) transport and cyto-
chalasin B binding to the glucose transporter did not
parallel Na-Ca exchange inactivation, as much
larger doses were required for inactivation. This
strongly suggests that irradiation, especially at
lower doses which inactivated Na-Ca exchange ac-
tivity, did not produce significant nonspecific mem-
brane disruption. As an internal control, 5'-nucleo-
tidase inactivation yielded a target size of 81,500 =
5,000 Da, which is consistent with previously re-
ported values of about 73,000 Da [2, 32]. The results
of target size analyses using six different SL vesicle
preparations are shown in the Table. As indicated in
the Table, the molecular weight for cardiac Na-Ca
exchange predicted by radiation target sizing is
226,000 * 20,000 (sp). For reasons indicated in the
Discussion, this value may be a minimum molecular
weight.



214
2.0
18} 14
E 1.6+ +12 §
=) 1.4+ o
o : 10 &
: 1.2+ g\
e 104 18 >
Q
5 0.8+ 16 ]
o ~
& 0.6 3
] +4 g
2 04 <
1o
0.2+ E
[=
0.0 —+ 0

10 12 14 16 18 20 22 24 26 28
Elution volume (mls)

Fig. 2. Elution pattern of sodium cholate solubilized cardiac SL
vesicle proteins and Na-Ca exchange from gel permeation
HPLC. Native cardiac SL vesicle proteins were detergent solu-
bilized and fractionated by gel permeation HPLC. The column
effluent was monitored at 280 nm. Individual column fractions
were reconstituted and assayed for Na-Ca exchange activity
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Fig. 3. SDS-PAGE of cardiac SL vesicle proteins fractionated
by gel permeation HPLC, HPLC column fractions (150 ul) were
subjected to SDS-PAGE (10% acrylamide) as described in
Materials and Methods. Proteins were visualized with Coomas-
sie blue R-250

FRACTIONATION OF CARDIAC SL. VESICLE
ProTEINS BY HPLC GEL PERMEATION

Cardiac SL vesicle proteins solubilized in the deter-
gent sodium cholate were fractionated on the basis
of size using a TSK 30XL column. The absorbance
of the column effluent was continuously monitored
at 280 nm during elution of the solubilized SL pro-
tein. Column fractions were collected and reconsti-
tuted as described in Materials and Methods. Na-Ca
exchange activity eluted as shown in Fig. 2. The
elution pattern of exchange activity is normalized to
the protein content of each reconstituted fraction.
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Fig. 4. M, estimate of sodium cholate solubilized cardiac Na-Ca
exchange by gel permeation HPLC. Gel permeation HPLC of
Na-Ca exchange was performed as described in Materials and
Methods. Protein standards were fractionated under identical
column conditions. The elution of protein standards was moni-
tored by absorbance at 280 nm and SDS-PAGE (not shown).
Profile shown represents the leading edge of eluted standards. (/)
myosin, 200,000 Da; (2) phosphorylase b, 97,400 Da (3) bovine
serum albumin, 68,000 Da; (4) ovalbumin, 43,000 Da. The arrow
indicates the elution position of the leading edge of peak Na-Ca
exchange specific activity

Highest specific activity, 11.4 nmol Ca’"/mg pro-
tein/sec, was recovered in fraction 14. HPLC rou-
tinely produced a two- to threefold increase in spe-
cific activity when compared to unfractionated,
reconstituted controls. For example, in the experi-
ment shown in Fig. 2, the activity of the control
activity was 5.0 nmol Ca?*/mg protein/sec. Total
recovery of protein was 91 *= 7% and recovery of
Na-Ca exchange activity was 68 = 11% (n = 4).
HPLC gel permeation resulted in nearly a 10-fold
increase in recovery of Na-Ca exchange activity
over previously reported methods [6, 34] and was
presumably due to the shorter time of fractionation
or contact with the column matrix.

Figure 3 illustrates the protein composition of
TSK 30XL column fractions following SDS-PAGE.
Fractionation of SL protein was according to size
by the column with larger proteins eluting in earlier
fractions. Both earliest and highest specific activity
Na-Ca exchange eluted in fractions containing high
M; proteins (Fig. 2); whereas fractions with little
exchange activity eluted later and contained smaller
proteins including those in the 33,000 Da range. The
presence of significant Na-Ca exchange activity in
fraction 14 in conjunction with the paucity of pro-
tein would account for the high specific activity in
that fraction and suggests that Na-Ca exchange may
be a minor component in terms of total SL. protein.
Selected protein M, standards were used to cali-
brate the size elution pattern of the column and are
shown in Fig. 4. Peak Na-Ca exchange activity



C.C. Hale et al.: High Molecular Weight Na-Ca Exchange

eluted one fraction before 200,000 Da myosin. The
apparent M, of cardiac Na-Ca exchange by gel per-
meation HPLC was determined to be approxi-
mately 224,000 Da or larger from data obtained in
experiments like those shown in Fig. 4. The 224,000
Da estimation by HPL.C gel permeation is likely to
represent a minimum since the elution of activity
appeared near or at the column void volume, yet
ahead of the 200,000 Da myosin. These data suggest
that solubilized exchange protein(s) forms a large
complex (>>200,000 Da); however, under conditions
reported here, an exact M, cannot be estimated.

DeTECTION OF HIGH MOLECULAR WEIGHT
CAZ*-BINDING SL VESICLE PROTEIN

Three major high molecular weight Ca’*-binding
proteins were detected as radioactive bands by au-
toradiography. The apparent M, of these proteins as
shown in Fig. 5 were 234,000, 112,000, and 90,000
Da. Radiolabeled Ca?* bound to these electropho-
retically transferred SL proteins even though the
membrane had been incubated in 160 mm KCl and
5 mM MgCl, prior to and during incubation with
45Ca?* . This suggested that the **Ca?* binding ob-
served was not due to radiolabel association with
nonspecific negative charges on blotted proteins
since the monovalent and divalent cations did not
block ¥Ca?* binding. Additionally, when the blotted
membrane proteins were incubated with 160 mm
KCl and 10 mm LaCl; prior to addition of #Ca?",
radioactive bands were not observed. We also did
not observe any effects of 160 mm NaCl or 5 mMm
MgCl, on ¥Ca?* binding to SL protein, although
omission of MgCl, from either KCI or NaCl buffers
increased the background on autoradiograms as
previously reported [18]. The same three proteins
bound **Ca?* whether subjected to reducing or non-
reducing SDS-PAGE.

It was our experience that the 234,000 M, pro-
tein did not transfer efficiently (or at all) from 7.5%
or higher concentration polyacrylamide gels if the
time of transfer at 100 mA was less than 3 hr. Mini-
mum transfer time at 100 mA for the 234,000 M,
4Ca2*-binding protein in 5 or 7.5% polyacrylamide
gels was 12 hr. This was determined by staining the
polyacrylamide gel with Coomassie blue R-250 fol-
lowing electrophoretic transfer to assess blotting ef-
ficiency.

Discussion
There is currently no agreement on the identifica-

tion or M, of cardiac Na-Ca exchange. Thus far,
antibodies reported to inhibit exchange activity
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Fig. 5. Detection of cardiac SL “*Ca**-binding proteins. Cardiac
SL proteins (100 pg/lane) were electrophoretically transferred to
a nitrocellulose membrane following SDS-PAGE (% acryl-
amide). Blotted proteins were subjected to incubation in the
presence of “Ca’*, label-free washes, drying, and autoradiogra-
phy. (a) densitometric tracing of exposed film. Indicated are po-
sitions of standard protein M, markers; (b) relative mobility plot
indicating M, determinations for the three major peaks identified
in panel (g). Circles indicate M, standards (see Fig. 4). Squares
indicate relative mobility of absorbance peaks seen in (a). The M,
of each peak is shown

have not been shown to recognize the same pro-
teins, which raises the possibility of inhibition arti-
facts. Clearly, more definitive experiments with ad-
ditional antibodies would be useful. For example,
no laboratory has yet reported immunoprecipitation
of cardiac Na-Ca exchange activity prior to recon-
stitution of detergent-solubilized SL proteins, al-
though as mentioned earlier, this has been reported
in brain [3]. It would appear that additional immu-
nological information beyond simple inhibition of
activity will be required to ascertain whether or not
an antibody is specifically directed against Na-Ca
exchange protein.

We report in the present study three indepen-
dent determinations that, taken together, provide
evidence that the native M, of cardiac Na-Ca ex-
change transporting protein in SL vesicles is
225,000 Da or larger. Radiation target analysis and
sizing by gel permeation HPLC provide direct evi-
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dence that the native carrier may be larger than
previous reports indicate. The identification of
specific Ca?"-binding proteins, especially in the
200,000 Da range, is indirect and circumstantial.

When considering the validity of the apparent
226,000 Da M, determined by radiation target analy-
sis, two questions must be addressed. First, what is
the range of accuracy of this technique; and second,
what effect did the inactivation process have, if
any, on the carbohydrate moiety of Na-Ca ex-
change, a reputed glycoprotein [23]? Kempner and
Schlegel have reported that the accuracy of the
radiation-inactivation technique is approximately
14% [10]. Given this error, the low estimate for the
M, would be approximately 194,000 Da, which is
still considerably higher than previously reported
exchange proteins. In a review of over 30 enzymes
subjected to irradiation inactivation, Kempner and
Schlegel reported good agreement between known
M: and target size analyses of over half the enzymes
studied [10]. A substantial number of enzymes,
however, yielded apparent M, by target sizing that
were lower than previously described values. This
discrepancy was resolved by the observation that
all low values corresponded to the subunit sizes of
these enzymes.

A recent report applied target inactivation anal-
ysis to the ryanodine receptor, a membrane protein
located on the sarcoplasmic reticulum [19]. These
data indicated that the target M, was smaller than
the polypeptide that binds ryanodine. They sug-
gested that target sizing in this case yielded a mini-
mum M, because the ryanodine binding site repre-
sented a portion of the functional structure and only
a domain of the active polypeptide. It cannot be
determined from the present study whether the tar-
get size of 226,000 Da for cardiac Na-Ca exchange
is a close approximation or a minimum.

Many plasma membrane proteins are glycopro-
teins. Cardiac Na-Ca exchange activity in SL vesi-
cles has been reported to be stimulated by endogly-
cosidases, which suggests that this transporter
contains carbohydrate [23]. It also has been pro-
posed that a carbohydrate moiety may contribute to
the resistance of this carrier to proteolytic degrada-
tion [6, 24, 34]. Lectin affinity column chromatogra-
phy has been used to separate Na-Ca exchange ac-
tivity from the 82,000-Da protein, strongly
suggesting this protein does not catalyze the ex-
change process (C.C. Hale & J.P. Reeves, unpub-
lished data). In addressing the question of the influ-
ence of carbohydrate on target size analysis,
Kempner and coworkers found that, without excep-
tion, only the protein portion of an enzyme was
sensitive to the loss of activity observed during ra-
diation inactivation [9]. This was true for artificially
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created glycoproteins as well as native receptors
and enzymes, even when the contribution of carbo-
hydrate to the overall M, was as high as 50%. Given
this observation, it is likely that the carbohydrate
portion of Na-Ca exchange had little or no influence
on the M, determined by radiation inactivation.
Gel permeation HPL.C data clearly indicated
that sodium cholate solubilized SL vesicle proteins
were fractionated on the basis of size and that Na-
Ca exchange eluted with larger proteins (Figs. 2-4).
Fractionation by gel permeation of sodium cholate
solubilized membrane proteins occurs because of
the small micelle size of this detergent [7]. Since
authentic membrane protein standards were not
available, we utilized soluble protein standards frac-
tionated under identical column conditions. Al-
though soluble globular proteins have been found to
be generally suitable as HPLC M, standards, cau-
tion must be exercised as the error in either direc-
tion has been reported to be as large as 10-20% [14].
The standard proteins were fractionated by the
column on the basis of M, and, as shown in Fig. 3,
sodium cholate solubilized SL proteins also were
fractionated by size as judged by SDS-PAGE. Thus,
although there is inherent error in this method with
regards to precise estimations of M., it can provide
an approximation of size and the data strongly sug-
gest that native Na-Ca activity is larger than previ-
ously reported. Although fraction 14 contained pre-
dominately high M, proteins as well as peak specific
activity, SDS-PAGE analysis indicated that some
smaller SL proteins were present in low concentra-
tions in this fraction (Fig. 3). One possibility for the
presence of these proteins is that they represent
subunits of a multimeric Na-Ca exchange protein
complex, which solubilized and fractionated intact
on the column. The existence of a large complex of
smaller protein subunits capable of catalyzing Na-
Ca exchange, is not consistent with the M; obtained
in target sizing experiments (see the Table) [10].
Regardless of these considerations, a 33,000 Da
protein eluted in fractions following peak exchange
activity (Fig. 3). All electrophoretograms presented
in the current study utilized h-mercaptoethanol as a
reducing agent. If a tetramer complex (or double
tetramer of 280,000 Da) of 33,000 Da protein eluted
with larger proteins (under the nonreducing condi-
tions of the HPLC experiments), individual mono-
mers would have been present and visualized by
SDS-PAGE in peak activity fractions. This was not
the case. Another possibility is that Na-Ca ex-
change may exist as a dimer of two 125,000 Da pro-
teins [15, 20]. This would place the M, for Na-Ca
exchange at nearly 250,000 Da. As described above,
a subunit M, of 125,000 Da is not consistent with the
226,000 Da M, determined by irradiation inactiva-
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tion since the latter is likely to represent a mini-
mum M,.

Ebashi and coworkers described a convenient
method for identification of Ca?*-binding proteins
[18]. Fortuitously, many Ca?*-binding proteins re-
tain the ability to specifically bind 4Ca?* when
transferred to a nitrocellulose membrane following
SDS-PAGE. Specificity of Ca?*-binding proteins for
4Ca?" was dependent upon factors such as pH and
MgCl; as had been originally reported [18]. We de-
tected three major Ca?*-binding proteins in cardiac
SL vesicles with apparent M, of 234,000, 112,000,
and 90,000 Da (Fig. 6). While this detection method
did not relate Ca?* binding to specific transport or
enzymatic activity (e.g., differential binding in the
presence of Na'), it did allow the detection of spe-
cific Ca**-binding proteins. By inference, the data
suggest that the detected proteins are somehow in-
volved with Ca?* either in terms of regulation of
their activity or Ca?' transport. The presence of a
Ca?*-binding protein of 234,000 Da M, is consistent
and supportive of the data described above indicat-
ing a native M, of cardiac Na-Ca exchange of ap-
proximately 225,000 Da. The exact nature of the
interaction of Ca?* with these three proteins is un-
known.

In summary, target sizing analyses and gel per-
meation chromatography data tentatively place the
M. of native Na-Ca exchange in cardiac SL vesicles
at approximately 225,000 Da or larger. Three Ca?*-
binding proteins have been detected in these prepa-
rations. Identification of the larger of these proteins
as the cardiac Na-Ca exchanger is strictly circum-
stantial. In this report, we have presented data that
suggest the size of native cardiac Na-Ca exchange is
larger than heretofore reported. Although, conclu-
sive identification of protein(s) constituting cardiac
Na-Ca exchange remains incomplete, the present
work may provide future direction in terms of purifi-
cation and identification techniques amenable to
larger proteins.
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