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Two major Ca2+-binding glycoproteins M, 120,000 
and 100,000 were isolated from 3-[(3-cholamidopro- 
pyl)dimethylammonio]-1-propanesulfonic acid-solubi- 
lized bovine heart sarcolemma membrane. Peroxidase- 
conjugated concanavalin A and wheat germ agglutinin 
lectins bind strongly to the isolated 120- and lOO-kDa 
glycoproteins. Treatment with endoglycosidase F re- 
sulted in conversion of the 120-kDa glycoprotein to a 
form migrating at about 97 kDa. Treatment of the lOO- 
kDa band with endoglycosidase F produced form of 
about 80 kDa. Endoglycosidase H digestion removes 
only 5% of the mass of both glycoproteins. The carbo- 
hydrate structure of both glycoproteins, is therefore, 
predicted to be at least 75% complex structure and 25% 
high mannose or hybrid structure. 

The 120- and lOO-kDa glycoproteins are the major 
Ca2’-binding proteins in the sarcolemma membranes. 
Intact and endoglycosidase-treated glycoproteins bind 
45Ca2’ as analyzed by a 4sCa2+ overlay technique. Using 
polyclonal antibodies, the 120- and lOO-kDa glycopro- 
teins were identified in muscle plasma membranes 
(ventricles, atria, and uterus smooth muscle). They 
were, however, not present in non-muscle tissues such 
as pancreas, liver, and kidney. 

The 120- and lOO-kDa glycoproteins appear to be 
homologous molecules as judged by their similar V8 
protease peptide maps, cross-reactivity with poly- 
clonal antibody, and other physicochemical properties. 

The sarcolemma (SL)’ of the heart plays a key role in 
mediating the metabolic, electrophysiological, and contractile 
function of myocytes. A primary function of this membrane 
is the transport of ions into and out of the cell during the 
muscle excitation-contraction cycle (1). In addition, the SL 
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membrane contains various hormone and drug receptors and 
thus provides signals for the modulation of heart metabolism 
and function (Z-6). 

Cardiac muscle is dependent on the presence of external 
Ca*+ for maintenance of contractile activity. Therefore, one 
of the most important functions of the SL is the control of 
Ca2+ movements. The cardiac cell is equipped with multiple 
mechanisms for trans-sarcolemmal Ca*+ transport (7). These 
include the electrogenic Na+/Ca’+ exchange (8) and SL Ca’+/ 
calmodulin-dependent ATPase (9), a voltage-dependent Ca*+ 
channel (10) and Ca*+ binding activity (11). The relative 
contribution and importance of each of these mechanisms in 
maintaining cellular Ca2+ homeostasis in cardiac muscle have 
yet to be elucidated. 

Langer’s group (11,12) has proposed, based on the physio- 
logical, biochemical, and cytochemical observations, that Ca*+ 
bound to SL membrane plays an important role in the control 
of the overall cellular Ca2+ homeostasis in the heart. Apart 
from its possible participation in one of the events of excita- 
tion-contraction coupling (11, 12), SL-bound Ca*+ might play 
an important role in the maintenance of homeostasis for Ca2+ 
and possibly other cations (13). The presence of different 
Ca*+-binding sites in the heart SL have been reported (11,12) 
and the association of Ca*+ with SL membrane confirmed by 
ultrastructural studies (14). It is not clear, however, how these 
Ca*+-binding sites relate to specific molecules. The majority 
of Ca*+ (>70%) bound to SL membrane is associated with 
membrane acidic phospholipids (15). In earlier studies Limas 
(16) has indicated that proteins may also be involved in Ca2+ 
binding to SL vesicles but no specific Ca*+-binding protein(s) 
was identified. 

Recently, we have fractionated highly purified bovine car- 
diac SL vesicles by WGA agglutination method and studied 
the glycoprotein composition of this membrane (17). The 
majority of SL vesicles (75% of membrane preparation) were 
agglutinated in the presence of WGA, and they corresponded 
to the highly purified SL vesicles (17). The origin of the 
nonagglutinated vesicles is less clear but they may derive from 
a different part of SL membrane, possibly the transverse 
tubular system (17). During the course of this work, two major 
WGA-binding glycoproteins of A4, 120,000 and 100,000 were 
identified in the SL vesicles (17). In this report we describe 
the isolation and characterization of the 120- and lOO-kDa 
glycoproteins of bovine cardiac SL membrane. The 120- and 
lOO-kDa glycoproteins are the major Ca’+-binding proteins in 
cardiac SL membrane. They appear to be homologous mole- 
cules as judged by their similar peptide maps, cross-reactivity 
with polyclonal antibodies, and similar mass of their carbo- 
hydrate. The 120- and lOO-kDa glycoproteins are specific for 
muscle plasma membranes and are not detected with specific 
antibody in non-muscle tissues such as kidney, pancreas, and 
liver. 
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5870 Glycoproteins of Cardiac Sarcolemma 

EXPERIMENTAL PROCEDURES 

Materials-Hepes, histidine, Tris, lectins, peroxidase-conjugated 
lectins, Nonidet P-40, Triton X-100, Chaps. WGA-Sepharose and 
GlcNAc were purchased from Sigma. 4”Cadlz’was obtained from Du 
Pont-New England Nuclear. Endo F. Endo H. dimethvl sulfoxide. 
benzamidine, phenylmethylsulfonyl fluoride, N,[N-(L-3-trans- 
carboxyoxirane-2-carbonyl)-L-leucyll-agmatine, aprotinin, leupeptin, 
pepstatin, L-1-chloro-3-(4-tosylamido)-7-amino-2-heptanone hydro- 
chloride, L-1-chloro-3-(4-tosylamido)-4-phenyl-2-butanone, (4-ami- 
dinophenyl)-methansulfonyl fluoride, and N-(L-rhamnopyrnaosyl- 
oxyhydroxyphosphinyl)-L-leucyl-L-tryptophan were obtained from 
Boehringer-Mannheim. SDS-PAGE reagents and prestained molec- 
ular weight markers were purchased from Bio-Rad. Staphylococcus 
aureus protease V8 was from Miles Laboratories Ltd. Fresh bovine 
hearts, uterus, pancreas, kidney, and liver were obtained from a local 
slaughterhouse. 

Preparation of Membrane Vesicles-SL membranes were isolated 
by sucrose flotation according to the method described by Jones (18). 
Initial homogenization of muscle tissue and subsequent membrane 
fractionation was performed in the presence of a mixture of the 
following protease inhibitors made in 2,000 times stock solution in 
50% dimethyl sulfoxide, 0.5 mM benzamidine, 0.5 mM phenylmeth- 
ylsulfonyl fluoride, 0.5 +g of N-[N-(I,-3-trans-carboxyoxirane-2-car- 
bonyl)-L-leucyll-agmatine/ml, 0.1 Kg of aprotinin/ml, 0.5 pg of leu- 
peptin/ml, 0.5 pg of pepstatin/ml, 50 gg of L-l-chloro-3-(4-tosylam- 
ido)-7-amino-2-heptanone hydrochloride and L-1-chloro-3-(4- 
tosylamido)-4-phenyl-2-butanone, 0.1 fig of (4-amidinophenyl)-meth- 
ansulfonyl fluoride/ml, 50 pg of N-(~-rhamnopyranosyloxyhydroxy- 
phosphinyl)-L-leucyl-L-tryptophan/ml. Vesicles were suspended at a 
concentration of 5 mg/ml in 250 mM sucrose and 20 mM Hepes, pH 
7.4, frozen in liquid Na and stored at -80 “C. Atria SL vesicles were 
isolated by the procedure used for the purification of ventricle SL 
membrane (18). Pancreas, kidney, uterus, and liver microsomes were 
isolated by homogenizing the bovine tissues with a Polytron PT-20 
in a buffer containing 0.7 mM phenylmethylsulfonyl fluoride, 0.1 mM 
benzamidine. 120 mM NaCl. and 10 mM imidazole-HCl. DH 7.4. The 
homogenates were centrifuged at 1,600 x g for 10 $n, and the 
supernatant was saved. The pellet was rehomogenized in the same 
buffer and centrifuged as above and both supernatants were com- 
bined. These were centrifuged at 10,000 x g for 15 min, and the 
pellets were discarded. The supernatants were pelleted at 100,000 x 
g for 60 min, and the microsomes were suspended in 250 mM sucrose, 
10 mM Tris, pH 8.0, frozen in liquid N, and stored at -85 “C. Apical 
and basolateral plasma membrane vesicles were isolated from dog 
kidney (19, 20) and were a generous gift of Dr. R. A. F. Reithmeier, 
University of Toronto. Before use, samples of frozen membrane were 
thawed at 37 “C. Protein was determined by the method of Lowry et 
al. (21) or Bradford (22). 

Membrane Solubilization-SL vesicles were solubilized with 8 mM 
Chaps (5 mg of Chaps/mg protein) in solubilization buffer containing 
100 mM NaCl. 0.1 mM EGTA. and 20 mM Heaes. DH 7.4. After 
incubation at 4 “C for 15 min, nonsoluble material was separated by 
centrifugation at 150,000 X g for 45 min at 4 “C. Greater than 85% 
of membrane proteins were solubilized by this procedure. 

WGA Affinity Chromatography-A WGA-Sepharose column with 
a bed volume of approximately 2 ml was regenerated before use with 
50 ml of low salt buffer (100 mM NaCl, 0.1 mM EGTA, 2 mM MgC12, 
0.05 mg of Chaps/ml, 20 mM Hepes, pH 7.4) containing 1% SDS 
followed by a wash with 100 ml of low salt buffer. SL membrane was 
solubilized as described above. MgC12 and NaCl were added to final 
concentrations of 2 and 500 mM, respectively. Two mg of SL protein 
were applied/2 ml of WGA-Sepharose. The column was then washed 
with (a, see Fig. 1) 40 ml of high salt buffer (500 mM NaCl, 0.1 mM 
EGTA, 2 mM MgC&, 0.05 mg of Chaps/ml, 20 mM Hepes, pH 7.4) 
followed by (b) 40 ml of low salt buffer, (c) 10 ml of low salt buffer 
containing 0.03% SDS (in some experiments SDS wash was omitted, 
see Fig. 3) and 10 ml of low salt buffer. The final 3 ml wash never 
contained greater than background absorbance at 280 nm. Specifically 
bound glycoproteins were eluted by (d) 10 ml wash of low salt buffer 
containing 200 mM GlcNAc and were concentrated to 500 ~1 using an 
Amicon Ultrafiltration Cell model 8200. 

SDS-Polyacrylamide Gel Electrophoresis-SDS-PAGE was on 10% 
or 5-15% polyacrylamide gradient gels as described by Laemmli (23). 
After gel electrophoresis, gels were stained with either Coomassie 
Blue or silver and scannedusing a DU-65 Beckman Spectrophotom- 
eter. Digestion of the isolated glycoproteins in SDS-PAGE was carried 
out with S. aureus protease V8 (Miles Laboratories Ltd.) according 

to Cleveland et al. (24). Molecular weight standards were myosin, 
200,000; /Y-galactosidase, 116,300; phosphorylase b, 97,400; bovine 
serum albumin, 66,000; and ovalbumin, 42,000. 

Analysis of Lectin and ‘%a*+ Binding-For lectin and 45CaZ+ bind- 
ing analysis, proteins were transferred electrophoretically onto nitro- 
cellulose membrane according to the method of Towbin et al. (25). 
For lectin binding, blots were blocked with 0.3% gelatin and subse- 
quently incubated with appropriate peroxidase conjugated lectins (1 
Kg/ml) in a buffer containing 50 mM Tris, pH 7.4, 150 mM NaCl, 
0.05% Triton X-100, and 2 mM MgC12 (17). The peroxidase reaction 
was developed using 4-chloro-1-naphthol as the-substrate. Identifi- 
cation of ‘5Caz+-bindina nroteins in SL membranes was carried out 
according to the procedures of Maruyama et al. (26). 

Endoglycosidase Treatment-Glycoproteins purified by WGA chro- 
matography were examined by SDS-PAGE on a 5-15% gradient gel 
as described above. Upon completion of the electrophoresis the sam- 
ple lane was sliced, and slices containing the 120- and lOO-kDa 
glycoproteins were transferred to the sample cup of an Isco model 
1750 sample concentrator, overlaid with 10 mM NHdHCOz, pH 8.6, 
and 0.02% SDS, and electroeluted at 1 watt for 18 h at room temper- 
ature. The electroeluted material was dialyzed overnight against 100 
mM sodium phosphate, pH 6.1, 50 mM EDTA, and 0.1% SDS at 4 “C 
and then concentrated by freeze-drying in a Speed-Vat concentrator. 
The isolated 120- and lOO-kDa protein bands were divided into two 
equal aliquots, and the volume was adjusted to 90 ~1 with 100 mM 
sodium phosphate, pH 6.1, 50 mM EDTA, 1% fl-mercaptoethanol, 
and 0.1% SDS and incubated at 37 “C for 30 min. The samples were 
then made to 1% with respect to Nonidet P-40, and 30 units/ml of 
Endo F, Endo H, or buffer alone was added. The samples were 
incubated at 37 “C for 16 h, after which they were examined by SDS- 
PAGE (23). In some experiments the purified glycoproteins were 
directly digested with Endo F and Endo H at 37 “C for 4 h in a buffer 
containing 100 mM sodium phosphate, pH 6.1, 50 mM EDTA, 1% p- 
mercaotoethanol. 0.1% SDS. and 30 units/ml of Endo F or H. 

Preparation oj Anti-120-‘and lOO-kDa Glycoproteins Antibody- 
New Zealand rabbits were immunized intraperitoneally with 0.5 mg 
of bovine heart SL vesicles emulsified in Freund’s complete adjuvent. 
After 2 and 4 weeks, the immunization was repeated but this time 
with protein bands excised from the SDS-PAGE gels of SL proteins 
and emulsified in Freund’s incomplete adjuvant. Antibodies were 
screened by immunoblotting after electrophoretical transfer onto 
nitrocellulose membrane according to the method of Towbin et al. 
(25). For affinity purification of the antibody against either 120- and 
lOO-kDa glycoprotein, the purified glycoproteins were separated by 
preparative SDS-PAGE and transferred to nitrocellulose (25). The 
nitrocellulose sheets were stained with Ponceau S, and the bands 
corresponding to either 120- or lOO-kDa glycoprotein were cut out 
and incubated with a 1:25 dilution of the antiserum in phosphate- 
buffered saline containing 1% milk powder. Bound antibodies were 
eluted by incubation of the nitrocellulose strips in 200 mM glycine, 
pH 2.8. After 2 min of incubation, the pH of the antibody solution 
was adjusted to 8.0 by the addition of 1 M Tris-HCl, pH 8.8. In some 
experiments, the antibody solution was dialyzed overnight against 
phosphate-buffered saline and stabilized by the addition of bovine 
serum albumin to a final concentration of 1 mg/ml. 

RESULTS 

Pectin Chromatography-The chromatographic profile of 
solubilized SL proteins on WGA-Sepharose is shown in Fig. 
1. More than 90% of applied proteins appeared in the column 
“run-through” or in the initial high salt, low salt, and SDS 
washes and, hence, failed to adsorb to the WGA-Sepharose. 
When this unadsorbed fraction was analyzed on SDS-PAGE 
almost all SL membrane proteins appeared in these fractions 
(Fig. 2A, lanes 4-8). About 0.6% of membrane protein ad- 
sorbed to the WGA-column and most (>60%) of the adsorbed 
protein was eluted with the specific sugar GlcNAc. SDS- 
PAGE of the GlcNAc fraction revealed that two glycoproteins, 
120 and 100 kDa, were specifically eluted (Fig. 2, A and B). 
It was critical to wash a WGA column with a low concentra- 
tion of SDS (0.03%) in order to achieve a good purification of 
both glycoproteins. Silver staining of SDS-PAGE of the 
GlcNAc fraction eluted from the WGA column not washed 
with SDS revealed the presence of additional protein bands 
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Glycoproteins of Cardiac Sarcolemma 5871 

Fit;. 1. WGA-Sepharose chromatography of cardiac SL gly- 
coproteins. SI, vesicles were solubilized with Chaps. centrifuged, 
and the (‘haps-soluble fraction was separated on Lv(‘(:A-Sepharose 
according to the procedure described under “Experimental Proce- 
dures.” \\‘GA column was subsequently washed with different buffers 
as described under “Experimental Procedures”; n, high salt buffer; b, 
low salt buffer: c. low salt buffer containing 0.03“; SDS followed by 
low salt buffer: and d, low salt buffer containing 200 mM GlcNAc. 
SDS-PAGE of the obtained fractions is presented in Fig. 2. 

sequent experiments the 120- and lOO-kDa glycoproteins were 
purified from the WGA column washed with 0.03% SDS as 
presented in Fig. 2. The yield of the 120- and lOO-kDa glyco- 
protein complex was approximately 3-4 kg/mg SL vesicles. 
As judged from the yields of purified glycoproteins as well as 
from the SDS-PAGE of the proteins not bound to the WGA 
column (Fig. 2, compare lanes 4-8 to lanes 70-72), we con- 
cluded that 120- and lOO-kDa glycoproteins, which we puri- 
fied, comprise only a small fraction of 120. and lOO-kDa 
protein bands seen in native SL membrane. The ratio of SL 
membrane to WGA-Sepharose (2 mg of SL protein/2 ml of 
WGA Senharose) was critical for the successful nurification 
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FIG. 2. SDS-PAGE of cardiac SL proteins separated by lec- 
tin affinity chromatography. FVGA-Sepharose chromatography 
of cardiac glycoproteins was carried out as described under “Experi- 
mental Procedures” and the elution profile is presented in Fig. 1. 
Proteins (10 pg each, except for ‘? pg in lanes 70, 71, and 72 and 15 
pg in Inne S’I,) were subjected to s-155; gradient SDS-PAGE and 
stained with silver. The nrro~~ indicate the positions of Bio-Rad high 
molecular weight standard proteins. 120 and 100, 120. and 100.kDa 
glycoproteins, respectively. The lane numbers correspond to the frac- 
tion numbers as depicted in Fig. 1. SL, SL vesicles; E, Chaps- 
soluhilized SL applied on lectin column. 
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FIG. 3. SDS-PAGE of cardiac SL proteins separated by lec- 
tin affinity chromatography not washed with SDS. WGA- 
Sepharose chromatography of cardiac glycoproteins was carried out 
as described under “Experimental Procedures” except that wash with 
0.03% SDS in low salt buffer (c, see Fig. 1) was omitted. Proteins 
were subjected to .i-15% gradient SDS-PAGE and stained with silver. 
Three-hundred-PI fractions were collected and a 2.5-jd sample of each 
fraction was separated on SDS-PAGE. The arroux indicate the po- 
sitions of Bio-Rad high molecular weight standard proteins (myosin, 
ZOO,OOO; d-galactosidase, 116,300; phosphorylase b, 9’i,400: bovine 
serum albumin, 66,000; and ovalhumin, 42,000). The lane numbers 
correspond to the fraction numbers as depicted in Fig. 1. SL, SL 
vesicles; E, Chaps-soluhilized SL applied on lectin column. Protein 
amounts were lane SL, 15 g; lane E, 10 ~8. 

(Fig. 3). The major contaminant present was a protein band 
slightly smaller than 100-kDa glycoprotein (Fig. 3). Washing 
the WGA column with a low concentration of SDS prior to 
the GlcNAc elution removes these contaminants. In all sub- 

of the glycoproteins. Scaling up the procedure led to complete 
loss of column resolution as did the use of detergents other 
than Chaps (Triton X-100, octylglucosides, cholate, and de- 
oxycholate were tested). When larger amounts of glycopro- 
teins had to be purified a series of 2-ml WGA columns was 
used. Both glycoproteins eluted from WGA column simulta- 
neously. This may be due to their similar physicochemical 
properties (see below) or to the formation of a protein complex 
under the conditions of membrane solubilization used in this 
study. 

As a means of further characterizing the two glycoproteins, 
we digested purified proteins directly in SDS-PAGE. Fig. 4 
shows the silver-stained, one-dimensional peptide map of the 
120- and lOO-kDa glycoproteins digested with V8 protease 
from S. aureus, it clearly showed that the 120. and 100.kDa 
glycoproteins are related or may even be identical. The lOO- 
kDa glycoprotein may, therefore, be a degradation product of 
the 120-kDa glycoprotein or the 120- and 100-kDa glycopro- 
teins may be highly related proteins present in the same 
membrane. In addition to the peptide map analysis, most of 
the physicochemical properties studied indicated that both 
the 120- and 100.kDa glycoproteins were very similar (see 
below). 

kDa A B 

42- 

14- . *. = 

FIG. 4. One-dimensional peptide maps of the isolated car- 
diac glycoproteins. 120- (A) and 100.kDa (H) glycoproteins were 
separated on 10% SDS-PAGE, stained with Coomassie Brilliant Blue, 
eluted electrophoretically from the gel, digested with protease V8 
from S. aurcus, separated on 15% SDS-PA(;E according to the 
method of Cleveland et al. (4) and stained with silver. The arrws 
indicate the positions of Bio-Rad low molecular weight standard 
proteins. 
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Analysis of Lectin Binding to SL Vesicles-Fig. 5 shows the 
binding of peroxidase labeled concanavalin A and WGA to 
SL proteins and to the isolated 120- and lOO-kDa glycopro- 
teins. The major concanavalin A-binding glycoproteins in SL 
vesicles were a doublet at 130 kDa, protein bands at 120, 100 
kDa and diffused bands at 80, 60, 55, 50, and 40 kDa (Fig. 5 
ConA). WGA binding was observed to 120-, loo-, 80-, 70-, 
60-, and 55-kDa glycoproteins. Protein fractions isolated on 
the WGA column were also tested for their reactivity with 
peroxidase-conjugated WGA and concanavalin A (Fig. 5, 
WGA). The results obtained with lectin binding to SL showed 
a relatively complex glycoprotein composition of the mem- 
brane. However, under the conditions used in this study only 
two glycoproteins (120 and 100 kDa) were purified by WGA- 
Sepharose column chromatography. This may be due to the 
type of detergent as well as the conditions of WGA chroma- 
tography used in this study. Both lectins bind strongly to the 
isolated 120- and lOO-kDa glycoproteins. 

In order to confirm the presence of N-linked carbohydrate, 
as well as to provide more accurate information regarding the 
peptide mass of SL glycoproteins, the 120- and 100-kDa 
glycoproteins were individually treated with Endo F, as out- 
lined under “Experimental Procedures.” As shown in Fig. 6, 
treatment for 16 h with Endo F resulted in conversion of the 
120-kDa glycoprotein to a form migrating at about 97 kDa. 
Treatment of the lOO-kDa band with Endo F produced a form 
of about 80 kDa. Approximately 16-20% of the 120- and lOO- 
kDa glycoproteins’ mass consists of Endo F-sensitive carbo- 
hydrate. 

kDa Con A WGA 
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FIG. 5. Lectin binding to SL proteins and purified glycopro- 
teins. SL membrane (SL), Chaps solubilized SL (E), and glycopro- 
tein-containing fractions (fractions number 69, 70, 71, 72, see Fig. 1) 
eluted from lectin affinity column were separated on 10% SDS-PAGE, 
transferred electrophoretically to nitrocellulose membrane and re- 
acted with peroxidase-labeled concanavalin A (ConA) and WGA 
( WGA) as described under “Experimental Procedures.” The arrows 
indicate the positions of standard proteins. The positions of the 120- 
(120) and lOO-kDa (100) glycoproteins are indicated. 

b - a0 
Endo F - + - * 

FIG. 6. Endo F treatment of the purified cardiac SL glyco- 
proteins. 120- and lOO-kDa glycoproteins were purified on a WGA 
affinity column, individual proteins were electroeluted out of the 
SDS-PAGE and treated with (+) and without (-) Endo F, separated 
on 10% SDS-PAGE and stained with silver as described under 
“Experimental Procedures.” The arrowheads indicate the positions 
of 120-kDa glycoprotein (120) and the Endo F-digested form of 120- 
kDa glycoprotein, molecular weight of approximately 97,000 (97). 
The long arrows indicate the positions of 100-kDa glycoprotein (100) 
and the Endo F-digested form of lOO-kDa glycoprotein, molecular 
weight of approximately 80,000 (80). The positions of the 120- (120) 
and lOO-kDa (100) glycoproteins are indicated. For comparison the 
purified 120- and lOO-kDa glycoproteins are shown in the first lane. 

‘%a’+ Binding to SL Proteins-The major 4”Ca2+-binding 
proteins in the SL membrane, as analyzed by a ‘Ya” overlay 
technique (26), were 120 and 100 kDa (Fig. 7B, lane 1). Fig. 
7B, lane 2 shows that the purified 120- and lOO-kDa glycopro- 
teins bind 4”Ca2’. The results of 45Ca2+-binding experiments 
indicated that the 120- and lOO-kDa 45Ca2’-binding proteins 
are the 120- and lOO-kDa glycoproteins purified on WGA- 
Sepharose. In order to further analyze Ca’+ binding to the 
120- and lOO-kDa glycoproteins, as well as to establish if the 
Ca’+-binding sites are in the polypeptide or carbohydrate 
parts of these molecules, isolated glycoproteins were treated 
with Endo F and H prior to SDS-PAGE, electrophoretical 
transfer, and 4”Ca2’ overlay technique. Fig. 8, lanes 2 and 3, 
show 4’Ca2’ binding to Endo F- and Endo H-digested glyco- 
proteins. The binding was approximately equal for digested 
and undigested material. 45Ca2+ bound to the purified Endo 
F- and Endo H-digested glycoproteins in amounts similar to 
those bound by the undigested proteins (Fig. 8). These results 
indicate that carbohydrates are not significantly involved in 
Ca2+ binding to the 120- and 100-kDa glycoproteins. These 
results also show that Endo H removes only 5% of the mass 
of both glycoproteins, which is equivalent to approximately 
l/4 of the carbohydrate that is sensitive to Endo F (compare 
lanes 2 and 3 in Fig. 8, and lanes 1 and 2 in Fig. 9B). 

Identification of SL Glycoproteins Using Specific Antibod- 
ies-Antibodies raised against SDS-PAGE purified proteins 
reacted with both glycoproteins either from SL membrane or 
after purification by WGA-Sepharose column chromatogra- 
phy (Fig. 9A). Reactivity of this polyclonal antibody with 
both 120- and lOO-kDa glycoproteins indicated that both 
proteins are closely related or may even be identical. This 
conclusion is further supported by the observations that either 
anti-120- or lOO-kDa antibodies, affinity purified as outlined 
under “Experimental Procedures,” cross-reacted with both 
glycoproteins as analyzed by immunoblotting after electro- 
phoretical transfer of purified glycoproteins or SL proteins 

FIG. 7. Identification of 46Ca2+-binding proteins in SL mem- 
brane. SL proteins and purified glycoproteins were separated by 
SDS-PAGE, transferred electrophoretically onto nitrocellulose mem- 
brane, and incubated with “‘,a’+ as described under “Experimental 
Procedures.” A. Coomassie Blue-stained SDS-PAGE of prestained 
molecular weight standards (S); 40 rg of SL membrane (i ); 5 pg of 
purified glycoproteins. B, autoradiography of (A) after electrophoret- 
ically transferred to nitrocellulose membrane and incubation with 
“‘Ca’+. 1, SL membrane; 2, purified glycoproteins. The positions of 
the 120- (120) and lOO-kDa (100) glycoproteins are indicated. 

FIG. 8. %a*+ binding to Endo F- and H-digested glycopro- 
teins. Purified 120- and 100-kDa glycoproteins were subjected to 
SDS-PAGE followed by electropho~e&~l transfer to nitrocellulose 
membrane and incubated with “5Ca2+ as described under “Experimen- 
tal Procedures.” 1, purified glycoproteins; 2, purified glycoproteins 
treated with Endo F; 3, purified glycoproteins treated with Endo H. 
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FIG. 9. Immunoreactivity of antibody against cardiac SL 
glycoproteins. Different plasma membrane preparations and puri- 
fied cardiac SL 120- and lOO-kDa glycoproteins were subjected to 
SDS-PAGE and transferred electrophoretically to nitrocellulose 
membrane. Immunoperoxidase staining of nitrocellulose blots with 
anti-120- and IOO-kDa glycoprotein antibody was carried out as 
described under “Experimental Procedures.” The positions of the 
120- (120) and lOO-kDa (100) glycoproteins are indicated and the 
relative molecular weight of immunoreactive protein bands is shown. 
A, GlcNAc-eluted fractions (fractions 69, 70, 71, 72, see Fig. 1). B, 
purified 120- and lOO-kDa glycoproteins digested with Endo F (I) or 
Endo H (2). C, immunoblot analysis of SL vesicles (ventricle) and 
plasma membranes from bovine uterus and atria. I, SL vesicles 
(ventricle); 2, purified glycoproteins; 3, SL vesicles (atria); 4, plasma 
membrane vesicles (uterus); 5, apical membrane vesicle (kidney); 6, 
basolateral membrane vesicles (kidney). Protein amounts were lane 
I, 20 pg; lane 2, 5 pg; lane 3, 20 fig; lane 4, 20 pg; lanes 5 and 6, 25 pg 
each. D, immunoblot analysis of microsomal fractions from bovine 
pancreas, liver, and kidney and plasma membrane from bovine uterus. 
1, SL vesicles (ventricle); 2, SL vesicles (atria); 3, plasma membrane 
vesicles (uterus); 4, bovine pancreas microsomes; 5, bovine liver 
microsomes; 6, bovine kidney microsomes. Protein amounts were lane 
1, 20 pg; lane 2, 20 fig; lane 3, 25 pg; lanes 4, 5, and 6, 20 pg each. S, 
prestained molecular weight standards. 

onto nitrocellulose membrane (data not shown). 
The polyclonal antibody used in this study reacted with 

proteins polypeptides which are devoid of the carbohydrate 
part of both glycoproteins (Fig. 9B), as shown by reactivity 
of the antibody with Endo F- (Fig. 9B, lane 1) and Endo H- 
(Fig. 9B, lane 2) digested glycoproteins. 

The 120- and 100~kDa Glycoproteins Are Muscle Specific- 
Using polyclonal antibody reacting with 120- and lOO-kDa 
glycoproteins, we studied the tissue distribution of both gly- 
coproteins. Three different muscle tissues were tested. Fig. 9, 
C and D, shows that in addition to ventricle SL membrane, 
immunoreactive 120- and lOO-kDa glycoproteins were also 
present in atria SL vesicles and uterus plasma membrane. 
When tested for cross-reactivity with non-muscle tissues anti- 
120- and 100-kDa did not react with bovine pancreas, liver, 
and kidney microsomes (Fig. 9D, lanes 4 and 5). It also did 
not react with either apical or basolateral membrane highly 
purified from kidney (Fig. 9, C, lanes 5 and 6 and D, lane 5). 

DISCUSSION 

We have isolated and characterized two major glycoproteins 
of apparent M, of 120,000 and 100,000 present in highly 

purified bovine heart SL membranes. The 120- and lOO-kDa 
glycoproteins are the major Ca*+-binding proteins in the mem- 
brane as shown by their 4”Ca2’ binding. Using polyclonal 
antibodies, we showed that both glycoproteins are specific for 
muscle plasma membranes. Immunoreactive glycoproteins are 
present in muscle tissue (smooth muscle, cardiac ventricles, 
and atria SL) but not in non-muscle tissues (pancreas, liver, 
and kidney). 

It is surprising that after Chaps solubilization and a WGA 
column chromatography only two proteins can be identified 
by Silver-stained SDS-PAGE. There is no contamination in 
these protein bands since NHP-terminal sequence analysis 
revealed only a single residue present at their respective NHZ- 
terminals (data not shown). There are a number of ion chan- 
nels and receptor proteins present in the SL that are known 
to be glycosylated. However, they are not eluted under exper- 
imental conditions used in these studies. It is difficult to say 
if other SL glycoproteins are retained in the column or eluted 
during initial washes of the column. It has been noted in our 
laboratory that scaling up of the purification procedures led 
to absolute loss of the column resolution and a significant 
number of additional (glyco)proteins would elute from the 
column together with 120- and lOO-kDa glycoproteins. This 
is also observed when detergents different than Chaps are 
used for solubilization of the SL vesicles. Most likely under 
the condition of solubilization and the condition of WGA 
column chromatography used in this study only the 120- and 
lOO-kDa glycoproteins have their carbohydrate accessible for 
the interaction with lectins. This may be related to the type 
of micelles formed when SL vesicles are solubilized with 
Chaps. Another possibility is that the washing conditions 
used in this study led to the early elution of other glycopro- 
teins present in this membrane. This subject will require a 
further study. 

Both glycoproteins show similar sensitivity to endoglyco- 
sidase digestion. Sensitivities to Endo F and H, however, 
differ significantly from each other and allowed us to predict 
structures of the asparagine-linked oligosaccharide of the 120- 
and lOO-kDa glycoproteins. Endo F cleaves only high mannose 
structures, biantennary structures, or biantennary complex 
structures of an oligosaccharide from a glycoprotein, leaving 
only single GlcNAc residues attached to the polypeptide (27, 
28). Approximately 16-20% of the 120- and lOO-kDa glyco- 
proteins’ mass consists of Endo F-sensitive carbohydrate, 
indicating that their oligosaccharides are of a high mannose 
and/or complex structure. Endo H, however, removes only 
5% of the mass of both glycoproteins and only i/4 of the 
carbohydrate that is sensitive to Endo F. Endo H cleaves only 
high mannose or hybrid structure oligosaccharides but does 
not cleave sulfated high mannose or any complex structures 
(29, 30). These data taken together indicate that the carbo- 
hydrate structure of both glycoproteins must be at least 75% 
complex structures, with the remaining 25% high mannose or 
hybrid structures. 

The 120- and lOO-kDa glycoproteins appear to be homolo- 
gous molecules as judged by their similar peptide maps, cross- 
reactivity with polyclonal antibody, and similar mass of their 
carbohydrate and physicochemical properties. The most log- 
ical explanation for this similarity is that the lOO-kDa glyco- 
protein is a degradation product of the 120-kDa polypeptide. 
This is unlikely, since we have taken many precautions to 
avoid any protein degradation during membrane preparation. 
We have included in all the buffers a complex mixture of 
different protease inhibitors (see “Experimental Proce- 
dures”). Also, the ratio of the 120- and lOO-kDa glycoproteins 
did not change whether SL vesicles were isolated in the 
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presence or absence of protease inhibitors, indicating that no 
significant degradation of SL proteins occurs during the mem- 
brane preparation procedure used in this study. Although 
unlikely, it is still possible that the lZO-kDa glycoprotein was 
degraded to lOO-kDa glycoprotein by an endogenous protease 
which is not inhibited by any of the protease inhibitors used 
in this study. 

Another possibility is that the 120- and lOO-kDa glycopro- 
teins are closely related, highly homologous proteins present 
in the same membrane. This may be supported by completely 
different NH&,erminal amino acid sequences of both pro- 
teins.The 15 NH2-terminal amino acid residues of the 120- 
and lOO-kDa glycoproteins are completely different (data not 
shown). Although it is still speculative, both glycoproteins 
may share some homology (or identity) at the COOH-terminal 
end but to a lesser extent at their NH*-terminal end. This 
may be similar to the two related glycoproteins of the sarco- 
plasmic reticulum membrane, the 53- and 160-kDa glycopro- 
teins (31-33). These two sarcoplasmic reticulum glycoproteins 
share, in part, the identical amino acid sequence, accounting 
for their immunological similarities and for some of their 
other properties (31-33). It is possible, therefore, that the 
lOO-kDa glycoprotein is the same, or at least in part the same, 
as the 120 kDa except that the lOO-kDa glycoprotein is 
missing the NH2-terminal portion of the polypeptide. This is 
further supported by the fact that affinity purified antibodies 
against either 120- or lOO-kDa glycoprotein cross-react with 
both glycoproteins by the Western blot analysis. We are 
currently isolating cDNA clones encoding these two polypep- 
tides in order to directly address the question of their homol- 
WY. 

Both glycoproteins were identified as major Ca2+-binding 
proteins in the SL membrane, suggesting they may be in- 
volved in Ca*+ binding and storage at the level of SL mem- 
brane. The majority of Ca*+ (>70%) bound to SL membrane 
has been shown to be associated with membrane acidic phos- 
pholipids (15). Limas (16), however, has indicated that pro- 
teins may also be involved in Ca2+ binding to SL vesicles. The 
120- and lOO-kDa glycoproteins may be the proteins involved 
in Ca*+ binding to the SL membrane. It is also possible that 
other Ca’+-binding proteins are present in SL vesicles in 
addition to the 120- and lOO-kDa glycoproteins but are not 
detected under the conditions used in this study. The SDS- 
PAGE and transfer to nitrocellulose membranes may have 
destroyed the Ca2+ binding domains of these proteins. 
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