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125I-CCK was crosslinked with ultraviolet light to its receptor on
pancreatic plasma membranes. The predominant labeled species following
polyacrylamide gel electrophoresis had a molecular weight of 120,000 in the
absence, and 80,000 in the presence of the reducing agent dithiothreitol.
The M_ = 120,000 labeled band could be extracted, reduced and converted to
Mr = §o,ooo_ Moreover, peptide mapping with Staph aureus V8 protease showed
a similar pattern for the 120,000 and 80,000 dalton bands. The crosslinked
receptor could be solubilized with Triton X-100, absorbed to wheat germ
agglutinin and eluted with N-acetylglucosamine. The results indicate,
therefore, that the CCK receptor is a glycoprotein with subunits coupled by
disulfide bonds.

The actions of CCK on pancreatic acinar cells are initiated by its
binding to specific receptors located on the basolateral cell membrane
(1,2). The binding characteristics of this receptor have Been extemsively
studied both on intact cells and in isolated membrane fractions (2-6). Our
laboratory and others have reported that it is possible to crosslink 1251—
CCK to its receptors and that, in the presence of reducing agent, major
labeling of a 75-80,000 dalton protein is observed (7-9). We recently
observed that when plasma membranes were prepared and crosslinking carried
out in the absence of reducing agent, a major band with a Mr = 120,000 (9)
was labeled. We suggested, therefore, that the CCK receptor consisted of a
binding subunit coupled by disulfide bonds to a non-binding subunit. 1In
the present study, using a much more efficient crosslinking protocol, we
now demonstrate that the labeled Mr = 120,000 species contains the Mr =
80,000 species. Moreover, it is possible to solubilize the crosslinked

receptor and demonstrate that it has carbohydrate moieties.
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MATERIALS AND METHODS

Methods:

Affinity crosslinking. Pancreatic plasma membranes were prepared from
isolated pancreatic aci?} of Swiss Webster mice reported previously (10).
CCK,, was labeled with 5I b el

3 y conjugation with I-Bolton Hunter rfigent
(11?. Plasma membranes were incubated for 30 min at 24°C with 1 nM I-
CCK in 10 mM Hepes buffer (pH 7.4), and enriched with 5 mg/ml BSA, 1 mg/ml
bacitracin and 0.2 mg/ml soybean trypsin inhibitor (2,9); CCK, was added at
100 oM to determine nonspecific binding. The incubation mixture was then
centrifuged at 30,000 x g for 15 min at 4°C and the resulting pellet washed
and resuspended at 0.3 mg/ml of protein in phosphate-buffered saline, pH
7.4. Crosslinking was performed by exposing the membrane suspension to UV
light from a GE 275 watt sunlamp at a distance of 14 cm for 12 min at 4°¢.
In one case, crosslinking was carried out using disuccinimidyl suberate as
previously reported (9).

When indicated, labeled membranes were solubilized with 50 mM Tris
HCl, pH 7.4, containing 0.5% Triton X-100, 1 mM benzamidine, 0.5 mM PMSF,

1 mg/ml bacitracin at 24°C. Labeled extract was used for further analysis.

Electrophoresis., Crosslinked labeled membranes were solubilized in
62.5 mM Tris~HCl, pH 6.8, containing 2.3% sodium dodecyl sulfate. Electro-
phoresis was performed according to Laemmli (12), using 1.5 mm thick slab
gels containing 7.5% acrylamide. Analysis of non-reducing and reducing
conditions were performed by a two-dimensional technique. Crosslinked bands
from this first electrophoresis were resolved by determining the radioactivity
of slice sections. The appropriate gel slices were then pulverized, boiled
for 5 min, and incubated at room temperature overnight with reducing agents.
A second electrophoresis was then carried out similar to the first.

Peptide mapping by limited proteolysis was performed as described by
Bordier et al (13). Briefly, the whole lane cut from the first gel was
applied with 1% agarose on the top of the second gel and overlaid with
staphylococcus aureus V8 protease (30 ug/ml). The digestion proceeded in
the stacking gel during electrophoresis. The resolving gel had an acrylamide
concentration of 15%. Autoradiograms were obtained from the dried gels
after exposure to Kodak Xomat AR film with a Dupont Cronex Lightning Plus
enhancing screen at ~70 C.

RESULTS

Pancreatic plasma membranes were incubated with 125I—CCK33, washed
and crosslinked with either disuccinimidyl suberate or exposure to ultra-
violet light. Following polyacrylamide gel electrophoresis, similar banding
patterns were seen with the major band observed at Mr = 120,000 in the
absence and Mr = 80,000 in the presence of reduciﬁg agent; a Mr = 55,000
band was also variably present (Fig. 1). Under the conditions used, however,
the UV light procedure was considerably more efficient. Subsequent studies
were, therefore, carried out with this procedure.

To determine the relationship between the Mr = 120,000 and 80,000

labeled proteins, these bands were extracted and subjected to a second

electrophoresis in the presence and absence of dithiothreitol (Fig. 2).
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Fig. 1. Autoradiographs of CCK receptor crosslinked with UV 1igh§2gnd

disuccinimidyl suberate. Membranes were incubated with 1 nM 1-CCK
in the presence or absence of 100 nM CCK,. After binding, one half of
samples wexre crosslinked with 0.1 mM distccinimidyl suberate for 15
min at 4°C and the other half were crosslinked with UV light. Where
indicated, membranes were then reduced with 50 mM dithiothreitol
(oTT).

With or without further reduction, the Mr = 80,000 species again appeared
as a discreet Mr = 80,000 band. Without reduction, the Mr = 120,000 band
remained at Mr = 120,000, but after reduction it was significantly converted
to Mr = 80,000,

In order to further compare the crosslinked bands labeled by 1251-
CCK, plasma membranes were labeled by UV light crosslinking, partially
reduced with DTT to ensure the presence of both major bands, and the labeled
bands subjected to peptide mapping in a second dimension following digestion
with staphylococcus aureus V8 protease (Fig, 3). Similar labeled peptides
were generated from the Mr = 120,000 and 80,000 bands, confirming that the
same protein was labeled. The Mr = 55,000 band which is variably seen
following gel electrophoresis generated some but not all of the labeled
peptides. This behavior on gels is consistent with this labeled species
being a proteolytic fragment of the labeled Mr = 80,000 band.

To assess the possible glycoprotein nature of the CCK receptor, the
crosslinked CCK receptor was solubilized. The receptor was partially

solubilized with 0.05% Triton X-100, and maximally solubilized with 0.5% of
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Fig. 2 Effect of DIT on 125I-labeled CCK receptor of pancreatic plasma

membranes. Gels from a first electrophoresis, performed without
reduction, were sliced into 2 mm section. Receptor bands corresponding
to 120 and 80 K were then extracted, incubated either with or without
100 mM dithiothreitol, and subjected to a second electrophoresis.
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Fig. 3 Peptide mapping of 125I-labeled CCK receptor with staphylococcus

aureus V8 protease. After crosslinking, partial reduction with 5 mM
dithiothreitol and electrophoresis in 7.52 acrylamide, a whole lane
was cut out and rinsed with 125 mM Tris-HC1l, 0.12 sodium dodecyl
sulfate at room temperature for 40 min. The lane from the first gel
was then fixed on the top of a 15% acrylamide gel, overlaid with
staphylococcus aureus V8 protease, and subjected to electrophoresis.
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Fig. 4 Chromatography of 12SI—labeledlggl( receptor on wheat germ agglutinin-

agarose, Membranes crosslinked to I-CCK were solubilized with 0.5%
Triton X~100, and centrifuged. The supernatant was applied to a
column of wheat germ agglutinin-agarose equilibrated with 50 mM Tris-
HCl, pH 7.4, containing 0.2% Triton X-100 and washed with 35 ml of the
same buffer. Absorbed protein was eluted by the addition of 0.3 M N-
acetylglucosamine. Eluted samples were concentrated and analyzed by
electrophoresis and autoradiography.

this detergent., When the solubilized receptor was applied to a wheat germ
agglutinin-agarose colummn and washed, the noncovalently linked 125I--CCK and
about 90% of the applied protein passed through the column. The crosslinked
receptor could then be eluted with N-acetylglucosamine as monitored by

subsequent gel electrophoresis (Fig. 4).

DISCUSSION
Prior studies with photo and chemical crosslinking have elucidated
the nature of several peptide hormone receptors. When 125I—CCK is crosslinked
to its receptor with either bifunctional chemical crosslinkers or by use of
ultraviolet light, a similar banding pattern is observed. All previous
studies have shown a major labeled species of Mr = 75 - 80,000 under reducing
conditions (7-9). However, under non reducing conditions we also found a

major band at Mr = 120,000 (9). As a result of the more efficient cross-

linking with UV light, we now have been able to carry out studies using a
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second gel electrophoresis which demonstrates that the Mr

120,000 and Mr

= 80,000 bands contain the same proteins, and that the Mr 120,000 band can
be converted to Mr = 80,000 by disulfide reduction.

Our studies showing that the crosslinked receptor can be solubilized,
absorbed onto, and eluted from a wheat germ‘lectin column provides evidence
that the receptor is a glycoprotein. A similar conclusion about this protein
has recently been reported from studies of the effects of endoglycosidase
digestion of the crosslinked receptor (14). More importantly, affinity
chromatography with wheat germ agglutinin may be an important step in receptor
purification. Such a technique coupled with CCK affinity chromatography or

antireceptor antibodies should lead to both complete purification and

elucidation of the molecular structure of the CCK receptor.
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