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SUMhlhlARY: By affinity cross-linking and sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis analysis, we identified a 
novel cell surface receptor on intact rat cells, which bound, 
with similar dissociation constants, pancreatic polypeptide (PP), 
neuropeptide Y (NPY) and peptide YY (PYY), the members of the PP 
family. The receptor was detected on pancreatic islet and 
acinar cells, hepatocytes and epithelial cells of the stomach, 
duodenum and small intestine. Its molecular weight was estimat- 
ed to be 65,000, and the cross-linking of ['251Jlabeled ligands 
was inhibited by an excess of unlabeled PP, NPY or PYY. The 
results suggest that the 65-kDa molecule is a common receptor for 
PP family peptides. 01990 Academic Press, Inc. 

Pancreatic polypeptide (PP), neuropeptide Y (NPY), and 
peptide YY (PYY) are homologous 36-amino acid peptides with a 

carboxyl-terminal tyrosylamide (1, 2). The three peptides 
constitute a family of regulatory peptides, characterized by a 
common distinct tertiary structural feature, the PP-fold (3). 

pp, a hormone synthesized in the islets of Langerhans (2,4,5), 

has been related to gastrointestinal and pancreatic functions 

(6). NPY is a neuropeptide present in both the central and 
peripheral nervous systems (7). PYY is a gut hormone found in 
the lower intestine (8). Three classes of receptors for PP 

family peptides have so far been reported; one for PP (9, lo), 

one for NPY (ll), and the other for PYY and NPY (9, 12-14). 
In the present study, by affinity cross-linking between 

intact rat cells and radiolabeled ligands and subsequent SDS- 
PAGE, we have identified a novel 65-kDa cell surface receptor 
that binds all three PP family peptides with similar affinities. 

* To whom correspondence should be addressed. 

Abbreviations: PP, pancreatic polypeptide; NPY, neuropeptide Y; 
PYY, peptide YY; DSS, disuccinimidyl suberate; SDS-PAGE, sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis. 
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MATERIALS AND METHODS 

Materials: Synthetic rat PP and PYY were purchased from 
Peninsula Laboratories (Belmont, California) and synthetic rat 
NPY from Peptide Institute, Inc. (Osaka, Japan). Na[ lz51] was 
from Amersham International (Amersham, UK), Enzymobead from 
Bio-Rad (Richmond, California), and disuccinimidyl suberate (DSS) 
from Pierce Chemical Co. (Rockford, Illinois). Male Wistar rats 
weighing 200-300 g were used for all experiments. Pancreatic 
islets of Langerhans and pancreatic acinar cells were isolated by 
the collagenase digestion method (15). Parenchymal hepatocytes 
were isolated as described before (16). Gastric, duodenal, and 
small intestinal mucosae were stripped by slide glasses and 
dispersed by incubation with 0.05% collagenase (Wako Pure Chemi- 
cal Industries Co., Osaka, Japan). 3Y1, a rat fibroblast cell 
line (17), was a gift from Dr. K. Hamanaka (Hiroshima Univer- 
sity). H-4-11-E, a rat hepatoma cell line, was purchased from 
American Type Culture Collection (Rockville, Maryland), 
Peptide iodination: The synthetic peptides were radioiodinated 
bv a solid phase glucose oxidase-lactoperoxidase procedure (18) 
and purified by chromatography on Sephadex G-10. r 
Binding and cross-linking: Cells (3 x lo5 cells or 200 islets) 
were incubated at 4°C for 15 h with [ '251]labeled peptides in 
1.0 ml of Dulbecco's modified Eagle's medium containing 0.2% 
bovine serum albumin. The receptor-bound radioligand was 
pelleted by centrifugation, washed, and resuspended in 0.5 ml of 
phosphate-buffered saline containing 0.5 mM MgC12 and 0.5 mM 
CaCl2. DSS was added to a final concentration of 1 mM, and the 
cross-linking reaction was carried out for 30 min at 4'C. The 
reaction was then quenched with 0.8 ml of ice-cold 25 mM Trisl 
HCl, pH 7.4, containing 0.14 M NaCl and 1 mM EDTA. Cross-linked 
materials were pelleted by centrifugation and solubilized in 62.5 
mM Tris/'HCl, pH 6.8, containing 2% sodium dodecyl sulfate (SDS) 
and 10% glycerol with or without 5% 2-mercaptoethanol. 
SDS-PAGE analysis and autoradiography: 
according to Laemmli (19) using 7.5% 

SDS-PAGE was performed 
polyacrylamide slab gel. 

After electrophoresis, gels were dried and exposed to Fuji 
(Minamiashigara, Japan) RX films at -80°C. Autoradiograms were 
scanned using a Model 620 Video Densitometer (Bio-Rad). 

RESULTS 

Incubation of [ "'I]PP with rat pancreatic islet cells and 

hepatocytes followed by DSS cross-linking gave rise to a single 
band on SDS-PAGE (Fig. 1, lanes 1, 5). The band was eliminated 
by the addition of a molar excess of non-radioactive PP during 
the incubation with [1251]PP (Fig. 1, lanes 2, 6). The apparent 

molecular weight of the cross-linked ligand-receptor complex was 
69,000, yielding a receptor size of 65,000 by subtraction of the 

molecular weight of ligands (4,000), assuming that one ligand 
molecule was cross-linked per receptor molecule. The migration 

pattern of the cross-linked complex was not altered in non-reduc- 
ing conditions (Fig. 1, lane 9). 

We next examined the effect of NPY and PYY on the formation 

of the 69-kDa complex. The addition of an excess Of either 
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Fig. 1. SDS-PAGE analysis of ["'I]PP-receptor complex after 
covalent cross-linking with bifunctional reagent. Pancreatic 
islet cells (lanes l-4) or hepatocytes (lanes 5-9) were incubated 
with [lZ51JPP (400 nM in lanes l-4 and 200 nM in lanes 5-9) in 
the absence (lanes 1, 5 and 9) and in the presence of 40 u1.1 
unlabeled PP (lanes 2 and 6), NPY (lanes 3 and 7), or PYY (lanes 
4 and 8). The peptide-bound cells were then treated with DSS, 
solubilized and electrophoresed under reducing (lanes l-8) or 
non-reducing (lane 9) conditions. Positions of size markers are 
presented on the left of lanes 1 and 9. 

unlabeled NPY or PYY was found to inhibit the ['251]PP binding 

(Fig. 1, lanes 3,4,7,8) as did unlabeled PP. When [ '251]NPY or 

[ '251]PYY was cross-linked to hepatocytes, only one band was 

detected at 69 kDa, the same position to which the ['251]PP- 
labeled complex migrated, and could be eliminated by unlabeled PP 

as well as by NPY or PYY (Fig. 2). Similar results were obtain- 

ed with pancreatic islet cells (data not shown). 

To determine the relative affinity of the 65-kDa receptor for 
PP, NPY, and PYY, the characteristics of binding to hepatocytes 

12 3 4 9 1 2 3 4 
kDa 

Fig. 2. Specificity of binding of ["'I]NPY and ['251]PYY. 
Hepatocytes were incubated with 100 nM [I" 

(A) 
IINPY in the absence 

(lane 1) or presence of a loo-fold excess of unlabeled PP (lane 
2), NPY (lane 3), and PYY (lane 4). 
incubated with 100 nM [125 

(B) Hepatocytes were 
IJPYY in the absence (lane 1) or pre- 

sence of a loo-fold excess of unlabeled PP (lane 2), NPY (lane 
3), and PYY (lane 4). Positions of size markers are presented 
on the left. 
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Fig. 3. Saturation binding kinetics of PP, NPY, and PYY. 
Hepatogytes were incubated with an increasing amount of the 
labeled ligands. Absorbance of the 69-kDa band was determined 
by densitometry and plotted versus the ligand concentration. 

Fig. 4. [ 1251]PP binding in various rat tissues. 
hepatocytes; lane 2, 

Lane 1, 
pancreatic islet cells: lane 3, pancreatic 

acinar cells; lane 4. gastric epithelial cells; lane 5, duodenal 
epithelial cells; lane 6, small intestinal epithelial cells. 
[ '251]PP was used at 200 nM. The cross-linking of labeled PP 
was blocked by adding an excess of unlabeled PP (data not shown). 
Positions of size markers are presented on the left. 

were examined using increasing amounts of labeled ligands to 
reach saturation. Densitometric scanning of autoradiographs and 

integration of the peaks indicated that the labeling of the 

69-kDa component was half-maximally saturated at 92 nM [12sI]PP, 

78 nM [ "'I]NPY, and 67 nM ['2511PYY (Fig. 3). 
To see the distribution of the 65-kDa receptor, a variety of 

rat tissues were examined using ['251]PP as ligand. As shown in 
Fig. 4, the formation of the 69-kDa complex was observed in rat 
pancreatic acinar cells and epithelial cells of the stomach, 
duodenum and small intestine in addition to hepatocytes and 

pancreatic islet cells. On the other hand, in a rat fibroblast 
cell line, 3Y1, and a rat hepatoma cell line, H-4-11-E, the 

65-kDa receptor could not be detected (data not shown), 
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DISCUSSION 

In the present study, we have identified a cell surface 
molecule, which binds PP, NPY and PYY with similar dissociation 

constants, on various rat tissues. The cell surface molecule 
can thus serve as a common receptor for PP family peptides. The 

electrophoretic mobility of the receptor-ligand complex was not 

affected by the presence or absence of the reducing agent, 
indicating that there were no intersubunit disulfide bridges in 

the receptor molecules or that the receptor was a single monome- 

ric polypeptide. 

In the primary structures of PP family peptides, the degree 

of homology is not great (13), but these peptides display strik- 

ingly similar tertiary structures, which have become known as the 

PP-fold (3). It may be reasonable to assume that it is this 
common three-dimensional structure that is recognized by the 
65-kDa receptor. 

There have so far been several reports concerning receptors 

or binding activities for the members of the PP family, including 
for PP (9, lo), for NPY (ll), and for PYY and NPY (9, 12-14). 

The 65-kDa receptor characterized in this study appears to be 

distinct in several respects. Most importantly, it binds equally 

all the members of the PP family, whereas the previously reported 

species are specific for PP, for NPY, or for PYY and NPY. The 

size of the receptor is 65 kDa, whereas the sizes of NPY-specific 

receptors are 52-59 kDa and 37-39 kDa (11) and those of 

PYY/NPY-specific receptors are 70 kDa and 50 kDa (12, 14). In 

addition, this receptor has a relatively lower affinity to the 

ligands than the others (9,10,12,14). We failed to detect the 

previously reported species in the present study using intact 

cells. This may be due to the difference in the tissues examin- 

ed, the sample preparation (e.g. membrane fractions versus intact -- 
cells), or low abundance of these receptor species. 
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