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ABSTRACT

AIM: Tn swudy the hinding characteristics of
pancreatic polypeptide ( PP} receplors on rat
METHODS: '“I-PP

suitable 1o study interaction between ligand and
125 i-

hepatic  membranes.
receplors were prepared. porcine PP and
'Sl-duck PP were used to study PP receptor
hinding in the controlled conditions. RE-
SULTS: The binding of ‘*I-porcine PP to
receptors on ral hepatic membranes was Hme- and
temperature-dependent.  The specific binding of
"“Iporcine PP was inhibited by unlabeled
porcine PP in a concentration-dependent manner,
whereas duck PP was only partially inhibited in
the high concentration ( > 500 nmol - L™ ').
Scatchard analysis produced a curvilinear plot,
suggesting multiple affinity binding siles, ie,
high-affinity and low-affinity with dissoctation
constants ( K3} 5.4 and 158 mmel » L1,
CONCLUSION: Ra
membranes possessed specific PP receptors and

respechively. hepatic

porcine PP hinding activity was much higher than
that of duck PP.

INTRODUCTION
Pancreatic polypeptide (PP) is a single
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chain pephide hormone with 36 amino acids and
amidation at the carboxyl terminus without
disullide bond. PP was initially isolated and
characterized from avian'’) and mammalian
pancreas> . PP inhibiled exocrine pancreatic
secretion °' and gallbladder contraction® and
augmented insulin inhibition of hepatic glucose
production*’. In our laboratury, we have
isolated and purified duck PP and determined its
amino acid :-:maque'rltre-['SJ .

PP, like other peptide hormones, eliciled
its biological action through interactions with

The PP receptors
781

specific cell-surface receplors.
were expressed in small intestine and brain-
Though the PP binding protein on xat liver

membranes was identified uvsing bovine PP as

ligand'®, the binding characteristics of PP
receptors are still not well studied. In the
present  sludy, the methods to prepare

Blporcine PP and 'SI-duck PP, and the
characterization of the interaction between PP and
its receptors on rat hepalic membranes were
studied.

MATERIALS AND METHODS

Materials  Porcine PP and duck PP
prepared in our laboratory using the method
described by XU et al® were homogenous in
HPLC and on polyvacrylamide gel electrophoresis.
Bovine serum albumin ( BSA fraction V) and
glucagon were purchased from Sigma Chemical
Co. Bacitracin was from Serva, [ '®I]Nal from
Amersham Corp.
of analytical reagent grade. Male Sprague-
Dawley rats (Grade [ , Certificate No 005) were

All other chemicals used were
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obtained from Shanghai Experimental Animal
Center, Chinese Academy of Sciences.
Preparation of rat hepatic membranes
membranes prepared
10 with

All procedures were carried

The rat hepatic were
according lo the method of Cuatrecasas
some modifications .

outat 0 — 4 C.

was  washed 3

Fresh rat liver (from 2 mts)
with
containing NaHCOy | mmot < L™! and minced in

times ice-cold  saline
ice-cold sucrose 0.25 mol + L™' containing
NaHCO; 1 mmol - L', then homogenized with
After centrifugation at 1000
x g for 5 min. the supematant was centrifuged
at 12 000 x g for 10 min.
centrifuged again at 64 000 x g for 30 min. The
pellet was suspended in 200 mL of phosphate
buffer 10 mmol-L~'{pH 7.4) containing NaCl

130 mmol - L™', homogenized and centrifuged.

glass homogenizer.

The supematant was

The resuspension and centrifugation steps were
repeated  twice. Finally the pellet was
resuspended in 20 mL phosphate buffer 10 mmol -
L' containing NaCl 130 mmol + 17!,
genized gently in glass homogenizer and stored
frozen at — 80 C after aliquot.
Protein concentration
centration of the membrane preparation was
determined by the Hartree' " modification of the
Lowry method using BSA as standard.
Preparation of “I-PPs  Porcine PP was
iodinated using lodogen method! 2, Twenty vl
of phosphate buffer 0.5 mol<L™'{pH 7.2}, 20
pl (20 pg ) of porcine PP solution in HCL 5
mmol- L™', 10 pL of ['*1]Nal (37 MBq) was
added 1o 1.5 ml. Eppendorf tube coated with 10
pg ol lodogen, respectively. The reaction was
carried out for 10 min at (25+3) C with shak-
ing. The iodination mixture was [ractionated
and purified by discontinuous polyacrylamide gel
electrophoresis using a modification of the method
of Linde and Hansen-™.

the running gel was cut in 2 mm slips.

homao-

The protein con-

After electrophoresis,
The gel
slips were put in 1 mL phosphate buffer 50 mmol

‘L ' (pH 7.4) containing BSA 1 % and the
protein fractions with high radioactivity were
collected and stored frozen at — 20 C. The
duck PP (4.2 pg) was also ' 1-labeled using the
same method. however the Sephadex G-50 gel
filtration was used to purily ' t-duck PP.
Receptor binding assay
assay was performed in 4 ml polystyrene tubes
{ Y-counter tube ).
containing 150 pg protein/100 pL of hinding
buffer ( phosphate buffer 50 mmol* L', pH 6.5,
containing BSA t % and bacitracin 1 g+ L™")
were incubated with 50 pL of '“1-porcine PP or
151.duck PP ( approximately 2.5 kBg) in the
presence or absence of unlabeled hormones in a
final volume of 0.2 ml. at 4 C for t h. The
rraction was terminated by dilution with 3 ml. of
ice-cold washing buffer ( phosphate buffer 50
mmol-L™", pH 6.5 containing BSA 0.1 % ).
The tubes were centrifuged at 3000 x g at 4 °C

The supematant was decanted and

Receptor hinding

The membrane preparations

for 30 mm.
the pellet was washed twice with ice-eold washing
buffer.  Finally, radioactivity of the pellet was
measured in a gamma counter (65 % counting
efficiency). Nonspecific hinding was determin-
ed in the presence of an excess of unlabeled
porcine PP or duck PP (4.23 pg/tube ).
Specific binding was calculated by subtracting the
nonspecific binding from the total hinding. All

assays were performed in triplicates.

RESULTS

=1 labeled ligands To
possibility of oxidation of methonine in porcine
PP molecule, porcine and duck PPs were labeled
and separated, respectively, as described above.
The labeling yield was 73.5 % for porcine PP

and 77.1 % for duck PP.
125

avoid  the

After separation by
electrophoresis ~ mono- " I-porcine PP was
obtained. The radioactivity of ' I-duck PP was
calculated to be 6808 GBq-g™!.

25I_porcine PP and '* I-duck PP binding
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to rat hepatic membranes In the presence of a
canstant of " [-porcine PP, the specific binding
of '“*I-porcine PP to rat hepatic membranes
markedly increased with membrane concentra-
tion, although the nonspecific hinding was anly
slightly altered ( Fig 1). mndicating that specific
'S I-porrine PP binding was directly dependent on
the membrane concentration n the ineubation

medium .

1501
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Fig 1. '*I.porcine PP and '* I-duck PP binding

to rat hepatic memhbrane as a function of
membrane concentration. n = 3 experiments
from 6 ratis. ¥ =+ 5,

However, under the same conditions the
specific binding of '“I-duck PP 1o mt hepatic
membranes  was than that of
"D l.porcine PP due to that the nonspecific
binding of l-duck PP rapidly increased with

Y¥hen mem-

much lower

membrane concentration ( Fig 1),
brane concentration was constant, the specific
binding of ™l-poreine PP to membranes
appeared as steady state in the presence of excess

of ' I-porcine PP.

Effect of time and temperature on
specific binding of ®I.porcine PP to rat
hepatic membranes  The hinding of '“I-
poreine PP to rat hepatic membranes was clearly
dependent upon conditions of time and tempera-
ture. The specific binding increased rapidly at
24 C and reached a maximum of 6 % at 8 min
and then decreased gradually to 3 % at 120 min
{Fig 2.
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Fig 2. Effects of time and temperature on

1% 1-porcine PP binding to rat hepatic membrane.
r =3 experiments from 6 rats. ¥ +s.

At 4 C, the specific binding also increased
quickly in the first 10 min and then progressively
increased to reach a maximum of 10 % at 60
min. When the incubation was continued, the
specific binding was also gradually down to below
7 % at 120 min (Fig 2). At 4 C the non-
specific binding was slightly lower and iotal
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binding was higher than that at 24 T. There-
the optimal conditions to study the
interaction between porcine PP and its receptors
seem to be at 4 T for 1 h,
were Used in other experiments.
Competition for binding of ' I-porcine
PP to rat hepatic membranes The specific
binding of ' l-porcine PP to rat hepatic
memibranes was inhibited by unlabeled porcine PP
The 1Cs,

fore

These conditions

in a concentration-dependent manner,

was found to be 40 nmol*L~"'(Fig 3).

L-porcine PP hound/% (prreent of contral)

125

(]_[.[l L1 ol eyl 4o ST
[N ] | 10 100 1000 10000
Protein concentration/nmol-E'
Fig 3. Competitation for specific binding of

" L.porcine PP to rat hepatic membranes by
increasing concentration of unlabeled porcine PP
{2), duck (@), glucagon {4 ), and insulin
(&),

Other peptide  hormones.,

glucagon and insulin, did not affect the binding

pancreatic

of '*T-porcine PP to its receptors. Duck PP was
much less active than that of porcine PP.  Only
about 20 % of bound '"I-porcine PP were
replaced in the presence of duck PP 500 nmel-
L'

Based on Fig 3, when the ratio of bound to

free '2 I-porcine PP was plotted as a function of
bound poreine PP concentration using Scatchard
analysismz . a curvilinear plot was observed
(Fig4).
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Fig 4. Scatchard plot of specific binding of
15 Iporcine PP to rat liver membrane.

That meant 2 classes of porcine PP hinding
sites in rat hepatic membranes. The high
affinity site displayed a Ky of 5.4 nmol-1"! and
the binding capacity ( B, ) was 541 pmol- g™’
{protein). The low affinity site displaved a K,
of 158 nmol-L~!, and the B, was 8.29 nmol*

g~ ! (protein} .

DISCUSSION

In the present study, specific PP receptors
were identified in rat hepatic membranes.
Binding of ®I-porcine PP to these membranes
was rapid, specific, and depended on time and
temperature. The optimum conditions seemed to
be at 4 C. for I h.
specific binding was down, this might be due to
the degradation of labeled

receptors.

After over-incubation, the
ligand and/or

The reaction pH was impodant for the
nteraction of PP with its receptors and the
optimum pH in this study was 6.5 as reported by
Whitcomb et al'®!,
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The specific binding of ' I-porcine PP to
rat hepatic membranes was inhibited by unlabeled
porcine PP in a concentration-dependent manner.
Porcine  glucagon  and  insulin,  unrelated
pancreatic peptide hormwnes with PP in the
structure., did not inhibit '** I-porcine PP binding
to rat hepatic membranes. It was noted that
duck PP had a very low competitive activity for
'"*I-porcine PP binding to rat hepatic mem-
branes. The low specific binding of ' I-duck
PP to rat hepatic membrane was observed ( Fig
[} . The difference of amino acid sequences was a
possible explanation for the low binding activity of

duck PP.

from various species was very low and only 7

The sequence homology among PPs

amino acids in 36 amino acids residues of PP
molecule were absolutely conservative-' -. From
the comparison of amino acid sequence of rat PP,
porcine PP and duck PP (Tab [}, the homology
of rat PP and porcine PP was 75 % and only
4 % homology between rat PP and duck PP.

The Scatchard analysis showed classes of PP
receptors on rat hepatic membranes.  The similar
results were also observed in the binding of
bovine PP to PP receptors in dog intestinal
basolateral membranes'®).

Although the presence of specific binding
sites of porcine PP in rat hepatic membranes was
shown, it remained difficult to conclude that
these binding sites were functional receptors for
PP, because we did not know whether PP
appeared to have any metabolism effect on hiver
or isolated hepatocytes.  Therefore. it was
necessary (o understand the structural charact-
eristics of PP receptors on rat hepatic membrane

and post-binding events.

Tab 1.

15

3

In conclusion, rat hepatic membranes
possessed specific PP receptors and porcine PP
binding activity was much higher than that of

duck PP.
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Scatchard fEFH 4347 72 B X B AT HE 17 72 PO 7 BE £ K
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158 nmol- L', &if: ARITEGFEBEERMNE
—EEREE, ARSI R F RS S TE
HEHEEEREEE.

(FEHE FOH)

B (7%

WIDIT R EE S B BIRE
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