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Abstract. We have found cyclo(His-Pro) binding in rat liver plasma membranes. This
study focused on the characterization of solubilized binding for cyclo(His-Pro) in rat
liver membranes. The cyclo(His-Pro) binding of liver membranes was solubilized by
digitonin and octyl-glucopyranoside. The efficiency of solubilization with digitonin was
greater. However, cyclo(His-Pro) binding was not solubilized by Triton X-100, CHAPS,
or Lubrol. Digitonin-solubilized membranes showed cyclo(His-Pro) binding with a high
affinity constant (17 nM) and a low binding capacity (38 fmol/mg protein). Lectins from
wheat germ, Bandeiraea simplicifolia ll, Dolichos biflorus, Glycine max, and Tetragono-
lobus purpureas significantly adsorbed [*H]cyclo(His-Pro)-binding complex, but Bandei-
raea simplicifolia I, Ricinus communis I, or Lens culinaris did not adsorb the binding
complex. An analysis of [*H]cyclo(His-Pro)-associated membranes by high performance
gel filtration chromatography showed a radioactive peak of M, 200,000. These data
indicate that cyclo(His-Pro) binding of rat liver membranes is solubilized by digitonin

and is a glycoprotein of M, 200,000.

[P.S.E.B.M. 1989, Vol 191]

is one member of the neuropeptide family
which was first characterized as a degradation
product of thyrotropin-releasing hormone (TRH) in the
rat brain (1). The fact that cyclo(His-Pro) is distributed
throughout the brain (2, 3) and possesses varying neu-
rologically active functions (4, 5) suggests that cy-
clo(His-Pro) may function as a neuromodulator in the
brain. Because the action of neuropeptides is initiated
by their binding to the plasma membranes of cells in
the brain, attempts have been made to identify and
distinguish cyclo(His-Pro) binding of brain cell mem-
branes (6-9). Surprisingly, little information is as yet
available in regard to the binding nature of this impor-
tant regulatory neuropeptide in the brain.
Detection of cyclo(His-Pro) immunoreactivity in a
wide variety of tissues outside the brain (10) and of
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many biologic actions irrelevant to the brain function
has led to the proposal that cyclo(His-Pro) has broad
functions in addition to its role as a brain neuromod-
ulator. Such actions include suppression of cholesterol
synthesis in the gastrointestinal tract (11) and inhibition
of insulin secretion (12). Recently, we found that sig-
nificant binding of cyclo{(His-Pro) to rat liver plasma
membranes occurred. This binding was highly specific
for cyclo(His-Pro) with a high affinity constant and a
low binding capacity. The binding was decreased by
repeated administration of cyclo(His-Pro). The data
suggest that cyclo(His-Pro) binding to liver membranes
may be receptor in nature (9). This distinctive binding
of liver membranes for cyclo(His-Pro) has been re-
ported to be associated with testosterone (13). Because
advanced insight into the nature of receptors and the
mechanisms of many neuropeptides has been obtained
by structural characterization of receptors (14-16), sol-
ubilization and characterization of cyclo(His-Pro) bind-
ing would provide both valuable information and a
useful tool for further studies. In this study we report
the first characterization of solubilized cyclo(His-Pro)
binding from rat liver membranes.

Materials and Methods

Preparation of Plasma Membranes. As described
previously (9), the crude plasma membranes were ob-
tained from livers of 4- to 5-week-old male rats of the



Wistar strain. Animals were anesthetized with ether
and trunk blood drawn through the abdominal aorta.
The livers were rinsed with saline, weighed, homoge-
nized in 10 volumes of TKMN (40 mM Tris-HCl, 2
mM KCl, 2 mM MgCl,, 7 mM NaCl, pH 7.4) buffer
containing 250 mM sucrose, and centrifuged at 1000g
for 10 min. The supernatant was further centrifuged at
53,000g for 30 min. The resulting supernatants were
discarded and the precipitates saved.

Solubilization of Membranes. The plasma mem-
branes were resuspended in 40 mM Tris-HCI (pH 7.4)
buffer containing varying doses of detergents, incubated
at 0°C for 30 min, and then centrifuged at 100,000g for
60 min. The supernatants were used for cyclo(His-Pro)
binding. Detergents used were digitonin, Triton X-100,
CHAPS (3-[(3-cholamidopropyl)dimethyl-ammonio]-
1-propanesulfonate), Lubrol, and n-octyl-8-p-glucopyr-
anoside (all purchased from Sigma Chemical Co., St.
Louis, MO).

Binding Assay. Cyclo(His-Pro) binding was esti-
mated according to the basis of our previous data which
showed the saturable and specific binding of cyclo(His-
Pro) for liver membranes (9). Two-hundred microliters
of freshly solubilized membranes were incubated with
10 ul of 1 pmol of [*H]cyclo(His-Pro) (specific activity
= 38.4 Ci/mmol; New England Nuclear, Boston, MA)
at 0°C for 120 min. As nonspecific binding, 2 nmol of
unlabeled cyclo(His-Pro) (Tanabe Pharmaceutical Co.,
Osaka, Japan) in 10 ul of Tris-HC! buffer were added.
As described by Penefsky (17), a rapid gel filtration
technique was used to separate the bound form from
the free form of cyclo(His-Pro). Incubation was termi-
nated by layering 100 yl of the reaction mixture over a
Sephadex G-50 minicolumn, in which the gel was
packed in a [-ml plastic tuberculin syringe, preequili-
brated with 40 mAM Tris-HCI buffer, and previously
centrifuged at 100g for 2 min. The loaded minicolumn
was then centrifuged at 100g for 2 min, and 100 ul of
Tris-HCI buffer were layered on a column followed by
centrifugation at 100g for 2 min. The eluents were
collected in scintillation vials. The eluents from the
Sephadex minicolumn recovered over 90% of solubi-
lized protein (the eluent, 0.59 vs the original protein,
0.64 mg, n = 2) and less than 1% of free [*H]cyclo(His-
Pro) (the eluent, 1.1 x 10° vs the original radioactivity,
125 x 10° dpm, »n = 2). This suitable condition was not
obtained by using Sephadex G-10, G-25, G-100, or G-
200 gel. Four milliliters of Aquasol-2 (New England
Nuclear) were added to vials, and the concentration of
[*H]cyclo(His-Pro) receptor complex was determined
by counting the radioactivity of the collected eluent.
Specific binding was defined by subtracting the nonspe-
cific binding (with unlabeled cyclo(His-Pro)) from the
total binding (without unlabeled dipeptide). The bind-
ing ratio (%) of [*H]cyclo(His-Pro) added to the solu-
bilized membranes was 2.15 and 1.04 as the total and
nonspecific binding, respectively.

Double Reciprocal Plot of Specific Bound. The
values of dissociation constant and maximum binding
capacity of cyclo(His-Pro) binding were determined
according to the method of Akera and Cheng (18) using
a double reciprocal plot. The solubilized membranes
were incubated with varying doses of [*H]cyclo(His-
Pro) in the presence or absence of a 1000-fold concen-
tration of unlabeled cyclo(His-Pro), and the specific
binding of cyclo(His-Pro) was determined as described
above. Because the specific binding progressively ele-
vated with the increasing doses (0.2-6 pmol) of [*H]
cyclo(His-Pro) and the binding with 6- to 9-pmol doses
of [*H]cyclo(His-Pro) reached the plateau, the doses
ranging from 0.2 to 9 pmol of [*H]cyclo(His-Pro) were
used to estimate a double reciprocal plot.

Lectin Adsorption. Because 20 mA/ Hepes buffer
(pH 7.4) could substitute for 20 mM Tris-HCI buffer
(pH 7.4) in labeling liver membranes with [*H]cy-
clo(His-Pro), and 20 mM NaH,PO, buffer (pH 7.4)
reduced [*H]cyclo(His-Pro) binding by 60%, liver
membranes were suspended in 20 mAM Hepes buffer
containing 1.0% digitonin. The membranes were in-
cubated at 0°C for 30 min and centrifuged at 100,000g
for 60 min. The supernatant was incubated with 4 pmol
of [?H]cyclo(His-Pro) at 0°C for 120 min, and eluents
of [*H]cyclo(His-Pro)-binding complex were obtained
as described above. They were used to determine the
glycoprotein nature using various lectins which were
coupled with agarose. Lectins used were wheat germ
agglutinin, B. simplicifolia I (Vector Laboratories, Inc.,
Burlingame, CA). D. biflorus, glycine max, T. purpu-
reas, B. simplicifolia II, R. communis I, and Lens
culinaris (Sigma Chemical Co.). Each lectin-agarose
was previously washed with 20 mA Hepes buffer con-
taining 0.1% digitonin. One-hundred microliters of
[*H]cyclo(His-Pro)-binding complex were then incu-
bated with 0.1 mg of each lectin-agarose in 0.1 ml of
Hepes buffer containing 0.1% digitonin. After incuba-
tion at 0°C for 3 hr, the incubation mixture was centri-
fuged at 1500g for 20 min, and 100 pl of each super-
natant were transferred into a scintillation vial for
counting *H. The efficiency of adsorption was calcu-
lated by subtracting the supernatant *H count from the
activity of the original [*H]cyclo(His-Pro)-binding com-
plex.

High Performance Gel Filtration Chromatogra-
phy (HPGFC) Analysis. Digitonin-solubilized mem-
brane extract was labeled with [*H]cyclo(His-Pro) and
[*H]cyclo(His-Pro)-binding complex was obtained as
described above. This binding complex and '*C-labeled
protein markers were applied on an HPGFC column
(Zorbax GF-250, 9.4 X 250 mm; Du Pont Co., Wil-
mington, DE) and eluted with 0.2 M K,;HPO, (pH 7.4)
at a speed of 1.0 ml/min as described elsewhere (19).
Collected samples were used for counting of *H and
'“C. Protein markers used were ['*Clovalbumin, ['*C]
albumin, ["*Climmunoglobulin G, and ["*C]myosin
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(New England Nuclear; M, = 46,000, 69,000, 150,000,
and 200,000 respectively).

Protein concentration was determined according
to the method of Smith ez al. (20) using bicinchoninic
acid (Pierce Chemical Co., Rockford, IL).

Results

Figure 1 shows the efficiency of detergents in sol-
ubilizing cyclo(His-Pro) binding from liver membranes.
One percent of digitonin and octyl-glucopyranoside
solubilized, respectively, 36% and 23% of the original
cyclo(His-Pro) binding, but neither Lubrol, CHAPS,
nor Triton X-100 significantly solubilized cyclo(His-
Pro) binding from liver membranes. The detailed con-
centrations (0.125-2%) of digitonin and octyl-gluco-
pyranoside to solubilize liver cyclo(His-Pro) binding
were determined (data not shown here). One and 2%
of digitonin solubilized, respectively, 35% and 39.6%
of the original cyclo(His-Pro) binding, and the same
concentrations of octyl-glucopyranoside solubilized cy-
clo(His-Pro) binding from liver membranes by 25.4%
and 28.6%, respectively. Therefore, 1-2% of digitonin
was used to solubilize cyclo(His-Pro) binding from liver
membranes. [*H]Cyclo(His-Pro) binding was found to
show the time- and protein concentration-dependent
increase in 1% digitonin-solubilized liver membranes
(Fig. 2).

Figure 3 shows a double reciprocal plot of the
specific cyclo(His-Pro) binding data. A straight line was
observed. The dissociation constant and maximal bind-
ing were estimated to be 17.0 + 4.0 nM (n = 3) and 38
fmol/mg protein, respectively. The [*H]cyclo(His-Pro)
binding was not significantly decreased by TRH,
LHRH, or somatostatin in doses of 1 uM (data not
shown here). The data are compatible with the previous
results showing the highly specific binding of cyclo(His-
Pro) for liver membranes (9).
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Figure 1. Solubilization of [*H]cyclo{His-Pro)-binding complex by de-
tergents. Liver plasma membranes were solubilized by detergents
and used for determination of binding for [*Hjcyclo(His-Pro) as de-
scribed in Materials and Methods. Values are the mean of duplicate
determinations.
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Figure 2. Time- and protein concentration-dependent binding of [°H]
cyclo(His-Pro) in solubilized liver membranes. Liver membranes sol-
ubilized by digitonin were incubated with [*H]cyclo(His-Pro) at 0°C.
After incubation, specific binding was determined as described in
Materials and Methods. Values are mean of duplicate determination.
(a) Time course of specific [*H]cyclo(His-Pro) binding. (b) Effects of
membrane concentration on [*H]cyclo(His-Pro) binding.
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Figure 3. A double reciprocal plot of the specific cyclo(His-Pro) binding
data. Solubilized liver membranes were incubated with increasing
doses of [*H]cyclo(His-Pro) and cyclo(His-Pro)-binding complex was
determined using a rapid gel filtration technique as described in
Materials and Methods. B, the amount of cyclo(His-Pro) specifically
bound; F, the amount of free cyclo(His-Pro).

Lectins from wheat germ agglutinin, B. simplici-
folia II (both related with N-acetyl-D-glucosamine), D.
biflorus, glycine max (both related with N-acetyl-D-
galactosamine), and Tetragonolobus purpureas (related
with a-fucosyl) significantly precipitated [*H)cyclo(His-
Pro)-binding complex (Table I). However, B. simplici-
folia I, R. communis (both related with D-galactosyl),
or L. culinaris (related with D-mannosyl) did not adsorb
the binding complex.

Figure 4 shows an analysis of [*H]cyclo(His-Pro)
binding complex by HPGFC. The radioactive peak of



Table I. Adsorption of the [°H]Cyclo(His-Pro)-Binding
Complex by Lectins?

% adsorption of the original

Lectins binding complex activity
Wheat germ 284+29
B. simplicifolia Il 35.0+6.3
D. bifforus 36456
Glycine max 254+ 86
T. purpureas 46.0+£11.2
B. simplicifolia | 5628
R. communis | 81+49
L. culinaris 58+42

® As described in Materials and Methods, [*H]cyclo(His-Pro)-binding
complex was incubated with 0.1 mg of each lectin at 0°C for 3 hr.
Incubation mixture was then centrifuged, and the supernatant was
counted. The efficiency of adsorption of lectin was calculated by
subtracting the supernatant *H count from radioactivity of the original
[*H]cyclo(His-Pro)-binding complex. Three samples were used in each
group. The data are expressed as mean + SEM.
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Figure 4. An analysis of [*H]cyclo(His-Pro)-receptor complex by
HPGFC. [*H]Cyclo(His-Pro)-binding complex and '*C-labeled protein
markers were applied on an HPGFC column (Zorbax GF-250, 9.4 X
250 mm) and eluted with 0.2 M K.HPOQ, (pH 7.4) at a speed of 1.0
mi/min. Collected samples were used for counting of ®H and '*C.

binding complex corresponded to a marker of ['“C]
myosin, indicating that the M, of [*H]cyclo(His-Pro)
binding was approximately 200,000 which may include
digitonin M, (=1229).

Discussion

This study describes the development of a protocol
suitable for obtaining binding sites of liver membranes
for [*H]cyclo(His-Pro) in a soluble form. The first crit-
1cal step in our studies was to determine how to separate
the [*H]cyclo(His-Pro) bound form from free dipeptide.
Although several methods such as the dextran-coated
charcoal (21), polyethylene glycolfiltration (22), equi-
librium dialysis (23), and DEAE separation methods
(22) were used to detect peptide- and hormone-binding
receptor complex, all of them were not appropriate for
detection of [*H]cyclo(His-Pro) associated with mac-

romolecular components of solubilized liver mem-
branes (data not shown here). Solubilized binding ac-
tivity was reproducibly and conveniently detected by
using a rapid gel filtration technique (17).

Because the previous data showed that cyclo(His-
Pro) binding was lost with increasing temperature (9),
in the series of present studies, we used the cooling
conditions to minimize the possible degradation of
solubilized cyclo(His-Pro) receptor. However, the half-
life of the solubilized sites remains to be seen.

Solubilization of cyclo(His-Pro) binding is neces-
sary for detailed structural characterization of the pro-
tein. Triton X-100 solubilized the TRH receptor from
rat brains (24) and the TSH receptor from adipocytes
(25), CHAPS solubilized the LHRH receptor from pi-
tuitary membranes (15) and the parathyroid hormone
receptor from renal membranes (21), and ocytl-gluco-
pyranoside solubilized the vasoactive intestinal peptide
receptor from lung membranes (26). Indeed, the present
study showed that 1-2% Triton X-100, CHAPS, and
Lubrol could solubilize more than 60% of the protein
from liver membranes. However, these solubilized pro-
teins did not show the significant binding for [*H]
cyclo(His-Pro). The approach in the present study to
solubilization of cyclo(His-Pro) receptor from liver
membranes used digitonin which was most effective
among nondenaturing detergents tested. Under the con-
ditions in which 1% digitonin was used, approximately
35% of the cyclo(His-Pro) binding sites were extracted.

Significant and saturable binding of [*H]cyclo(His-
Pro) to digitonin-solubilized liver membranes was ob-
served. By means of an analysis of double reciprocal
plot, the K, value of [*H]cyclo(His-Pro) to liver mem-
branes was calculated to be 17 (10-24) nM which was
slightly smaller than that obtained for binding in intact
liver membranes (9). This difference has definitely not
been explained. The possibility was raised that the
concentrations of [*H]cyclo(His-Pro) (0.2-9 pmol) used
in this study differed from those (10-40 pmol) in the
previous study. Consequently, the binding curves were
shifted to lower cyclo(His-Pro) concentrations, vielding
a small value of K; compared with its value as deter-
mined in the previous study. Alternatively, the method
of a double reciprocal plot analysis to estimate K, may
give a different value, although the previous data
showed that the K, value of liver cyclo(His-Pro) mem-
branes determined using a double reciprocal plot analy-
sis was similar to that using a Scatchard plot analysis
(9). It remains to be seen whether digitonin used in the
present study affected the constant for dissociation of
[*H]cyclo(His-Pro) binding.

The present observations that solubilized cy-
clo(His-Pro)-binding complex interacted with various
lectins have provided information with respect to the
carbohydrate nature of the protein. Cyclo(His-Pro)
binding was found to interact to a substantial extent
with wheat germ, B. simplicifolia 11, D. biflorus, Glycine
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max, and 7. purpureas, but not significantly with B.
simplicifolia I, R. communis I, or L. culinaris. There-
fore, the cyclo(His-Pro)-binding complex is a glycopro-
tein containing N-acetyl-D-glucosamine and galactosa-
mine and also terminal fucosyl residues. The affinity of
lectin for the solubilized bindings would provide a
method for partial purification of the cyclo(His-Pro)
binding complex, an important step for more detailed
characterization.

An HPGFC analysis of cyclo(His-Pro)-binding
complex revealed a protein peak of M, 200,000. Little
information is available concerning the extent to which
digitonin may affect molecular size of cyclo(His-Pro)
binding in liver membranes. The M, of liver cyclo(His-
Pro) binding was comparable to those of brain TRH
receptor (300,000) (24), pancreatic somatostatin recep-
tor (200,000) (27), and renal parathyroid hormone re-
ceptor (180,000) (21), but was significantly higher than
those of thyroid TSH receptor (50,000) (25), pituitary
LHRH receptor (60,000) (28), and pituitary somato-
statin receptor (88,000) (16). Further investigations are
required before a clearly defined structural model of
cyclo(His-Pro) binding complex can be presented.
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