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Abstract—Tritium-labeled selective agonist of non-opioid B-endorphin receptor, the decapeptide immunorphine ([*H]SLT-
CLVKGFY) with specific activity of 24 Ci/mmol has been prepared. By its use, non-opioid B-endorphin receptors were
revealed and characterized on mouse peritoneal macrophages and rat myocardium, spleen, adrenal, and brain membranes.
The non-opioid B-endorphin receptor of macrophages has in addition to immunorphine (K of the [*H]immunorphine—
receptor complex was 2.4 + 0.1 nM) and B-endorphin (X; of the [*’H]immunorphine specific binding was 2.9 + 0.2 nM) a high
affinity for Fc-fragment of human IgG1, pentarphine (VKGFY), cyclopentarphine [cyclo(VKGFY)], and [Pro’|pentarphine
(VKPFY) (K, values were 0.0060 & 0.0004, 2.7 £ 0.2, 2.6 £ 0.2, and 2.8 £ 0.2 nM, respectively) and is insensitive to nalox-
one and [Met’|enkephalin (K; > 100 pM). Treatment of macrophages with trypsin resulted in the loss of their ability for the
specific binding of [*H]immunorphine. Values of the specific binding of 8.4 nM [*H]immunorphine to rat adrenal, spleen,
myocardium, and brain membranes were determined to be 1146.0 £ 44.7, 698.6 £ 28.1, 279.1 £ 154, and 172.2 £
1.8 fmol/mg protein, respectively. Unlabeled B-endorphin, pentarphine, [Pro’|pentarphine, cyclopentarphine, cyclodipen-
tarphine [cyclo(VKGFYVKGFY)], and Fc-fragment of IgG1 inhibited the binding of [’H]immunorphine to membranes
from these organs. No specific binding of [*H]immunorphine to rat liver, lung, kidney, and intestine membranes was found.
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In 1980 Julliard et al. found that the heavy chain of
IgG contains sequences similar to adrenocortical hor-
mone (ACTH) and B-endorphin [1]. Houck et al. syn-
thesized the tetradecapeptide SLTCLVKGFYPSDI,
which corresponds to the f-endorphin-like sequence of
IgG (the 364-377 fragment of the heavy chain Cpy;-
domain) and showed its competition with '**I-labeled -
endorphin for binding to membranes of rat brain [2]. We
have synthesized a p-endorphin-like decapeptide
immunorphine SLTCLVKGFY, which corresponds to
the 364-373 sequence of the H-chain (1-4) of human
IgG [3]. Biological effects of this peptide were studied,
and it was found to activate human and mouse immuno-
competent cells in vitro and in vivo [4-8], increase the in
vitro growth of T-lymphoblast human leukemia cell lines
Jurkat and MT-4 [9], stimulate the division of blas-
tomeres, and accelerate the development of preimplan-
tational mouse embryos [10]. Concurrently, immunor-
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phine was found to bind with high affinity and specifici-
ty to the non-opioid (naloxone-insensitive) 3-endorphin
receptors on human T-lymphocytes [4-6], mouse peri-
toneal macrophages [3, 11, 12], and synaptic membranes
from rat brain [8]. The specificity of the non-opioid -
endorphin receptor of human T-lymphocytes and mouse
peritoneal macrophages was studied, and it was found to
be insensitive to endogenous enkephalins and endor-
phins (o and y) [3-7]. By data of Hazum et al., the non-
opioid B-endorphin receptor of human lymphocytes
failed to bind B-lipotropin, insulin, glucagon, and a-
melanocyte-stimulating hormone [13]. Thus, at present,
there are some data on the receptor specificity, but its
structure, functions, and distribution in the body are still
unknown.

The purpose of this work was to prepare
[*H]immunorphine and characterize it using the non-
opioid B-endorphin receptor on mouse peritoneal
macrophages and membranes isolated from various rat
organs.
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MATERIALS AND METHODS

[Met’| Enkephalin, B-endorphin, naloxone, trypsin,
sucrose, BSA, EDTA, EGTA, Tris-HCI, phenylmethyl-
sulfonyl fluoride (PMSF), sodium azide (NaN,), and
alumina (Al,O;) were from Sigma (USA); Rh/Al,O; was
from Fluka (USA); Unisolv 100 scintillator was from
Amersham (England). All other reagents and solvents
used in the work were of domestic production and were
used after appropriate purification.

BALB/c mice and Wistar rats (males of 10-12 weeks)
were from the nursery of the Branch of the Institute of
Bioorganic Chemistry, Russian Academy of Sciences.

Fc-Fragment of human IgG1 was presented by Dr.
V. M. Tishchenko (Institute of Protein, Russian Academy
of Sciences, Pushchino, Moscow Region); the molecular
weight of the protein was 50 kD. The isolation of Fc-frag-
ment and its structure have been described [14].

Peptides were synthesized with automatic synthesiz-
ers (Applied Biosystems model 430A and Vega Coupler
model C250, USA) and purified by reverse-phase chro-
matography using a Gilson chromatograph (France) on a
Waters Symmetry Prep C18 column (19 x 300 mm)
(Malva, Greece) as described in [11]. The resulting pep-
tides were characterized by analytical reverse-phase
HPLC (Gilson chromatograph, France) on an XTerra
RP18 column (Malva), amino acid analysis (hydrolysis
with 6 M HCl for 24 h at 110°C, an LKB 4151 Alpha Plus
amino acid analyzer (Sweden), and mass-spectrometry
(Finnigan mass-spectrometer, USA).

[*H]Immunorphine was prepared by high-tempera-
ture solid-phase catalytic isotope exchange (HTCIE) [15,
16]. A solution of 2.0 mg immunorphine in 0.5 ml of
water was supplemented with 50 mg alumina and evapo-
rated on a rotary evaporator. Alumina with the peptide
applied on it was mixed with 10 mg catalyst (5%
Rh/Al,O;). The resulting solid mixture was placed into a
10-ml ampoule. The ampoule was vacuum-treated, filled
with gaseous tritium to pressure of 250 mm Hg, heated to
170°C, and kept at this temperature for 20 min. Then the
ampoule was cooled, vacuum-treated, purged with
hydrogen, and vacuum-treated repeatedly. The labeled
peptide was extracted from the solid reaction mixture
with two 3-ml portions of 50% aqueous ethanol, and the
resulting solutions were combined and evaporated. To
remove labile tritium, the procedure was repeated twice.
[*H]Immunorphine was purified by high performance lig-
uid chromatography (HPLC) using a Beckman spectrom-
eter at wavelengths of 254 and 280 nm, with a Kromasil
column (4 x 150 mm), 5 uM graining, at 20°C. Elution
was performed with 0.1% trifluoroacetic acid with
methanol gradient of 42-70% for 20 min at the flow rate
of 3 ml/min. The incorporation of tritium into the pep-
tide was determined using liquid scintillation counting.

Mouse peritoneal macrophages were isolated and
cultured as recommended in [17]. The viability of the
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cells determined with acridine orange was 93-95%.
Membrane fractions from rat myocardium, spleen, liver,
lungs, kidneys, adrenals, intestine, and brain were pre-
pared as described in [18]. The protein concentration was
determined by the Lowry method with BSA as the stan-
dard [19].

The reaction of [*H]immunorphine binding with
mouse peritoneal macrophages was performed in 199
medium supplemented with HEPES (25 mM), NaN;
(20 mM), and PMSF (0.6 mg/ml) (pH 7.4) by the fol-
lowing protocol: siliconized tubes were supplemented
with 100 pl of the labeled peptide (107'°-10~7 M, three
parallel samples for every concentration), 100 pl of the
medium (the total binding), or 100 pl of 10~ M of the
unlabeled peptide in the medium (the nonspecific bind-
ing), and 800 pl of cell suspension (1.3:107 cells per 1 ml
of the medium). The tubes were incubated at 4°C for 1 h.
After the incubation, to separate the labeled peptide
bound to the cells from the unbound (free) peptide, the
reaction mixture was filtered through GF/C fiberglass fil-
ters (Whatman, England). The filters were washed thrice
with 5 ml of ice-cold saline. Radioactivity on the filters
was counted with an LS 5801 liquid scintillation counter
(Beckman, USA). The specific binding of [*'H]immunor-
phine to the cells was determined by the difference
between its total and nonspecific binding, the nonspecif-
ic binding of [*H]immunorphine was determined in the
presence of 10™* M of unlabeled pentarphine (1000-fold
excess relative to the highest concentration (10~ M) of
labeled immunorphine). Parameters of the specific bind-
ing of labeled immunorphine to macrophages (the equi-
librium dissociation constant K, and the receptor density
n (the number of the specific binding sites for the peptide
per cell)) were determined by plotting the dependence of
molar concentration of the bound (B) and free (F)
labeled immunorphine on molar concentration of the
bound labeled peptide (B). The receptor density (n) was
determined by the formula:

n=(RyxA)/N,

where R, is the molar concentration of receptors, A is
Avogadro’s number, and N is the number of cells per liter
[20].

The reaction of [°’H]immunorphine binding to mem-
brane fractions of various rat organs was performed in
Tris-HCI buffer (pH 7.4) by the following protocol: glass
tubes were supplemented with 100 pl of the labeled pep-
tide from solution with the concentration of 8.4:107% M,
100 pl of the buffer (the total binding), or 100 pl of the
unlabeled peptide (10~ M) in the buffer (the nonspecific
binding), and 800 pl of freshly prepared membrane sus-
pension (1-5 mg protein depending on the tissue). The
tubes were incubated at 4°C for 1 h. After the incubation,
the reaction mixture was filtered through GF/C fiberglass
filters (Whatman). The filters were washed thrice with 5 ml
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of ice-cold buffer. Radioactivity was counted on the filters
with an LS 5801 liquid scintillator (Beckman). The specif-
ic binding of [*H]immunorphine to the membranes was
determined by the difference between its total and non-
specific binding and expressed in moles per 1 mg protein.

The ability of naloxone, unlabeled peptides, and Fc-
fragment of IgG to inhibit the nonspecific binding of
[*H]immunorphine to macrophages was studied on incu-
bation of cells (3.5:10° cells/ml) with labeled pentarphine
(8.4 nM) and one of possible competitors (concentrations
in the range from 10" to 1077 M, three replicates for
every concentration), as described above. The inhibition
constant (K;) was determined by the formula: K, =
[1s0/(1 + [L]1/Ky) [21], where [L] is the molar concentra-
tion of [°H]immunorphine, K is the equilibrium constant
of dissociation of the [*H]immunorphine—receptor com-
plex, [I]s, is the concentration of an unlabeled ligand
responsible for 50% inhibition of the specific binding of
labeled pentarphine. The [I]5, value was determined from
the curve of inhibition (the plot of dependence of inhibi-
tion percent versus the molar concentration of inhibitor).
The K, value was determined preliminarily as described
above.

To determine the ability of unlabeled peptides and
Fc-fragment to inhibit the specific binding of
[*H]immunorphine to membranes from various rat
organs, freshly isolated membranes (1-5 mg protein) were
incubated with the labeled peptide (8.4 nM) and possible
inhibitors (the concentration of peptides and Fc-frag-
ment was 107 and 1.5-10™° M, respectively) as described
above.

Macrophages were treated with trypsin as described
earlier [22]. Macrophages (107 cells/ml) were incubated
in medium 199 supplemented with trypsin (5 mg/ml) for
30 min at 37°C. The reaction was stopped by addition of
a large volume of 199 medium. The cells were washed
thrice with a tenfold volume of the medium and the reac-
tion of binding was performed as described above.

Table 1. Main characteristics of the peptides

NAVOLOTSKAYA et al.

RESULTS

The main characteristics of the peptides (% purity,
data of amino acid analysis, and molecular weight) are
presented in Table 1.

The HTCIE reaction and purification resulted in
2 mCi [*H]immunorphine with the specific activity of
24 Ci/mmol. The retention time of [*H]immunorphine
and unlabeled immunorphine on a Kromasil C18 column
(the conditions of chromatography are presented in
“Materials and Methods”) was 18 min for both; the
extinction ratios at 254 and 280 nm were also the same for
the labeled and unlabeled peptide that suggested the
maintaining of the chemical structure of immunorphine
on the substitution of hydrogen by tritium.

Binding of [*H]immunorphine to mouse peritoneal
macrophages. Under the conditions of our experiments
(see “Materials and Methods”), [*H]immunorphine
specifically bound to mouse macrophages. The specific
binding of [*H]immunorphine was determined as the dif-
ference between its total and nonspecific binding. The
nonspecific binding of [*H]immunorphine was deter-
mined in the presence of 107 M unlabeled immunor-
phine, and it was 9.7 £ 0.5% of the total binding of the
labeled peptide. Figure 1 presents the dependence of the
specific binding of [*H]immunorphine to mouse peri-
toneal macrophages on incubation time at 4°C. The
dynamic equilibrium in the system of [*H]immunor-
phine-receptor was established after 1 h and was retained
for at least 2 h; therefore, kinetic characteristics of the
[*H]immunorphine binding to macrophages were deter-
mined within 1 h.

The specific binding of [*H]immunorphine to
macrophages in Scatchard coordinates (Fig. 2) is a
straight line, thus, there is one type of binding sites
(receptors) for this peptide on the surface of
macrophages. The value of K; = 2.4 = 0.1 nM shows a
high affinity of immunorphine for the receptors. The

Peptide Purity, % Amino acid analysis Molecular weight, daltons
SLTCLVKGFY >99 Thr 0.89; Ser 0.92; Gly 1.00; Val 1.00; 1129.3 (calculated value — 1130.0)
(immunorphine) Leu 1.94; Tyr 1.03; Phe 1.00; Lys 0.91
VKGFY >99 Gly 1.04; Val 1.00; Tyr 0.96; Phe 1.00; 613.4 (calculated value — 613.33)
(pentarphine) Lys 0.96
VKPFY >99 Pro 0.91; Val 1.00; Tyr 0.96; Phe 1.00; 652.9 (calculated value — 652.85)
[Pro’]pentarphine Lys 0.95
Cyclo(VKGFY) >99 Gly 1.04; Val 1.06; Tyr 0.98; Phe 1.00; 595.4 (calculated value — 594.32)
(cyclopentarphine) Lys 1.16
Cyclo(VKGFYVKGFY) >99 Gly 2.02; Val 2.08; Tyr 1.88; Phe 2.02; 1188.7 (calculated value — 1188.64)
(cyclodipentarphine) Lys 2.36
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Fig. 1. Time dependence of the specific binding of
[*H]immunorphine (250,000 cpm). The specific binding of
[*H]immunorphine was calculated as the difference between its
total and nonspecific binding. The nonspecific binding of
[*H]immunorphine was determined in the presence of 10~ M
unlabeled immunorphine.

receptor density, i.e., the number of specific binding sites
for the labeled peptide per macrophage is 27,780 £ 560.

To characterize the specificity of [’H]immunorphine
binding to macrophages as possible competitors the fol-
lowing unlabeled compounds were tested: f-endorphin,
Fc-fragment of human IgG1, pentarphine (fragment 6-
10 of immunorphine), cyclopentarphine, [Pro’]pen-
tarphine, naloxone, and [Met’]enkephalin. The results
are presented in Table 2. Fc-fragment, 3-endorphin, pen-
tarphine, cyclopentarphine, and [Pro’]pentarphine
actively inhibited the binding of [*H]immunorphine to
macrophages: the corresponding values of K; were as fol-
lows: 0.0060 £ 0.0004,2.9+0.2,2.7£0.2,2.6 £ 0.2, and
2.8 £ 0.2 nM. Thus, the receptors detected using
[*H]immunorphine displayed high affinity for B-endor-
phin, Fc-fragment of human IgGl1, pentarphine,
cyclopentarphine, and [Pro’|pentarphine, but did not
interact with naloxone and [Met’]enkephalin.

Treatment of macrophages with trypsin resulted in
their loss of ability for specific binding of [*H]immunor-
phine. This suggested that the receptor should be a pro-
tein (at least, its part directly involved in the binding).

Inhibition of specific binding of [°H]immunorphine by
Fc-fragment of human IgG1. Figure 3 presents curves of
inhibition of the specific binding of 4.2 and 8.4 nM
[*H]immunorphine (curves I and 2, respectively) in the
presence of unlabeled Fc-fragment of human IgG1. Fc-
Fragment 100% inhibited the binding of the labeled pep-
tide: both curves flattened out at the Fc-fragment con-
centration of about 10~7 M. The displacement of the inhi-
bition curve to the left (to lower concentrations of Fc-
fragment) with decrease in the concentration of
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Fig. 2. Scatchard analysis of the specific binding of
[*H]immunorphine to mouse peritoneal macrophages. B and F
are molar concentrations of the bound and free peptide, respec-
tively.

[*H]immunorphine suggests a competitive inhibition
[20]. Thus, Fc-fragment of IgGl competes with
[*H]immunorphine for the binding to the non-opioid -
endorphin receptor on mouse peritoneal macrophages
(K,=6.0+0.4 pM).

Binding of [*H]immunorphine to membranes from
various rat organs. No specific binding of [*H]immunor-
phine was detected to membranes from rat liver, lungs,
kidneys, and intestine. Specific binding sites for
[*H]immunorphine were found on membranes isolated
from rat adrenals, spleen, myocardium, and brain. The
specific binding of 8.4 nM [*H]immunorphine to the
membranes (fmol/mg membrane protein) decreased in

Table 2. Inhibition of [*H]immunorphine binding to
mouse peritoneal macrophages by unlabeled Fc-frag-
ment of human IgG1, peptides, and naloxone

Ligand Ky, nM K;, nM
[*H]Immunorphine 24+0.1 -
Fc-Fragment 0.0060 £ 0.0004
B-Endorphin — 29+0.2
Pentarphine — 2.7x£0.2
Cyclopentarphine — 2602
[Pro®|Pentarphine - 3.0£0.2
Naloxone — > 10°
[Met’]Enkephalin - > 10°




398

100

(o]
o
1

(o2}
o
I

Inhibition, %

N
o
1

20 1

L o e LA R AL e e e

il
107 107 107" 1x107"° 1x10™° 1x10°® 1x1077

[Fc-fragment], M

Fig. 3. Inhibition by unlabeled Fc-fragment of human IgG1 of
the specific binding of 4.2:10~° and 8.4-10° M [*H]immunor-
phine to mouse peritoneal macrophages (curves / and 2, respec-
tively).

the series as follows: adrenals > spleen > myocardium >
brain (Table 3). Table 4 presents data on inhibition of the
specific binding of [°’H]immunorphine to the membranes
from the above-listed organs by unlabeled naloxone, Fc-
fragment of IgG1, and peptides. All compounds tested
except naloxone displayed inhibitory activity. Peptides
(B-endorphin, pentarphine, [Pro®]pentarphine,
cyclopentarphine, cyclodipentarphine) virtually com-
pletely inhibited the binding of [°’H]immunorphine. The
inhibitory activity of Fc-fragment of IgG1 in the case of
membranes from spleen and brain was also close to 100%
(98.6 £ 9.9 and 98.6 + 8.6, respectively); in the case of
membranes from adrenals and brain, this parameter was
80.3 £ 7.3 and 67.5 £ 3.9%.

DISCUSSION

We have earlier shown that the decapeptide
immunorphine (SLTCLVKGFY), which corresponds to
the 364-373 sequence of H-chain of human IgG (1-4) is

Table 3. Specific binding of 8.4 nM [*H]immunorphine
to membrane fractions from various rat organs

Organ Specific binding of [*H]immunorphine,
fmol/mg protein = SEM
Adrenals 1146.0 + 44.7
Spleen 698.6 + 28.1
Myocardium 279.1 £ 154
Brain 1722+ 1.8

NAVOLOTSKAYA et al.

a selective agonist of the non-opioid (insensitive to nalox-
one) B-endorphin receptor [7]. To detect and character-
ize such receptors, in our previous studies we used '*I-
labeled immunorphine, and for the present work
[*HJimmunorphine with the specific activity of 24 Ci/
mmol was prepared by the HTCIE reaction. The speci-
ficity of the non-opioid B-endorphin receptor and its dis-
tribution in the rat body were studied using this prepara-
tion.

The Scatchard plot presented in Fig. 2 shows that
[*H]immunorphine is bound to one type of high affinity
receptors on mouse peritoneal macrophages (K; = 2.4 =
0.1 nM). The receptor density (n) was 27,780 £ 560 bind-
ing sites for the labeled peptide per macrophage. Earlier
we have prepared the 6-10 fragment (pentarphine) of
immunorphine and its cyclic analog (cyclopentarphine),
and both pentarphine and cyclopentarphine, similarly to
immunorphine, stimulated the in vitro bactericidal activ-
ity of macrophages [11, 12]. '®I-Labeled pentarphine
bound to mouse peritoneal macrophages with high affin-
ity (K; = 3.6 £ 0.3 nM, n =28,000 £ 300). The virtually
complete coincidence of # values obtained in two differ-
ent test-systems suggested that the resulting kinetic char-
acteristics of the non-opioid B-endorphin receptor of
macrophages should be near to their true values.

As to specificity of the [*’H]immunorphine binding to
macrophages, it was insensitive to naloxone and
[Met’]enkephalin, but was 100% inhibited by unlabeled
B-endorphin (K; = 2.9 = 0.2 nM), pentarphine (2.7 =
0.2 nM), cyclopentarphine (2.6 £ 0.2 nM), and
[Pro’]pentarphine (3.0 £ 0.2 nM) (Table 2). It was earlier
shown that unlabeled immunorphine, 3-endorphin, and
cyclopentarphine completely inhibited the binding of '*I-
labeled pentarphine to mouse peritoneal macrophages
(the corresponding values of K; were 3.2 £ 0.3, 2.8 + 0.2,
and 2.6 £ 0.3 nM) [11]. Thus, immunorphine, cyclopen-
tarphine, and [Pro’]pentarphine display a high (approxi-
mately the same) affinity for the non-opioid -endorphin
receptor; therefore, any of these peptides may be used as
a marker of this receptor. Cyclopentarphine and
[Pro’]pentarphine, which are less sensitive to proteases,
are the most interesting in this relation.

At present, it is unclear whether the non-opioid f3-
endorphin receptor is a so far unknown B-endorphin
receptor, or it is an already known receptor, which in
addition to its own endogenous ligand can also bind (-
endorphine. On consideration that the immunorphine
sequence is a constituent of Fc-fragment of IgG (1-4) and
that IgG Fc receptors (FcyR) play the key role in the reg-
ulation of phagocytic activity of macrophages [23, 24], we
tried to determine whether the non-opioid -endorphin
receptor and FcyR are related. The FcyR family includes
three types of receptors: FcyRI (CD64), FcyRII (CD32),
and FcyRIII (CD16). Macrophages express both high
affinity FcyRI and low affinity FcyRII and FcyRIII [23].
Figure 4 presents the region of the Fc-fragment of human
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Table 4. Inhibition by various unlabeled ligands of the specific binding of 8.4 nM [*H]immunorphine to membranes

from rat adrenals, spleen, myocardium, and brain

Inhibition, % £ SEM
Ligand
adrenals spleen myocardium brain

Naloxone (1 uM) 0 0 0 0
B-Endorphin (0.1 mM) 93.2+5.3 93.7+5.0 99.5+23 100.0 £ 6.4
Fc-fragment (1.5 nM) 80.3+7.3 98.6 £ 9.9 67.5+3.9 98.6 + 8.6
Pentarphine (0.1 mM) 97.2+44 100.0 £ 3.0 100.0 + 4.8 100.0 + 8.4
Cyclopentarphine (0.1 mM) 89.2 53 98.8+9.9 93.3+4.8 100.0 £ 7.1
Cyclodipentarphine (0.1 mM) 72.0 £4.2 100.0 £ 7.9 799+ 1.9 100.0 £ 11.6
[Pro®]|Pentarphine 93.0 £ 8.8 100.0+ 7.4 100.0 £ 5.3 100.0 £ 6.3

IgG1, which contains sequences of immunorphine and
the endogenous macrophage-stimulating peptide tuftsin
[25] and also binding sites for FcyRI (Gly316-Ala339,
data of mutagenesis) [26] and FcyRIII (Leu234-Ser239,
Asp265-Glu269, Asn297-Thr299, Ala327-11e332, X-
crystallography data for the complex of Fc-fragment of
human IgG1 with FcyRIII) [27]. The sequences of Fc-
fragment corresponding to tuftsin and immunorphine are
not constituents of the binding sites for FcyRI and
FcyRIII and, consequently, cannot be directly involved in
the binding to Fc-receptors of types I and III. The
sequences of Fc-fragment corresponding to tuftsin and
immunorphine cannot also interact with FcyRII because
the binding of IgG1 to this type of Fc-receptors is provid-
ed for by the Cy, and Cy;, domains (the sites Ser109-
Vall16, Phel29-Thr135, Asnl54-Serl61 [28], Leu234-
Gly237 [29] and, possibly, the sites Asp265-Pro271 and
Lys326-Ala330 [30, 31]) (Fig. 4). However, findings of
the present work show that unlabeled Fc-fragment com-
petitively inhibits the specific binding of [*H]immunor-
phine to mouse peritoneal macrophages, and the value of
K, = 6.0 £ 0.4 pM suggests the high affinity of Fc-frag-
ment for the non-opioid B-endorphin receptor of
macrophages. However, unlabeled immunorphine was

230 240 250

earlier shown to weakly (less than by 10%) replace '*’I-

labeled IgG1 from the complex with the receptor on
macrophages [3]. Consequently, the non-opioid B-
endorphin receptor is unlike FcyR and the ability of Fc-
fragment of IgG for binding to the non-opioid -endor-
phin receptor is explained by the presence of the
immunorphine sequence in the Fc-fragment. A similar
situation has been described for the reception of tuftsin:
Fc-fragment actively displaced [*H]tuftsin from its com-
plex with the receptor on macrophages [32], but unla-
beled tuftsin virtually did not inhibit the binding of '»I-
labeled IgG1 to macrophages and monocytes [33].
Tuftsin is shown to have its own receptor not of the Fc-
receptor family [34, 35]. Thus, in addition to Fc-recep-
tors, the tuftsin and non-opioid B-endorphin receptors
are involved in the regulation of functional activity of
macrophages.

The distribution of the non-opioid B-endorphin
receptor in the rat body was studied, and it was found on
membranes of adrenals, spleen, myocardium, and brain.
The binding of [*H]immunorphine to membranes of
these organs was inhibited by unlabeled B-endorphin,
pentarphine, [Pro’]pentarphine, cyclopentarphine,
cyclodipentarphine, and Fc-fragment of IgG1. Thus, the

260 270

- PAPELLGGIPS VFL F P PKPKDT LMISRT PEVT CVVVIDVSHED PEVKENWY V-

280 290 300

310 320

~DGVEVHNAKT KPREEQY-YRWSVLTVLHQDWLNGKEYKCKVSN!H—

330 340 350

360 370

—-EKTI SKAKGOPREPOVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAV-

Fig. 4. Amino acid sequence of the region of Fc-fragment of human IgG1 [25] which includes the sequences of tuftsin (289-292) and
immunorphine (364-373) (underlined) and also the binding sites for FcyRI (bold type), FcyRII (framed), and FcyRIII (shaded).
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non-opioid f-endorphin receptors of immunocompetent
cells, brain, myocardium, spleen, and adrenals have the
same specificity. No specific binding of [*H]immunor-
phine was detected on membranes from rat liver, lungs,
kidneys, and intestine.

In total, the non-opioid B-endorphin receptor is
rather widely distributed in the body: it is found on cells
of the immune (macrophages and lymphocytes), nervous
(brain), endocrine (adrenals), and cardiovascular
(myocardium) systems. It should be also noted that, in
addition to B-endorphin, Fc-fragment of IgG is also an
endogenous ligand of this receptor.
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International Science and Technology Center (project
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