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SUMMARY

Opioid drugs act on specific receptors to modulate a wide range
of physiological functions. There are at least three types of opioid
receptors, u, 5, and «. Using a cDNA probe for a mouse s-opioid
receptor in low stringency hybridization, a clone has been iso-
lated from a rat brain cDNA library. This clone contains an open
reading frame of 1194 base pairs, with a deduced polypeptide
of 398 amino acid residues. The predicted protein exhibits the
structural features of guanine nucleotide-binding protein-coupled
receptors and displays a high degree of sequence homology
with the mouse é-opioid receptor. When transfected into COS-7
cells, the cDNA conferred a binding site with subnanomolar
affinity for [®H]diprenorphine, a high affinity ligand for all three
types of opioid receptors. This site also displayed nanomolar

affinity for [D-Ala?,N-Me-Phe*,Gly-oi°}-enkephalin (DAGO), a u-
selective agonist, whereas its affinities for the é-selective agonist
[p-Pen?S]-enkephalin and the x-selective agonist U-50488 were
in the micromolar range. Several u-selective antagonists, includ-
ing naloxonazine, $-funaltrexamine, and cyprodime, were capa-
ble of displacing [*H]diprenorphine binding with nanomolar po-
tency. The pharmacological profile of this binding site thus sug-
gests that it is a u-type opioid receptor, which we designated
MOR-1. In COS-7 cells expressing MOR-1 and stimulated with
forskolin, treatment with DAGO decreased the steady state
levels of CAMP; this inhibitory effect of DAGO was blocked by
naloxonazine. These results suggest that this u-opioid receptor
is functionally coupled to the inhibition of adenylyl cyclase.

Opioid compounds include endogenous peptides and their
synthetic analogues, alkaloids derived from opium, and semi-
synthetic alkaloids. They interact with cell surface receptors
and modulate a variety of physiological functions, such as
nociception, hormone secretion, neurotransmitter release, feed-
ing, respiratory depression, gastrointestinal motility, and opiate
addiction (1). There are at least three types of opioid receptors,
4, x, and 8, each with a distinct pharmacological profile (2, 3).
A major physiological effect attributed to the opioid system is
analgesia (4, 5), and opioid drugs are important therapeutic
agents in the clinical management of acute pain. The u-opioid
receptor is the major site for the potent effects of opioid
analgesics such as morphine and fentanyl. Prolonged use of
morphine and related opiates for pain relief leads to the devel-
opment of tolerance, often necessitating dosage increases to
achieve similar levels of analgesia. Recreational use of opioid
compounds often results in drug addiction, possibly due to the
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positive reinforcement associated with the euphoria and to the
unpleasant symptoms negatively associated with attempts to
withdraw (6). The molecular mechanisms involved in tolerance,
dependence, and addiction, however, are not well understood.

The activation of all three opioid receptor types can inhibit
adenylyl cyclase and modulate membrane conductances of Ca**
and K* (7, 8). The increase in K* conductance and the decrease
in Ca®* conductance both serve to reduce membrane excitabil-
ity, as well as secretion of neurotransmitters, and seem to
account for the analgesic properties of the opioids (8). The
effect of the receptors upon the ion channels requires GTP,
involves no diffusible cytosolic molecules, and is considered the
more direct route of opiate action. The inhibition of adenylyl
cyclase implicates a more complex mode of opioid regulation,
which may include controlling the levels of gene expression
as well as modulating the activity of cellular kinases and
phosphatases (9).

Opioid receptors are thought to belong to a family of mem-
brane receptors that transduce their intracellular signals via G
protein-coupled pathways (7, 10, 11). Thus, they are expected
to possess the structural features common to G protein-coupled
receptors, including multiple (usually seven) hydrophobic re-

ABBREVIATIONS: G protein, guanine nucleotide-binding protein; PCR,

chain reaction; bp, base pair(s); DAGO, [0-Ala?,N-Me-Phe*,Gly-

off}-enkephalin; DSLET, [p-Ser? Leu®, Thr®]-enkephalin; DPDPE, [D-Pen®5]-enkephalin; DADLE, [p-Ala?,0-Leu’}-enkephalin; -FNA, S-funaltrexamine.




gions in the receptor polypeptide chain and amino acid se-
quence homology within these hydrophobic regions. This was
confirmed by the recent cloning of a mouse §-opioid receptor
(12, 13). In this report we describe the cloning of an opioid
receptor that contains the structural motifs of G protein-
coupled receptors, exhibits the ligand selectivity of u-type
opioid receptors, and mediates an inhibitory coupling to aden-
ylyl cyclase.

Materials and Methods

Isolation of cDNA clones by low stringency hybridization.
Two primers, ATCTTCACCCTCACCATGATG and CGGTCCTTCT-
CCTTGGAACC, were synthesized from the sequence of the mouse 3-
opioid receptor (12, 13), corresponding to the third transmembrane
domain and the third cytoplasmic loop, respectively. PCR was per-
formed using purified DNA from a rat brain cDNA library (14), in an
air Thermo-cycler (Idaho Technology) under modified conditions (94°
for 10 sec, 56° for 20 sec, and 72° for 40 sec, for 40 cycles). A fragment
of 356 bp was purified and subcloned into the pPBLUESCRIPT SK(+)
vector. The sequence of three isolates confirmed complete identity with
the mouse é-opioid receptor. The 356-bp fragment was then used to
screen the rat brain cDNA library under low stringency conditions (6x
SSPE (1.08 M NaCl, 60 mM NaH;PO,, 6 mm EDTA, pH 7.4), 5x
Denhardt solution, 0.5% sodium dodecyl sulfate, 100 ug/ml salmon
sperm DNA, at 50°). The final wash was carried out in 0.5X standard
saline citrate (75 mM NaCl, 7.5 mM sodium citrate), 0.1% sodium
dodecyl sulfate, at 50°. Phagemids were rescued from positive A clones
by infection with helper phage. Two independent isolates were used for
sequence determination by shotgun cloning into pBLUESCRIPT
SK(+). Subsequent sequencing of both strands from each isolate
showed these two clones to be identical. Potential post-translational
modification sites were identified by using the PCGENE program.
Comparison of the MOR-1 sequence with other receptors was per-
formed by using the BLAST program (National Institutes of Health).

DNA transfection of COS-7 cells. A 1.4-kilobase HindIII frag-
ment encompassing the open reading frame from the cDNA encoding
MOR-1 was cloned downstream of the human cytomegalovirus pro-
moter in the mammalian expression vector pRc/CMV (Invitrogen).
COS-7 cells grown in Dulbecco’s modified Eagle’s medium (Sigma D-
5648) supplemented with 10% fetal bovine serum and 2 mM glutamine
were either electroporated or transfected with supercoiled DNA by
using CaPO, co-precipitation (15). Electroporation was performed in
0.4-cm cuvettes at 200 V, using 3 X 10° cells in a total volume of 0.5 ml
containing growth medium, 40 ug of expression plasmid, and 200 ug of
sheared salmon sperm DNA. Cells were harvested 48-72 hr after
electroporation or removal of the DNA-CaPO, co-precipitate.

Preparation of cell membranes. Cells were harvested by scraping
into phosphate-buffered saline, pH 7.2, and centrifuged. Cell pellets
were resuspended in lysis buffer (20 mM Tris-HCI], pH 7.4, 5 mM
EDTA, 1 mM phenylmethylsulfonyl fluoride) and lysed with a Dounce
homogenizer fitted with a tight pestle. The suspension was centrifuged
for 10 min at 1000 X g, and the supernatant was removed to a fresh
tube. The pellet was resuspended in lysis buffer and centrifuged as
described above. The supernatants were then combined and centrifuged
for 20 min at 35,000 X g. Membranes were washed in 50 mM Tris- HCI,
pH 7.4, and centrifuged for 20 min at 35,000 X g. The membrane pellets
were then suspended in 50 mM Tris-HCI, pH 7.4. Protein concentra-
tions were determined by the method of Bradford (16).

Binding analysis. Binding of the membrane aliquots (15-50 ug/
reaction) from the transfected COS-7 cells was carried out in 50 mM
Tris-HCI, pH 7.4, 0.2% bovine serum albumin, at 4° for 90 min. A
range of 0.01-2.5 nM [*H]diprenorphine was used in the saturation
assay and 0.25 nM was used for the displacement experiment. The
reactions were terminated by vacuum filtration through Whatman GF/
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B filters that had been pretreated with 1% polyethylenimine. Nonspe-
cific binding was determined using 5 uM naloxone.

cAMP assays. COS-7 cells transiently expressing the MOR-1 plas-
mid cDNA were harvested 48 hr after electroporation and were resus-
pended in growth medium. Cells were treated with 10 uM forskolin in
the presence of 1 mM 3-isobutyl-1-methylxanthine at 37° for 10 min.
DAGO (100 nM) and naloxonazine (10 uM) were included during
forskolin treatment where indicated. Cells were pelleted and then
solubilized in 0.1 N HCI. After extraction with water-saturated ether,
the supernatants were lyophilized. cAMP was assayed using the ace-
tylation protocol in the radioimmunoassay kit (DuPont/NEN).

Results and Discussion

We chose to use a strategy of low stringency hybridization
for isolating opioid receptors related to the mouse é8-opioid
receptor (12, 13) because all three types of opioid receptors may
share sequence homology, in view of their overlapping phar-
macology, their coupling to G proteins, and their common effect
on Ca** and K* channels (1). Oligodeoxynucleotides were syn-
thesized according to the mouse 4-opioid receptor sequence (12,
13) and were used to amplify, by PCR, a sequence fragment
from a rat brain cDNA library (14). Sequence analysis of the
resulting PCR product revealed complete identity with the
corresponding portion of the §-opioid receptor (12), suggesting
a conserved relationship between the §-opioid receptors from
these two species. We then used this PCR product to isolate
clones from the same rat brain cDNA library under low strin-
gency conditions. Sequence analysis revealed that one cDNA
clone contains an open reading frame of 1194 bp, encoding a
protein of 398 amino acids. Hydropathy analysis of the deduced
protein indicated seven hydrophobic domains, typical of G
protein-coupled receptors (17). This protein, termed MOR-1,
shows high levels of homology with the mouse 5-opioid receptor
DOR-1 (12) (64%) and rat somatostatin receptors (18, 19)
(44%) (Fig. 1). MOR-1 also displays moderate homology (30-
32%) with several G protein-coupled receptors, including the
angiotensin II receptor, the interleukin-8 receptor, the N-for-
myl peptide receptor, and the C-C chemokine receptor. The
sequence homology is lower (<25%) between MOR-1 and other
G protein-coupled receptors, such as the adrenergic and mus-
carinic receptors (17). At the amino acid sequence level, MOR-
1 contains several sites that are conserved among other G
protein-coupled receptors (17). Aspartic acid residues proposed
to interact with the protonated amine group of various ligands
appear in putative transmembrane domains II and III, and two
conserved cysteine residues believed to be involved in disulfide
bonding occur in the first and second extracellular loop domains
(20). Both of these features are conserved between MOR-1 and
the é-opioid receptor (Fig. 1). In addition, MOR-1 displays a
cysteine residue in the carboxyl-terminal region that is con-
served among many G protein-coupled receptors and that may
serve as a target for palmitoylation (17). There are also multiple
sites in the second and third intracellular loops as well as the
carboxyl-terminal region that may undergo phosphorylation
via protein kinase A and protein kinase C. Compared with the
mouse § receptor, MOR-1 contains five instead of two aspara-
gine residues in the amino-terminal region that match the
consensus sequence for N-linked glycosylation. These glycosy-
lation sites may be important in the modulation of receptor
expression and function (21).

To express MOR-1, a cDNA fragment containing the entire
protein coding region was subcloned into a mammalian expres-
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Fig. 1. Amino acid sequence alignment of MOR-1 with the mouse é-
opioid receptor (DOR-1) (12) and the rat somatostatin receptors (SOM1
and SOM2) (18, 19). Seven hydrophobic domains are underlined and
numbered | to VII. -, Amino acids identical to those in MOR-1. Spaces,
gaps introduced for alignment. O, Putative N-linked glycosylation sites;
| . potential site for phosphorylation by cAMP-dependent protein kinase;
O, potential sites for phosphorylation by protein kinase C; *, conserved
aspartic acid residues proposed to interact with the amine group of
ligands; =, conserved cysteine residues that might form a disulfide bond;
V, potential palmitoylation site. The sequence for the MOR-1 cDNA has
been submitted to GenBank (accession number L13069).
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sion vector containing the human cytomegalovirus promoter.
The plasmid was transiently transfected into COS-7 cells to
express MOR-1, and membranes from these cells were pre-
pared. Saturation binding of membranes was performed using
[*H]diprenorphine (22), a nonselective opioid antagonist with
high affinity for all three types of opioid receptors (Fig. 2).
Membranes of COS cells transfected with the MOR-1 plasmid
displayed [*H]diprenorphine binding with a dissociation con-
stant (K,) value of 0.38 + 0.09 nM (mean * standard error, five
experiments). This is one tenth the K; value (3.8 nM) reported
for the cloned mouse é-opioid receptor (12).

To characterize the pharmacological features of MOR-1, we
used various ligands to displace [*H]diprenorphine binding.
The inhibition constant (ICs,) values were obtained from three
binding experiments for each ligand and are listed in Table 1.
Representative data are shown in Fig. 3. The u-selective agonist
DAGO displaced diprenorphine binding with high affinity
(ICso = 4.2 nM), whereas the §-selective agonist DPDPE and

Bound/Free
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Bound (pmol/mg)

Specific binding (X103 dpm)

—

05 10 15 20 25

Total 3H-diprenorphine [nM]

Fig. 2. Saturation binding of [*H]diprenorphine using COS-7 cell mem-
branes. [*H]Diprenorphine binding was determined using membranes
prepared from COS-7 cells transfected with either the rat MOR-1 cDNA
plasmid (@) or the parental vector (O). Data from a representative
experiment are presented and are expressed as mean + standard error.
Inset, Scatchard plot analysis of the binding data from MOR-1-trans-
fected cells.

TABLE 1
Ligand binding to MOR-1

ICso values from displacement studies are expressed as mean + standard error
(three experiments for all ligands).

Ligand 1Cso
nM
Agonists
DAGO 42+0.2
DADLE 90 + 30
DSLET 523 + 58
U-50488 2,508 + 607
DPDPE 11,730 + 1,405
Antagonists and somatostatins
Naloxone 1710
B-FNA 21 +041
Naloxonazine 3715
Cyprodime 140+ 4.0
Cyclic somatostatin 10,994 + 6,777
Somatostatin-1-14 >30,000

the «-selective agonist U-50488 showed low affinities, with ICs
values in the micromolar range (3). DADLE and DSLET, two
predominantly § agonists that have also been shown to interact
with x receptors (23, 24), showed binding to MOR-1 with
moderate affinities (ICs, = 90 and 523 nM, respectively). The
rank order of potency for these opioid agonists is DAGO >
DADLE > DSLET > U-50488 > DPDPE, suggesting the
pharmacological profile of u receptors. To examine this possi-
bility further, displacement of diprenorphine binding to MOR-
1 was performed with three u-selective antagonists, i.e., 8-FNA,
naloxonazine, and cyprodime (25-28). All three ligands exhib-
ited high potency in displacing diprenorphine binding to MOR-
1 (Fig. 3), with ICs values in the nanomolar range (Table 1).
The rank order of potency for opioid agonists and the nanom-
olar affinity for u-selective antagonists suggest that MOR-1 is
a u-opioid receptor.

The sequence homology between the rat u-opioid receptor
encoded by MOR-1 ¢cDNA and the somatostatin receptors is
noteworthy. Many somatostatin analogues, especially those of
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Fig. 3. Displacement of [*H]diprenorphine binding with unlabeled ligands
as competitors. Data from a representative experiment are presented
for each ligand. Top, using opioid agonists as competitors; bottom, using
opioid antagonists and somatostatins as competitors.

the cyclic form, have been shown to interact with u-opioid
receptors, and some of them have been used as u-selective
antagonists (29). To examine this possibility, displacement
binding experiments were performed using two somatostatin
ligands, somatostatin-1-14 and cyclic somatostatin. Somato-
statin-1-14 did not readily displace [*H]diprenorphine binding
to the rat u receptor encoded by the MOR-1 ¢cDNA, at concen-
trations as high as 30 uM, whereas cyclic somatostatin competed
with diprenorphine binding with an ICs value in the micro-
molar range (Fig. 3; Table 1).

All three classes of opioid receptors are believed to be coupled
to adenylyl cyclase (7, 11, 30). To examine whether the
u receptor is coupled to intracellular signaling pathways, cAMP
levels were determined in COS-7 cells after exposure to
u-selective ligands. Results are shown in Fig. 4. In nontrans-
fected COS-7 cells, treatment with these ligands did not cause
significant changes in the intracellular cAMP levels. In trans-
fected cells expressing the u receptor, the u-specific agonist
DAGO reduced cAMP levels significantly (18.1 + 2.5% reduc-
tion from control, p < 0.05). This inhibitory effect on adenylyl
cyclase activity by DAGO was blocked by the u-selective antag-
onist naloxonazine. It has been reported that u-opioid receptors
exert an inhibitory effect on adenylyl cyclase activity (31) and
that activation of u receptors in a human neuroblastoma cell
line reduces intracellular cAMP levels by approximately 20%
(32). Our data are consistent with these reports and suggest
that the pu-opioid receptor encoded by MOR-1 ¢cDNA is func-
tionally coupled to the inhibition of adenylyl cyclase in COS-7
cells.
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Fig. 4. Functional coupling of MOR-1 to adenylyl cyclase. Parental COS-
7 cells (Nontransfected cells) or COS-7 cells expressing MOR-1 (Trans-
fected cells) were stimulated with forskolin (Forsk.) to elevate adenylyl
cyclase activity above basal levels. The u-selective ligands were inciuded
during forskolin treatment as indicated. Cellular CAMP levels were deter-
mined. Data are expressed as mean + standard error (four experiments).
*, Data are significantly different from the control group (transfected cells
treated with forskolin only).

Considerable progress has been made in characterizing opioid
receptors in terms of their pharmacology and physiology. We
have described the cloning of a protein that displays both the
ligand-binding characteristics and the G protein-coupling ca-
pability expected of an opioid receptor of the u type. The
isolation of this receptor will allow additional studies on struc-
ture-function relationships of opioid ligand-receptor interac-
tions and will contribute to a better understanding of the
molecular basis of opioid physiology.

Acknowledgments

We thank Drs. G. D. Nicol, J. A. Richter, J. R. Simon, and M. R. Vasko for
discussions and critical comments on the manuscript.

References

1. Pasternak, G. W. The Opiate Receptors. Humana Press, Clifton, NJ (1988).

2. Goldstein, A. Binding selectivity profiles for ligands of multiple receptor
types: focus on opioid receptors. Trends Pharmacol. Sci. 8:456-459 (1987).

3. Corbett, A. D., S. J. Paterson, and H. W. Kosterlitz. Selectivity of ligands for
opioid receptors. Handb. Exp. Pharmacol. 104:645-679 (1993).

4. Pasternak, G. W., S. R. Childers, and S. H. Snyder. Opiate analgesia: evidence
for mediation by a subpopulation of opiate receptors. Science (Washington
D. C.) 208:514-516 (1980).

5. Chaillet, P., A. Coulaud, J. M. Zajac, M. C. Fournie-Zaluski, J. Costentin,
and B. P. Roques. The mu rather than the delta subtype of opioid receptors
appears to be involved in enkephalin-induced analgesia. Eur. J. Pharmacol.
101:83-90 (1984).

6. Koob, G. F., and F. E. Bloom. Cellular and molecular mechanisms of drug
dependence. Science (Washington D. C.) 242:715-723 (1988).

7. Childers, S. R. Opioid receptor-coupled second ger syst Handb.
Exp. Pharmacol. 104:189-216 (1993).

8. North, R. A. Opioid actions on membrane ion channels. Handb. Exp. Phar-
macol. 104:773-797 (1993).

9. Di Chiara, G., and R. A. North. Neurobiology of opiate abuse. Trends
Pharmacol. Sci. 13:185-193 (1992).

10. Loh, H. H,, and A. P. Smith. Molecular characterization of opioid receptors.
Annu. Rev. Pharmacol. Toxicol 30:123-147 (1990).

11. Cox, B. M. Opioid receptor-G protein interactions: acute and chronic effects
of opioids. Handb. Exp. Pharmacol. 104:145-188 (1993).

12. Evans, C. J., D. E. Keith, Jr., H. Morrison, K. Magendzo, and R. H. Edwards.
Cloning of a delta opioid receptor by functional expression. Science (Wash-
ington D. C.) 268:1952-1955 (1992).

13. Kieffer, B. L., K. Befort, C. Gaveriaux-Ruff, and C. G. Hirth. The 8-opioid
receptor: isolation of a cDNA by expression cloning and pharmacological
characterization. Proc. Natl Acad. Sci. USA 89:12048-12052 (1992).




12 Chenetal

14.

15.

16.

17.

18.

19.

21.

22.

24,

Snutch, T. P., J. P. Leonard, M. M. Gilbert, H. A. Lester, and N. Davidson.
Rat brain expresses a heterogeneous family of calcium channels. Proc. NatlL
Acad. Sci. USA 87:3391-3395 (1990).

Graham, F. L., and A. J. Van Der Eb. A new technique for the assay of
infectivity of human adenovirus 5 DNA. Virology 52:456-467 (1973).
Bradford, M. M. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye binding.
Anal. Biochem. 72:248-254 (1976).

Collins, S., M. J. Lohse, B. 0O'Dowd, M. G. Caron, and R. J. Lefkowitz.
Structure and regulation of G protein-coupled receptors: the 8,-adrenergic
receptor as a model. Vitam. Horm. 46:1-39 (1991).

Meyerhof, W., H. J. Paust, C. Schonrock, and D. Richter. Cloning of a cDNA
encoding a novel putative G-protein-coupled receptor expressed in specific
rat brain regions. DNA Cell Biol. 10:689-694 (1991).

Kluxen, F. W,, C. Bruns, and H. Liibbert. Expression cloning of a rat brain
somatostatin receptor cDNA. Proc. Natl Acad. Sci. USA 89:4618-4622
(1992).

. Dixon, R. A, 1. S. Sigal, and C. D. Strader. Structure-function analysis of

the beta-adrenergic receptor. Cold Spring Harbor Symp. Quant. Biol. 53:487-
497 (1988).

Sumikawa, K., and R. Miledi. Assembly and N-glycosylation of all ACh
receptor subunits are required for their efficient insertion into plasma mem-
branes. Mol. Brain Res. 5:183-192 (1989).

Magnan, J., S. J. Paterson, A. Tavani, and H. W. Kosterlitz. The binding
spectrum of narcotic analgesic drugs with different agonist and antagonist
properties. Naunyn-Schmiedebergs Arch. Pharmacol. 319:197-205 (1982).

. Barrett, R. W, and J. L. Vaught. Evaluation of the interactions of mu and

delta selective ligands with [*H]D-Ala®-D-Leu®-enkephalin binding to mouse
brain membranes. Life Sci. 33:2439-2448 (1983).
Itzhak, Y., and G. W. Pasternak. Interaction of [D-Ser?,Leu®]enkephalin-

26.

217.

30.

3L

32.

Thr® (DSLET), a relatively selective delta ligand, with mu-1 opioid binding
sites. Life Sci. 40:307-311 (1987).

. Ward, S. J., D. S. Fries, D. L. Larson, P. S. Portoghese, and A. E. Takemori.

Opioid receptor binding characteristics of the non-equilibrium u antagonist,
B-funaltrexamine (8-FNA). Eur. J. Pharmacol. 107:323-330 (1985).
Nishimura, S. L., L. D. Recht, and G. W. Pasternak. Biochemical character-
ization of high-affinity *H-opioid binding: further evidence for mu-1 sites.
Mol. Pharmacol 25:29-37 (1984).

Cruciani, R. A, R. A. Lutz, P. J. Munson, and D. Rodbard. Naloxonazine
effects on the interaction of enkephalin analogs with mu-1, mu and delta
opioid binding sites in rat brain membranes. J. Pharmacol Exp. Ther.
242:15-20 (1987).

Schmidhammer, H., C. F. Smith, D. Erlach, M. Koch, R. Krassnig, W.
Schwetz, and C. Wechner. Cyprodime analogues: synthesis and pharmaco-
logical evaluation. Prog. Clin. Biol. Res. 328:37-40 (1990).

. Gulya, K., J. T. Pelton, V. J. Hruby, and H. I. Yamamura. Cyclic somatostatin

octapeptide analogues with high affinity and selectivity toward mu opioid
receptors. Life Sci. 38:2221-2229 (1986).

Sharma, S. K., M. Nirenberg, and W. A. Klee. Morphine receptors as
regulators of adenylate cyclase activity. Proc. Natl. Acad. Sci. USA 72:590-
594 (1975).

Frey, E. A, and J. W. Kebabian. A mu-opiate receptor in 7315¢ tumor tissue
mediates inhibition of immunoreactive prolactin release and adenylate cy-
clase activity. Endocrinology 115:1797-1804 (1984).

Yu, V. C,, M. L. Richards, and W. Sadee. A human neuroblastoma cell line
expresses mu and delta opioid receptor sites. J. Biol. Chem. 261:1065-1070
(1986).

Send reprint requests to: Lei Yu, Department of Medical and Molecular
Genetics, Indiana University School of Medicine, 975 West Walnut Street,
Indianapolis, IN 46202.






