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ZADINA, J. E. AND A. J. KASTIN. Interactions of Tyr-MIF-1 at opiate receptor sites. PHARMACOL BIOCHEM
BEHAV 25(6) 1303-1305, 1986.—Binding of Tyr-MIF-1 (Tyr-Pro-Leu-Gly-NH,) to mu and delta opiate receptors was com-
pared with other putative opiate antagonist peptides by displacement of iodinated ligands selective for mu (DAGO,
FK33824, and morphiceptin) and delta (DPDPE) receptors. Tyr-MIF-1 and ACTH (1-24 and 1-39) inhibited binding of
1251 DAGO with ICs,’s of about 1 uM. FMRF-NH, was about an order of magnitude weaker while CCK-8 and MIF-1 failed
to inhibit 50% of binding at concentrations up to 100 uM. Morphiceptin, Tyr-MIF-1, and ACTH were less potent but more
efficacious than DAGO, FK33824, morphine, or naloxone in inhibiting the binding of '%5I-morphiceptin. Tyr-MIF-1 ap-
peared to have a more selective action at opiate receptors than ACTH; in contrast to their effects at '*[-DAGO-labeled
sites, morphiceptin and Tyr-MIF-1 inhibited less than 50% of '?*I-DPDPE binding at concentrations up to 10 and 50 uM,
while ACTH 1-39 and 1-24 inhibited more than 80% of the binding at 2.5 and 5 uM, respectively. The results indicate that at
relatively high concentrations Tyr-MIF-1, like ACTH, can affect binding to the opiate receptor, but unlike ACTH, binding
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of Tyr-MIF-1 appears relatively selective for the mu site.
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SEVERAL endogenously occurring peptides have been pos-
tulated to act as opiate antagonists (for review, see [6]). One
of these peptides, Tyr-MIF-1 (Tyr-Pro-Leu-Gly-NH;), has
been shown to block opiate actions in animal models of
thermal and chemical pain [9,10], stress-induced analgesia
[7], and to block long-term nociceptive changes observed
after neonatal administration of opiate peptides [20]. Two of
the many possible mechanisms by which Tyr-MIF-1 may
cause opiate antagonism include binding to a receptor spe-
cific for substances similar to Tyr-MIF-1 and binding to an
opiate receptor. High affinity binding sites for Tyr-MIF-1
have been demonstrated in brain [17,19]. Displacement
studies using *I-Tyr-MIF-1 indicate structural specificity of
these sites for substances similar to Tyr-MIF-1 or the beta-
casomorphin family of milk-derived opiate-like peptides, in-
cluding morphiceptin (Tyr-Pro-Phe-Pro-NH,) [19]. Since the
binding of radioactive morphiceptin to its sites in brain can
be displaced by Tyr-MIF-1, it appears that the two sub-
stances share a binding site or allosterically inhibit binding of
each other to their respective sites [19]. Morphiceptin also
binds selectively to mu opiate receptors as indicated by a
high ratio of potency in displacing mu relative to delta opiate
receptor ligands [2, 3, 8].

Besides binding at its own site, Tyr-MIF-1 could bind to
opiate receptor sites. We tested this possibility using iodi-
nated DAGO (Tyr-D-Ala-Gly-(Me)Phe-Gly-ol), FK33824
(Tyr-D-Ala-Gly-(Me)Phe-Met-ol), and morphiceptin, all of
which have high selectivity for the mu opiate receptor site,
or the enkephalin analog DPDPE (D-Pen?, D-
Pen®-enkephalin), which has a high selectivity for delta over
mu opiate receptors [12].

METHOD

DAGO, morphiceptin, DPDPE, and FK33824 were iodi-
nated with chloramine T and were purified by HPLC to iso-
late the monoiodinated fraction. The specific activity of the
ligands was 1900-2100 Ci/mMole.

Male Sprague-Dawley-derived rats were obtained from
Zivic-Miller (Allison Park, PA) and whole brains minus
cerebellum were removed and homogenized in 0.32 M su-
crose. After centrifugation at 1000 g for 10 min, the super-
natant was centrifuged at 30,000 g for 15 min. The resulting
pellet was reconstituted in 10 mM Tris and incubated for 30
min at room temperature to allow dissociation of endogenous
ligands. The homogenates were centrifuged, reconstituted in
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FIG. 1. Displacement of '*3l-DAGO (0.2 nM) by DAGO, naloxone,
morphiceptin, DPDPE, Tyr-MIF-1, ACTH 1-39, ACTH 1-24,
FMRF-NH,, CCK-8, and MIF-1. Curves were generated by the
ALLFIT program.

the same buffer, and allowed to incubate again for 30 min at
room temperature before a final centrifugation and recon-
stitution in 50 mM Tris. The membranes (500 ug protein/mi)
were incubated at room temperature for 1 hour with 0.20-
0.35 nM iodinated peptide in the presence or absence of
unlabeled peptides obtained from Bachem or Peninsula lab-
oratories. Nonspecific binding was defined as that observed
in the presence of a 10 uM concentration of the unlabeled
peptide. A cell harvester modified for receptor binding and
Whatman GF/B filters were used for separation of bound and
free ligand as previously described [18]. Data were analyzed
with the ALLFIT program [4] for determination of IC;, val-
ues.

RESULTS

As expected, both DAGO and naloxone showed potent
inhibition of 2)I-DAGO binding to rat brain (Fig. 1). Both of
these compounds had IC;,’s below 1 nM (0.47 and 0.58 nM).
In separate experiments, morphine sulfate and FK-33824
also displaced '*I-DAGO with IC;,’s below 1 nM. Mor-
phiceptin. which has high selectivity for mu over delta opiate
receptors, was less potent than DAGO or naloxone and dis-
placed '*I-DAGO with an IC;, of 13.7 nM, in good agree-
ment with previously reported values for this compound [3].
The selective delta agonist DPDPE inhibited 50% of '*°I-
DAGO binding at 192 nM, resulting in a ratio of (.0024 for
the concentrations of DAGOQ/DPDPE at their IC;,’s, in good
agreement with a previous report of competition of the re-
lated compound DPLPE, for **I-FK33824 binding [13].

Tyr-MIF-1 and both ACTH 1-39 and ACTH 1-24
produced half-maximal inhibition of *I-DAGO binding at
concentrations near micromolar levels (Fig. 1). 1C;, values
were 0.44, 0.92 and 1.18 micromolar for Tyr-MIF-1, ACTH
1-24, and ACTH 1-39.
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Three other peptides with putative antiopiate properties
were less effective or ineffective in displacing '»I-DAGO.
While concentrations near 10 uM FMRF-NH, were required
for 509 inhibition, CCK-8 and MIF-1 were ineffective at
achieving this level of inhibition even at ten times that con-
centration (Fig. 1). These results confirm our earlier report
of no inhibition of *H-naloxone or *H-D-Ala*Leu-enkephalin
binding by MIF-1 [11].

Inhibition of *[-FK33824 by DAGO. naloxone, mor-
phine, morphiceptin, and Tyr-MIF-1 was similar to that ob-
served with "’I-DAGO. For '*l-morphiceptin binding,
naloxone, morphine sulfate, FK33824, and DAGO all inhib-
ited 40-50%z of the specific binding at concentrations below
10 nM, but tended to show little additional inhibition at
higher concentrations. In contrast, morphiceptin, Tyr-
MIF-1, ACTH 1-39, and ACTH 1-24 inhibited 70% of the
binding at concentrations between 0.1 and 1.0 uM.

'B[-.DPDPE displacement by naloxone, DAGO and un-
labeled DPDPE was consistent with the known pattern of
selectivity and affinity of this enkephalin analog for opiate
receptors: 1C;,'s for DPDPE and naloxone were about 10 nM
while half-maximal inhibition by DAGO occurred above 100
nM. Tyr-MIF-1 and morphiceptin on the one hand. and
ACTH 1-24 and 1-39 on the other hand. however, showed
distinctly different patterns of inhibiting '**I-DPDPE binding;
while all 4 compounds inhibited 309 of the binding between
0.1 and 1.0 uM, very little additional inhibition was observed
with higher concentrations of Tyr-MIF-1 or morphiceptin. A
50% inhibition of binding was not observed with the highest
concentrations tested of 10 uM for morphiceptin and 50 uM
for Tyr-MIF-1. Increasing concentrations of ACTH 1-24 and
1-39, however, continued to decrease *’I-DPDPE binding,
inhibiting more than 80% of the binding at 2.5 and 5.0 uM,
respectively.

DISCUSSION

The effects of opiates can be blocked under several exper-
imental conditions by Tyr-MIF-1 [6, 7, 9, 10] and by ACTH
[1,5,15]. ACTH in relatively high concentrations has previ-
ously been reported to inhibit binding of opiate ligands to
their receptor sites [14, 15]. The present study extends these
previous reports by the use of ligands selective for mu and
delta opiate receptor subtypes. In addition, Tyr-MIF-1 in
similar concentrations (about 1 uM) is shown to inhibit bind-
ing to opiate receptors labeled with radioactive DAGO and
FK33824 and confirms our previous report {19] that specific
morphiceptin binding in brain is displaced by Tyr-MIF-1.
Tyr-MIF-1 is similar in potency to ACTH in binding to opiate
receptor sites, but it appears to be more selective since
ACTH inhibits binding at sites labeled with both mu and
delta ligands. Although the effects of Tyr-MIF-1 may be
mediated at its own binding site, the present results indicate
the possibility that Tyr-MIF-1 may act at opiate receptor
sites.
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