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SUMMARY

The characteristics of stereospecific binding of [3H] met-
enkephalin (15 Ci/mmole} were studied in a particulate fraction
fgom rat brain. The binding assay was performed for 70 min at
0°C and the bound radioactivity separated by filtration through
glass fiber filters (Whatman, GF/C). 1In the absence of sodium,
binding of [3H] met-enkephalin could be described on the basis of
two independent binding sites with apparent Kps of 2.1 and 53 nM,
respectively. The data are also consistent with one class of
binding sites showing negative cooperativity. In the presence of
100 mM NaCl, binding of [3H] met- enkepha11n was 90-95% reduced,
thus 1nd1cat1ng the agonist propert1es of the peptide. The high-
1y stereospecific binding of [ 3H] met-enkephalin was evidenced by
the 10,000-fold greater potency of levorphanol than 1ts analgesi-
cally 1nact1ve enantiomer dextrorphan to compete for [ 3HI met-
enkephalin binding. Similar conclusions could be reached using
levallorphan, {+)}-3-hydro-N-allyl-morphinan, (-} methadone and
(+) methadone. The apparent affinity of various opiate agonists
and antagonists for the binding sites was closely correlated with
their known pharmacological activity.

INTRODUCTION

Following reports that the brain contains endogenous substan-
ces with opiate-like activity (1-3), the structure of two potent
pentapeptides isolated from porcine brain has been elucidated (4).
The peptide H-Tyr-Gly-Gly-Phe-Met-0OH {met-enkephalin) was then
shown to possess the highest biological activity.

The sequence of met-enkephalin is in fact the same as that
of the N-terminus of the C fragment (named g-endorphin) of g-lipo-
tropin purified from sheep (5), human {6) and pig (7) pituitaries.
g-lipotropin might well be the precursor of g-endorphin, a peptide
with high opioid activity (8) which could then be converted to
met-enkephalin.
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The brain opiate receptor has so far been studied using [3H]
naloxone, %13 dihydromorphine and other labelled opiate agonists
and antagonists (9-12). This paper describes characteristics of
the highly stereospecific binding of the endogenous opiate-like
peptide [3H] met-enkephalin to a particulate fraction from rat

brain.

MATERIALS AND METHODS

Preparation of particulate fraction

Brains were immediately obtained after decapitation of adult
male Sprague-Dawley rats obtained from Canadian Breeding Farms,
St. Constant, Quebec. After removal of the cerebellum known to
contain little opiate binding (9), the remainder of the brain was
placed in ice-cold 0.32 M sucrose. The tissue was homogenized in
9 volumes (v/w) of the same medium and centrifuged at 1000 xg for
10 min. The centrifugation was repeated twice to wash the pellet-
ed material and the combined supernatants were then centrifuged at
30,000 xg for 20 min._ This pellet was washed once with 25 mM
Tris-HC1 (pH 7.4 at 4°C), 2 mM MgCl1, and resuspended in a small
volume of the same buffer before stgrage at -909C. Prior to each
experiment, the particulate fraction likely to correspond to the
P, fraction of Gray and Whittaker (13) was washed once.

Binding of 3H1 met-enkephalin

Except when indicated, approximately 100-150 ug of particu-
late fraction protein and 10 nM (80,000 cpm) [3H] met-enkephalin
(New England Nuclear, 15.15 Ci/mmole) were incubated in a final
volume of 0.5 ml in 25 mM Tris-HC1 (pH 7.4 at 40C), 2 mM MgCl
at 0-49C for 70 min in the presence or absence of 10-5M un]abé]—
led met-enkephalin. Specific binding was 60-70% of total bind-
ing. The reaction was stopped by the addition of 2 ml of ice-
cold buffer. The medium was immediately filtered through glass
fiber filters (Whatman, GF/C) under reduced pressure with three
successive washes of the retained material with 5 ml of the same
buffer. Radioactivity was determined in a Beckman liquid scin-
tillation spectrometer after addition of 10 m1 of Aquasol (NEN).
A1l assays were done in triplicate. Protein concentration was
measured according to Lowry et al. {14) using bovine serum albu-
min as standard.

Calculations

Free hormone concentration was obtained by substraction of
total bound from total cpm added to the tubes. The non-linear
Scatchard plots (15) were analyzed according to models involving
two classes of specific binding sites (16) or one site and nega-
tive cooperativity (17).

Competition curves of [3H7 met-enkephalin binding were ana-
lyzed using the four parameter logistic model (18) for estimation
of ED values. Data are expressed as mean * SEM of triplicate
detera?nations.
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Fig. 1 Scatchard plot of [3H] met-enkephalin stereospecific
binding to a particulate fraction of rat brain. 150 ng
of protein were incubated with increasing concentrations
of [3H] met-enkephalin om the presence or absence of
100 mM NaCl as described under "Materials and Methods"”.
Results shown here are means of triplicate determinations
Brackets represent the standard errors of the means.

RESULTS

Since maximal binding of [3H] met-enkephalin was observed
after 60-70 min of incubation and a plateau was maintained for
at least 120 min at 0-4°C, an incubation time of 70 min was adop-
ted for the following experiments. Although the binding assay
could also be performed at 25°C or 37°C, the incubation at 0-4°¢C
was chosen in order to minimize proteolytic degradation of [3H3
met-enkephalin.

As illustrated by the Scatchard plot of Fig. 1, the binding

of [3H] met-enkephalin can be described by two binding components
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Fig. 2 Competition of [3H] met-enkephalin binding by various
opiate agonists and antagonists. Stereospecific bind-
ing was determined as described under "Materials and
Methods" in the presence of increasing concentrations
of the various agents.

with dissociation constants of 2.1 and 53 nM, respectively. With
the protein concentration used, the levels of binding sites of
high and low affinity were 0.34 and 0.76 x ]O'gM, respectively.
In the presence of 100 mM NaCl, there was a marked reduction of
[3H] met-enkephalin binding with almost complete disappearance

of binding to the high affinity sites while the Tow affinity
binding was only slightly affected.

The stereospecificity of [3H] met-enkephalin binding is i1~
Tustrated in Fig. 2. As determined by their ability to compete
with [ °H] met-enkephalin, levorphanol, a potent opiate, was ap-
proximately 10,000 times more potent than dextorphan, its analge-
sically inactive enantiomer. Similarly, the antagonist levallor-
phan was found to be about 2000 times more active than its enan-

tiomer (+)-3-hydroxy-N-allyl-morphinan. (-) methadone, on the
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other hand, showed an approximately 10-fold higher binding acti-

vity than (+) methadone.

DISCUSSION

The present data clearly demonstrate the stereospecific bind-
ing of the endogenous peptide [3HJ met-enkephalin to a particulate
fraction from rat brain. 1In the absence of sodium, the binding
can be adequately described on the basis of two different binding

sites with respective K,s of 2.1 and 53 nM (Fig. 1). It should,

D
however, be mentioned that the present data are also consistent
with one class of binding sites showing negative cooperativity.
Studies in progress should be able to discriminate between these
two possibilities.

In initial studies using low specific activity [3H] naloxane
(19), a single class of binding sites with affinity constants of
20 to 60 nM could be observed. However, more recently, it was
found (12) that [°H1 naloxone binding curves could be resolved in-
to two linear components with KD values of 0.4 and 30 nM, respec-
tively. \Using [3H] dihydromorphine, dissociation constants of 3
and 30 nM were found. In our system at 0-4°C, the binding of [3H]
naloxone could be described by the presence of two classes of
binding sites with apparent KDS of 1 and 20 nM, respectively.

Much information using [%H1 naloxone and [ 3H1 dihydromorphi-
ne has been obtained about the stereospecificity of opiate bind-
ing and the correlation between affinity for the receptor sites
and pharmacological activity of opiate agonists and antagonists
(19). The data of Figure 2 indicating the high degree of stereo-
specific binding of [3H] met-enkephalin are very similar to those

previously obtained using [3H] naloxone (19) and [3H1 etorphine

().
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An extremely useful observation has been that the presence
of sodium ion increases the binding of antagonists while that of
agonists is decreased {20). The agonist activity of met-enkepha-
1in is clearly suggested by the 90-95% reduction of its binding
in the presence of 100 mM NaCl (Fig. 1). These data are in agree-
ment with the potent agonist activity of the peptide already ob-
served in the guinea pig ileum (4) and its ability to induce the
release of growth hormone in the rat (A. Dupont, L. Cusan and F.
Labrie, unpublished observations).

The availability of a binding assay using the endogenous
opiate-like peptide C3H3 met-enkephalin should help our understand
ing of the large variety of physiological functions of endogenous
"opiates" and facilitate the design of synthetic analogs with po-

tential use as agonists and antagonists.
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