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SUMMARY

[3H]norepinephrine binds in vitro to microsomal membranes derived from a
wide variety of tissues. Controversy exists as to the physiological significance
of this binding phenomenon and recently the suggestion has been made that this
represents binding to the enzyme catechol-o-methyl transferase (COMT). The
enzyme and the [3H]norepinephrine binding sites however, are shown to have
very different characteristics. Tissues having the highest levels of microsomal
catechol-o-methyl transferase(liver, kidney) bind the least [3H]norepinephrine.
The enzyme is concentrated in soluble fractions of tissue whereas the binding
sites are found almost exclusively in membrane fractions. Purified preparations
of the binding sites have no catechol-o-methyl transferase activity. pH
optima, KM for epinephrine, and substrate specificity are all strikingly
different for the enzyme and the [3H]norepinephrine binding sites. It is
concluded that ig.giggg_[3H]norepinephrine binding is unrelated to microsomal
catechol-o-methyl transferase.

Reports from a number of laboratories have described the characteristics
of in vitro binding of [3H]catecholamines to membranes derived from heart (1,2),

liver (3,4), turkey erythrocytes (5,6) spleen capsule (7) and fat (8) as well
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as to intact myocardial cells(9,10). The physiological significance of this

binding has been the subject of some controversy (11,12,13). 1In particular,

this has focused on whether the binding sites are related to physiological adrenergic
receptors, neuronal or other uptake processes, degradative enzymes previously
undefined uptake sites, or some combination of these processes. The nonidentity

of the sites with previously defined neuronal and non-neuronal uptake processes

has been documented elsewhere (14).

Recently, Cuatrecasas and colleagues have contended that ig_giggg'[3ﬂ]
catecholamine binding is a reflection of interaction with membrane bound
catechol-o-methyl transferase (COMT)1 (12,13). This conclusion was based on the
specificity of both [3H]norepinephrine binding and COMT for the catechol ring;
the inhibitory effects of COMT inhibitors on [3H]norepinephrine binding; and a
putative enhancing effect of S-adenosyl methionine (a cofactor of COMT) on
[3H]norepinephrine binding (12).

It is the purpose of this communication to: 1) present data which refute
this hypothesis and 2) point out several observations concerning [3H]norpine—
phrine binding reported by Cuatrecasas et al which cannot be confirmed in this
laboratory.

If in vitro [3H]norepinephrine binding to membrane fractions and intact
cells is a reflection of interaction with COMT, then several consequences

should follow. First, enzyme and binding activity should have comparable

tissue and subcellular distributions. Accordingly, we examined tissue and
subcellular distribution of both activities. Table 1 demonstrates data obtained
when COMT and [3H]norepinephrine binding activity were compared in the microsomal
fractions from 5 canine tissues. No correlation between the two activities was
observed. 1In fact, the tissues which had the highest levels of microsomal

COMT (liver, kidneys) had the lowest [3H]norepinephrine binding activity and vice

versa. This pattern was consistent in each of the 5 animals studied. As noted

1 The abbreviation used is COMT = catechol-o-methyl transferase
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in the table, the enzyme determinations were performed by 2 different assay
methods.

When soluble fractions and crude membrane fractions were compared for COMT
and binding activity, almost no binding activity was found in the soluble

fraction whereas COMT was high in this fraction (Table 2). Conversely, binding

TABLE 2
TISSUE FRACTION [BH]NOREPINEPHRINE BOUND [14C]METANEPHRINE FORMED
cpm/mg protein cpm/mg protein
pR 7.0 pH 7.8 pPH 7.0 pPH 7.8

Microsomal

Membranes 5700%610 9200£910 42,30015100 14,700£1300
105,000 xg

supernatant 480+120 750+90 34,300%£3700 32,600£2600

[3H]norepinephrine binding and COMT in membranes and supernatant fractions from
canine livers. All procedures were performed as described in legend to Table 1.
Values are means + SE triplicate determinations from membranes prepared from

two animals.

activity was concentrated in the membranes whereas COMT was lower in these
fractions. Also, it is possible that some of the COMT activity in the microsomes
was in fact soluble enzyme which was adsorbed to the membrame. It was regularly
observed that microsomal COMT was higher at pH 7.0 than at pH 7.8. [3H]
norepinephrine binding on the other hand was significaﬁtly inhibited at the lower pH,
as previously reported (2). These findings are in agreement with the subcellular
distribution of [3H]epinephrine binding in liver previously found by Marinetti

et al (3). When solubilized preparations of [3H]norepinephrine binding protein

(cardiac) purified by affinity chromatography by previously described methods
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(15) were tested for COMT activity, none was found.

A second result to be expected if [3H]norepinephrine binding were in fact
related to COMT, is that dose response curves for enzyme and binding activities
would reveal comparable KM'S. As shown in Figure 1, this is not the case. 1/2

maximal displacement of [3H]norepinephrine from binding sites was observed with
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Fig. 1 Concentration dependence of a) epinephrine inhibition of [3H]

norepinephrine binding and b) COMT activity in cardia¢ microsomal
membranes. Methods were as previously described (Method II was used
for COMT assay). Values are means of 3 experiments. @Quueemg COMT
activity.ge=efll inhibition of [3H]norepinephrine binding.

epinephrine at 3 x 10”7M, a concentration at which almost no COMT activity was
observed. 1/2 maximal COMT activity did not occur until a 10 fold higher
concentration of epinephrine was reached.

A third expectation if [3H]norepinephrine binding to microsomal membranes
was related to COMI, would be parallel substrate specificities for both
processes. As noted above, both COMT and [3H]norepinephrine binding sites show
a major specificity for the catechol function. However, the specificities
are not identical. Soterenol may be used as an example of the divergent
specificities of the two processes. This beta agonist resembles isoproterenol
save that the OH, on the 4 position of the ring, is replaced by a CH3S0pNH

function. We found that this compound does not serve as a substrate for
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Fig. 2 Inhibition of [3H]norepinephrine binding to cardiac microsomal

membranes by epinephrine and soterenol. Values shown are means of
triplicate determinations in 2 experiments. Je-ff epinephrine;

9@ soterenol.

microsomal COMT from heart at concentrations tested up to 10_3M. By contrast,

as noted in Figure 2, it effectively competed with [3H]norepinephrine for binding
to sites in the cardiac membranes. 1/2 maximal inhibition of binding was
observed at about 10_6M which is somewhat less potent than either epinephrine

or norepinephrine (1). It should be noted that these findings are in contrast

to those of Cuatrecasas et al (11) who found that soterenol did not compete
effectively for binding to liver or heart microsomes.

Another feature of the data reported by Cuatrecasas et al (12) which could
not be confimred in this laboratory is the putative effect of S—adenosyl
methionine (SAM) on [3H]norepinephrine binding. These authors reported that
SAM at 0.1-1 mM strikingly increased both the rate and extent of [3H]norepinephrine
binding to liver and heart membranes. We have studied the -effects of 3 separate
lots of SAM at comparable concentrations on the rate and extent of binding of

[3H]norepinephrine to fresh and frozen cardiac microsomes at 23° and 37°.

lO_AM SAM had no effect whereas lO_'3

M SAM caused either no effect or slight
(up to 30%) inhibition. The reason for these contradictory findings is not

clear, though species difference (rat vs. dog) may play a role. However,
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any conclusions that SAM is related to ig'giEEQA[3H]norepinephrine binding
seems unwarranted, at this time.

Cuatrecasas et al (12) also reported that COMT inhibitors such as pyrogallol
and tropolone inhibited [3H]norepinephrine binding to liver membranes. This
is presumably a reflection of the major specificity of both bindiﬁg and COMT
for the catechol ring. Belleau et al (16) have previously shown that inhibitors
of COMT such as tropolone are biochemically "isosteric" with the catechol ring
in a variety of systems (16) including, apparently, at some beta adrenergic
receptors (17). 1In this context it should be noted that Bilzekian and Aurbach
had previously reported that pharmacologically inert catechol compounds such
as dihydroximandelic acid inhibited isoproterenol activated adenylate cyclase
in turkey erythrocyte membranes, though they were considerably less active in
intact cells (5). Cuatrecasas et al (12,13) reported an opposite set of observations,
namely that catechol compounds did not inhibit isoproterenol activated cyclase
in turkey erythrocyte membranes, except at very high concentrations. Curiously,
the discrepant findings of Bilzekian and Aurbach have not been noted by
Cuatrecasas and his colleagues (12,13).

Although the physiological significance of in vitro [3H]catecholamine
binding to membranes from a variety of tissues remains a matter of active
investigation and debate, the data presented here clearly indicate that this
binding is not related to COMT. The enzyme and the binding sites have different
tissue distributions, are concentrated in different subcellular fractions,
have differing Xy's and nonidentical specificities. In addition, putative

effects of the COMT cofactor SAM could not be confirmed.
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