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Abstract—Guanine nucleotides such as GTP and Gpp(NH)p are known to regulate the affinity of beta
and alpha, adrenergic receptors for agonists as assessed by radioligand binding techniques. Recent
studies in the rat heart using the radioligand [*H[WB4101, which reportedly labels alpha;, adrenergic
receptors, have suggested that the affinity of alpha; adrenergic receptors for epinephrine is altered by
guanine nucleotides. To assess the possibile role of guanine nucleotides in alpha, adrenergic function,
we have constructed (—)epinephrine competition curves in the absence and presence of guanine
nucleotides using the highly alpha, subtype selective agents [*H]prazosin and ['*I|BE2254 in rat cardiac
membranes. Epinephrine competition curves in the absence of guanine nucleotides were steep and
uniphasic in character, and the addition of Gpp(NH)p (10~* M) had no effect on the ability of epinephrine
to compete for either [*H]prazosin or ['*I]BE2254 binding sites. In this same membrane preparation,
the ability of (—)isoproterenol to compete with [*H]dihydroalprenolol for beta adrenergic receptors
binding sites was decreased significantly by Gpp(NH)p. These findings demonstrate that, under con-
ditions where guanine nucleotide regulation of agonist-receptor binding in these membranes can be
observed, no nucleotide regulation of agonist-alpha, receptor interactions was evidenced using subtype
selective radioligands. These results suggest that previous reports of agonist-alpha; receptor regulation
by guanine nucleotides may represent a manifestation of the anomalous binding characteristics of
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[FH[WB4101 as compared with [*H]prazosin and ["*I|BE2254.

Receptor-mediated regulation of adenylate cyclase
activity has been demonstrated to be a guanine
nucleotide-dependent process [1]. This has been
shown for both stimulation of adenylate cyclase by
beta; and beta, adrenergic receptors and inhibition
of adenylate cyclase by alpha, adrenergic receptors
[1]. In addition, the binding affinity of agonists such
as isoproterenol or epinephrine for these receptors
is selectively decreased by guanine nucleotides [2—
4]. By contrast, the alpha; adrenergic receptor
appears not to be coupled to adenylate cyclase but,
rather, may alter cellular calcium fluxes to produce
a physiologic effect [S]. There is no evidence that
this process is modulated by guanine nucleotides.
Recently, however, it has been suggested that the
affinity of alpha, adrenergic receptors for epineph-
rine in rat heart [6,7] and vascular tissue [8] is
decreased by guanine nucleotides, as assessed by
agonist competition curves using the alpha receptor
antagonist ligand [*H|WB4101. These findings
appear to represent the first description of a guanine
nucleotide sensitive alpha; adrenergic receptor bind-
ing process. The radioligand [PH[WB4101, however,
has been shown not to be subtype selective in some
tissues such as the rabbit uterus [9] while maintaining
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greater selectivity in others such as calf cerebral
cortex [10]. To critically assess whether guanine
nucleotides truly modulate agonist binding at alpha,
adrenergic receptors in rat myocardial membranes,
we utilized the highly alpha, receptor subtype selec-
tive agents [*H]prazosin [11,12] and [**I|BE2254
[13-15].

METHODS

Male Sprague-Dawley rats (200-300g) were
obtained from the Charles River Breeding Labora-
tories (Wilmington, MA). Animals were decapi-
tated, and the hearts were removed and washed in
ice-cold saline (0.9%). Myocardial membranes were
prepared as previously described [16). [*H]Prazosin
(33 Ci/mmole) was obtained from the Amersham
Corp. (Arlington Heights, IL). ['**I]BE2254 was pre-
pared according to the method of Engel and Hoyer
[15] to a specific activity of 2200 Ci/mmole. [°H}-
Dihydroalprenolol was obtained from the New Eng-
land Nuclear Corp. (Boston, MA) with a specific
activity of 47 Ci/mmole.

Assays for [*H]prazosin were performed in a total
volume of 0.9 ml containing 0.6 ml of membranes in
50 mM Tris—-HCI (pH 7.5), 10 mM MgCl;, 0.15ml
of labeled ligand and 0.15 ml of H,O or competing
ligand. Incubations were for 30 min at 25° followed
by vacuum filtration and a 20-ml wash with cold
buffer.

Assay for [’HJDHA was performed as previously
described [16]. ['*I]BE2254 binding assays were per-
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formed in a 0.5 ml assay with 150 ul of membranes
in 50mM Tris-HCI (pH 7.5), 10mM MgCl and
incubated for 60 min at 25° followed by vacuum
filtration as described above.

Computer modeling of competition curves was
performed using a non-linear least squares curve
fitting technique to determine Kp values and a four
parameter logistic equation to determine ECsp values
and slope factors as previously described [17].

RESULTS

It has been demonstrated previously that
agonist-beta-adrenergic receptor interactions are
regulated by guanine nucleotides in rat myocardial
membranes [18]. In the studies to be reported, we
first documented in the membrane preparation used
that the guanine nucleotide sensitivity of agonist-
beta-adrenergic receptor interactions was intact. In
Fig. 1, the competition curves of isoproterenol with
the beta-adrenergic receptor antagonist ligand
[’H]DHA are shown in the presence and absence of
Gpp(NH)p (107*M). In the absence of guanine
nucleotides, the curve is shallow with a slope factor
of 0.45 = 0.11 (mean = S.E.M.). The Ecs for this
curve is 0.23+0.13uM. In the presence of
Gpp(NH)p, the curve steepens to a slope factor of
0.87 £ 0.2 (not significantly different than 1) and
shifts to the right with an ECs of 1.5 = 0.4 yM. This
represents a significant (P < 0.013) 6.5-fold shift to
the right. These changes demonstrate that the regu-
lation of agonist-beta-adrenergic receptor interac-
tions was intact in this membrane preparation.

Competition curves of (—)epinephrine with the
alpha, subtype selective antagonist [*H]prazosin in
the presence and absence of Gpp(NH)p were con-
structed in this same membrane preparation. The
subtype selectivity of [*H]prazosin for alpha; recep-
tors in rat myocardial membranes has been described
previously [11]. The Kp for antagonist prazosin is
87 =5pM in both the absence and presence of
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Fig. 1. Competition curves of (-)isoproterenol with
[*H]dihydroalprenolol in the presence and absence of guan-
ine nucleotides. Myocardial membranes were incubated
with 2.0 nM [*H]dihydroalprenolol in competititon with the
indicated concentrations of isoproterenol in the presence
and absence of Gpp(NH)p (107* M). The data represent
the mean of three separate experiments with each point
determined in duplicate. The percent specific binding in
these experiments was 60-65% of the total binding as
determined by counts competed for by 10~*M isoproter-
enol. Propranolol at 1073 M gave similar results.
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Fig. 2. Competition curves of (—)epinephrine with
[*H]prazosin in the presence and absence of guanine nucleo-
tides. Myocardial membranes were incubated with 0.3 to
0.4 nM [*H]prazosin and competing ligand, as indicated,
with and without Gpp(NH)p (10~* M). This experiment is
representative of four separate experiments with each point
determined in duplicate. The percent specific- binding in
these experiments was 80-85% of the total binding as
determined with 107> M phentolamine or 107> M epineph-
rine, both of which gave similar results.

Gpp(NH)p. As can be seen in Fig. 2, the curves in
the presence and absence of guanine nucleotides are
virtually identical. Both curves are steep with a slope
factor of 0.85 + 0.10 (not significantly different than
1). The Ecso values or the Kp values calculated for
the competing drug, epinephrine, were not signifi-
cantly different in the presence and absence of
Gpp(NH)p (Kp values =2.3 0.5 vs 2.6 + 0.5 uM
respectively). It is apparent from these data that the
agonist—-alpha; receptor interactions as assessed by
[PH]prazosin binding were not regulated by guanine
nucleotides under conditions where agonist-beta-
adrenergic receptors were modulated by guanine
nucleotides.

To further validate this finding, similar experi-
ments were conducted using the new alpha, subtype
selective antagonist ['®I|BE2254. This ligand has
been characterized and shown to have all the proper-
ties of an alpha; subtype selective radioligand
[13-15]. In this system, the Kp value for ['*1|BE2254
is 73+ 14pM in the absence and presence of
Gpp(NH)p. Figure 3 illustrates the epinephrine com-
petition curves in the presence and absence of
Gpp(NH)p. Again, it is apparent that the agonist—
receptor interactions were not modulated by guanine
nucleotides. The ECs or the calculated Kp values for
epinephrine were not different in the absence
(Kp=71%x17puM) or in the presence of
Gpp(NH)p (Kp = 9.4 £ 2.3 uM). The slope factors
in the absence (0.99 +0.20) and in the presence
(0.86 + 0.22) of Gpp(NH)p are not significantly dif-
ferent nor are they significantly different than 1.

These two independent sets of data suggest that
guanine nucleotides do not regulate agonist—alpha;
receptor interactions in rat myocardium.

DISCUSSION

Guanine nucleotides are known to be important
in the function of receptor-mediated regulation of
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Fig. 3. Competition of (—)epinephrine with ["*I]BE2254
in the presence and absence of guanine nucleotides.
Myocardial membranes were incubated with 0.1nM
[*IIBE2254 and competing ligand, as indicated, with or
without Gpp(NH)p (10~*M). This experiment is represen-
tative of two separate experiments with each point deter-
mined in duplicate. The percent specific binding in these
two experiments was 60 and 69% as determined with
10* M epinephrine or 1073 M phentolamine, both of which
gave similar results.

adenylate cyclase [1]. Two demonstrable effects are
their absolute requirement for effective activation
or inhibition of adenylate cyclase by beta adrenergic
receptors or alpha, adrenergic receptors, respec-
tively, and the ability of guanine nucleotides to
decrease the apparent affinity of agonists for their
receptors (2, 3]. For the alpha, adrenergic receptor,
this has been demonstrated in several tissues includ-
ing the human platelet [4], the rabbit uterus [4] and
the rat liver [12]. In contrast, alpha; adrenergic
receptors which are not coupled to adenylate cyclase
have been shown not to be regulated by guanine
nucleotides in the rat liver [12] and the rabbit uterus
[4]. These studies utilized the subtype selective agent
[*H]prazosin as well as the non-subtype selective
ligand [*H]dihydroergocryptine.

In this study, we have demonstrated that in rat
myocardial membranes agonist-alpha; adrenergic
receptor interactions are not regulated by guanine
nucleotides. This was shown with two separate alpha;
subtype selective agents, [*H]prazosin and
[**I)BE2254. In addition, we have demonstrated that
this was not simply an artifact of the membrane
preparation used since agonist-beta adrenergic
receptor interactions were clearly regulated by guan-
ine nucleotides under the same conditions.

These findings are in contrast to previously pub-
lished studies of alpha; adrenergic receptors in rat
heart [6, 7] and vascular tissues 8] using the radio-
ligand [PH]WB4101 in which agonist-alpha adrener-
gic receptor interactions appeared to be slightly regu-
lated by guanine nucleotides. One possible reason
for these disparate results is most likely related to
the use of [PH|WB4101 as the radioligand.
[*HJWB4101 has been demonstrated not to have
subtype selectivity in some tissues [9] where it binds
with equal affinity to alpha, and alpha; receptors. In
other systems [19], it also appears to bind to low
affinity non-alpha adrenergic receptor sites. This sug-
gests that, for each system where [PH]JWB4101 is

utilized, the alpha receptor binding must be carefully
characterized. Studies in the rat heart have shown
that antagonist competition curves of either prazosin
or phentolamine with [’H]JWB4101 are shallow, sug-
gesting that [*H]WB4101 may label several popula-
tions of binding sites, only one of which has the
characteristics of alpha receptors [20]. In addition,
previous reports from this laboratory have docu-
mented that there is no evidence for alpha, adre-
nergic receptors in rat myocardium [11]. This het-
erogeneity of binding with [PHJWB4101 makes
interpretation of the effects of guanine nucleotides
on alpha; receptors difficult since one cannot be sure
which receptor binding site(s) the guanine nucleo-
tides are acting upon.

In conclusion, the present data suggest that
agonist-alpha; receptor interactions in rat myocar-
dium are not regulated by guanine nucleotides and
are consistent with the notion that the radioligands
[*H]prazosin and [**I|BE2254 have subtype selective
properties superior to that of [PHIWB4101.
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