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Summary

The  cross- regulatorg) commynication from p-adrenergic ~receptors to
1,4-dihydropyrid ) Ca®* channel agonist and antagonist binding sites
and cooperativity between DHP binding_sites were studied in microsomal
membranes of canine coronary artery (purified to a factor 2.9 for DHPs). The
maximal number of bmchrg sites (B, ,,f identified in cofonary artery microsomal
membrancs (CAM; 'a®* channel agonist ( ‘2‘5 ( BAY K 8644 was two

times_ higher !an B, of sites labelled channel antagonist
(+) (31-1% N 200-110. The exposure of CAM to 1soprenalme was accompanied
with down-regulation of B-adrenergic receptors and with increase in bmdm%
capacity for DHPs. The increase in B,y Was proportional in both %’oups of
cxpenmems and was related to increased a affinity of DHPs. The 1,4-DHP binding
sites_identified in vascular smooth muscle sh%wed characteristics typical for
classification of specific 1,4-DHP receptor on Ca“* channels. The binding was of
high affinity, saturable and reversible, it showed stereoselectivity and it was
positively by B- and it showed P and GTP
sensitivity. The results suppon the hypmhesns that B-receptors also regulate the
‘mode of Ca2* channels in coronary artery smooth muscle.
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Introduction

‘Two types of calcium channels, similar to the Ca2* channels in heart muscle
have been found in cells from a variety of mammalian arteries (Bean et al. 1986,
Benham ef al. 1987) and in aortic cell lines (Cohen and McCarthy 1987, Friedman
etal 1986)

evidence has in the lasl few years
mdlcatmg that vollage-sensmve and possibly also receptor-regulated Ca2* channels
are regulated by cAMP and protein phosphorylauon (An-nslrong and Eckert 1987,
Trautwein and Kameyama 1986). The Ca?* channels in cardiac and in vascular
smooth muscle, however, may not be precisely identical since the Ca2* channels in
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vascular smooth muscle are much more sensitive to 1,4-dihydropyridine Ca?t
channel antagonists (Bean ef al. 1986) and possibly do not gain possession of that

+ channel that is phosphorylated by cAMP-dependent protein kinase
(Wcrlcy et al. 1986). Evidence has also emerged for direct coupling of G protein to
Ca?* channel (Trautwein and Herscheller 1990).

Recent studies have demonstrated the presence of specific, saturable and
high-affinity binding sites for 1,4-dihydropyridines also in porcine (DePover et al
1982, Muramatsu et al. 1985, Nishimura et al. 1987, Yamada et al. 1988, 1990) and in
canine coronary arteries (Dffmal et al. 1988).

he purpose of the presem study was to evaluate the cross-| regu]atory

om f- 0 1,4 Ca?* channel binding sites

in microsomal membranes of coronary artery smooth muscle. These studies were

perfonned in an effon to examme further |he effects of p- adrenerglc receptor

of 14 Ca?* channel agonist and Ca?*

channel anlagomsl receptor sites in microsomal membranes of coronary artery
smooth muscle.

Methods

Male mongrel dogs (20-25 kg) were anaesthelized with sodium pentobarbital (30 mg/kg
intravenously) and the hearts were rapidly removed. Segments of the large coronary arterics (ramus
anterior descendens and ramus circumflexus of the left coronary artery) were dissected, cléand from
‘myocardial adipose and connective tissue, opencd longitudinally and the intima and adventitia were
carefully removed. The cleaned medial layers of the coronary artery were minced with scissors and
homogenized in nine volumes of 035 mol/l of ice cold sucrosc and 5 mmol/l of Tris-HCI
(pH = 7.51).

Membrane preparation

Microsomal membranes of vascular smooth muscles were prepared according to Kwan ef al.
(1983), with the exception that the medial layers of large coronary arteries were prepared from
postnuclear supernatant in accordance with Dfimal ef al. (1967). Preparations were treated in an
Ultraturrax homogenizer. Homogenates of the media were pressed under vacuum through stainless
wire mesh and centrifuged further at 1500 x g for 10 min at 4 °C. The supernatant was centrifuged
further at 105000 x g for 45 min on a MOM Ultracentrifuge. The resulting pellet was resuspended in
an assay buffer (50 mmol/I Tris-HCI, pH = 7.51) in a Potter-Elvehjem homogenizer and used as crude
microsomal fraction. Refined microsomal fractions were prepared from the supernatant which
sedimented in a sucrose buffer (8-60 % w/v sucrose gradient) at 130 000 x g using fixed angle rotor
and centrifugation time of 60 min.

Enzyme assays

‘The measurements of 5nucleotidase and Mg?*-ATPasc activity were accomplished according
to Kwan et al. (1984) and Pullman (1967). Spectrophotometric determinations were performed on
a Beckman Model 25 double-beam spectrophotometer. The assay mixture for the Mg2*-ATPase
contained (in mmol/1): sucrose (0.25), Tris-acetate (50.0), EDTA (0.5), glucose (25.0), MgCh (5.0),
potassium-phosphate (20.0) and 15 x 10 cpm of 2P (specific activity 5 mCi/g) and hexokinase
Type 10 - 3 pug/mg of protein (70 4g). Protein was assayed by the method of Bradford (1976).
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Binding assays

Equilibrium binding assays were carried at 25 °C (or in other ex‘pcnmamx with change in
temperature at 5 °C) in 450 4l volumes containing 50 mmol/1 Tris-HCI (pH = 7.51) and 100 i of
membrane protein for 60 min (120 min). (-)-S-CH)BAY K 8644 and (+)-(H)PN 200-110 were added
at concentration indicated in Fig. 1. The concentrations of various drugs or ions also present are
indicated where appropriate. After incubation, the bound drug was separated from the free drug by
rapid filtration through 25 mm Whatman GF/B filters followed by three consecutive 20 ml washes
with the buffer at 20 °C (5 °C). The filters were placed in scintillation vials with 10 ml liquid scintillant
(SLD, Spolana Neratovice).

letermine the dissociation constants by competition, binding was accomplished with 20 g
of membrane protein and with 0.75 nmol/l of (-)-S-CH)BAY K864 or with 112 nmol/l of
(+)-CH)PN 200-110 for 50 min at 25 °C. Nonspecific binding values were obtained by addition of
1.0 umol/I of unlabelled ligands or in further experiments by addition of 1.0 xmol/l of nimodipine.
Ethanol at 0.5 % v/w did not change the binding.

For measurement of neural contamination of the refined microsomal fraction of the coronary
artery smooth muscle (125T)w-Conotoxin GVIA (concentration range from 0.1 to 100 pmol/l) was
used. Nonspecific binding of unlabelled ligand in the medium were measured at a final concentration of
160 nmol/l. Saturation experiments were systematically performed as described previously
(Dtimal et al. 1987, Dimal 1989). The apparent dissociation constant (Kg) and Bmax were estimated by
the analysis of the saturation data according to Rosenthal (1967). Multiple receptor systems were
analyzed using the affinity spectra method (Tobler and Engel 1983). All manipulations and procedures
with 1,4-dihydropyridines were performed strietly under sodium light.

P-adrenergic receptor binding

(’H)dxhydrollprcnulnl (DHA) and  (-)-3-(®Diodocyanopindolol ~ were used for
mea:arements of total number of -adrenergic receptors. Specific binding of -adrenergic ligands was
measured by incubating (25 °C) microsomal membranes with the refined microsomal fraction for
30 min at various concentrations of f-adrenergic ligands (from 0.1 to 30 nmol/l) of (*H)DHA and
(~)-3-(*Z1)iodocyanopindolol (up to 1.0 nmol/l); c-AMP content was assayed by the (121)-method
(IRAPRA, Praguc) as described previously (Dimal 1989, 1991).

Chemicals

-)-S-CH)BA™ K 8644, specific activity 71 Ci/mmol, NEN Rescarch Product (Dupont,
Boston); 12+) (CH)PN 200-110, specific Acnvny 82 Ci/mmol, Amersham (Buckinghamshire, England);
(=)-3(* l)mdocyanopmdnlnl, specific bout 2000  Ci/mmol,  Amersham;
(3-(125) -Conotoxin, specific mmry about 2000 Ci/mmol, Amersham; ( - )-isoprenaline
hydnxn‘omk (Flnh) BAY K 8644 (Calbiochem); verapamil (Knoll).

Results
Membrane characteristics and enzyme activity

The refined microsomal fractions (RM-1, RM-2 and RM-3) obtained from
the continuous sucrose density gradient were morphologically more homogeneous
than crude microsomes. When examined by electron microscopy, these fractions
contained morphologically sealed membrane vesicles of various sizes, membrane
fragments derived from the endoplasmatic reticulum (RM-1 and RM-3) and
mitochondrial and other fragments of intracellular membranes. The RM-2 was
much more homogeneous.
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Table 1
Enzyme activity of postnuclear and microsomal membrane fractions isolated from
the media of canine coronary arteries by differential centrifugation and sucrose density

gradient centrifugation
Fraction PNS P CM RM1 RM2 RM3 SOL
Sucrose density gradient 10/15 20/30 30/40
S-nucleotidase 15 16 38 44 89 12 08
$004 009 501 209 *17 +05 =06
Mg?*-ATPase 80 100 250 330 9%0 60 05
(umol/mg/h) 01 £09 +90 170 +190 240 =43

Values are Means + S.EM. (n=5); PNS ~ posinuclear supematant, P ~ particulate, CM ~ crude
microsomal fraction, RM-1to RM-3 ~ refined microsomal fractions, SOL ~ soluble fractions

Table 2
Effect of isoprenaline of cAMP content in microsomal membranes of cororiary artery

cAMP content (pmol/mg protein)

Control 085009
Isoprenaline 5.08+0.50

Values are Means + S.EM. (n=8)

Enzymatically RM-2 fraction (Tab. 1) showed the highest marker enzyme
activity of two major membrane enzyme markers 5-nucleotidase and
*-ATPase. The adenylate-cyclase activity is summarized in Tab. 2. Short-term
incubation of the left coronary artery preparation (ramus circumfiexus) with
isoprenaline (1.0umol/l; n = 4) significantly increased the cAMP content in
RM-2 fraction obtained from that preparation.

B-adrenoreceptor numbers in  microsomal membranes following  exposure
to isoproterenol

To elucidate the effects of B i in the
coronary artery on the number of microsomal membrane receptors we compared
the ability of f-adrenergic ligands ((H)DHA and ( - )-3-(*?T)iodocyanopindolol) to
bind to microsomal membranes prepared from control unexposed coronary arteries
and from those exposed to isoprenaline for one hour.

e have studied f-adrenergic receptor in the coronary artery using two
p-adrenergic ligands. Saturation binding experiments with ((H)DHA under control
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conditions showed K4 5.2+0.2 nmol/l and Bmx 9. 60+090 fmol/mg protein. The
exposure of coronary artery reduced
(-)-3- (1251)10docyanopmdolol specific bmdmg from 13.4+0.88 fmol/mg protein to
8.9+1.2 fmol/mg protein (n = 10) while the (~)-3-(**Diodocyanopindolol affinity
for this binding site was unaltered averaging 6.21+0.16 nmol/1.

Identification of ~1,4-dihydropyridine Ca®* channel antagonist binding sites
in microsomal membranes

Specific binding of Ca?* channel agonist to microsomal membranes
(hereaﬂer referred to as membrane inasmuch as only the RM-2 fraction was used in
pyridine binding was rapid, reaching steady state within

ZOmm (at 25°C) This steady state was maintained for at least 70 min. The
calc\llaled association rate measured in kinetic experiments using 0.90 nmol/l of
@ H)BAY K 8644 was 031 minl, The rmcmsomal ‘membranes in_our
ion factor 2.1 for B and 2.9 for

14 dlhydropyndmes
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Fig. 1

Upper part: Specific (-)-S-(GH)BAY K 8644 and (+)-(*H)PN 200-110 binding in coronary artery
smooth muscle microsomal membranes as a function of maximal concentration of the ligand.
Nonspecific binding was detected in the presence of 1 umol/l of unlabelled 1,4-dihydropyridine in
triplicate assays. Ordinate - specific binding (pmol/mg protein), abscissa - free concentration of
1,4-dihydropyridine (amol/l). Lower part: Scatchard plot derived from specific binding of Ca*
channel agonist and Ca?* channel antagonist. Ordinate - bound over free (B/F), abscissa - boun
l¢d||rydmyynd|n (pmol/mg_protein). Note the prevalence of high affinity binding sites for
1,4-dihydropyridine Ca2* channel in fragmented tissue.
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The binding of (- )-S-CH)BAY K 8644 and (+)-(3H)PN 200-110 to partially
purified microsomal membranes was specific and saturable over a concentration
range from 0.14 to 2.4 (or 0.14 to 3.0) nmol/l, respectively (Fig. 1). The linear
regression analysis of untransformed experimental data showed adequate affinity
and relatively high capacity of binding sites with the corresponding Bpqy values
7.15+0.04 and 3.40+0.18 pmol/mg protein and K4 values 18.0+0.1 and 9.0+0.8
nmol/I, respectively. The Scatchard analysis in each group of experiments was
linear, indicating that a single population of high affinity binding sites was present.

CORONARY SMOOTH MUSCLE MICROSOMAL MEMBRANES
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Fig.2

using (° (11 nmol/1) and unlabelled displacers nitrendipine
(NTP), nimodipine derivative DHPS-2 VULM and enantiomer of BAY K 8644. Total binding is
plotted against ~logio of displacer (). Data are the means + S.EM. of five experiments, each in
triplicate, using coronary smooth muscle microsomal membranes.

The dnsplacemem s!udles in competition :xpenmcms showed effective

by by an analogue of
nimodipine DHPS 2 VULM (Flg 2). The K; values calculated from concentrations
that inhibited specific (- )-S-(CH)BAY K 8664 binding by 50 % for opucal isomers
of BAY K 8644 (data not shown) displayed stereoselectivity for the optic isomer of
(-)-S-CH)BAY K 8644.

Effects of drugs on (-)-S-(*H)BAY K 8644 and (+)-(*H)PN 200-110 specific binding
in microsomal membranes

The effects of structurally unrelated Ca®* channel antagonist and of
pharmacologically active drugs on 14-dihydropyridine Ca?* channel agonist and
hannel amagomsl binding were s!udled to mvesugalc further the
between 1,4 i

‘modulatory effects. of . different pharmacologically _active _drugs  on
1,4-dil idine binding. Additi evidence for the existence of the
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modulatory role of basic cellular signals in the regulations of 1,4-dihydropyridine
CaZ* channel receptor was obtained in experiments with four diferent procedures:
B-adrenergic receptor stimulation, GTP, cAMP and EDTA presence in the system.

CCORONARY SMOOTH MUSCLE
MICROSOMAL MEMBRANES

Bmax=7,15£0.08 3,02

Xp=8,0120,
At (8) &)
g
52 Oe
s -
H D dhe-Aup
N GPp(NH)p

PER CENT OF CONTROL

Fig. 3

Pharmacology of 1,4-dihydropyridine Ca?* channel antagonist (+)-(*H)PN 200-110 and Ca2* channel

agonist (-)-S-(CH)BAY K 8644 binding in coronary artery smooth muscle microsomal membranes.

The concentration of ()-(H)PN 200-110 and (-)-S-H)BAY K 8644 binding sites after incubation

of coronary artery preparation with isoprenaline (P, 10); dibutyryl-cAMP (b cAMP, 10);
imidodij itrendipine (NTP, 1.0); d-cis-dilthiazem (DIL, 10.0) and

100);
dipyridamole (DIPY, 100.0); all in umol/1.

As is shown in Fig 3, the exposure of a coronary artery preparation to
isoprenaline was accompanied by increased density of (-)-S-(*H)BAY K 8644 and
(+)-GH)PN 200-110 binding. The increase in Byay was proportional in both groups
of experiments (+56+7 and +40%9 %) and was mostly due to the increased
affinity of both 1,4-dihydropyridines for its receptors (Kq = 10.9%1.1 and 7.0+0.2
nmol/l, ie. a reduction by -39%8 and -22+6 %, respectively, P<0.05). The
involvement of G protein in observed response was characterized after pretreatment
of with idodi| a analogue of GTP.

This igni d d the maximal capacity of
(-)-S-CH)BAY K 8644 binding (-37+8 %, P<0.05). The nonhydrolyzable
analogue of cAMP, dibutyryl-cAMP, significantly increased (~)-S-CH)BAY K 8644
maximal binding and increased affinity of Ca?* channel agonist for its receptor
(326 %). The non-1,4-DHP Ca2* channel st d-cis-dilthi ignif
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increased 1,4-dihydropyridine Ca?* channel receptor binding (+8111 %) The
presence of chelator EDTA in the system reduced 1,4-dil

binding (-87+5 %, P<0.05). Adenosine uptake inhibitor, dipyridamole,
significantly reduced maximal capacity of (-)-S-(*H)BAY K 8644 binding
(=59%5 %, P<0.05).
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Fig. 4
Equilibrium binding of (1%51)-w-Conotoxin to microsomal membranes of the coronary artery. Each
value of this graph represents the mean of six experiments. Binding of (131)-w-Conotoxin (pmol/1) in
the controls and in the presence of 1 umol/1 CaCly (lower curve).

The experiments with (125T)<-Conotoxin GVIA revealed that microsomal
membranes of coronary artery smooth muscle may contain small, but significant
of neural (Fig. 4).

Discussion

In the present study we have used optically pure enantiomers of the chiral
molecule of 1,4-dihydropyridine Ca?* channel ligands to demonstrate the presence
and the modulation of 1,4-dihydropyridine Ca2* channel agonist and Ca2* channel
antagonist binding sites in smooth muscle membrane of the coronary artery. The
B-adrenergic rccep(or acuvanon is shown to correlate with an increased levels of
cAMP, with the d of bound f- ic receptors and
with an increased total number of 14-dihydropyridine 'Ca?* channel agonist and
Ca?* channel antagonist binding sites in microsomal membranes of the coronary
artery.
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The total number of binding sites labelled with the Ca®* channel agonist in
microsomal membranes was more than two times higher that the number of binding
sites identified with the Ca* channel antagonist. Binding sites identified with
14-dihydropyridine Ca“ channel agonist (-)-5- -(CH)BAY K 8644 showed a high
affinity, were and showed a positive
modulation with f-: ddrenerglc activation of the system, and displayed GTP and
CAMP sensitivity. The channel antagonist (+)-CH)PN zwm binding
showed a high affinity, in d positive

ion with - ic receptor stimulation but it did not display GTP and

:
CcAMP sensitivity.

Compared to our data on 1,4-dihydropyridine binding in the coronary artery
membrane preparation, lower By, values were reported for (3H)mtrend|pme
(561 fmol/mg protein) by Nishimura ef al. (1987) and for (+)- (3H)PN 200-110 in
porcine coronary artery membrane (Yamada et al. 1988, 1990, Muramatsu et al.
1985). These discrepancies could be due to species differences and/or the

of different

The goal of the present report was to study the systematic difference in the
regulatory response of Ca2* channel agonist and antagonist binding in the presence
of high levels of GTP and cAMP in microsomal membranes. Contrary to the
p-adrenergic receptor stimulation resulting in a positive modulation of
1,4-dihydropyridine binding in both our groups, the presence of nonhydrolyzable
analogue of cAMP and GTP in other experiments failed to induce any significant
change in the By, of antagonist. This finding may further support the hypothesis of
amudal mode of CaZ* channel.

The p-adrenergic receptor stimulation will increase both 1,4-dihydropyridine
Ca?* channel agonist and Ca’* channel antagonist bindiug sites in microsomal
membranes but in the presence of high levels of cAMP in microsomal membranes
only 14-dihydropyridine Ca?* channel agonist binding is increased by the
“activation" of Ca** channels.

As in the cardiac muscle, the slowly inactivating type of Ca?* channel in
coronary vascular siiooth muscle is sensitive to the activator BAY K 8644. Hughes
et al. (1990) recently reported that agonist and antagonist enantiomers of
1,4-dihydropyridine PN 202-791 may act at different sites on the voltage-dependent
calcium channel of vascular smooth muscle.

A small but significant component of specific w-Conotoxin binding in
microsomal membranes suggests the complexity of different "subtypes’ of
Ca?* channels expressed in the coronary artery.

The allosteric of 1,4 idine binding with d-ci
namely the stimulation of 1,4~ dlhydropyndme binding, has been demonstrated in
various in_ differ (DePover et al. 1982,
Yamamura et al. 1982, Ferry ef al ]982 Vag.hy et al. 1987). 1n the present study we
document very + channel agonist
binding in smooth muscle membranes of ooronary arteries.

With findings of a profound mlnbmon of 14 dxhydropyndme binding in

take

after upt: blocker,
dnpryndamole, we confirm our recent resuhs (Dﬂmal 1988) suggesting that the
receptor for 1,4 in coronary artery smooth muscle

is witha ide carrier.
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The findings that 1,4-dihydropyridine Ca®* channel antagonist stabilizes
Ca2* channel binding sites in the coronary artery smooth muscle membrane in an
inactive mode and that S-adrenergic receptor activation exerts modulatory effects
on 1,4-dihydropyridine Ca®* channel binding, may have important implications for
of action of 1,4 drugs on coronary

artery smooth t:xuscleA
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