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Abstract

Several studies have shown that stimulation of pertussis toxin (PTX)-sensitive G-proteins anaphfieenoceptor¢-AR) agonist-
induced vasoconstriction in small muscular and resistance arteries. The aim of this study was to assess the potential involvement
PTX-sensitive G-proteins in norepinephrine (NE)-induced constriction in a large diameter artery, the rat aorta. ®¥XL(12 hr; 3
wg/mL, 4 hr) did not modify concentration—response curves to NE in endothelium-denuded aortic rings. However, several lines of evidenc
suggested that aortic smooth muscle cells (SMC) had a PTX-sensitive G-protein pataiZBIADP-ribosylation of G,-proteins by PTX
(3 mg/mL, 4 hr) was demonstrateith situ in the intact aorta without endotheliuna,,, subunits were identifiedn vitro by both
immunoblotting and ADP-ribosylation experiments in rat aorta SMC membranes. The measuremegtspecific GTPase activity
evidenced an effective coupling between NE receptors gpep@teins, as NE induced an increase in basglspecific GTPase activity
(20.7 £ 2.8 vs 7.2= 2.2 pmol R/mg protein at 5 minP < 0.05 vsbasal). Co-immunoprecipitation revealed theitro coupling between
a,p-ARs and G-protein in rat aorta SMC membranes. In conclusion, we identified a PTX-sensjtiverGtein pathway in rat endothelium-
denuded aorta. We showed an effective coupling between NE receptors;gmdt€ns viaa,p-ARs. Since PTX has no effect on
NE-induced vasoconstriction, the PTX-sensitivepBtein pathway does not play a predominant role in NE-induced responses in rat aorta
SMC in contrast to small diameter muscular and resistance arteries. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction muscular tail artery [7,8]. These results suggest that, in
vascular SMC, a PTX-sensitive G-protein intracellular path-
PTX catalyses ADP-ribosylation of thesubunits of G way is involved in the contractile responses induced by

and G-proteins [2], resulting in inhibition of the coupling  a-AR agonists. However, conflicting observations in large
of G-protein to the receptor [3]. PTX diminishes the effects vessels have cast doubt on the universal involvement of this

of a wide range of vasoconstrictor agents suchaa8R PTX-sensitive pathway in-AR-mediated vasoconstriction.
agonists. The effect of PTX om-AR agonist-mediated =~ Some authors have shown that PTX diminished\R-
vasoconstriction was showm vivo [4] as well asin vitro in mediated contractions [6,9,10], whereas others have shown

resistance mesenteric arteries [5,6] and in small diameterthat PTX had no effect [11,12]. N
To assess the universal involvement of a PTX-sensitive

G-protein pathway inv-AR-mediated contraction of SMC,
we wanted to compare the results that we obtained earlier on

Corresponding author. Tek:352-45.19.03.31; fax+352-45.19.03.50. small diameter muscular rat tail artery [8] with a model of
E-mail addresseric.tschirhart@crp-sante.lu (E. Tschirhart). large vessel. We chose the rat aorta because little informa-
Abbreviations: a-AR, «a-adrenoceptor; DTT pL-dithiothreitol; NE, tion was available regarding the function of PTX-sensitive

norepinephrine; PSS, physiological salt solution; PTX, pertussis-toxin; and L. . . .
SMC, smooth muscle cells. G-proteins in aorta SMC in comparison to aorta endothelial

Preliminary results of this study were presented at the January 1999 (fe”S [13]. The objective of the present Stu'dy was to inves_'
Meeting of the British Pharmacological Society [1]. tigate whether rat aorta SMC had a functional PTX-sensi-
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tive G-protein pathway and whether it was involved in expressed in g, ancepsy and E,,,,, were determined. Sig
vasoconstriction induced by NE, a fulbAR agonist. nificant differencesR® < 0.05 vscontrol) were determined
by ANOVA plus Bonferroni test.

2. Materials and methods 2.4. Isolation of rat endothelium-denuded aorta SMC
membrane fraction
2.1. Materials
Rats were killed by cervical dislocation and the tho-
Tris(hydroxymethyl)-aminomethane was purchased racico-abdominal aortas were dissected out. Endothelium
from Merck. Benzamidine, DTT, ethylenediaminetetraac- was removed by opening up the aorta lengthwise and rub-
etate, leupeptin, NAD, NE, PTX, phenylmethylsulphonyl bing the intimal surface as described above. Fractions con-
fluoride, and SDS were purchased from Sigma Chemical taining membrane proteins were prepared as described by
Co. Materials used for immunoblotting were obtained from Abebe et al. [14]. Aortas were homogenised in ice-cold
Bio-Rad. p->?P]NAD (30 Ci/mmol), fH]prazosin (77 Ci/  buffer (containing in mM: 15 Tris(hydroxymethyl)-amin-
mmol), and {->P]GTP (30 Ci/mmol) were obtained from omethane (pH 7.4), 1 ethylenediaminetetraacetate, 0.1 phe-
NEN Life Sciences. PTX was activated extemporaneously nylmethylsulphony! fluoride, 0.1 benzamidine, and 0.001
by incubation with 25 mM DTT (37°, 1 hr). Solutions were leupeptin) with a glass Dounce homogeniser (Kontes). Fol-
then dialysed (Biotech dispodialyser SpectrafRPanolecu- lowing differential centrifugation, the pelleted membrane
lar weight cut-off= 8, Spectrum Laboratories Inc.) for 3 hr  fractions were resuspended in the same buffer as above and
against PSS (containing in mM: 140 NaCl, 5 KCI, 1.5 stored at—80° until use. Protein concentration was deter-
CacCl,, 1 MgCl,, 10 HEPES, and 6 glucose) (pH 7.4) with mined by the method of Lowry et al. [15].
a change of bath at 15, 30, 60, and 120 min.
2.5. Gy,-protein identification
2.2. Animals
2.5.1. ldentification by immunoblotting
Adult, male, outbred Wistar rats (Harlan; Iffa-Credo) Membrane fractions solubilised in Laemmli buffer were
were housed under controlled temperature and illumination resolved into 16.5% SDS—polyacrylamide gel and then
and had access to food and wadet lib. The procedures  transferred to a 0.4«m thick nitrocellulose membrane (Bio-
followed in the care and euthanasia of the animals were in Rad). Equal amounts of membrane fractions (If) were
accordance with the legislation of the European Commu- loaded onto each lane. Blots were incubated with polyclonal
nity. rabbit antibodies directed against &subunits 1-2 (1:1000
dilution, Calbiochem), G« subunit 3 (1:1000 dilution,
2.3. Concentration—-response curve to NE in endothelium- Calbiochem), or monoclonal mouse antibody directed
denuded aortic rings against G « subunits (1:3000 dilution, Chemicon). Alka
line phosphatase and its substrate, the 5 bromo-4-chloro-3-
Thoracic aortas were dissected out under sodium pento-indolyl phosphate/nitro blue tetrazolium, was used as the
barbital anaesthesia (60 mg/kg, i.p.). Rats were killed with detection system (Bio-Rad). Positive control was a mixture
an overdose of sodium pentobarbital. Aortic rings (2 mm of bovine brain purified G-protein subunits (Bio-Rad). Den-
long) were denuded of endothelium by rubbing the intimal sitometry was performed using the NIH Im&gprogram
surface and mounted between two stainless steel wire(v.1.58, Wayne Rasband, National Institutes of Health),
hooks, the lower fixed to the bottom of the organ bath and which gave results as total integrated O.D. values. Since the
the upper to an isometric force transducer (World Precision same amount of membrane fractions was loaded onto each
Instruments). The organ bath was filled with PSS (pH 7.4, well of a gel, relative proportions were compared by using
aerated with 100% ) 37°). Rings were incubated with band densities within a blot. As we did not have an external
activated PTX (lug/mL for 2 hr or 3ug/mL for 4 hr) or calibrated reference, we could not compare band densities
DTT (25 mM) dialysed in PSS (control), under a passive between two different blots.
tension of 2 g. Following wash-out of PTX, segments were
stimulated twice with modified PSS containing 80 mM KCI 2.5.2. Identification by ADP-ribosylation
(composition in mM: 65 NaCl, 80 KCI, 1.5 Cagil MgCl,, PTX-catalysed transfer of ADP-ribose from-f?P]NAD
10 HEPES, and 6 glucose) (pH 7.4) with a wash-out of 10 to G-proteina subunits was undertaken in rat aorta SMC
min after the first stimulation. At the plateau of the second membranes. Membrane fractions (49) were mixed with
KCI stimulation, the absence of endothelium was confirmed an ADP-ribosylation mixture (in mM: 200 K{PO, (pH
by the absence of carbachol-induced (i) relaxation of 7.6), 5 MgCl, 2 ATP, 2 ethylenediaminetetraacetate, 20
segments (results not shown). Following equilibration (20 thymidine, 2 DTT, 1 GTP, 0.02 NAD (30 Ci/mmol, 10
min), cumulative concentration—response curves to NE (1 nCi/60 uL of assay)), and activated PTX dg/mL) [16].
nM to 10 uM) were performed. Results (meanSEM) are Control was membrane fractions (4@) incubated with the
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ADP-ribosylation mixture and DTT (25 mM) dialysed in presoaked with 0.3% polyethylenimine using a cell har-
PSS or with activated PTX (fg/mL). Following incuba- vester (Brandél). Filters were washed 3 times with ice-cold
tion for 1 hr at 30°, samples were separated in a SDS- Tris(hydroxymethyl)-aminomethane buffer (50 mM, pH
polyacrylamide gel and blotted as described above. La- 7.4) and dried. Filter-bound radioactivity was determined by
belled blots were dried and apposed to an x-ray film (Fuji liquid scintillation in Aquasol-2 (NEN) using a Beckman
Medical NIF). Scintillation LS6000 Counter (Beckman Instruments Inc.).

Using a corresponding quantity of aortas, the same tech-Non-specific fH]prazosin binding was defined as that oc
nique was applied to endothelium-denuded aortic rings. The curring in the presence of NE (0.1 mM). Binding data were
rings were incubateth situ at 37° with the ADP-ribosyla-  analysed by the Radifgprogram (v. 4, Biosoft) [17]. As-
tion mixture and activated PTX (1g/mL, 2 hr or 3ug/mL, says were carried out in triplicate and results are means
4 hr) as described above in “Concentration—-response curveSEM of three separate experiments.
to NE in rat endothelium-denuded aortic rings”.

2.6.3. Coupling of G-proteifx subunits with
2.6. NE receptor/¢,-protein coupling studies a;-AR subtypes
Membrane fractions (40Q.g) were solubilised as de-

2.6.1. Measurement of,specific GTPase activity upon scribed by Gurdakt al. [10] and incubated at 4° for 3 hr

NE stimulation with polyclonal goat antibodies directed againgt-, o;g-,
The method for the measurement of GTPase activity was or «;5-AR subtypes (1:250 dilution, Santa Cruz Biotech
based upon the release of fréé, from [y->?P]GTP. nology). Non-immune serum at the same dilution was used

Briefly, the assay was performed in a buffer (containing in as a control. Following incubation, 1Q0L of a 10% sus-
mM: 100 NaCl, 50 HEPES (pH 8.0), 1 ethylenediaminetet- pension of protein A fromStaphylococcus aureusells
raacetate, 2 MgG] 1 DTT) with NE (1 wM) and (Pansorbif® cells, Calbiochem) was added, and incubation
[v-*?P]GTP (0.1 M, 30 Ci/mmol). Membrane fractions was continued for a further 1 hr at 4°. Samples were cen-
were preincubated for 1 hr at 30° with activated PTX (1 trifuged, washed, and resuspended in Laemmli buffer. Pro-
pa/mL) or with DTT (25 mM) dialysed in PSS (control). teins were separated into a 10% SDS—polyacrylamide gel,
Ten micrograms of membrane fraction was used to start theimmunoblotted with polyclonal goat antizGa antibody
reaction at 30°. Different incubation times were utilised (30 (1:500 dilution, Santa Cruz Biotechnology), monoclonal
sec—30 min). The reaction was stopped by addition of 5% mouse anti-G « antibody (1:3000 dilution, Chemicon), or
ice-cold activated charcoal in 50 mM KRO, (pH 7.4). polyclonal rabbit anti-GG « subunit 1-2 and 3 antibodies
Tubes were then centrifuged to separii from nucleoti (1:1000 dilution each, Calbiochem). Blots were incubated
de-bound phosphate. An aliquot of the supernatant (0.4 mL)for 1 hr at room temperature with corresponding species-
was counted by liquid scintillation in Aquasol-2 (NEN) with  specific horseradish peroxidase-labelled immunoglobulin G
a Beckman LS6000 Counter (Beckman Instruments Inc.). (Santa Cruz and Amersham Pharmacia Biotech) and ex-
Results are expressed as pmght® protein. Specific GT posed to an x-ray film with enhanced chemoluminescent
Pase activity was calculated by subtracting non-enzymatic reagents (SuperSignal West Pico Chemiluminescent sub-
hydrolysis (determined in the absence of membrane frac- strate, Pierce Chemical Co.). The selectivity of the antisera
tions) and contamination of substrate witl®; (determined directed againstv; o-, a;5-, OF @;p-ARS and the effective

by zero time blank). Non-enzymati?P, release and?P; ness of the immunoprecipitation was tested: the three im-
contamination of the substrate during the assay were lessmunocomplexes were separated into an SDS—polyacrylam-
than 2% of the total amount of radioactivity. GTPase activ- ide gel and immunoblotted with antibodies directed against
ity produced specifically by ¢g-proteins was defined as the  a;,-, a15-, Or a;p5-ARS. A single band was observed with
difference in GTP hydrolysis between untreated and PTX- each subtype ok,;-AR, and data indicated that there was no
treated membrane fractions. All assays were performed incross-reactivity among the three antibodies tested (results

triplicate and results are expressed as mearSEM. Sig- not shown).
nificant differences were determined by ANOVA plus
Scheffetest.

3. Results

2.6.2. Detection ofy,-ARs by measuring

[*H]prazosin binding 3.1. Effect of PTX on concentration—response curve to NE
Total binding was determined by incubation of mem- in rat endothelium-denuded aortic rings

brane fractions (1Qug) with the radioligand JH]prazosin

(3—-30,000 pM) in an assay buffer (in mM: 50 Tris(hy- In rat endothelium-denuded aortic rings, NE produced

droxymethyl)-aminomethane (pH 7.4), 200 NaCl, 0.5 eth- concentration-dependent contractions (Fig. 1, upper panel,

ylenediaminetetraacetate) containing 0.1% (w/v) ascorbic filled circles). PTX (1ug/mL, 2 hr) had no effect on agonist-

acid. After 1 hr at room temperature, assay mixtures were induced vasoconstriction (Fig. 1, upper panel, open circles)

filtered under vacuum on GF/C Whatman filters (Whatman) even at a higher concentration and longer incubation time (3
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Fig. 1. Concentration-response curves to NE (upper panel) in rat endothe-
lium-denuded aortic rings in the absence (filled circless ) or presence

of PTX (1 wg/mL, 2 hr) (open circles, N= 5). pecy, and E,,, were
determined for two different treatments with PTX (g/mL, 2 hr or 3
rg/mL, 4 hr) (lower panel). Data are meatisSSEM.

pg/mL, 4 hr) (Fig. 1, lower panel). KCl-induced contraction
was not altered by PTX treatment (results not shown).

3.2. ldentification of G,-proteins

Immunoblotting of Gproteins using a combination of
two antibodies directed against subunits 1-2 and subunit
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PTX (1 pg/ml, 1 h in vitro) +
Aorta SMC membrane fractions + +
[ *PINAD + +
38kDa —| '
Lanes 1 2 3

Fig. 2. Identification of G,-proteins by ADP-ribosylation. Rat aorta SMC
membrane fractions (40g) were incubated with activated PTX (h/mL)
and NAD (0.02 mM, 30 Ci/mmol, 1QuCi/60 uL of assay) (lane 1).
Controls were rat aorta SMC membrane fractions g4f) incubated with
NAD (0.02 mM, 30 Ci/mmol, 1QuCi/60 uL of assay; lane 2) or activated
PTX (1ug/mL; lane 3).

with 2P was detected in membrane fractions prepared from
endothelium-denuded aortic rings treated with PTXu/

mL, 2 hr, 37°) (result not shown). The same experiment was
performed using a higher concentration and longer incuba-
tion time of PTX (3ug/mL, 4 hr, 37°) (Fig. 3). A band was
observed in membrane fractions prepared from PTX-treated
endothelium-denuded aortic rings (lane 1), but was absent in
the controls (lanes 2 and 3). Its molecular weight was
consistent with the molecular weight af,, subunits. This
indicated that in rat endothelium-denuded aortic rings PTX
[a->?P]ADP-ribosylated G,-protein a subunitsin situ.

3.4. NE receptor and gg-protein coupling studies

3.4.1. Measurement of NE-induced GTPase activity
produced by G, « subunits

Measurement of the (3-specific GTPase activity at
basal level and upon NE stimulation was used as an indi-
cator of G,,-activation by NE receptors. Indeed, both basal
and NE-stimulated total GTPase activities were reduced by

3revealed a band at 40—41 kDa in rat aorta SMC membranea treatment with PTX (Jug/mL). NE (1 uM) was found to
fractions. The presence of the three subunits was confirmedstimulate the basal GTPase activity level qf @roteins in

by using the two antibodies separately,-@oteins were
revealed by immunoblotting using an antibody directed
againsta, subunits. A band around 40 kDa was detected in
rat aorta SMC membrane fractions (results not shown).

To further identify G,-proteins in rat aorta SMC mem
brane, PTX-catalysed transfer of ADP-ribose from
[«-*?P]NAD to G-proteina subunits was assessedvitro
using rat aorta SMC membranes (Fig. 2). A single band was
observed in the PTX-treated membrane fractions (lane 1)

but was absent in the controls (lanes 2 and 3). Its molecular [opjNaD

weight was consistent with the molecular weight @f,
subunits. This indicated that in aorta SMC membrane, PTX
[a-3?P]ADP-ribosylated G,-proteina subunits.

3.3. Demonstration of a PTX-sensitive intracellular pathway

To demonstrate the existence of a PTX-sensitive intra-
cellular pathway in rat aorta SMC, PTX-catalysed transfer
of ADP-ribose from -*P]NAD to G-proteina subunits

rat aorta SMC membrane fractions (Fig. 4).

3.4.2. Detection of;-ARs by measuring®H]prazosin
binding

[*H]Prazosin (3-30,000 pM) bound to rat aorta SMC
membrane fractions in a specific and saturable manner.

PTX (3 pg/ml, 4 h in sitw)
Endothelium-denuded aortic rings

+ o+

38 kDa

3

Lanes

2

Fig. 3. Identification of a PTX-sensitive pathway. PTX-induced
[«-32P]ADP-ribosylation was assessgudsitu in rat endothelium-denuded
aortic rings incubated with NAD (0.02 mM, 30 Ci/mmol, LTi/60 uL of
assay) and activated PTX (@g/mL, 4 hr) (lane 1). Controls were rat
endothelium-denuded aortic rings incubated with NAD (0.02 mM, 30

was assessed using rat endothelium-denuded aortic ring%immol, 10,.Ci/60 uL of assay: lane 2) or activated PTX @/mL, 4 hr;

incubatedin situ with PTX and p->?P]NAD. No labelling

lane 3).
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30

pmolP,/mg protein

20 30

10
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Fig. 4. GTPase activity of gg-proteins in rat aorta SMC membrane
fractions. Membrane fractions (3g) were incubated for the time shown

in the presence (filled circles) or absence (open circles) of NENY.
G,o-specific GTPase activity (pmol,/fhg protein) was defined as the
difference in GTP hydrolysis between untreated and PTXu@ImL)-
treated membrane fractions. All assays were performed in triplicate and are
expressed as means SEM. Significant differences (*P < 0.05 vs
control) were determined by ANOVA plus Scheffest.

Analysis of the binding parameters revealed the presence of

two binding sites, the first with high affinity Ky pign =
9.0* 0.3 andB 4 high = 92.9* 38.7 fmol/mg protein) and
the second with lower affinity ¢0gq.on = 7.2 £ 0.2 and
B 407.3 = 95.1 fmol/mg protein).

maxlow —

3.4.3. Coupling of G-proteimx subunits witha;-ARSs

Blots presented in Fig. 5 indicated that the three subtypes
of a;-ARs coupled to thex subunit of G, (Fig. 5A). None
of them coupled to a Gprotein (Fig. 5B). Only they; -AR
subtype was co-immunoprecipitated with &ssubunit (Fig.
5C).

4. Discussion

Functional studies revealed that treatment of rat endo-
thelium-denuded aortic rings with PTX did not modify the
concentration—response curves to NE. Thus, NE-induced
vasoconstriction is not affected by PTX in rat aorta SMC in
contrast to rat tail artery SMC [8,18]. This indicates that
variations in the PTX-sensitive intracellular component of
a-AR agonist-induced vasoconstriction exist between the
two vessels.

The lack of effect of PTX could not be explained by the
absence of ¢z-proteins, as these proteins were evidenced
by immunoblotting and ADP-ribosylation experiments in

rat aorta SMC membranes. The existence of a PTX-sensi-

tive intracellular pathway was also observed, singg
subunits were ADP-ribosylated situ by PTX in endothe-
lium-denuded aortic rings. Thus, the ineffectiveness of PTX
in modifying NE-induced vasoconstriction was postulated
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Purified Gy-proteins
Aorta SMC membrane fractions
Antibody against G_ o subunit
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Bovine brain purified G-proteins

Aorta SMC membrane fractions
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o,-ARs

Bovine brain purified G-proteins

Aorta SMC membrane fractions

Antibodies against G, o subunits 1-2
and subunit 3

o

38 kDa 4’ -

Fig. 5. Coupling betweer,-AR subtypes and G-proteia subunits. Rat
aorta SMC membrane fractions (4@@) were immunoprecipitated with
antibodies directed againgt 5-, a;5-, Or a;p-ARS. The three immuno
complexes were separated by SDS—polyacrylamide gel and immunoblotted
with antibodies directed against,@), G, (B), or G (C) « subunits.

—
|

w-AR op-AR op-AR

a,-ARs

is therefore efficient in rat aorta SMC. In rat endothelium-
denuded aorta, Weber and MacLeod have shown that the
increase in GTPase activity induced by NE is mediated
solely by «;-ARs [19]. Furthermore, previous vitro stud
ies indicate thatx-AR agonists contract rat aorta by acti-
vating «,-ARs with no obvious involvement of,-ARs
[20—22]. Recently, subdivision ok,-ARs into three sub
types @ia-, 15~ and a,5-ARS) through gene cloning,
radioligand binding, and functional studies [23] led to the
conclusion that contractions induced hyAR agonists in
the rat aorta occur predominantly via the,-AR subtype
[24-27], although expression of mMRNAs for all three
«;1-AR subtypes has been detected in this tissue [28,29]. For
these reasonsy;-ARs may be effectively coupled to,G
proteins.

Complementary binding experiments wittH]prazosin
as a selectiver;-AR antagonist in the concentration range
used [30] suggested the presence of a heterogeneous popu-
lation of a;-ARs in rat aorta SMC [28,31]. The dissociation
constant for the high-affinity site is consistent with that
obtained for thex, ,-AR subtype by functional and binding
experiments [24,25,27]. The prazosin low-affinity site may
represent a particular conformational state of éhg-AR
subtype [32]. Alternatively, it may be related to the contro-

to be the consequence of an impaired coupling between NEversiala,, -AR subtype whose cDNA has not been isolated

receptors and g3-proteins. However, the NE-induced-in
crease in G,-specific GTPase activity ruled out this pessi
bility. The coupling between NE receptors ang,roteins

yet [31,33]. The co-immunoprecipitation experiments con-
firmed the expression of the threg-AR subtypes in rat
aorta SMC and their coupling to a rotein [34]. Anin
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vitro coupling was found only betweemn,,-ARs and G- C&*-withdrawal, pertussis toxin and-ethylmaleimide is dependent
protein in rat aorta SMC. Since PTX has no effect on on agonist intrinsic efficacy. Naunyn Schmiedebergs Arch Pharmacol
NE-induced vasoconstriction in rat endothelium-denuded , . = oo:002-496-302.

L. . ; [10] Gurdal H, Seasholtz T, Wang H-Y, Brown R, Johnson M, Friedman
aortic rings, then; ,-AR/G;-protein-mediated pathway may E. Role of G, or G,, proteins ina;-adrenoceptor subtype-mediated
not play a significant role in NE-induced responses. This is responses in Fischer 344 rat aorta. Mol Pharmacol 1997;52:1064-70.
in contrast with previous results in rat tail artery SMC [11] Quast U, Scholtysik G, Weir SW, Cook NS. Pertussis toxin treatment
[8,18]. Thus, the PTX-sensitive G-protein pathway does not does not inhibit the effects of the potassium channel opener BRL

. . . . 34915 on rat isolated vascular and cardiac tissues. Naunyn Schmiede-
seem to be universally involved in NE-mediated vasocon bergs Arch Pharmacol 1988:337:98—104.

striction of SMC' . . . ) [12] Lyles GA, Birrell C, Banchelli G, Pirisino R. Amplification of alpha

In conclusion, we identified a PTX-sensitive &orotein 1D-adrenoceptor mediated contractions in rat aortic rings partially
pathway in rat endothelium-denuded aorta. We showed an  depolarised with KCI. Pharmacol Res 1998;37:437-54.
effective coupling between NE receptors angp@teins [13] Flavahn N, Vanhoutte P. G-proteins and endothelial responses. Blood
via a,5-ARs. Since PTX has no effect on NE-induced vessels 1990;27:218-29.

L. . . [14] Abebe W, Edwards J, Agrawal D. G-proteins in rat blood vessels. 1.

vasoconstriction, the PTX-sensitive -@otein pathway Identification. Gen Pharmacol 1995;26:65-73.

does not play a predominant role in NE-induced responses[i5] Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measure-

in rat aorta SMC in contrast to small diameter muscular and ment with the folin phenol reagent. J Biol Chem 1951;193:265-75.

resistance arteries. [16] Ribeiro-Neto FA, Mattera R, Hildebrandt JD, Codina J, Field JB,
Birnbaumer L, Sekura RD. ADP-ribosylation of membrane compo-
nents by pertussis and cholera toxin. Methods Enzymol 1985;109:
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