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SUMMARY

We report the identification and characterization of specific vaso-
pressin-binding sites on intact cells and membranes of the es-
tablished vascular smooth muscle cell line A-i 0, the fate of
vasopressin associated with the cells, the role of guanine nu-
cleotides in the regulation of the affinity of the vasopressin-
binding sites, and the determination of the vasopressin receptor
subtype. We have found specific vasopressin-binding sites on
intact cells in monolayer (1 1 0,000 sites per cell during log growth
and 60,000 sites per cell in stationary culture) with a KD of 6 nM
at 37#{176}.After incubation of [3H]-8-arginine vasopressin ([3H]AVP)
and cells for <20 mm, cell-associated AVP was intact; with
longer incubation times, AVP was progressively degraded. The
major metabolites included phenylalanine and a fraction that
eluted from a Ci 8 reverse phase high performance liquid chro-
matography column between AVP and 8-arginine, 9-desglyci-
namide vasopressin. Extensive degradation also occurred when
AVP was allowed to dissociate from the cells. With increased
time of incubation, the amount of specifically bound AVP that

could dissociate decreased, suggesting receptor-mediated en-
docytosis. In saturation equilibrium binding experiments with
plasma membranes, two affinity states with K0 of 0.7 n� and

379 nM were observed. The number of high affinity binding sites
was similar to the number of receptors found on intact cells.
Guanosine 5’-($,-y-imido)triphosphate decreased vasopressin
binding to the high affinity sites and did not significantly affect
the low affinity sites. Competition binding experiments indicated
that the vasopressin-binding sites of A-i 0 cells belong to the
vascular V1 receptor subtype. We conclude that the established
vascular smooth muscle cell line A-i 0 expressed vasopressin
receptors of the vascular V1 subtype. Vasopressin bound to the
receptors reversibly, but could also be degraded by the cells
presumably after receptor-mediated endocytosis. The receptors
might exist in different affinity states; guanosine 5’-(f.�,’y-im-
ido)tnphosphate decreased the affinity of the high affinity binding
state.

The neurohypophyseal hormone vasopressin interacts with

at least two types of receptors, the vascular V1 receptor and the

renal V2 receptor (1). V2 receptors are coupled to adenylate

cyclase and mediate the antidiuretic hormone activity in the

kidney (2-5); V1 receptors are not positively coupled to adenyl-

ate cyclase and mediate vasoconstriction. In selected vascular

beds, such as the rat mesenteric microcirculation, vasopressin

is one of the most potent vasoconstrictors (6). Vasopressin can

cause vasoconstriction by a direct action on the vascular smooth

muscle, or indirectly by potentiating norepinephrine-induced

vasoconstriction (7). We have suggested that vasopressin might

also enhance vasoconstriction by inhibiting fl-adrenergic recep-

tor agonist and atrial natriuretic factor-induced vasodilation

(8, 9). Katusic et al. (10, 11) recently showed that vasopressin

can also cause vasodilation of the canine basilar and coronary

artery in an endothelium-dependent fashion. These reports

indicate the potential importance of vasopressin in regulating

regional blood flow under normal conditions. In addition, in

some pathological conditions, the responsiveness of blood yes-

sels to vasopressin was altered. The vasoconstrictor response

to vasopressin was increased in spontaneously hypertensive

rats (12-14) and in subjects with a family history of hyperten-

sion (15).

A rise in cytosolic free calcium is an essential step in the
sequence of events leading to contraction of vascular smooth

muscle (16). Inositol 1,4,5-triphosphate, formed by hydrolysis

of phosphatidylinositol diphosphate by phospholipase C, may

play a key role in intracellular calcium mobilization (17, 18).

In vascular smooth muscle, vasopressin has been shown to
cause calcium mobilization (19-23) and increase phosphatidyl-

ABBREVIATIONS: DPBS, Dulbecco’s phosphate-buffered saline; BSA, bovine serum albumin; AVP, 8-arginine vasopressin; dDAVP, 1-deamino, [8-
D-arginine]vasopressin; dAVP, 1 -deamino, 8-arginine vasopressin; desGIyNH2AVP, 8-arginine, 9-desglycinamide vasopressin; d(CH2)5Tyr(Me)AVP,
[1 -(j�-mercapto-$j3-cyclopentamethylenepropionic acid), 2-(O-methyl)tyrosine]8-arginine vasopressin; d(CH2)5Tyr(Et)VAVP, [1-(/3-mercapto-1fj3-cyclo-
pentamethylenepropionic acid), 2-(O-ethyl)tyrosine, 4-valine]8-arginine vasopressin; d(CH2)5D-IIeVAVP, [1 -($-mercapto-fl,fl-cyclopentamethylenepro-
pionic acid), 2-D-isoleucine, 4-valine]8-arginine vasopressin; DMEM, Dulbecco’s modified Eagle’s medium plus 20% fetal calf serum; EDTA,
ethylenediaminetetraacetate; DPBS2�, Dulbecco’s phosphate-buffered saline with 10 mp�i MgCI2, 0.7 m� CaCI2, 0.1% glucose, and 0.2% bovine

serum albumin; HEPES, 4-(2-hydroxyethyl)-1 -piperazineethanesulfonic acid; RP-HPLC, reverse phase high performance liquid chromatography;

Gpp(NH)p, guanosine 5’-(fl,-y-imido)triphosphate.
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inositol turnover (19, 22-24). It seems clear that inositol 1,4,5-

triphosphate formation and calcium mobilization are conse-

quences of V1 receptor activation. However, the molecular

events involved in the interaction of vasopressin with its vas-

cular receptor, the receptor activation, and the coupling of the

activated receptor to intracellular events are not well under-

stood.

We have previously reported that V1 receptors mediate in-

hibition of cAMP and cGMP accumulation by �3-adrenergic

receptor agonists and atrial natriuretic factor, respectively, and

increase phosphatidylinositol turnover and calcium efflux in

an established smooth muscle cell line (A-1O) of rat thoracic

aorta (8, 9, 19). Here we report the identification and charac-

terization of vasopressin-binding sites on intact cells and mem-

branes of the A-b cell line. We present evidence that these

sites represent the V1 receptor subtype and that the receptor

affinity may be regulated by guanine nucleotides.

Materials and Methods

Fetal calf serum was obtained from KC Biologicals (Lanexa, KS);
Dulbecco’s modified Eagle’s medium, DPBS (0.5 mM MgCl2, 0.7 mM

CaC12), and trypsin were from Gibco (Grand Island, NY); BSA (frac-
tion V) and bacitracin were from Sigma Chemical Co. (St. Louis, MO).

[3H]AVP (40 Ci/mmol) was purchased from New England Nuclear

(Boston, MA); AVP and dDAVP were from Bachem (Torrance, CA).
The vasopressin analogs used were dAVP, desG1yNH2AVP,

d(CH2)5Tyr(Me)AVP, d(CH2)5Tyr(Et)VAVP, and d(CH2)5D-I1eVAVP.
These analogs were synthesized at SK&F Laboratories (Philadelphia,

PA).
Cell culture. Rat aortic vascular smooth muscle cells (A-10; ATCC

CRL 1476) were obtained from the American Type Culture Collection

and cultured in DMEM. Before initiating the experiments, the cells

were subcloned twice by limiting dilution. All experiments were per-

formed with cells passaged once a week for no more than 4 months.

The cells were removed from the flasks by incubating with 0.25%

trypsin containing 0.25% EDTA (pH 7.5). Culture wells (35 mm di-

ameter; six-well Linbro plates) were seeded with 1 ml of medium

containing 75,00() cells. Experiments were performed after 3 days,

unless indicated otherwise.

Preparation of plasma membranes. Plasma membranes of A-10

cells were prepared as ftllows. Cells were seeded in T-150 culture flasks

(Corning Glass Works. Corning. NY) at 1.5 X lOb cells per flask and

cultured br ;) days. The medium was removed and the cells were

washed three times with 20 ml of DPBS. The cells were harvested in

DPI3S by scraping with a rubber policeman. The cell suspension was

centrifuged at GOt) x g for H) mm, the supernatant was removed, and

the cell pellet was frozen in liquid N2 and stored at -80� . The frozen

cell pellet was thawed on ice and the cells were homogenized on ice in

5 mM Tris#{149}HCI. pH 7.5 (at 30�), containing 3 m�i MgC12 and 1 mM

EDTA (from 0.5 M EDTA, pH set at 7.3 with Tris base at 20�; hypotonic

Tris butler) with a IJounce homogenizer (25 strokes). The homogenate

was centrifuged at 12,000 X g for 10 mm. The supernatant was removed

and the membrane pellet was suspended in hypotonic Tris buffer (1

ml/2 X l()� cells). The membrane suspension was used immediately.

Plasma membranes of liver of male Sprague-L)awley rats (225-275

g) were prepared according to the procedure of Neville (25) up to step

1 1 . The membranes were suspended in hypotonic Tris buffer and stored

frozen 10 liquid nitrogen.

Plasma membranes of rat kidney were prepared as described previ-

ously (261.

I3HIAVP binding to cells in monolayer. The culture medium
was removed, the cells were washed with DPBS2� , and the binding was

initiated with 1 ml of I)PBS�� containing [HJAVP. Nonspecific bind-

ing was determined in the presence of 10 �M AVP. At the end of the

incubation period the medium was removed and the cells were washed
with 1 ml ofice-cold DPBS2�. The cells were scraped in ice-cold DPBS2�

and washed rapidly on Amicon filters (0.45 �sm), and the cell-associated
radioactivity was measured.

[3H]AVP binding to cell membranes. [3H]AVP binding to cell

membranes was performed in a mixture (final volume 500 �sl) contain-

ing 10 mM HEPES buffer, pH 7.4, 10 mM MgC12, 0.1% BSA, 50-100
/Lg of membrane protein, and [3H]AVP. Nonspecific binding was deter-

mined with 10 �sM AVP. The incubation was carried out at 37’ for 90
mm unless indicated otherwise. Bound and free [3H]AVP were sepa-
rated by centrifugation at 12,000 x g for 5 mm. The membrane pellet
was treated with NCS tissue solubilizer (Amersham Corp., Arlington
Heights, IL) and the radioactivity was measured. The affinity of
unlabeled ligands for vasopressin receptors was determined in compet-
itive binding experiments using 5 n�,i [3HJAVP after an incubation at
37’ for 20 mm. The affinities were expressed as ICse values, i.e., the

concentration required for 50% inhibition of specific I3HIAVP binding.
[3H]AVP binding to liver membranes. [3H]AVP binding to rat

liver membranes was determined in a mixture (final volume 500 �sl)
containing 100 mM Tris.HC1, pH 8.0 (at 30’), 0.08% BSA, 0.2%
bacitracin, 10 mM MgCl2, [3H]AVP, and 12.5 �sg of membrane protein

for 60 mm at 30’. After incubation, bound and free radioligand were

separated by centrifugation at 12,000 x g for 5 mm. The pellet was

solubilized and the radioactivity was determined by liquid scintillation
counting. The affinity of unlabeled ligands was determined in compe-

tition experiments with 2.0 x i0� M [3HJAVP with or without 10 sM

AVP. The ICse values and the KD of [3HJAVP (3.8 x 10’#{176}M) (27) were

employed to calculate the Kb�d according to the method of Cheng and

Prusoff (28).

Adenylate cyclase assay. Adenylate cyclase activity and agonist
and antagonist potencies were determined as described previously (26).

Dissociation of [3H]AVP from cells and RP-HPLC analysis.
[3H]AVP was bound to cells in monolayer, the medium was removed,

the monolayer was washed once with DMEM, and [3HJAVP was

allowed to dissociate in DMEM at 37’ for 30 nun. Dissociated [3H)

AVP and [3H]AVP extracted from frozen and thawed cells with ice-
cold 1% acetic acid for 5 mm were chromatographed by RP-HPLC. A
25-cm ultrasphere ODS 5-�tm Altex column (Beckman San Ramon,

CA) was loaded with 100 �zl of [3H]AVP in 1% acetic acid containing

AVP, dAVP, and desGIyNH2AVP, 2 �tg each. The column was devel-
oped with a discontinuous acetonitrile gradient containing 0. 1% tn-

fluoroacetic acid at 1.5 mI/mm. The eluate was monitored at 220 am

and fractions of 0.5 ml were collected. The radioactivity of the fractions
was measured. More than 95% of the counts applied were recovered.

Protein determination. Protein was measured with the Folin
reagent (29) and BSA was the standard.

Statistical evaluation. Experimental values are reported as the

mean ± standard error. The saturation equilibrium binding data were
analyzed by a nonlinear least squares curve-fitting procedure using a

generalized model for complex ligand-receptor systems (Scatfit) (30).

The calculated K0 and � values are presented with the standard
error of the estimate.

Results

Identification and characterization of specific vaso-

pressin-binding sites on intact cells. Specific binding of
[3H]AVP (0.75 nM) at 37’ to cells in monolayer was maximal

within 5 mm, the shortest incubation time used, and remained

essentially constant for 60 mm (data not shown). Nonspecific

binding at 7.5 nM [3H]AVP was less than 5%. At 0’, specific

binding reached a plateau after 60 mm and 120 mm, at 4.0 nM

and 0.2 nM [3H]AVP, respectively (Fig. 1).

The rate of dissociation of [3H]AVP from cells is shown in

Fig. 2. [3HJAVP, associated at 37’ for 10 mm, dissociated

rapidly at 37’ (t,� about 5 mm); however, 8.9% of [3H]AVP did

not dissociate (Fig. 2A). The amount of nondissociable [3Hj
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Fig. 1. Specific [3H]AVP binding to cells in a monolayer as a function of
time. [3H]AVP was added in 1 ml of DPBS to wells containing 2 x 106
cells in monolayer. The incubation was carried out at 0#{176}for the times
indicated. Mean values ± standard errors of triplicate determinations are
presented.

AVP increased with increased binding time at 37#{176}.After incu-

bation at 37#{176}for 20 mm and 120 mm, 15% and 40%, respec-

tively, did not dissociate. [3HJAVP, bound at 0#{176}for 120 mm,

dissociated very slowly at 0#{176}(t� > 160 mm) but was almost

completely dissociated within 30 mm at 37#{176}(Fig. 2B).

Saturation equilibrium binding of [3H]AVP to intact cells

was performed at 37#{176}for 20 mm (from 0.4 nM to 230 nM; Fig.

3A) and at 0#{176}for 4 hr (from 0.4 nM to 55 nM; Fig. 4A).

Nonspecific binding was determined in the presence of 10 sM

AVP. Specific binding saturated at about 100 nM at 3T and

about 20 nM at 0#{176}.Scatchard analysis of these data suggested

the presence of a single high affinity binding site (Figs. 3B and
4B) with similar affinities at 37#{176}(KD was 6.0 nM) and at 0#{176}

(KD was 8.1 nM). However, maximal binding was higher at 0#{176}

than at 37#{176}(Bmax was 137 and 96 fmol/106 cells, respectively).

Characterization of cell-associated [3H]AVP by RP-
HPLC. To study the fate of [3H]AVP, we developed an RP-

HPLC procedure to separate and quantitate potential metab-

olites of AVP. Free [3H]AVP, bound AVP, and AVP that

dissociated from intact cells were analyzed (Fig. 5). Free [3H]

AVP in culture medium after incubation with cells for 0 or 20

mm at 37#{176},or for 4 hr at 0#{176},coeluted with carrier AVP; however,

after 2 hr at 37#{176},56% of the radioactivity eluted in a peak

between AVP and desG1yNH2AVP, whereas only about 15%

coeluted with AVP (Fig. 5A). [3H]Phe was also found (0.3%).

No significant degradation was observed when [3H]AVP was

incubated in medium without cells at 37#{176}for up to 4 hr (data

not shown).

Cell-associated [3H]AVP was extracted from freeze-thawed

cells with 1% acetic acid containing carrier AVP, desGly-

NH2AVP, and dAVP. Prolonged binding at 37#{176}decreased acid

extractability; 93% [3H]AVP was extracted after binding for 20

mm at 37#{176},whereas only 69% could be extracted after binding

for 2 hr. The acetic acid extracts contained largely intact AVP

after binding at 37#{176}for 20 mm (Fig. 5, B and C), or at 0#{176}for 2

hr (data not shown). However, after binding for 2 hr at 37#{176},

marked degradation of AVP was found. The AVP peak of the

acetic acid extract represented only 18% of the radioactivity

eluted off the column, about 47% eluted between AVP and

desG1yNH2AVP, and 5% of the radioactivity coeluted with Phe

(Fig. 5B).

Dissociated [3H]AVP was markedly degraded. Fig. 5C shows

the elution profile of [3HJAVP dissociated from the cells after

binding for 20 mm at 37#{176}.Only 17% of the radioactivity

coeluted with AVP, 24% eluted between AVP and desGly-

NH2AVP, and 14% with Phe. Most of the rest of the radioac-

tivity eluted between Phe and AVP.

Vasporessin-binding sites during cell growth. The

number of vasopressin-binding sites per cell during culture was

determined by [3HJAVP binding at 30 nM for 2 hr at 0#{176}(Fig.

6). During early log growth, we found approximately 110,000

specific vasopressin-binding sites per cell. This number de-

creased as the cells became confluent and reached a plateau at

about 60,000 sites per cell. A similar decrease in number of

vasopressin-binding sites was also found when binding was

performed at 200 nM [3H]AVP for 20 mm at 37#{176}.However, the

numbers of binding sites observed were about 70% of those

obtained by binding at 0#{176}(data not shown). The decrease in

number of vasopressin-binding sites might reflect the decrease

Fig. 2. Dissociation of [3H]AVP from cells
in monolayer. A. The cells were incubated
with 1 0 nM [3HJAVP for 1 0 mm at 37#{176}in
DMEM. The medium was removed, the
cells were washed with DMEM, and sub-
sequently the cells were incubated with
DMEM at 37#{176}for the times indicated. B.
The cells were incubated with 3.9 n�i [3H]
AVP for 60 mm at 0#{176}.The medium was
removed, the cells were washed once with
DMEM, and subsequently the cells were
incubated with DMEM at 0#{176}(0) for the
times indicated or at 37#{176}(#{149})for 30 mm.
Mean values ± standard errors of triplicate

determinations are presented.
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Fig. 4. Saturation equilibrium binding
of rH]AVP to cells in monolayer at
00. A. The cells were incubated with
0.4-55 nM [3HIAVP for 2 hr at 0#{176}in
the presence or absence of i 0 �zM

AVP. B. Scatchard analysis of the
data (KD 8.1 nM; B�, = 1 37 fmol/
1 06cells). Mean values of triplicate
determinations are presented. The
experiment was repeated with simi-
lar results.

in accessible surface area as the cells reach confluency, or might

reflect true loss of receptors.

Identification and characterization of specific vaso-
pressin-binding sites on cell membranes. Specific, satura-

ble vasopressin-binding sites were found on plasma membranes

by incubating the membranes with [3H]AVP at 37#{176}for 90 mm

(Fig. 7A). The Scatchard plot of these data was nonlinear (Fig.

7B), suggesting the presence of more than one affinity state.

Two-site fitting of the data of Fig. 7, employing Scatfit, resulted

in a KDI 0.7 ± 0.1 nM and a Bmaxi 0.051 ± 0.007 nM (or 60

fmol/106 cells), and a KD2 379 ± 1286 nM and a Bmax2 1.1

± 3.2 nM. The high nonspecific binding (70% at 40 nM [3H]

AVP) precluded accurate determination of the KD and Bmax

values of the low affinity sites.

Effect of Gpp(NH)p on vasopressin binding to cell
membranes. In the presence of 100 �zM Gpp(NH)p, specific

and saturable binding of [3H]AVP to plasma membranes was

also observed. The Scatchard plot of the data was nonlinear

(Fig. 8). Gpp(NH)p decreased the binding at the lower concen-

trations of [3H]AVP with little apparent effect at the higher

concentrations. Whether the decreased vasopressin binding by

Gpp(NH)p is due to decreased affinity and/or number of high

affinity binding sites could not be determined from these ex-

periments.

The receptor subtype of the vasopressin-binding sites
of cell membranes. The affinity of selective vasopressin
agonists (dDAVP, V2; AVP, V1/V2) and antagonists

[d(CH2)5Tyr(Me)AVP, V1 (31); d(CH2)5D-I1eVAVP, V2 (32);
d(CH2)5Tyr(Et)VAVP, V1/V2 (33)] was determined in compet-

itive binding studies (Fig. 9). The V2-selective analogs were

poor competitors for [3HJAVP, whereas the V1-selective analog

was a potent competitor. Similar data were obtained in com-

petition experiments with [3H]AVP and intact cells (data not

shown). The rank order of the analog affinities, expressed as

IC� values, was the same as that for rat liver vasopressin

receptors. The rank orders for rat liver and kidney were differ-

ent (Table 1). These data indicate that the vasopressin receptor

of the A-b cells belongs to the vascular V1 receptor subtype.
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Fig. 5. Analysis of [3H]AVP extracts by RP-HPLC.
A. Cells were incubated with 50 n� [3H]AVP at
370 � 0 mm (0) or 2 hr (U). The media were
chromatographed. B. Cells were incubated with
50 nti [3HJAVP for 20 mm (0) or 2 hr (0) at 37#{176}.
The cells were washed and extracted with i %
acetic acid. C. Cells were incubated with 50 n�
[3H]AVP at 37#{176}for 20 mm. The cells were washed
and extracted with 1 % acetic acid (0), or the
ligand was allowed to dissociate for 30 mm at 37#{176}
(0). Within each panel, the elution profiles repre-
sent the same total amount of eluted tritium. The
experiments were repeated with similar results.

Discussion

We have previously reported on the molecular mechanisms

involved in vasopressin-induced contraction of vascular smooth

muscle using the established smooth muscle cell line A-b,

derived from rat thoracic aorta (8, 9, 19). We subcloned the A-

10 cells to ensure a homogeneous cell population. Here we

employed the clonally derived A-b cells to (i) fully characterize

vasopressin-binding sites on intact cells, (ii) determine the

expression of vasopressin receptors during monolayer culture,

(iii) examine the fate of vasopressin bound to cells, (iv) compare

the properties of the vasopressin-binding sites of cell mem-

branes and intact cells, and (v) examine the role of guanine

nucleotides in regulating the affinity of vascular vasopressin

receptors.

Specific vasopressin-binding sites were found on intact A-bO

cells. At 37#{176},equilibrium binding was reached within 5 mm

with 0.75 nM [3H]AVP. Bound [3H]AVP also dissociated from

the cells rapidly (th about 5 mm). However, the extent of

dissociation decreased with increased time of binding. At 37#{176},

a single class of specific, saturable vasopressin-binding sites

with a KD of 6 nM and a Bmax of 96 fmol/b06 cells was expressed.

Similar data were obtained for rat aortic smooth muscle cells

in primary culture (34). We have also found specific binding

sites at 0#{176}.The affinities at 0#{176}and 37#{176}were similar; however,

at 0#{176}about 40% more binding sites were found.

The expression of vasopressin receptors was not associated
with a particular phase of cell culture, but the receptors were

present during all phases of cell culture (Fig. 6). The highest

number of receptors was present during early log phase. The

receptor number decreased by about 45% during late log phase

and then remained constant during stationary phase. The

decrease in receptor number may be caused by a decreased
expression of receptors or may result from a decrease in surface

area as the cells reach confluency. At present we are unable to

distinguish between these possibilities. We observed no change

in receptor subtype as a function of cell density.

The fate of [3H]AVP during incubation with intact cells was

studied using RP-HPLC to separate potential metabolites of

AVP. Little degradation of [3H]AVP occurred during a 20-mm

incubation period with culture medium and cells; however, after

2 hr about 60% [3H]AVP was degraded. The major metabolite

was a peptide that eluted between AVP and desG1yNH2AVP
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Fig. 6. Vasopressin-binding sites during cell growth. The number of
specific vasopressin-bmnding sites was determined with 30 n� [3H]AVP 300 600 900 200 1500
in the presence or absence of 10 �M AVP for 2 hr at 0#{176}.Mean values ± B(fmoles/mg protein)

standard errors of triplicate determinations are presented. The experi- Fig. 8. Effect of Gpp(NH)p on [3HJAVP binding to plasma membranes.
ment was repeated with similar results. Plasma membranes (62 ,�g of protein) were incubated with 0.04-50 n�

[3HJAVP for 90 mm at 37#{176}with or without 1 00 �M Gpp(NH)p. Nonspecific
binding was determined in the presence of 1 0 �M AVP. A Scatchard
analysis of the data is presented. Mean values of triplicate determinations
are presented. The experiment was repeated four times with similar

a results.
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Fig. 9. Inhibition of [3H]AVP binding to plasma membranes by vasopres-
sin analogs. Plasma membranes were incubated for 20 mm at 37#{176}with
5 nM [3H]AVP in the presence of vasopressin analogs at the concentra-
tions indicated. Nonspecific binding was determined in the presence of
1 0 �LM AVP. 0, AVP; 0, d(CH2)5Tyr(Me)AVP; i�, d(CH2)5Tyr(Et)VAVP;#{149},
d(CH2)5D-IIeVAVP; A, dDAVP. Mean values ± standard errors of triplicate
determinations are presented.

(Fig. 5A). Degradation of AVP in the culture medium required

incubation with cells and was temperature and time dependent.

The acetic acid extract of cells incubated for 20 mm at 37#{176}

with [3H]AVP showed that most of the ligand was intact AVP

(Fig. 5, B and C). However, after an incubation for 2 hr, cell-

associated AVP was extensively degraded (Fig. 5B). During

dissociation not only intact AVP was released, but also degra-

dation products (Fig. 5C). That the degradation products were

derived from AVP associated with the cells through nonspecific

endocytosis is unlikely, because a similar degradation profile

was observed during dissociation at 37#{176}of AVP bound at 0#{176}

(data not shown). These data suggest that, in addition to
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TA�I� 1

Vasopreuin r.aeptor subtype of rot �orIio smooth muscle oell*

�d1 �ititFey
Ait�It� §Irticlurs Cell rnemlrstea lf�� �I Iv�r �

�I �

CM tIM tiM

AVF1 8.� OM
#{248}(Cl�4�Tyr(M�)AVP 10.0 Q.� �Q.Q
�(C�)5Tyr(�I)VAVP 93:0 �:9
d(C�)6�lIeVAVP �00.0 �4�L0 4.�
dDAVI� 6�0Q.0 1�0.0 2�1

�-oi� from tispersm�nls of Fig. U
Affinity of r�t Hver vU�opr�tibln ret�epIprti wti� deftirminerl in �ompeIitioci t�sn#{248}ing

F Inh(hition (K) or ticlivtilion (K��) cit rUn�I meti .�ulltiry 4deny$��e t�y�I�se �tivsly.

aiUUtlciUtion III $IUi�(’I � �vt� Illight also he removtid from
thU rU�epIorU f�y prolttolyUlU It lU not �kar whUthtir proteo1ysi�
requirt�4 r�tiptor-mt�d,riItid �ndcwytoMiU of AVP D#{248}�radatlon
‘if AVP m�1�i’ t�1U1I FW�Uf Ht tt�w receptor on thU t�il1 UUrI)Wtt,

RUcttpt(Ft’lllCdlOtUd t3ndt)t:’1vIo$H� Of AVP might hUvti OccLlrJ’*3d
hU��UuUe, with wcreti�tid irwnhtitlon t�rn�’, th�i Umount Of $pUclf-

k�ti1ly hound tigt*nd tIu�i diUUociiued from lntact ce1l� or could
l)tl txtrocutd with zscelw iwld dttcrtiU�tid, Incorporation of I�HJ
PIm, d�ir�vUd from IHIAVP loto twet�c i.w�d-ln�otuhte proteins
could U�plUln devrt�oUttcl e�triwttthlliy of tritlum TilkUn to

g�thttr, th�Ue d�tri ore conUlUtent wlth tlw foltowln� notlonU; I)

AVP lnt�rnctU wlth rtlt’t�;)torU on the cttll Uur1iw� in � rUverUihtU
m�nnttr; �) � Iriwtion of rtweptor�bound AVP IU stndocyto�ed
and dtigrQded intr4celluttrly; �) dogradation products of AVP

�t’U relUUb�d in tIm B)#{216}dIUfll�nhl socorporattid into Uctttit geld-
lilUolubiti protUlnb

To turthUr cht�racttirl� the vUUoprs�Uln rectiptorU, we �tudiUd

I1FIIAVP UquUIhrium binding to pl�timt mtimlrUntiU iU 37’ over
U large corwentrtUion rttn�e (from 1)04 IIM to 50 nM) The
$cetcht�rd 1)101 of the rnemhrtrne h,ndln� d�tU WitS not linear

(Fig 714) In contraUt, a Ilnear �catchard fit of eaturation
binding data was obtained usln� pla�ma memhraneU Of rat

rneUenterlc artery 1th) and thoracic aorta �6 The linear

�4catehard 1�t nt theUti �FtudiU� might he due to the u�e of a
limited range of ligand tontientrationU anti itn’uhation at lower

temperature (2(1’); alco, the etructure of the ligand aUUocinted
with the ti�eue nwmhrunea wee not determined The nonlinear

plot indicated the preaence oftwo allinity �tate� with K, valueU

1!0,7 OM and 17ft nM The high at�nity UIteU detected on the

cell memhraneU (rihout fit) fmol/10� cells) might repreUent the
receptora t�und t)O intact cellU (01) f’n�ol/l()� cellU; Fi� �B) The
putative low affinity Ultee found sni cell memhranea might
mediate arachidonic acid releace (37)

An alternative explanation for the nonlinear $catchard plot

of the tnemhrane hinding data could he negative cooperativlty
between the hinding Uite�, consietent with the observed slope

(�f (�)Mtl Of the linear Iii)) plot (r � ((9$) )I the data of Fig 7A

$elt�aggregation of the ligand onto the Upecillc hinding aitee iU

another po�Uih$ltty (3$)� In order to he ahle to hetter understand
the dynamics of the vasopressin-receptor interaction, we are

developing radiolahelerl antagonista with high aftinity for all
receptor states

Our data show that the aflinity of vascular vasopres�in
receptors could he regulated by gtuinine nucleotides Binding

of I1HIAVP It) high atlinity sit�� was decreased in the presence

of (Ipp(NH)p (Fig. p4), whereas hinding to the putative low
attlnstv SIICS wah not stgnihcantlv ntte ted We propose that

the receptors on intact cells (K,, � 6() nM) represent the high
affinity receptors of the cell membranes (K,4 = 07 nM) modu�
lined by endogenous guanirte nucleotides Cantan c is! (39)
reported similar differences in afflnity of receptors of intact

hepatocytes and membranes of liver, a tissue expressing the

vascular vasopressln receptor subtype (40) We have shown

t hat in A� 10 cells vasopressin stimulates phosphatidvlinositol
turnover (19). Guanine nucleotide�binding proteins are the
likely transducers of this vasopressin response hecause in in
t’i(ro experiments (�TP wa� required for vasopressin-induced
phosphatidylinositol hydrolysis In membranes of rat hepato-

cytes (41) and rat mammary tumor cells (WRKI) (4�!) Hegu-
lation of vaMopress�n receptor affinity by guanine nucleotides

supports the hypothesis that activation of phospholipase (‘ of

vascular smooth muscle by vasopressin is mediated lw guanine

nucleotide�binding proteins

$electlve vasopressln analogs were used ln competition hind-
ing experlments to determine the vasopressin receptor suhtype

of the A�10 cells The affinity rank orders of the analog� for

cell and rat liver membranes were the same, hut diff�rent (rom

the potency rank order for inhibition of rat kidney adenylate

cyclase, $lnce the rat liver and vasculature present the same

vasopressln receptor subtype (40), we conclude that the hinding

sites ofthe A�10 cells represent the vascular V1 receptor� These

binding sites appear t(L) he functional receptors, hecause, using

a similar series ot vasopressin analogs, we have previously
reported that vasopressin-induced inhihitlon of cAMP and
cGMP accumulation (hy �i�agonists and atrial natriuretit tat-

tor respectively) and increases in phosphatidylinositol turn-
over and calcium efflux in the A-It) cells are mediator) t� V1

receptors ($, 9, 19)
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