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. We studicd the role of nan-selective type (ETy) of endothelin (ET) receptor-in the vaseulnture, using a ligand speeific 1o te BTy receptor, {Qu¥)
-garafotoxin S6b ((GI)SRTh). Endothelium-contgining rat thoracie dorta passessed specifie binding siwes for Y L[GWFJSRTb, which were kimoast
eliminated by removil af the endathelium, while ET-3.xpecific bmdmg sites were nat detestod in th¢ endothelium-intact rat aarta. Only ETp receplor
was detected in the membranes from the endothelium of pareine thormcic aora, (GIW*|SRTh exertéd only vasodilalion in rat aortic ring. These

‘ findings Indicme that BTy receplan are loented on vaseular endothelium and linked 18 vasadilation,

_ Endalh&lln.ﬁaml’omxm. Endothelium: Endothelial ull, Receptor; Vasodilation

I. INTRODUCTION

Endothelins'(ETs) belongtoa pofeni vﬁsoactive pep-
tide family consisting of three isopeptides, ET-1, ET-2
“and ET-3 [l]. Sarafotoxins (SRTs), having chemical

structures similar to those of ETs, also consist of a

novel cardiotoxic peptide family {2] and these. peptides
- interact with ET receptors [1]. A diverse set of phar-
macological activities with different potencies exerted
by ET/SRT family peptides [3-6] suggested the ex-
istence of ET/SRT receptor subtypes. We have
reported that two distinict subclasses of ET receptars,
namely, ET-1-specific and ET/SRT family-common
receptors; are distributed in various proportions in
‘human and porecine tissues [7], Most recently, the strue-

tures of the two ET receptor subtypes have been deter--

mined by cloning cDNAs encoding those subtypes {8,9],

and it was recommencded that the ET-1 specific type be

called ET, and the non-selective one ETy [10].
"There have been accumulating observations sug-

“gesting that ET-l-secreting endothelial cells (ECs).

themselves elicit ET-dependent vasodilation by releas-
ing the endothelium-derived relaxing factor (EDRF) or
prostacyclin  (PGlz) [4,11]. However, the precise
mechanism  is- still ambigucus. Ailthough it has been
reported that the three ETs are almost equipotent in

producing transient vasodilation [3,4], it was also
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reported that only an ET-3-specific receptor, which has "

no affinity for ET -1, is located on cultured bovine ECs
[12].

The present study was designed to clarify the mter-
relationships between the ET receptor subtypes and the
bialogical responses in the vasculature using an ETa
receptor- specxﬁc agonist, [Glu”]SRTb Lo

2. MATERIALS AND METHODS

Mawna!s
Symhetn. ET-1, ET-2 and ET-3 were purchased from Pepude ln-

. stitute (Osaka, Japan) Sarafotoxin S6b(SRTh), sarafotoxin’ S6¢

(SRTc) and [Glu®)SRTb were synthesized by solid-phase method and

.the yuality of the structures was verified by reverse-phase HPLC,
amino acld. analyses and:-FAB mass speciroscopy. Male Sprague-

Dawley rats (300-330 g) were obtained from Charles River, Japan.

. 2.2, Binding assays

The microsomal fractions were prepared from porcmc and rat
thoracic aortas as previously described [13]. The endothelia of the
aortas were removed mechanically by gentle scraping of the luminal
surface with a -small glass plate, Monoiodinated BET-1: ('**1-ET-1),
ET-3 ("**I-ET-3)and [GI0°1SRTD ("**1-[GIu*|SRTb) were prepared by
means of HPLC performed’ in essentially the same manner as
previously described {7]. Each radlohgand has & specific activity of
2.10-2.15 pCi/pmol. Binding studies were performed and the results
were'analyzed by a computer program for nonlinear curve-fitting as
described {7]. Briefly, the membranes {(0.1-0.3 mg) were incubated
with 100 pM each of iodinated ligands for 90 min at 25°C in 0.5 ml
of 50 mM Hepes buffer (pH 7.4) containing 0,15 M NaCl, 5 mM
MgCla, 0.4 mM phenylmethylsulfonyl fluoride, 1 mg/ml of bovine
serum albumm and 0.5 mg/ml-of bacitracin. Bound radioligand was
determined by wapping on Whatrian GF/B filters. Nonspecific bin-
ding was determined using 1.0 xM éach of the nonradioactive ligands

-and the values were 5-25% of the total binding.
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2.0, Varavamrivtor and vareadikitar aetivitey in rat aorie rings
©Thi endothelivn-denuded var aortle rings were mowrted ly 10 md
argan bath Alted with Krebs-Henselolt sobition, and contragtion was
measured vometrivaity. uing a forge displacemgnt Transdier gs
previeusty deseribest [3], The resting tenvion wav 1 g, The concentras
rionsresponys refatiombips for [GIWPISRTYE and ET:-1-induced
vasaeanitriciion were determined by meany of cumulbstive administes-
tions. The contracule responie 1a these peptides was exprened as a
percentage of that elicited by 40 mM K which: vers taken av 100%,
Vasedilator respenses 1o these peplides were recorded using en-
dothelivmsiniact aora preparaions preconsiricied with 10°7 M
phenylephrine, anud were exproxsed av percemtages of the vavodilation
induced by 107% M papavering i each preparation.

3. RESULTS

3.1. Specific binding sites for ‘¥ -ET-1 and
1 GNP ISRTD in rat and porcine aortas

[GILY|SRTL displaced the bound '**[-ET-1 with a
poteicy comparable 1o that of ET-l in rat cerebral
membranes (Fig. LA), which contain mainly ETy recep-
tor, whereas in the aortic membranes, which contain
“mainly ETa receptor, the displacability of [GIW’|SRTb
was only slight even.at 10~ ® M (Fig, 1B). Specific and

saturable bindings were observed not only for '**I-ET-1"

but also for '#*I-[GIu’]SRTb in the membranes
prepared from endothelia-containing aortas of rag (Fig.
2, solid ling). The Scatchard analyses displayed a single
component of high affinity binding sites for both
ligands, and’ the apparent dissociation constant (Ka)
values were 90 and 380 pM for '*1-ET-1 and '¥I-
(GIu?)SRTb, respectively, The maximal binding capaci-
ty (Bmas) for "*31-[GIu’)SRTb was approximately 5% of
that for '**1-ET-1. ET and SRT isopeptides were almost
equipotent in displacing '**I-[Glu’)SRTb from the bin-
ding sites in the aortic membranes (Fig. 3A). Similarly,
1251.ET-3 ‘specifically bound “to the endothelium-

containing aorta and was displaced completely and -

equipotently by ET/SRT - isopeptides. inciuding
[GIu?]SRTb (Fig. 3B). The Bma. value for '*°[-
[GIu?JSRTb in the aorta was markedly reduced by
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'Fig. 1. Competitive binding of '**I-ET-1 1o the membranes (0.1 mg)

)
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‘obtained’ from -rat cerebral cortex (A) and thoraclc aorta {B) by

[GIW?ISRTb (%o}, ET-1 (0), ET-2(4), ET-3 (D), SRTb (4 }and SRTc
(@), The maximal **I-ET-1 bindings for the controls were 260 and
290 fmol/mg protein for cerebral and aortic membranes, respectively.
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seraping aff the endathelium bt the Bug for WLET
was not affeeted (Fig, 2. douted line). A single class of
high affinity binding sites for '¥LET-1(Ky = 40z 1l

pM, By w175 2 33 fmol/mg protein, mean x S.E.M.,
“n= 1) was detected in the membranes prepared from the

intima {endothelium) of porcine aorta and the bound
RALET.] was non-selectively displaced by ET/SRT
isopeptides (Fig. 4A). while "¥1-ET-1 bound to the
membranes obtained from the media (smooth muscle)
was displayed sensitively by ET-1 and ET-2 but not by
[GIW?)SRTb even at 10”4 M (Fig. 4B). Specific binding
sites for 'PLICIWYISRTL and *MI-ET-1 were also
detected in the intima membranes. and those were
displaced equipotently by éach of the ET/SRT isopep-

" tides (dara not shown). -

3.2. Effects ‘()f [GI ISRTE and ET-1 onrat aortic rings
In the endothelium-denuded rat aorta preparations,
ET-1 c<aused slowly developing and concentration-

200

A
reemeemmecdF®

N

= BIF

1 L J

o 08 10 57730 0
* 1R8-ENDOTHEUN- | {nM)

B

pat

n
[u)
-B BIF

‘ 19 . ‘1:- "0 o
1251 [GREISARBFOTONIN S6b InM)

o
4

Boud M)

Fig. 2. Saturation bindings of '"YL-ET-1 (o,v) (A} and '¥I.
IGIu?]SRTL (s, *) (B) to the membranes obtained from en-
dothelia/intact (solid line) and endothelia/denuded (dotted line) aor-
tas of rat, and the Scatchard analyses. Binding data were obtained
from one experiment which is representative of four independent ex-
perimems, and are plotted after correction for nonspecific bindings.
The amounts of membranes used were 0.1 mg and 0.3 mg for '*I-
ET-1 and '"21-{Glu®]SRTb, respectively. The respective Huma, valiies
for "SI-ET-1 and "I-[GIu®)SRTb were 942 4 49 and 45 + 8

- fmol/mg protein for the endothelium-intact norta, and 930 % 52 and

4 = 1" fmol/mg protein for the endothelium-denuded aorta
(P <001 vs By, for "1 [GIW]SRTY in intact aorta). The respective
K values for '*1.ET-1 and '**1-[Clu®]SRTb were 86 + 16 and 375 &
43 pM for the entlothelium/iniact aorta, and 104 = 18 and 340 + 36
pM for the endothelium-denuded aorta (mean £ S.E.M.,, n=4),
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Fig. L. C,‘(jmpumivc bmdinu of LGN ISRTh (A) and FLET.3 (BJ to the membranes (0.3 mg) ohiained from endotheliumsinime: aoria of rak

by [CIWSRT (%), BT-1 e}, ET-2¢a)i ETW3 (0)und SRTe (=), Each peint isthe mean of thrée experiments, The masimal bindings for the con-

trols were 1) and 14 mol/mg pl‘ulem for . tmu")&m b anch " LET-2, respectively. The Bma nad K values for ET-3 were 52 fmalfmﬁ m’mﬁln ‘
: and 90 pM, respectively.

dependem vasocomtncnon at concentrations xangmg
from 10-" M to 10°7 M, but [Glu®|SRTb caused no
vasaconsiriction even at lo 7M(Flg 5A). By contrast,
[GIW’]SRTb produced a transient and concentration-

-dependent vasodllauon at concentrations ranging from -
10-*Mto3 x 1677 Minthe endothelium/intact aorta

preparations  which = were preconstncted . with
phenyleplirine (10~7? M), but ET-1 produced no
" vasodilation; instead, a potent vasoconstriction was in-
duced (Figs. SB and 6). The vasodilator response to

[Gl\l”]SRTb was completely eliminated by removal of -

the endothelium or by pretreatment with methylene
blue (10°% M), an inhibitor for soluble guanylate

cyclase, for 30 min even in the endothchum/mtact aorta

preparations (Fig. 6) ‘

-
L
o

50

125-ENDOTHELIN-1 BOUND { % of. makimum §

.“

~L0G [ PEPT! IDE(M)]

- Fig. 4. Competmve binding of ‘**1-ET-1 ta the membranes (0.1 mg)
obtained from the intima (A) and the media (B) of porcine thoracic
aorta-by [GIu®ISRTD (), ET-1 {0}, ET-2 () and ET-3 (=). Each
point is the mean of three experirnents, The maxinal binding for the
contrals were 115 and 150 Fmol/mg protein for the intima and the
media, respectively, The Bumas and Ku values for ET-1 in the media
were 430 = 35 fmol/mg protein and 130 = 40 pM, respectwely (mean
+ S.E.M., n=3) .

4. DISCUSSION.

The present study provided direct evidenge that
ET/SRT family-common recepiors (ETp) are located
on vascular endothelium and are linked to vasodilation;
and that ET-1-specific receptors (ETA) on smooth mus-r
cle are¢'linked to vasoconstriction. .

SRT-c. which has'the subsmuuon of Glu in a cluster.
of charged residues (Asp®-Lys-Glu'% common 15 the
other ET/SRT family {1,2], has vmually no affinity for
ETa receptor [7], suggesting that Glu? may reduce the

- affinity of ET/SRT isopeptide for the ETa receptor. In-
deed, the synthetic radiolabelable ligand, [GIu*)SRTb
showed no affinity for the ET4 receptor but retained a
full binding capability to the ETy receptor, Rat thoracic -
aorta’ contained a significant amount of !¥I-

- [GWW*JSRTb binding sites, namely, ETg receptor, but
contained no ET-3:specific receptor (Fig. 3). The bin-
ding sites for '¥I.[Glu’]SRTb were almost eliminated
by the removal of the endothelium from the aorta.
Moreover, the membranes prepared from the porcine
aortic endothelia possessed ETp receptor, which was

© not'due te contamination of the smooth muscle mem-

- branes, because the media of aorta had only ET, recep-
-tor (Fig. 4). These observations clearly indicated that
ET. and ETn receptors are localized on the media and
the intima, respectively, in the vasculature. [n contrast
to the present study, Emori et al. have reported that
cultured bovine ECS possess only ET-3-specific recep-
tors [12]; However, their observation might be at-
tributed to down-regulation of ETp receptors by self-
secreted ET-1 and by the aging process, beeause it has
been shown that the incubation of ECs with anti-ET-1
serum significantly enhanced ET-l-induced increase in

the intracellular Ca®* level of ECs [14], and that ETs
receptors detected in cultured ECs were converted to
ET 3-preferrmg ones with aging [15]
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Fig. 3. Concentration/response curves for the vasocanstiicior (A} nd vasadilior (8) effecis of (GIu'SRTb (o) and ET-1 () on 1ar aoruie rings.
Contractlon of the endothelium/denuded norta and relaxation ol the endothelimnZiniaer agria were assayed. Each point represents the measn ¢ -
g . S.E.M. (7 e 4.5},
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Fig. 6. A typical recording shawing the effects of {GIu’|SRTb and

ET-1 in rat aorta preparations preconstrigted with phenylephrine as

well as the influences of removal of the endothelium and pretreatment

with Methylene blue, [Glu?]SRTD, [Glu"]SRTb 3% 1077 M; ET-!,

ET-131x10"7 M; MB Methylene blue 10~ M PE, pheny]ephnne
107 M; Pap, papavcrlne 1074 M.

[GIW?[SRTb, which is thus considered to bind ex-
clusively ETg receptor in the vasculature, exerted only

vasodilation, probably through the release of EDRF

from the endothelium. A possible explanation of the
fact that ET-1 did not induce dilation in the
preconstricted aortic rings might be that, since ET-1
had access to smooth muscle from both the luminal and
adventitial sides of the aorta, its constrictive effect
overwhelmed its dilator effect. In fact, ET-1 injected in-
to the lumen of lsolated rat mesenteric artery exerted a
transient vasodilation comparable’ to that of
[GIw’}SRThb (unpublished data). Hence, the ET family-
common receptor is differentiated functlonally for
vasodilation in the vasculaiure, while it has been sug-
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gested that the common receptor is linked to constric-
tion in the bronchus and the small intestine [16].

Acknowledgement; This study was i part supported by a Grant-in-
Aid for General Seientific Research from Thc Mmmry of Education,
Seucnce and Culture..

REFERENCES

[1]. Yanagisawn, M. and Masaki, T. (1989) Trends Pharmacal. Sci. -
(review) 10, 174-178,

{2) Takasaki, €., Tamiya, N., Bdolah, A., Wo!lbcrs. Z. and
Kochva, E. (1938) Toxicon 26, 543-548,

[3] Inoue, A., Yangisawa, M., Rimura, $., Kasuya, Y., Miyauchi,
T., Goto, K. and Masaki, T. {1989 Proc. Nath, Acad, Sci, USA
86, 2863-2847. ‘ ‘

{41 Warner, T.D,, DeNueci, G. and Vane, J.R. {1989) Eur. I. Phar-

_‘'macol, 15%, 325-328,"

15] Kitazumi, K., Shiba, T., Nishiki, K., Furukawa, Y., Takamkl,
C, and Tasaka, K. {1990) FEBS Lett. 2460, 269-272.

{6) Kitazumi, K., Shiba, T., Nishiki, K., Furukawa, Y., Takasaki,
C. and Tasaka. K. (1990) Biochen. Pharmacol. 40, 1843 1848,

i7) Takayanagi, R., Ohnaka, K., Takasaki, C., Ohashi, M, and
Nawata, H. (199!) Regul, Peptides 32, 23-37.

[8}) ‘Arai, H., Hori, 8., Aramori, 1., Ohkubo, H. and Nakanishi, S
(1990} Nature 348, 730-7312,

[9] Sakurai, T., Yanagisawsn, M., ‘Takuwa. Y., Mivazaki, H.,

Kimura, 8., Goto, K. and Masalu.
732~735,

{10] Vane, J.R. {1990) Nature 348, 673,

[11] DeMucci, G., Thomas, R., D'Orleans-]uste. P., Antunes, E.,
Walder, C,, Wamer T.B. and Vane,; I.R. (1988) Proc, Matl.
Acad, Sci, USA 83, 9797-8800,

[12] Emori, T., Hirata, Y. and Marumo, F. (1990) FEBS Lett. 263,
261-264.

[13] Takayanagi, R., Ilash:gucln T., Ohashi, M. :mcl Nawata, H,
{1990) Regul. Peptldes 27, 247—255

[14] Yokokawa, K., Kohno, M., Murakawa, K., Yasunari, l{ and
Takeda, T. (1990) J, Hypertens, 8, 843~ 849.

. (1990) Nature 348,

[15] Takayanagi, R., Ohnaka, K., Takasaki, ., Ohashi, M. and

Nawata, H.. (1991) Clin.  Exp. Hypertens. (in  press).
[17] Maggi, C.A.,, Giuliand, $,, Patacchini, R., Rovero, P., Giachet-
i, A. and Meli, A. (1989) Ear. J, Pharmacol. 174, 23-31.



