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ABSTRACT

Endothelins (ETs ), potent vasoconstrictors, are also neuropeptides in mammalian
brain. The objectives of this study were to identify and characterize the receptors for ET
In rat cerebellum, using radioligand binding techniques and affinity cross-linking method.
lodinated ET-1 bound specifically to receptors in rat cerebellar membrane in a dose-de-
Pendent manner. Scatchard plot indicated a single class of high-affinity binding sites.
Apparent K, value was 110 pM, and the B,.. value was 4. 85 pmol/mg of membrane
protein. Through experiments of affinity cross-linking of ET receptors with ' I-ET-1,
two forms of endothelin receptors with molecular masses of 47 KD and 32 KD were
identified. Electrophoresis conducted in the presence of reducing reagents did not affect
the mobilities of specifically labeled bands, suggesting that endothelin receptors exist as a
single polypeptide chain. The order of potency for ETs and sarafotoxin 6b (S6b) in dis-
Placing the specifically bound iodinated ET-1 from cerebellar membrane was ET-1=ET-2
= ET-3 >S6b. Result from receptor specificity indicated that endothelin receptors in rat
cerebellum belong to endothelin receptor subtype B.

Key Words ‘Endothelin receptor, Rat cerebellum, Radioligand binding techniques, Affinity cross-

linking method.

INTRODUCTION

Endothelins (ETs )are a group of peptides o-
riginally discovered from cultured porcine aortic en-
dothelial cells "’ . Genomic analysis indicates there
are three isoforms of endothelin: ET-1, ET-2, and
ET-3. Each 1soform has more than 70% amino
acid sequence homology to the others ¥ . These
isoforms encoded by separate genes and all possess
potent vasoconstrictor activity. The mechanism
through which endothelins elicit vasoconstriction
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may involve phospholipase C ', calcium mobiliza-
tion either from internal stores or from outside of
the cell ¥, and protein kinase C'*’. It has been sug-
gested that the physiological responses are initiated
by the coupling of G-protein to endothelin
receptors. Among the endothelins, ET-1 is the
most potent mammalian vasoconstrictor peptide
known to date'. It has been suggested that ET-1
may play an important role in regulating systemic
blood pressure and perhaps local blood flow, and
that the disturbance of this regulatory mechanism



could contribute to pathological states of hyperten-

) or vascular spasm.

sion

Besides its potent vasoconstrictor activity,
ET-1 also has demonstrated a wide variety of phar-
macological effects, including stimulation of the re-

lease of eicosanoids ( vasodepressors ) and

endothelium-derived relaxing factor (EDRF) from
a perfused vascular bed ‘', and those effects in-

volved in the physiology of cardiac ‘"*) renal

(10)

pulmonary function *” as well as mitogenesis

(11,12}

dng

and . The wide spectrum
of pharmacological effects of ET-1 suggests the ex-
istence of subtypes of ET-1 receptor. Recently,

two ¢cDNAs encoding structurally and functionally

tissue remodeling

distinct endothelin receptors were cloned(3-14), The

order of potency of ETa receptor is ET-1>ET-2>

ET-3, while ETg receptor displays similar affinities
toward each endothelin isoform (i.e., ET-1=ET-
2 = ET-3). Each receptor contains seven trans-
membrane domains and exhibits significant se-
quence and topographical similarity with known G-
protein-coupled receptors, suggesting that these
two endothelin receptors belong to the superfamily
of G-protein-coupled receptors.

Several studies have indicated that endothelins
also act as neuropeptides in mammalian brain.

Both ET-1 and ET-3 have been identified in

porcine brain homogenate and in porcine spinal

15,16) ¥ .- . L
cord "' In addition, an in situ hybridization

study 17 revealed widespread distribution of endothe-
lin mRNA in the cerebellum and other brain
regions, suggesting that E'T in brain may play a fun-
damental role in regulating nervous system function.
Therefore, in this study, we attempted to identify
and characterize endothelin receptors in rat cerebel-
lum by a radioligand binding assay and by affinity
cross-hinking of ET receptors with ' [-ET-1. The i-
dentification of abundant high-affinity endothelin re-
ceptors present in cerebellar membrane supports the
hypothesis that endothelins play not only a vasoregu-

lator role but also a neuromodulator role in the brain.

MATERIALS AND METHODS

L. Preparation of membranes .
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Cerebellar membranes were prepared from
adult male Sprague-Dawley rats. After decapita-

tion, cerebellum were removed, and homogenized
by polytron (PT 3000, Kinematica, Switzerland )
for 1 min in 10 volumes {(v/w)of ice-cold homoge-
nizing buffer, which contained 10 mM Tns-HCI,
pH 7.75 0.32 M sucrose; 5 mM EDTA; 0.1 mM
PMSF; 10 pg/ml leupeptin; and 50 pg/ml soy-

bean trypsin inhibitor. All subsequent steps were

conducted at 4C . The homogenate was then cen-
trifuged at 900 x g for 10 min (JA-20, J2-21 M/E,
Beckman ) and the supernatant (S1) and pellet
(P1) were collected separately. The supernatant
(S1) was further centrifuged at 46, 000 x g for 30
min. After centrifugation, pellets were resuspened
in 10 volumes of hypotonic buffer containing 5 mM
Tris-HCI, pH 7. 7; 50 pg/ml soybean trypsin
inhibitor, and 10 pg/ml leupeptin. The suspension
sat on ice for 1 hr, and then was repolytroned and
recentrifuged at 46, 000 x g for 30 min. The resul-
tant pellets containing cerebellar neuronal mem-
brane particulates were stored at -20C until use.

I1. Binding assay .

A binding assay mixture (0.5 ml) containing
10 mM Hepes, pH 7.5; 5 mM MgCl; 3 mM
EDTA; 1 mM EGTA; 10 pg/ml leupeptini 50
20 pg/ml

Y% bovine serum albumin; and

ng/ml soybean trypsin inhibitor,
bacitracin; 0. 1
membrane protein (20-30 pg/ml) was incubated
with 25-50 pM '"® [-ET-1 for 2 hr at 25 . Non-
specific binding was determined in the presence of
100 nM nonradioactive ET-1. The receptor-'* -
ET-1 complex was separated from free ' [-ET-1
by filtration through a Whatman GF/C glass filter
"% The filters were washed twice with 10 ml cold

butfer. T

I'he radioactivity of the filter was counted

with a Y-counter. Usually, nonspecific binding was
about 5-10% of the total binding.

1. Cross-linking of ET receptor with '*
Membranes (250 ug of Pf‘i}fﬁ’fiﬂ/ ml, final con-
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centration) were incubated in 1.5 ml of binding

buffer at 25°C for 2 hr with 400 pM ** I-ET-1 in
the presence or absence of 100 nM unlabeled ET-

1. After radioligands by
centrifugation, the resulting pellet was resuspended
in 0.4 ml of ice-cold 10 mM Hepes, pH 7.5. Two
cross-linking reagents, DST and BS’(from Pierce),
were used to cross-link ET receptor and '* I-ET-
1. Freshly prepared stock solution (50 mM) of the
cross-linking reagent (BS’ dissolved in H, O, DST
dissolved in dimethyl sulfoxide (DMSQO)) was added
to the suspension to make a final concentration of
0.50r 1.0 mM. Cross-linking was carried out at
25C for 20 min and quenched by the addition of
7.5 pl of 4 M ammonium acetate '”. Five-fold
concentrated SDS-gel sampling buffer (0. 313 M
Tris-HC1,pH 6.8; 10 % (w/v) SDS; and40 %
(v/v) glycerol) in the presence or absence of 100
mM dithiothreitol was added to the reaction
mixture. The samples were boiled for 5 min and
then electrophoresed on a 10 % gel by the method
of Laemmli “”. Autoradiography was performed

removal of free

by exposing the destained, dried gel to Kodak
XAR-5 film with an intensifying screen at-70C for
1-2 weeks.

IV. Materials

'* I-Endothelin-1 (250 uCi) was purchased
from Du Pont-New England Nuclear. Ethylenegly-
col . bis ( sulfosuccinimidylsuccinate) (EGS), disuc-
cinmidyl tartarate (DST ), and bis (sulfosuccin-
imidyl ) suberate (BS’)were purchased from Pierce
Chemical Co. Endothelin-1, -2, -3 and sarafotoxin
6b (S6b) were supplied by Peninsula Laboratories,
INC (Belmont, CA). Sucrose, ethylenediaminete-
traacetate (EDTA ), phenylmethylsulfonyl fluoride
( PMSF ), ethylenedioxybis ( ethylenenitrilo ) te-
traacetic acid (EGTA ), dimethyl sulfoxide (DM-
SO), and sodium dodecyl sulfate (SDS) were from
E. Merck. Bacitracin, leupeptin, 4-(2-hydrox-
fonic acid (Hepes ),
soybean trypsin inhibitor, dithiothreitol (DTT),
and all other reagents were purchased from Sigma
Chemical Co.

yethyl )-1-piperazineethanesu

~ 100
—
O
x
}—
Z
O
O 75
.
O
39
O 50
<
'
<
0
O 25
L.
s
Ll
L
i
O " }
2.0 4.5 7.0 9.5
pH VALUE

Figure 1. Effect of pH on Specific Binding of '® [-ET-1 to Rat Cerebellar Membranes. About 20 pg/ml of
membrane particulates were incubated with 25 pM of '** I-ET-1 at various pH values from 2.5 to 9.0. Each
point represents the mean of triplicate values. Control (100% ) was arbitrarily assigned at pH 7.5.

167



A.
5 fr
<
T o
'_ F -
w2
R Y
WY e
o0
o
o £
< 0
= £
O a
'+ ¢ SR
0 + ’ $ ¢ +
0.0 G. 9 0.2 0.3 0.4 0.8
FREE 'SI-ET-1 (nM)
B.
50 4+
-
-
<
b
Q
.
¥
%._
m Q
(o)
E »
—
O
-
& 4
i ¥
.
e
0 & % + -+ ¥ \\ +
0 1 2 3 4 5

BOUND (pmol/mg of protein)

Figure 2. Representative Saturation Curve (A) and
Scatchard Plot (B) of Specific '* I-kET-1 Binding
Rat Cerebellar Membranes. Membranes were incu-
bated to equlibrium with increasing concentrations
of ¥ [-ET-1 in the absence and presence of 1 uM
unlabeled ET-1. Each point represents the mean of
duplicate values.

RESULTS

pH Effect

The '® [-ET-1 bound specifically to receptors
in rat cerebellar membrane particulates. The effect
of pH on specific binding of '® [-ET-1 to cerebellar
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membranes was examined. As shown in Fig. 1,
specific binding was maximal at pH 7.5. Binding
was markedly inhibited when pH was above 8.0 or
below 5.0.

Saturation Binding Curves

The binding of ** [-ET-1 to cerebellar mem-
brane particulates was saturable ( Fig. 2A ).
Scatchard analysis revealed a single class of high-
affinity binding sites (Fig. 2B). The apparent e-
quilibrium dissociation constant (Kg), determined
from Scatchard plots, was 110 pM, and the B
value was 4.85 pmol/mg of protein.

Cross-linking of endothelin receptors

125]_endothelin-1 was covalently cross-linked
to endothelin receptors in rat cerebellar membrane
by the bifunctional reagents disuccinimidyl tartrate
(DST ) and bis ( sulfosuccinimidyl ) suberate
(BS®). Autoradiographic analysis of "I-ET-1-la-
beled membrane proteins on SDS-PAGE (SDS-
polyacrylamide gel electrophoresis ) indicated that
two labeled bands corresponding to the molecular
masses of 50 KD and 35 KD were identified in the
membrane preparation from cerebellum (Fig. 3).
In addition, these two bands disappeared when the
reaction was conducted in the presence of excess
unlabeled ET-1. Judging from the density of the
labeled bands, a better cross-linking effect was ob-
tained at 1 mM of the bifunctional reagent than at
0.5 mM; also, BS® was more efficient than DST
in cross-linking ' [-ET-1 to ET receptors.
Subtracting the molecular mass of *® [-ET-1
and that of the cross-linking reagent, the binding
protein appeared to be 47 KD and 32 KD. Elec-
trophoresis conducted in the presence of reducing
reagent ( dithiothreitol, DTT) did not affect the
mobilities of specifically labeled bands in cerebellum
(data not shown), indicating that endothelin re-
ceptors exist as a single type of subumnit.

Competition Binding .

To further examine the selectivity of endothe-

ET-1,-2,-3 and sarafotoxin 6b

lin receptors,
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Figure 3. Autoradiogram of Sodium Dodecyl Sulfate-
Polyacrylamide Gel Electrophoresis of ** I-ET-1 Co-
valently Linked to ET Receptors on Rat Cerebellar
Membranes. The affinity cross-linking reaction was
either conducted in the absence (lanes 1,2,5 and 6)
or presence of (lanes 3-4, 7-8) 0.1 uM unlabeled
ET-1. The cross-linking reagent was DST (lanes 1-

4) or BS*(lanes 5-8) at 1.0 mM (lanes 1,3, and 5)

or 0.5 mM (lanes 2,4, and 6).

(S6b) were used as competitors with ' [FET-1
for binding to cerebellar neuronal membranes. S6b

1s useful in a competition experiment because it ex-
hibits a remarkable homology of structure as well
as function to the ET family ®". As shown in Fig.
4,

cerebellar membranes by increasing concentrations

P ET-1 was competitively displaced from

of the unlabeled peptides. There was no signifi-
cantly difference between the competition by ET-
1, ET-2, and ET-3, while the competition ability
of S6b was significantly lower than that of ET-1,
ET-2, and ET-3 (P wvalue < 0. 05, t-test ).
Therefore, inhibiting of ' [-ET-1 binding showed
an order of potency of ET-1=ET-2=ET-3>56b.

DISCUSSION

Results from a radioligand binding assay
demonstrated that the binding of ' [-ET-1 to rat
cerebellar membranes exhibited the typical recep-

tors kinetics of specificity and saturability. The op-

timal pH for *** [-ET-1 specific binding was 7.5,
which is near physiological condition. In addition,
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Scatchard analysis of saturation binding indicated a
single class of high-athinity binding sites in rat
cerebellum. The apparent equilibrium dissociation
constant (K4) of '"I-ET-1 was 110 pM, which is
similar to those described for rat aorta'*”’rat kidney
@) rat heart M, etc. The identification of abun-
dant high-affinity endothelin receptors in cerebellar
neurons provides supporting evidence for endothe-
lin in brain playing a role in regulating the central
nervous system in addition to its role in vasoregula-
tion. Although 1t was reported that endothelin
could stimulate the release of preloaded aspartate
from cultured cerebellar granule cells ‘**, the real
physiological role of endothelin in cerebellum re-
mains to be clarified in the future.

The molecular masses of endothelin receptors

were further determined by affinity cross-linking of

endothelin receptors with '** [-ET-1. Autoradio-
graphic analysis of SDS-PAGE indicated two la-
beled bands corresponding to 50 KD and 35 KD,
which could be blocked by excess unlabeled ET-1,

in cerebellum with either the bifunctional reagent

DST or BS’. In addition, similar cross-linking re-
sults were obtained without removing the unbound
ligand by centrifugation prior to initiating the
cross-linking reaction (not shown ). The net
molecular masses of these two binding proteins

were estimated to be 47 KD and 32 KD. Similar

molecular masses of binding proteins were reported

from several other tissues including chick heart %,

(25) (26)

human placenta '*’, rat mesangial cells ", and

bovine cerebellum ", although those from A10
and (6 cell lines were reported to be larger than 60
KD using ethylene glycol bis (succinimidyl succi-
nate) (EGS) as cross-linker ®. To investigate the
possibility that different forms ot binding protein
might be detected with different cross-linking
reagents , a separate experiment with EGS as the
bifunctional reagent was also conducted. The
cross-linking results did not differ from those ob-
tained with DST or BS® (data not shown).
Whether or not the difference in molecular mass
was caused by the different degrees of receptor gly-




I ®—e ET-1
100 e ¢ —¢ ET-2
“::\ \ =@ :ET3
v -—-— ¥ ;Sﬁb
l ¥
o 7
= SI
O
<
m !
O 50
L
O
L
e
()
25
a®
0 s ¢
-12 -8 -6

LOG (M)

Figure 4. Competition Between '® [-ET-1 and Increasing Concentrations of ET-1, ET-2, ET-3, and Sarafotoxin
S6b (S6b). About 20 pug/ml of rat brain cerebellar particulate membrenes wese incubated with fixed concentra-
tions of 1 —ET —1(25 pM) with the designated concentrations of ET-1, ET-2, ET-3, and S6b at 25T for
2 hours. Binding data were corrected for nonspecific binding, which was determined in the parallel incubation n
the presence of 0.1 M and expressed as percentage of the maximal specific ' I-ET-1 binding. Each point rep-
resents the mean of two or three separate experiments, each done in triplicate.

cosylation is unclear. It is possible that the smalier
(32 KD) form of binding protein was derived trom
the larger binding protein through proteolytic reac-
tion “”. Although we used several protease in-
hibitors in every step, it was inevitable that some

proteolysis occurred. In addition, cross-linking ex-
periments performed at 4C (not shown) yielded
results identical with those observed at 25C . It is
important to note that this proteolysis seemed to
have no effect on the affinity of endothelin
receptors, since only one receptor affinity was ob-
served in the membrane preparations.

As mentioned earlier, two subtypes of en-
dothelin receptor were cloned recently @314 One,

b e Yk

ETa, shows different affinities for the endothelins
ET-1>ET-2>ET-3, while the other, ETg, dis-
plays the same affinity toward ET-1, ET-2, and
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ET-3. Our selectivity studies demonstrated that
endothelin receptors in rat cerebellum possessed the
similar affinity toward endothelin isoforms, sug-

gesting they belong to an ETg-like subtype en-
dothelin receptor.
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