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ABSTRACT

Endothelin receptor was purified from bovine lung by affinity chromatography using biotinylated endothelin and avidin—agarose.
Endothelin was biotinylated with sulphosuccinimidyl 2-(biotinamido)ethyl-1,3-dithiopropionate, a reactive form of biotin with a cleav-
able spacer arm containing a disulphide bond designed for a simple elution by thiols. Starting from 3.5 kg of bovine lung, about 200 ug

of pure receptor were obtained.

INTRODUCTION

Endothelin, which consists of 21 amino acid res-
idues containing two disulphide bridges, is synthe-
sized by endothelial cells and secreted into the circu-
lation. Its diverse biological actions, such as vascu-
lar and non-vascular smooth muscle contractions
[1-4], the regulation of release of atrial natriuretic
peptide {5] and steroid {6] and stimulation of mito-
genesis in glial cells [7] and 3T3 fibroblasts [8], are
mediated by specific receptors located on various
target tissues (e.g. kidney, lung, brain, vascular
smooth muscle and endothelial cells). The relative
molecular mass (M) of the receptor has been esti-
mated to be about 30 000 and 50 000 by affinity
labelling analysis [9]. After many trials, we found
that the combination of biotinylated endothelin and
avidin—agarose was the most effective affinity chro-
matography for purification of endothelin recep-
tors. Using this affinity chromatography, we isolat-
ed M, 34 000 and 52 000 species of endothelin re-
ceptors from bovine lung and demonstrated that
the 34 000 species is a proteolytic product of the
native M, 52 000 species.
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Since biotin has a high affinity (K = 107! M)
for egg white avidin and streptavidin [10], biotiny-
lated ligands were employed as a good tool for sen-
sitive detection and purification of receptors. In
fact, biotinylated peptides have been used as specif-
ic probes for localizing receptors for adrenocorti-
cotropin [11], gonadotropin-releasing hormone
[12], corticotropin-releasing hormone [13] and vaso-
pressin [14] and for isolating angiotensin II recep-
tors [15]. This paper reports a successful example of
affinity chromatography using biotinylated ligand
(endothelin) and avidin—agarose.

EXPERIMENTAL

Materials

Human endothelin-1 was purchased from the
Peptide Institute (Osaka, Japan); sulphosuccin-
imidyl 2-(biotinamido)ethyl-1,3-dithiopropionate
(NHS-SS-biotin) and immobilized avidin (avidin—
agarose) were from Pierce; [12°I-Tyr!*Jendothelin-1
(74 TBg/mmol) was from Amersham; digitonin and
CHAPS, 3-[(3-cholamidopropyl)dimethylamonio]-
I-propanesulphonate, were from Wako Pure
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Chemicals (Osaka, Japan); the uBondasphere 5-um
C,5-100 A high-performance liquid chromatogra-
phy (HPLC) column (3.9 x 150 mm) was from Wa-
ters.

Biotinylation of endothelin-1

Biotinylation was initiated by addition of the bio-
tinylation reagent NHS-SS-biotin (430 nmol) in 25
ul of dry dimethylformamide to endothelin-1 (0.11
mg, 43 nmol) in 400 ul of 50 mM sodium borate, pH
8.5, containing 0.015% Triton X-305. After shaking
for 3 h at 20°C, another 430 nmol of NHS-SS-biotin
were added and the reaction mixture was incubated
at 20°C overnight. Biotinylated endothelin-1 was
separated from free endothelin and biotin by re-
versed-phase HPLC using an acetonitrile gradient
after mixing with 0.5 ml of 0.1% trifluoroacetic
acid. The peak containing biotinylated endothelin
was identified by receptor binding assay.

Preparation of membranes

Bovine lung plasma membranes were prepared
according to the previously describid methods [16].
Fresh bovine lung (1.5 kg) was homogenized in a
Waring blender for 2 min in three volumes of 20
mM Tris—-HCI, pH 7.4, containingi!50 mM EDTA,
0.2 mM phenylmethylsulphonyl flporide (PMSF),
10 pg/ml pepstatin and 10 pg/ml leupeptin (buffer
A). The homogenates were centrifujged at 5000 g for
20 min at 4°C and the supernatants were discarded.
The membranes were suspended in three volumes of
buffer A and recentrifuged; this washing step was
repeated three times. The pellets were further
washed twice with 20 mM phosphate buffer, pH
7.4, containing 130 mAM sodium chloride, 50 mM
EDTA, 0.2 mM PMSF, 10 ug/ml pepstatin and 10
ug/ml leupeptin (buffer B). The waghed membranes
were stored at —40°C until use in 500-g aliquots.

Purification

The frozen membranes (500 g) were suspended in
two volumes of buffer B containing0.25% 3-[(chol-
amidopropyl)dimethylamino]-1-prgpanesulpho-
nate (CHAPS) and 0.4% digitonin(buffer C). After
gently stirring for 2 h at 4°C, the mémbrane suspen-
sions were filtered through cheesé cloth. The fil-
trates were centrifuged at 100 000 g for 1 h at 4°C.
The supernatant (1 1) containing selubilized endo-
thelin receptors and biotinylated éndothelin-1 (15
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nmol) in 1.5 ml of buffer B containing 0.015% Tri-
ton X-305 were mixed and incubated for 1 h at 20°C
with gentle shaking. To the mixture were then add-
ed 10 ml] of avidin-agarose equilibrated with buffer
C and the incubation was continued at 4°C over-
night. The gel was collected by centrifugation at
1200 g for 10 min at 4°C and packed into a column
(10 x 1.5 cm 1.D.). The column was washed with
500 ml of buffer C and eluted with buffer C contain-
ing 0.2 M 2-mercaptoethanol at a flow-rate of 0.2
ml/min, collecting 0.5-ml fractions. Fractions con-
taining the endothelin receptor were identified by
the presence of the M, 52 000 and 34 000 protein
bands on sodium dodecyl sulphate—polyacrylamide
gel electrophoresis (SDS-PAGE) which co-migrat-
ed with the affinity-labelled receptor, pooled, dia-
lysed against four changes of 500 ml of 0.1 M am-
monium bicarbonate, pH 7.8, and freeze-dried.

RESULTS AND DISCUSSION

We first prepared biotinylated endothelin-1 and
characterized it. The biotinylation procedure is de-
scribed in detail in the Experimental section. Bio-
tinylated endothelin-1 was eluted as a major peak
later than native endothelin-1 on reversed-phase
HPLC. Overall yield was approximately 30%. The
chemical structure of biotinylated endothelin-1, de-
termined by amino acid sequencing, is illustrated in
Fig. 1. Fortunately, binding analysis using [12°I]en-
dothelin-1 showed that biotinylated endothelin-1
retained a high affinity (3 - 1071° M) for the recep-
tor solubilized from bovine lung plasma mem-
branes. Using this active biotinylated endothelin-1,
we isolated the bovine lung endothelin receptor. A
typical elution profile of endothelin receptor from
the avidin—agarose gel, examined by SDS-PAGE,
showed the M, 52000 and 34 000 bands corre-
sponding to intact receptor and proteolytic prod-
ucts, respectively (Fig. 2A). The receptor was finally
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Fig. 1. Chemical structure of biotinylated endothelin. Amino
acid sequencing of HPLC-purified biotinylated endothelin-1 re-
vealed that biotin is incorporated into the Lys residue at the
ninth position of endothelin-1. The arrow indicates the disul-
phide bond cleavable with thiol reagents.

Endothelin
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Fig. 2. SDS-PAGE profile of a typical elution of endothelin receptor (A) and the purified receptor (B). The eluates (12 ul from a 500-ul
fraction) from the affinity column and the purified receptor were electrophoreséd on SDS polyacrylamide gels under reducing condi-
tions and stained with a Kanto silver stain kit. The arrows show M, 52 000 and 34 000 bands representing the intact endothelin receptor
and a proteolytic product, respectively. The detailed purification procedure is described in the Experimental section. kDa = kilodalton.

purified by eliminating the persistent contaminants
as precipitates by dialysis against 0.1 A ammonium
bicarbonate (see Fig. 2B). Starting from 7 1 of the
detergent extracts (16 g of protein), about 200 g of
the receptor were obtained. When preparative buf-
fers containing 1 mM EDTA were used instead of
50 mM EDTA during the purification of endothelin
receptor, we obtained only the M, 34 000 species
[16]. Sequence analysis of tryptic fragments of the
purified protein revealed a high sequence similarity
with the rat endothelin ETy receptor that was
cloned by expression cloning and shown to be non-
selective in terms of the ligand specificity [17].

In summary, the endothelin ETy receptor was pu-
rified from bovine lung in quantities sufficient for
biochemical analysis. The crucial steps for the suc-
cessful purification were: (1) solubilization of the

membrane proteins with a detergent mixture of
0.25% CHAPS and 0.4% digitonin in a highly dis-
persed state [9], (2) preparation of biotinylated en-
dothelin-1 that has a high affinitiy for the receptor
and (3) affinity chromatography that utilizes the
strong biotin—avidin interaction.
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