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SUMMARY

A novel cDNA encoding the nonselective type of endothelin (ET)
receptor was isolated from a rat brain cDNA library. The cloned
cDNA encoded a 442-amino acid protein with seven putative
transmembrane domains. Nucleotide sequence analysis showed
that the rat brain cDNA differed from the cloned rat lung nonse-
lective ET receptor (ETg) cDNA by three extra nucleotides in its
coding regions, which produced an encoded protein with four
amino acid substitutions. In addition, both the 5" and 3" noncod-
ing sequences of the rat brain cDNA were divergent from those
of rat lung cDNA. Expression of the rat brain cDNA in COS-1
cells demonstrated that the encoded receptor displayed equal
affinity toward the three ET isopeptides. However, Southern blot

analysis indicated a single-copy gene for the rat ETs receptor.
Further genomic cloning and sequence analysis demonstrated
that rat brain cDNA encoded the authentic protein sequences of
the rat ETg receptor. Moreover, the 5° noncoding sequences in
rat brain cDNA that were divergent from those in rat lung cDNA
were encoded by a distinct region, an upstream exon, in the rat
ETs genome. All the findings suggest that rat brain cDNA rep-
resents an alternative transcript of the rat ETs gene. Preliminary
Northern blot analysis indicated that the expression of this ETg
cDNA sequence might be not only in the brain but also in other
tissues, whereas its expression might be somehow tissue-spe-
cifically regulated.

ETs are a family of 21-amino acid vasoactive peptides con-
sisting of three isopeptides, ET-1, ET-2, and ET-3 (1, 2).
Among them, ET-1 is the most potent mammalian vasocon-
strictor peptide known to date (1). It has been suggested that
ET-1 may play an important role in regulating system blood
pressure and perhaps local blood flow and that the disturbance
of this regulatory mechanism could contribute to pathological
states of hypertension (3) or vascular spasm. ET-1 also dem-
onstrated a wide variety of pharmacological effects in various
other tissues (1). The diverse pharmacological activities of ET-
1 suggest the existence of subtypes of ET-1 receptors. Recently,
two cDNAs encoding ET receptors have been cloned from
bovine lung and rat lung by Arai et al. (4) and Sakurai et al.
(5), respectively. The receptor cloned from bovine lung, with
the affinity ET-1> ET-2 > ET-3, is referred to as the selective-
type ET receptor (ET,), whereas that from rat lung, which has
the same affinity toward the ET isoforms, is the nonselective-
type ET receptor (ETg). Each receptor contains seven trans-
membrane domains, suggesting that the receptors belong to the
superfamily of G protein-coupled receptors.
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ETs are also neuropeptides found in mammalian brain. Both
ET-1 and ET-3 have been identified in porcine spinal cord and
brain homogenate (6, 7). In addition, an in situ hybridization
study (8) revealed widespread distribution of ET mRNA in
neurons of the brain, suggesting that ET in brain may play a
fundamental role in regulating nervous system function. In this
communication, we report the molecular cloning of a novel
c¢DNA encoding the nonselective ET receptor (ET3) from rat
brain. Our findings differ from the published report with regard
to the sequences encoding the amino terminus of the ETg
receptor and both the 5’ and 3’ noncoding sequences. Several
experiments provide persuasive evidence that the rat brain
cDNA represents an alternative transcript of the rat ETg gene.
In addition, the coding sequences in this cloned DNA encode
the authentic protein sequences of the rat ETg receptor.

Experimental Procedures

Materials. ET-1, ET-2, ET-3, and BQ123 were from Peninsula
Laboratories (Belmont, CA). GeneAmp DNA amplification reagent
was from Perkin-Elmer Cetus (Norwalk, CT). A rat brain cDNA library
and a rat liver genomic DNA library were purchased from Stratagene
(La Jolla, CA). Sequenase version 2.0 sequencing kit was obtained from
United States Biochemical Corp. (Cleveland, OH). '®I-ET-1 (specific
activity, 2000 Ci/mmol) was supplied by Amersham International

ABBREVIATIONS: ET, endothelin; PCR, polymerase chain reaction; HEPES, 4<2-hydroxyethyl)-1-piperazineethanesulfonic acid; EGTA, ethylene
glycol bis(8-aminoethyl ether)-N,N N’ N’-tetraacetic acid; SSC, standard saline citrate; bp, base pair(s), kb, kilobase(s).
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ccccgagecgaa -241
ctgctgaggatccgetgtetggeattet ttttgt gagctgcattc  -181
g gg tcctqctchaqccqaaaqccccctun -121

gcag ggaaggag: gctggtggegeottctoctggtgettccaa  -61
tcegt g gg: g t tgcaac -1
atgcaatcgt ggtgcggacy ""t9°(99c<7t9"’-'§‘1c 60
M Q S S A S R C G R A L V AL L LAGC 20
ttgttgggggtatggg teccacctge m-cc 120
L L GV WGEI KRG GTFUPUPAQATU®PS L 40
cteggg tatgacg unqucctcctqgnctngquttccuc 180
L GT KEVMTZPZPTI KT S T R S N 60
tccuqtctqntchttw* g 9cggagg 999 qqctqqu 240
s L M R S A P A EV T K G G R V 80
qtcccqccauqatccttccctcctccaf ttgagat ttt 300

P P R F PP PCQRIKTIETINIKTF 100
mtacatcuacncqattgtatcatgccthtqtthtgctnqgcatcnthgquactcc 360
K ¥ I N T I V S C L VF V, G I I N S 120
acactgct ﬂrrtcccutatcttgatc 420

L L I I Y KNIKGCMTPBRNGTUPN L I 140

gccagectggetcetgggagatctgctacacatcatcatcgacattcocattaatgectac 480

A_S L A L G D L B IglI T D T P I N A Y 160
aagctgctggcaggggactggccatttggagctgagatgtgcaagctggtgeccttcata 540
K_ L L AGDWUPTFGAEMTECK v I 180
g tg gttgagtctatgtgctctaagtattgacagatat 600

Q K A S V G I T V L S L C AL S I DR Y 200
cqnqctqttqcttctf,, gtcgaatt a 660
A VA S WS RTIKGTI G V P K W T AV 220

gmttqttttutttqqqtqqtctctqtgqttctgqctqtccct guqccataggtttt 720

E I VL wV L A VP E A I G F 240
gatgtgatt aagggtctg tt 780
DV I T S D Y K G K P L RV CM L N P F 260
qgtqqctqttcaqtttc 840
Q KT A F M QF Y KTA KD W WL F 280
tucr.tctgcttgccqctugccntcmtchntcttttncaccctutqncctqtgngutg 900
Y F C L P L A, I T A F Y T L M T 300
gt g'ta t 960
L R K K S G M Q I A L N D HL K QRRE 320
gtgg att ggtcctegtg gccctetgttggettececttcac 1020
VAKTJYFCLUVLVFALGCMWTL.PLH 340
c tgaagctcaccc gtgaactt 1080
L_S R I L K L T L Y D Q S N P R C E L 360
ctgagttttttgctggttttggactacattggtatcaacatggcttctttgaattectge 1140
L s F L L L D Y I G I N M S LgN S C 380
att gctctgtatttggtgag gctttaagtcgtgt 1200
I NP I A L Y L V S K R F KN CF K S C 400
ttgtgctgctggt tt ccttag cctge 1260
L CCWZCOQT F E E K Q S L E ! K Q s C 420
ttgaagt acg. ttccgetccagcaataaatacage 1320
L K F K AN D H G Y DN F RS S NKY S 440
tcatcttgaaggaaggaacactcactgaatctcattgtcctcatcgtggacagatagcat 1380
s s * 442
t gaaaccttt 99 gtgcttgcgg gtg 1440
g gggagaggg gt aaccgttctaactt gatatttcacg 1500
ggctgttt ggaatgaatgaagcctcgggaaagcacttagat 1560
tcttagt t tcactgcact tac 1620
atttaaaaacaagaactcaaactctattcaggggtttattatccagtcctatgaatctgg 1680
atacaggaatgcatgacattgcaaaacaattcttaaagcaaagtttcaattgctcgattt :;22
aaaac

Fig. 1. Nucleotide and deduced amino acid sequences of the rat brain
cDNA. Nucleotides are numbered beginning with the first residue of the
ATG initiation codon. Amino acids are numbered from the amino termi-
nus. The single-letter amino acid code is used. Black bars, seven
predicted transmembrane domains.

(Amersham, Buckinghamshire, UK). GeneScreenPlus hybridization
transfer membrane was from DuPont-New England Nuclear (Boston,
MA).DOTAP (N-[1-(2,3-dioleoyloxyl)propyl]-N,N,N-trimethylam-
monium methylsulfate) transfection reagent was purchased from Boeh-
ringer Mannheim Biochemica (Mannheim, Germany). Restriction en-
zymes were supplied by Promega (Madison, WI). The RNA extraction
kit and mRNA isolation kit were from Pharmacia (Uppsala, Sweden).

Molecular cloning of rat brain ET receptor cDNA. A rat brain
cDNA library constructed in AZapll vector was screened by the PCR
(9) differentiation method using degenerate sense oligonucleotide
A, (5'-AACAAGTGCATGAG(GA)AATGG-3’, located in the first cy-
toplasmic loop) and antisense oligonucleotide A, (5'-GTCAT(GT)-
AGGGTGTAAAAGAT-3’, located in the sixth transmembrane region),
which were highly homologous sequences between bovine lung ET,
c¢DNA (7) and rat lung ETg cDNA (8). The cDNA library was divided
into fractions, each containing 30,000 individual cDNA clones, and
amplified by the plate lysate method (10). Aliquots of phages eluted
from each plate lysate were analyzed by PCR with 30 cycles of 1 min
at 94°, 2 min at 45°, and 3 min at 72°. The positive fractions whose
PCR product contained a DNA fragment with the expected size of
about 500 bp were further stepwise fractionated into pools of 3000, 300,

and 30 and were reassayed until a single positive clone was isolated.
The isolated AZapll phage clones, \RETB-27 and ARETB-39, were
rescued as Bluescript plasmids, pRETB-27 and pRETB-39, respec-
tively, using the in vivo excision process. Nucleotide sequences of the
plasmid cDNAs were determined on both strands by the dideoxynu-
cleotide chain termination method (11), using Sequenase version 2.0.
Most of the sequence was determined by synthesizing successive
oligonucleotide primers every 200-250 bp along the DNA, whereas
the remainder was deduced using the Bluescript T3 and T7 primers
(Stratagene).

Transfection of DNA into COS-1 cells. The 2.0-kb Puull/Sall
restriction fragment of the pPRETB-39 insert was blunt-ended with S1
nuclease and ligated into the blunt-ended EcoRI site of the expression
vector pMT2 (12). The correct orientation of the insert in pMT2 was
confirmed by restriction enzyme analysis. The recombinant DNA and
control plasmid DNA were then used to transfect monolayers of COS-
1 cells, which were grown in Dulbecco’s modified Eagle’s medium plus
10% fetal calf serum. About 60% confluent COS-1 cells were transfected
with 40 ug of DNA/150-mm plate, using the lipofection method (13).
Two days after transfection, the crude membranes of the cells trans-
fected with DNA were isolated for binding assays.

Radioligand binding assay. A binding assay mixture (0.5 ml)
containing 10 mM HEPES, pH 7.5, 10 mM MgCl,, 3 mm EDTA, 1 mM
EGTA, 10 ug/ml leupeptin, 50 ug/ml soybean trypsin inhibitor, 20 ug/
ml bacitracin, 0.1% bovine serum albumin, and 4 ug/ml membrane
protein, plus various concentrations of unlabeled ET-1, ET-2, ET-3, or
BQ123, was incubated with 5 pM '*I-ET-1 for 2 hr at 25°. Nonspecific
binding was determined in the presence of 1 uM nonradioactive ET-1.
The receptor-'*I-ET-1 complex was separated from free '*I-ET-1 by
filtration through a Whatman GF/C glass filter (14). The filters were
washed twice with 10 ml of cold buffer. The radioactivity of the filter
was counted with a y counter.

Southern blot hybridization. Approximately 20 ug of rat genomic
DNA isolated from rat liver were digested with BamHI and EcoRI,
separated on a 0.7% agarose gel, and transferred to a GeneScreenPlus
nylon membrane. A 147-bp DNA fragment spanning the amino-ter-
minal coding sequence of the ETjy receptor (nucleotides +78 to +225)
was amplified from pRETB-39 cDNA by PCR and was prepared as a
radioprobe. After hybridization, the membrane was successively washed
twice for 5 min in 2x SSC (1x SSC is 0.15 M NaCl, 15 mM sodium
citrate, pH 7.0) at 25°, twice for 30 min in 2% SSC/1.0% sodium dodecy!
sulfate at 65°, and finally twice for 30 min in 0.1x SSC at 25°.

Screening of rat genomic library. A rat liver genomic DNA
library constructed in ADASH vector was screened by plaque hybridi-
zation using the same *’P-labeled pRETB-39 cDNA probe (nucleotides
+78 to +225) as described for Southern blot analysis. Of 1 x 10°
recombinants screened, three positive clones were identified and fur-
ther purified.

Preparation and analysis of RNA. Total RNA was extracted
from the various tissues of adult male Sprague Dawley rats with 4 M
guanidine isothiocyanate and was isolated through a CsTFA (cesium
trifluoroacetate) cushion following the manufacturer's suggested pro-
tocol. After further purification by oligo(dT)-cellulose column chro-
matography, poly(A)* RNA was analyzed by Northern blotting. About
5 ug of poly(A)* RNA were separated by formaldehyde-agarose gel
electrophoresis and capillary transferred to a nylon membrane. The
membrane was hybridized with the radioprobe prepared from the coding
region of ETs cDNA (nucleotides +78 to +225). In addition, the same
Northern membrane was reprobed with a 35-mer corresponding to the
brain-specific 5° noncoding region (nucleotides —157 to —191 of rat
brain ETg cDNA), which was end-labeled with T4 polynucleotide
kinase and [y-*’P]JATP.

Results

Isolation and sequence analysis of rat brain ET recep-
tor cDNA. Using the PCR differentiation screening method,
we isolated from rat brain ¢cDNA library two distinct cDNA
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A. 5' End Sequences
RE .. /USSR, . S . . SO . R . SR . . 8 ccccgagcgaa -241
RB ctgctqaggatccgctqtctgqcattctctcaqccttttT’tccTatfccaTathgcaTtT -181
RL  titeeecesesosanensnonnnonnassosanscans cgggtggcgtgcgeccaagttee
RB agagqa gcccgctaaggage ?ct?qactcct?ctgcgagccgaaa?ccccctaa -121
(L R |
RL ccattqgcgcgcaaacttaactt_actg’ttq’tqqcgcgggtagagacaacccqgctaggqt
RB ?gcaTttqaqqacctg?gaaggaTTctccctgctgthgcqcttcttl:ctggtl_qcltttlzcaa -61
[
RL qaqtg‘ttttcagaggcqtgqctggqtagctgactaaagtaccctctcttcattcccctgt
RB tccqtgcga actgaaaac ctac actctcaca: caa: caac -1
T
RL tgttctccagactgaaaacgchgagcqqctacqggactctcacaqgaqcaagctqcaac
SSASRCGRI\LVALLLACG 20
RB caatc caa cc ?t cchtt?ft??c?ct ok cct(ftlﬁ 60 Fig. 2. Comparative nucleotide and amino
Tnm i 20 soquence analysis ofrat brain CONA and
.RL atgcaatcg'tccgcaagccgg'tgcggacgcgccttqg‘tggcgctgctgctggcctqtggc rat lung cDNA. Displayed is partial 5'-end (A)
vt and 3'-end (B) sequence information for rat
L LGV WGEZKRGTFPPAQATTE 3 tLtt :‘2’0 brain (RB) and rat lung (RL) ETs cDNA clones.
RB T’t T?TTT{ Tcﬁ;?a?a?naaa? T?AttcccacctchcaT?ccacacca ctc Arrowhead, mapped point of divergence be-
I T T T] s Tl TRy s o ares e
RL ttqttqgggg‘tatqgggagaqaaaagagqat:tcfca::ctgccc:aqqcc:ca::ca‘c c: cDNA A, ition —52). Dots were
L GTXEVMTPPTZKTS®WTTRGSN 60 inserted to maximize hor . The deduced
RB ctcgggactaaagaagttatgacgccacccactaagacctect acta? T?'r.tccaac 180 amino ECK’_S from l’ﬂ! brain CI?NA are indn_:ated
iR e above their nucieotides; amino acid residues
RL cthgqactaaagaaqtta gucgccacccActaagacctcctqqactagaqqttccaac from rat lung cONA are below the nucleotides
* £ = L b and are marked (*) if their sequences are
s S L M R S S APAEVTZEKS GG GRUVAG 80 identical to the corresponding portions in rat
RB  tcca tcctcc cacctgcgga Tt accaaaggaggga ?t ctgga 240 brain ETg cDNA.
RN
RL tccagtctgatgcgtt. .tcegea. ctgcqqaggtgaccaaaggagggagqqtqgctgqa
* * * * F R T *
B. 3' End Sequences
RB aatgaat cctc aaagcacttagattctta cacttcagcacggctct 1587
T
RL qaatgaatgaagcctcqggaaagcacttagattcttaqtcaaqcacttcagcacggctct
RB taaaagccctcact cactcaca?cccacttacatttaaaucaa?aactcaaactctat 1647
IIlII?IIHHIITlHlIIII CEECLLLE T EEEE LT
RL taaaagccctcactgcactcacagcccacttacatttaaaaacaagaactcaaactctat
RB tcaqggq‘tttattatccaq‘tcctatqaatctgqatacaggaatgcatgacattgcaaaac 1707
I
RL LoV F R R R
RB aattcttaaagcaaagtttcaattgctcgatttgagacaaaaaacaaaacaaaaaaaaaa 1767
FECCCE TR D PR
RL  sumws s somees s o aeemmes aattgctcgatttqaqacaaaaaacaaaacaaaaaaaaa

clones, A\RETB-27 and ARETB-39. Sequence analysis revealed
that pRETB-39, with a 2017-bp insert, contained the longest
1329-bp open reading frame, encoding 442 amino acid residues.
The entire nucleotide and deduced amino acid sequences of
pRETB-39 are shown in Fig. 1. The encoded protein contains
seven transmembrane domains and belongs to the G protein-
coupled receptor family. The other clone, pPRETB-27, contained
a 1480-bp insert beginning at position +287 of the open reading
frame of the pRETB-39 insert. The ¢cDNA sequences of
pRETB-27 and pRETB-39 were identical in the other regions.

The nucleotide and deduced amino acid sequences of
pRETB-39 were compared with those of rat ET receptors
described previously (5, 15). The coding regions of the rat brain
cDNA were essentially identical to those of the ETs receptor
determined from rat lung, except for three additional bases in
pRETB-39 that caused its encoded protein to have four amino
acid substitutions and to be one amino acid longer than the rat
lung ET5 receptor (Figs. 1 and 2A), which was reported to
contain 441 amino acid residues. These four amino acid substi-

tutions (¥Ser-Ser-Ala-Pro instead of Phe-Ala-Thr in the rat
lung ET receptor) were localized at the amino terminus of the
receptor protein. On the other hand, both the 5’ and 3’ non-
coding sequences in the rat brain cDNA clone were divergent
from those in rat lung ETg cDNA (Fig. 2). The 5’ flanking
sequences at nucleotide —52 upstream from the translation
initiation codon (ATG) were found to be distinct between these
two cDNA clones (Fig. 2A). In addition, the 3’ nontranslated
region of pRETB-39 was shorter by one nucleotide at position
+1570 but had 75 extra bases (from position +1653 to position
+1727) that the rat lung cDNA clone did not contain (Fig. 2B).
All these observations indicate that the cDNA of pRETB-39
from rat brain is distinct from the rat lung ETg cDNA.
Functional expression assay. The cDNA insert of
pRETB-39 was further subcloned into a mammalian expression
vector, pMT2. Incubation of '*I-ET-1 with membranes derived
from COS-1 cells transfected with pMT2-RETB-39 revealed
saturable binding of ligand (Fig. 3). Scatchard analysis (Fig. 3,
inset) showed a single high affinity binding site for ET-1, with
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Fig. 4. Competitive binding of '*I-ET-1 to membranes of COS-1 cells
transfected with pMT2-RETB-39. About 5 pm '#I-ET-1 was incubated
with transfected cell membranes (4 ug/ml) and the designated concen-
trations of ET-1 (@), ET-2 (A), ET-3 (O), or BQ123 (W) at 25° for 2 hr.
Results are expressed as percentage of the maximal specific '»I-ET-1
binding. Each point represents the mean of three separate experiments,
each done in triplicate.

a dissociation constant (Ky) of 70 pM and a B, value of 7.5
pmol/mg of membrane protein. In addition, the displacement
of '"[-ET-1 specific binding from the transfected cell mem-
brane by unlabeled ET-1, ET-2, and ET-3 revealed that the
expressed receptor had equal affinity toward the three isopep-
tides (Fig. 4). Moreover, BQ123, an antagonist of the ET,
receptor (16), did not significantly affect the specific binding
of '*[-ET-1 to transfected cell membranes even at a concentra-
tion of 1 uM. No specific binding was observed in cells trans-
fected with control plasmid pMT2 (data not shown). All these
results indicated that the cloned cDNA from rat brain encoded
a nonselective subtype of ET receptor.

Southern blot analysis of the rat ETg gene. To deter-
mine the number of genes encoding the rat ETg receptor,
restriction digests of rat genomic DNA were analyzed by South-
ern hybridization with the **P-labeled pRETB-39 cDNA (+78
to +225) as the probe. As shown in Fig. 5, a single band was

(kb)
23.1 -

1.35-

Fig. 5. Southern biot analysis of the rat ETs gene. Rat genomic DNA (20
©g) prepared from rat liver was digested with BamH| (B) or EcoRlI (E)
and hybridized with the pRETB-39 cDNA probe (nucleotides +78 to
+225). Size standards are indicated on the /eft.

detected in BamHI and EcoRI digests, indicating that the ETg
receptor gene is present as a single copy in rat genome.
Genomic cloning and analysis of the 5’ flanking se-
quence of the rat ETy gene. To further elucidate the rela-
tionship between these two cDNAs, an effort was made to
isolate the genomic DNA clone from a rat liver genomic DNA
library constructed in the ADASH vector. Three positive clones
(ARG3-1, ARG3-2, and ARG12) were isolated from 1 X 10°
phage clones by plaque hybridization, using a DNA fragment
spanning the amino-terminal coding region (nucleotides +78
to +225) as the radioprobe. Although these genomic DNA
clones have not yet been well characterized, preliminary analy-
sis of the 5’ end of the ET}5 gene was done by direct sequencing
of the cloned phage DNA. Fig. 6 shows the 5’-end sequence of
the ETg gene, including the partial amino-terminal coding
sequence (to nucleotide +240) and its 5’ flanking region (to
nucleotide —839). By comparing the genomic DNA sequences
with the cloned cDNA from rat brain or from rat lung, we
found that the amino-terminal coding sequences in the rat ET5
gene showed coincidence with those in rat brain ETs cDNA.
Moreover, comparison of the 5’ flanking sequences suggested

97—



Ezilii

LY R MRERAENRFHR(Ann. Rept. NLFD)

Z [ BB EE ] www.angle.com.tw

Mmmmtmwttmtwwm

gtggctqaaacttgctccggggcttmgctttg::ttagtactttggggatttttttaatt
awwmg&twtmtwqtﬁtg
Wmtmtmwwm
twtmmmmmmmwt@m

—421

-361

gggacacocacotoos accc -301

-241

-181

-121

120

180

240

Fig. 6. Nucleotide sequence of the 5’ end of the rat ETg gene. Nucleo-
tides are numbered by their positions relative to the ATG initiation codon.
The 5’-end sequences of the ETg gene found in ETg cDNA from rat brain
or rat lung are underlined with solid lines or wavy lines, respectively.
Every ten nucleotides is scaled by a dot.

that rat lung cDNA and rat brain cDNA might represent two
distinct transcripts of the ETg gene. As shown in Fig. 6, rat
lung ¢<DNA represented a transcript transcribed from nucleo-
tide —203 of the ETp gene, whereas rat brain cDNA represented
an alternative ETg transcript transcribed from nucleotide —839
of the ETy gene, with a spliced region between nucleotide —51
and nucleotide —638. The fact that the nucleotide sequences
surrounding nucleotides —51 and —638 fit the consensus se-
quences for acceptor and donor splicing sites (17), respectively,
further confirms that the region from nucleotide —51 to —638
is an intron.

Expression of the ETg gene in rat tissue. The tissue
distribution of ETs receptor mnRNA was determined by North-
ern blot analysis using the radioprobe prepared from the coding
region of ETs cDNA. Fig. 7A shows that ETs receptor mnRNA
was expressed at the highest level in the cerebellum and at
substantial levels in the lung, eye, kidney, brain cortex, stom-
ach, and liver (in decreasing nrder). Only one size of mRNA,
corresponding to 5 kb, was detected in those tissues expressing
receptor mRNA. Furthermore, the same Northern blot was
rehybridized with a probe corresponding to the brain-specific
5’ noncoding region (nucleotides —157 to —191 of rat brain
ETg cDNA). A 5-kb transcript was also identified in those
tissues expressing receptor mRNA (Fig. 7B), but with the
highest levels in the eye and the cerebellum and moderate levels
in the kidney, lung, brain cortex, stomach, and liver (in decreas-
ing order). Obviously, the pattern of expression detected with
the brain-specific sequence was different from that detected
with the common coding sequence of ETs cDNA. In particular,
when carefully examining the relative levels in the lung, eye,

1. 2 3 4 5 6 7 8 9 10 11

1 2 3 4 5 6 7 8 9 10 11
Fig. 7. Northern blot analysis of rat ETs mRNA. About 5 ug of mMRNA
from the rat brain cortex, cerebellum, eye, lung, liver, kidney, stomach,
small intestine, spleen, adrenal gland, and heart were used. The mem-
brane was blotted with radioprobe prepared either from the coding region
of ETs cDNA (A) or from the brain-specific region (B). The positions of
28 S and 18 S rRNA are shown on the right.

and kidney in Fig. 7, we found that rat brain cDNA sequence
was expressed much less in the lung, suggesting that the expres-
sion of this sequence might be somehow tissue-specifically
regulated.

Disscussion

In the present study we have cloned a novel ETg ¢cDNA from
rat brain. Nucleotide sequence analysis showed that the cloned
rat brain cDNA differed from the previously cloned rat lung
ETgs cDNA (5) by three extra nucleotides in its amino-terminal
coding region and that both its 5’ and 3’ noncoding sequences
were divergent from those in rat lung cDNA. However, func-
tional expression assays demonstrated that the cDNA from rat
brain encoded the ETj receptor. Moreover, Southern blot
analysis indicated that only one copy of the ETg gene is present
in the rat genome, suggesting that these two cDNAs for the
ETj5 receptor might be derived from the same gene.

The relationship between these two cDNAs was further
investigated by genomic cloning and sequence analysis of the
rat ETg gene. After comparing the 5'-end sequence of the rat
ETs gene with the cloned cDNA from rat brain or rat lung, we
found that the amino-terminal coding sequences in the ETg
gene were identical to those in rat brain cDNA. The reason
why the amino-terminal coding region of rat lung ETs cDNA
contained three fewer bases is unknown thus far; however, it is
possible that this disparity could be caused by a sequencing
error. Moreover, a comparison of the 5’ flanking sequence
suggests that rat lung cDNA and rat brain cDNA represent two
distinct transcripts of the rat ETy gene; one is derived from
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nucleotide —203 of the ETj gene, whereas the other is from
nucleotide —839 of the ET gene, with a spliced region between
nucleotides —51 and —638. Although no information is available
thus far regarding the divergence of their 3’-end sequences, all
the results strongly suggest that rat brain cDNA and rat lung
cDNA represent two distinct transcripts of the rat ET5 gene.
Whether these two transcripts are generated from a single
primary transcript via alternative splicing or are transcribed
initially at distinct promoters remains to be determined. Re-
cently, structures of the human ET, gene and the bovine ETg
gene were established by Hosoda et al. (18) and Mizuno et al.
(19), respectively. Basically, their genomic organizations are
very similar, except that intron 1 of the human ET, gene occurs
in the 5’ noncoding region, whereas that of the bovine ETj
gene exists in the coding region. However, in the case of the
ETs transcript from rat brain, intron 1 of the rat ETg gene
should exist in the 5’ noncoding region.

The present study also demonstrated that ETs mRNA was
expressed in a wide variety of rat tissues but only one size of
ETs mRNA was detected in the expressing tissues. In particu-
lar, there was no difference in the size of the ETg transcripts
expressed in the brain areas or in the lung. It is possible that
different ET transcripts present in those tissues are of similar
sizes and therefore indistinguishable by agarose gel electropho-
resis. Preliminary Northern blot analysis demonstrated that
the pattern of expression detected with the brain-specific se-
quence was significantly different from that of the ETy gene,
suggesting that the expression of the rat brain ETg transcript
might be tissue-specifically regulated. However, we cannot ex-
clude the possibility that the previously cloned ETg cDNA from
rat lung might represent a transcript without splicing of the 5’
untranslated region and might also contain the brain-specific
5’ untranslated sequence in its 5’ flanking region, which was
absent .in the cloned rat lung ¢cDNA due to the premature
termination of reverse transcriptase activity, or the possibility
that there is another unidentified ETs transcript form that
might also contain this sequence. Therefore, whether the
expression pattern detected with the brain-specific sequence
represents the tissue expression of the rat brain ETy ¢cDNA
sequence remains to be determined.

In summary, the present study demonstrated that the se-
quence of this novel ETg cDNA from rat brain constitutes the
authentic coding sequence of the rat ETg receptor. In addition,
there are at least two distinct transcript forms of the rat ETg
gene. Whether there are more transcript forms of the ETy gene
present in other tissues and what kind of mechanism is involved
in regulating their gene expression are currently under inves-
tigation. Our cloning of this novel rat ETs ¢cDNA not only
provides a tool to study the physiological function of ET in the
brain but also opens the field for study of the transcriptional
regulation of this nonselective subtype of ET receptor.
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