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Abstract

Of the two major isoforms of the angiotensin II receptors, type 1 (AT;) and type 2 (AT),), little is known about the structure
and features of AT,. We cloned a mouse AT, cDNA from a mouse fetus cDNA library and an AT, genomic DNA from a 1295V
mouse genomic DNA library. The amino acid sequence of the mouse AT, (363 residues) deduced from a mouse cDNA clone
showed seven membrane-spanning domains. Amino acid identity of the mouse AT, with mouse AT, is 37%, and 98% with rat
AT,. The genomic DNA (4.4 kb) contained three exons and two introns and the entire coding region was contained in the third

€xon.
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Reflecting the diverse actions of angiotensin II (Ang
II), recent pharmacological studies indicated at least
two isoforms of Ang II receptors, AT, and AT, [1-6].
AT, ¢cDNAs have been cloned recently [7-10] and
shown to mediate G-protein coupled functions such as
the activation of phospholipase C, opening of Ca®*
channel and inhibition of adenylyl cyclase. By contrast,
little is known about the structure and functions of
AT,. The use of AT,-specific inhibitors revealed the
tissue distribution of AT, in mesenchymal tissue of rat
fetus [11], healing wound [12], certain brain regions [13]
and rat adrenal medulla [4]. The lack of effects of
stable GTP-analogues on the ligand-binding of AT, [1]
and absence of ligand-induced internalization [14] sug-
gested its unique structural feature and signaling
mechanism. Very recently we have expression cloned a
c¢DNA for rat AT, from a rat pheochromocytoma cell
line [15] and found it to be a receptor with seven
membrane-spanning domains. However, little is known
about its biological functions. With the objective of
clarifying its biological significance by disrupting the
AT, gene by a homologous recombination technique,
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we undertook cloning of the genomic DNA of mouse
AT, via cloning of its cDNA. In this paper, we report
the nucleotide sequence of the mouse cDNA and the
genomic DNA and the deduced amino acid sequence
of the mouse Ang II type 2 receptor.

The cDNA for the mouse AT, receptor was cloned
from a ¢cDNA library prepared from two fetuses of
Balb/C mice by conventional plaque hybridization with
the rat AT, cDNA probe [15]. The nucleotide se-
quences were determined both in the sense and anti-
sense directions. Of the two ATG sequences, the last
one (position, 158 bp-160 bp) satisfied Kozak’s rules
(Fig. 1). The open reading frame between this initia-
tion codon and the inframe termination codon, TAA
(position, 1247 bp-1250 bp), consisted of 1089 bp
equivalent to 363 amino acid residues. The nucleotide
and amino acid sequence showed 97% and 98% se-
quence identity with the rat AT, cDNA cloned by
Kambayashi et al. [15]. Hydropathy analysis according
to Kyte-Doolittle indicated the presence of seven hy-
drophobic membrane-spanning domains as indicated
by underlines, suggesting that this receptor belongs to
the super family of seven membrane-spanning recep-
tors. There is no signal sequence. The following struc-
tural features highly conserved and commonly found in
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AGTAAGCTGATTTATGATAACTGCTTTAAACACTGGCAACTAAAAAGGTGTAAGAATTTGGAGTTCCTGCAGTTCAATATG
Met

AAGGACAACTTCAGTTTTGCTGCCACCAGCAGAAACATTACCAGCAGCCGTCCTTTTGATAATCTCAACGCAACTGGCACC
LysAspAsnPheSerPheAlaAlaThrSerArgAsnlIleThrSerSerArgProPheAspAsnLeuAsnAlaThrGlyThr

AATGAGTCCGCCTTTAATTGCTCACACAAACCATCAGATAAGCATTTGGAAGCAATTCCTGTTCTCTACTACATGATTTTT
AsnGluSerAlaPheAsnCysSerHisLysProSerAspLysHisLeuGluAlalleProvalleuTvrTvrMetIlePhe
: : ™1
GTGATTGGGTTTGCTGTTAATATTGTTGTGGTCTCACTGTTTTGTTGTCAAAAGGGCCCTAAMMAAGGTGTCCAGCATTTAC
vallleGlyPheAlaValAanIleYalValValSerLeuPheCyeCysGlnLysGlyProlysLysValSerSerlleTyr

ATCTTCAATCTGGCCTTGCCTGACTTACTCCTTTTGGCTACCCTCCCTCTCTGGGCAACCTATTACTCTTATAGATATGAT
llepheAsnLeuAlaLeuAladapleuleuLeuleuAlaThrLeuProLeuTrpAlaTheTyrTyrSerTy rArgTy rAsp
TM2
TGGCTTTTTGGACCTGTGATGTGCAAAGTGTTTCC TTCTTTTC TGACTCTGAACATGTTTGCAAGCATTTTTTTTATTACC
TrpLeuPheGlyProvalMetCysLysYalPheGlySerPheLeuThrLeuAanMet PheAlaSer]lePhephelleThr
TH3
TGCATGAGTGTCGATAGGTACCAATCGGTCATCTACCCTTTTCTGTCTCAAAGAAGGAATCCCTGGCAAGCATCTTATGTA
CysMetSerValAspArgTy:GlnServVallleTyrProPhelLeuSerGlnArgArghsnProTrpGlnAlaSerTvrVal

GTTCCCCTTGTTTGGTGTATGGCTTGTCTATCCTCATTGCCAACATTTTATTTCCGGGATGTCAGAACCATTGAATACTTA
YalBroLeuValTrpCvaMetAlaCvslLeuSerSerLeuProThrPheTyrPheArgAspValArgThrileGluTyrLeu
T™M4
GGTGTGAATGCTTGTATTATGGCTTTCCCACCCGAGAAATATGCTCAGTOGTCTGCTGGGATTGCCTTAATGAAAAATATT
GlyValAsnAlaCysIleMetAlaPheProProGluLysTyrAlaGlnTrpSerAlaGlylleAlaLeuMetLyaAanlle

CTTGGCTTTATTATTCCTTTAATATTCATAGCAACGTGTTACTTTGGAATCAGAAAACATCTGCTGAAGACTAATAGCTAT
LeuGlvPhellelleProLeuliePhell eAlaThrCvaTYrPheGly IleArgLlysHisLeuLeuLysThrAsnSerTyr
TMS
GGGAAGAACAGAATTACCCGTGACCAAGTCCTGAAGATGGCAGCTGCTGTTGTGTTGGCATTCATCATTTGCTCGCTTCCC
GlyLysAsnArgIleThrArgAspGlnValLeuLysMetAlaAlaAlavalValleuAlaPhellelleCyaTroleuPro
™6
TTCCATGTTCTGACCTTCTTGGATGCTC TGACCTGGATGGGTATCATTAATAGCTGTGAAGTTATAGCAGTCATTGACCTG
PheHiaValLeuThrPhelLeuAspAlaleuThrTrpMetGlyIlelleAsnSerCysGluVallleAlavallleAspLeu

GCACTTCCTTTTGCCATCCTCCTGGGATTCACCAACAGCTG TG TTAATCOCTTCCTGTATTGTTT TG TTGGAAACCGCTTC
AlaLeuProPheAlalleLeuLeuGlyPheThrAanSerCyaValAanProPheLeuTyrCyaPheValGlyAsnArgPhe
™7
CAACAGAAGCTCCGCAGTGTGTTTAGAGTTCCCATTACTTGGCTCCAAGGCAAGAGAGAGACTATGTCTTGCAGAAAAGGC
GlnGlnLysleuArgServalPheArgvalProlleThrTrpleuGlnGlyLysArgGluThrMet SerCysArgLyaGly

AGTTCTCTTAGAGAMATGGACACCTTTCTGTCTTAAATCTGTTAGTGGGATGCATGTAATCAGCCTAGCCATTGGTTTGGA
SerSerLeuArgGluMetAspThrPheValSerSTOP
A

GGCCCACACAAATGATCTTTAAGTGGCATCAGTATAATACAGTTCTTTGCTTTATCTAATCTTTACTTACTCCCCCGAGAA
CAGGAAGTCAAGTAGAACTGTAAATCTTTATACTCCACCAGCTTTCAGTGATAGTOCCTTCTTTTGCTGGTCCTTTGGCAT
GAGATTGTCATATGTGAGCTAGATCTATAATC TAGAAGTATCTGGGGGAATTATCCOCAACTTATAATTAACAACAAATTAT
GAGTGGTGATTTGACATCTCAGACTTCTCCCTGGAAMTGCTGGCATTTCTTA TTTTGCTCCATTTTCATCAGAT
TTCTTTTTTCTTGAACAAAGGCCAATTTAAAACTTCTTATACTATCCAACCATATGATATAGCATGAGAGGTGAGCACTAA
GTTTGCATGATATACTCTTCTATATATGCCATAGGTTCGTAGTGGCTTATICAGTCTCTAGGTATAGAGTTTCTCCTTTTA
AAGAAATTGCTAAGTTGTCTTCCTTTTCCATTTCACTCAAGTATAGCTTTTGTACTTATTCTACAGCTACACACTGAGCAGA
TCTAGAATGTAGATTAAATCACACATCTGTCTTAGCTTATTCTTGCAGTTATAGAAAGTACACTATTTAGTAAAACAGAAC
TCCAATGAAAAGTATTTTAGTATCCACAAAACTGAATATACACTTTGAAMA TTTTTCATCCATTTTGACTCTTCTTTATTC
TATTCTCTTCTGATGATTTTTGAATACAACAACAAAACACTGTATTATGACACTACGTAAAGGTCACTTTTTAMTTTTTA
ACCTTTTGAACATGGTGC1110ATATATTCAATGATGACTTGAGTTTAATTATTCATCCTTTTGTTCTGGGCTTCGTC&CA
AAATATCTCTTTGACCCTGAAAAAGAGAGCATTCTTTAATTCTTTAACTTTGTAATAAAGTGCAAACTGGCATGGGAAAAG
GTTATGTCAGACTGGAACTTTGATGCCTTCTTGGCGGTAAACAGACCCAGCAAATGGCAAGTTTGGTCTCCAACAAGGAAC
TTGTCAGAACAAAGACTCCCTGGGGAGTAGTTTGAATCTGCATTTCTGGGCACAGTTCCAGAATGTATAAGAGTCTGTGAA
GGTGATTTAAAGCAAGCCCAGGTCCACAGAACTCATTCTTAACACGAGTACATCTCTTACATTAGAGGAATATAATACCTG
AAGATGTGTTACCTAAAGTTTACTCAMCTTCTCAATAAATATTAATTCAGAAGTTAAAGATGTCATTCTC TGCCTGTCCC
ATATTATACCAGGTCACCTAAGACCTTCCTGGATTGA TGCTGACCTATGAGGTAGATTCAAAGTTCTGGGAACTTAACATT
TCTGTCAGATTCCAGGCGTTAGGTTGAAGAATCCTCTCATACCCCTTCCTTGGAAMCCCTGATTTCATGTATTCATGTTA
ATTTTTAGTAAAAACAAATAGCTAAATATGTAATCAGTTATGACTTTGTGTTTTAAGCAATTTACACAAATCTCCTAAAAA
TAAAATCATTACTGGGAAAAAAAAAMAAAAAAAAAAAN
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Fig. 1. The nucleotide and deduced amino acid sequences of the mouse AT, cDNA. The amino acid sequence deduced from the nucleotide
sequence of the open reading frame is given below the corresponding DNA sequence. Putative transmembrane domains are shown by underlines
(TM1 to TM7). A potential poly(A)™ signal is also underlined (position 2832 bp-2837 bp). Potential N-linked glycosylation sites and possible
phosphorylation site by protein kinase C are indicated by asterisks (*) and open triangle (a), respectively. Accession No. UG0766.

the majority of members of this super family were also
noted in the mouse AT, sequence, Asp'*-Arg!*2-Tyr!®
(Fig. 1, indicated in italic) immediately after the third
transmembrane domain, Asp® in the second trans-
membrane domain, and Pro®, Pro!”’, Pro?®, Pro?’},
Pro®" in the second, fourth, fifth, sixth and seventh
transmembrane domain, respectively. Other notable
features are five potential N-glycosylation sites which
are located exclusively in N-terminal hydrophilic region

(Fig. 1, Asterisks) and short first and third cytosolic
loops. There is a possible phosphorylation site by pro-
tein kinase C in C-terminal region (Fig. 1, open trian-
gle). Important to note is only 37% amino acid homol-
ogy with the mouse AT, [9,10], which is compatible the
marked absence of functional similarity between AT,
and AT,. Mouse AT, gene also has 35% homology
with rat opioid receptor and 28% homology with mouse
B,-adrenergic receptor according to the homology
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AATTCTGTAGGTTGAAGGCTCCCCAGTGGACAGAGCGAATATATAAGAAGGAAACCAGAGATC TGGTGCAGTTACATETE,
AGAGGCTGGCGATGGAGGGAGC TCGGAACTGAAAGCTTACTTCAGCCTGCATTTTAAQGTAAGGCAGAACAATTTACACA
TGCTTGACTAGGGAAGGGGAACA TACAGCAGTAAAAATCTTTCTG TG TCTCCCTGTATCAATGTTTTCTTTTTCCTGTAT
ITTAACTGCATTTTGCAGAATGCCTTAATTCTTTAACTGCCATT TC TCTTGCAGEAGTGCATGCGGGAGCTGAGTAAGET,
GATTTATGATAACTGCTTTAAACACTGGCAACTAGTAAGTCTGTAGTGGGATTTATTTTTTATTCTTGCATG TTAATTTG
GAAGGTCATAGAAAAGAATGGGCCTTTGACAGAAA TGGTAGTI TGCCGTTTCTGAGGAAGTTCTCTAGTGGTTACATTTT
AAATTGAATATGTGATTGTATGTACTTTGAAATGATCTGGTGTAATAGT TTTGCTCTCTGTG TGTTTATCTTTAGTTTTC
TTTTGTTTCAAAGTAATGTTGCTAGTTGAAAGAAAACAGCAGCC TTCCCACCTGAACGCTGTTGTTAATGC TGGAAAGTA
ATGACTATTCAGTTCTGTTAAATTGAAAAGATAGCAAAGCAAAAAGCAGTAAAACTATATCATAATTAGTCACTAATGTC
TAATTCTGATTTAATTGAGCCTCCAAACCCATCTCTCTCTGCCCTTGACTCGGGTTTAGTC TT TTTGTTTTICTTTATCTT
CTATTTAAACTGAAAATAGATGTTTCTTATGAAACAGATCAGATTCAAATATCCATATTGAAAACTGGCATTGACTATTA
AAATTTTTAGGTAAAAGCTTTAAGAAATTCATCTATATCTTTTTGTTGTTGTTAAAGCAAAGGGAAAATAAATACATTAT
TTTTAATTAGCAAAACCCAACCCTGACTCTATCCTAATATGCACCTTCTGCATATTTTTTCCAGCTCTCAGTACACTTAC
CTATTTTTCCCTATGGCTTATGTTACTTATATTTTCCATAGCTGCAACAATTTGTATATAGTTACTTCAAGAAAGCATTT
CTCTATGAAGCAGCGGGCAGCAGTGAGATTTCTAGAAAGCACACAGATGGAAAACTAGCCTTGTTTTTTTGAGCTATCAC
ATTGTCTTTGGGCTCCTTATTTGTCTCATGACTCCTACCCTGATTAACTTTTAAACTATTAATTTGTCTCTTGACTTTTC
AAAGACATGAGAGAAGAAAAAAACACAAAATGTTTTGTTCAGAATTTTCAGTCTAATGCTACTGAGGAAATGTTGTTTTT
CTCCTCTCTAGATGTATTAGTAATTCCAGCCAGTAATGCCAGOCAGGCATGGTGTTGTTTTGTTTTCTACAACCACTTAG
GTTATTTTGGCCTCTGACAGATTTTCAAGATGCTTATGACTCAAATACCCCTTAGGCTTTGGGTATGCATTAAGCCTTTT
__CTTTTTTTTTTCCCT, GGTGTAAGAATTTGGAGTTGCTGCAGTTCAATATGAAGGACAACTTCAGTTTTGCTGCC
ACCAGCAGAAACATTACCAGCAGCCGTCCTTTTGATAATCTCAACGCAACTGGCACCAATGAGTCCGCCTTTAATTGCTC
ACACAAACCATCAGATAAGCATTTGGAAGCAATTCCTGTTCTCTACTACATGATTTTTGTGATTGGGTTTGCTGTTAATA
TTGTTCTGGTCTCACTGTTTTGTTGTCAAAAGGGCCCTAAAAAGGTGTCCAGCATTTACATC TTCAATCTGGCCTTGGCT
GACTTACTCCTTTTGGCTACCCTCCCTCTCTGGGCAACCTATTACTCTTATAGATATGATTGGCTTTTTGGACCTGTGAT
GTGCAAAGTGTTTGGTTCTTTTCTGACTCTGAACATGTTTGCAAGCATTTTT T TTAT TACCTGCATGAGTGTCGATAGGT
ACCAATCGGTCATCTACCCTTTTCTGTCTCAAAGAAGGAATCCCTGGCAAGCATCTTATGTAGTTCCCCTTGTTTGGTGT
ATGGCTTGTCTATCCTCATTGCCAACATTTTATTTCCGGGATGTCAGAACCATTGAATACTTAGGTGTGAATGCTTGTAT
TATGGCTTTCCCACCCGAGAAATATGCTCAGTGGTCTGCTGGGATTGCCTTAATGAAAAATATTCTTGGCTTTATTATTC
CTTTAATATTCATAGCAACGTGTTACTTTGGAATCAGAAAACATCTGCTGAAGACTAATAGCTATGGGAAGAACAGAATT
ACCCGTGACCAAGTCCTGAAGATGGCAGCTGCTGTTGTGTTGGCATTCATCATTTGCTGGCTTCCCTTCCATGTTCTGAC
CTTCTTGGATGC TCTGACCTGGATGGGTATCATTAATAGC TG TGAAGTTATAGCAGTCATTGACCTGGCACTTCCTTTTG
CCATCCTCCTGGGATTCACCAACAGCTGTGTTAATCCCTTCCTGTATTGTTTTGTTGGAAACCGCTTCCAACAGAAGCTC
CGCAGTGTGTTTAGAGTTCCCATTACTTGGCTCCAAGGCAAGAGAGAGACTATGTC TTGCAGAAAAGGCAGTTCTCTTAG
AGAAATGGACACCTTTGTGTCTTAAATC TGTTAGTGGGATGCATGTAATCAGCCTAGCCATTGG TTTGGAGGCCCACACA
AATGATCTTTAAGTGGCATCAGTATAATACAGTTCTTTGCTTTATCTAATCTTTACTTACTCCCCCGAGAACAGGAAGTC
AAGTAGAACTGTAAATCTTTATACTCCACCAGC TTTCAGTGATAGTGCCTTC TTTTGCTGGTCCTTTGGCATGAGATTGT
CATATGTGAGCTAGATCTATAATCTAGAAGTATCTGGGGGAATTATCCCAACTTATAATTAACAACAAATTATGAGTGGT
GATTTGACATCTCAGACTTCTCCCTCGAAAATGCTGGCATTTCTTAGTGGAGTTTTTTGTCCATTTTCATCAGATTTCTT
TTTTCTTGAACAAAGGCCAATTTAAACTTCTTATACTATCCAACCATATGATATAGCATGAGAGGTGAGCACTAAGTTTA
GCATGATATACTCTTCTATATATGCCATAGGTTGGTAGTGGCTTATTCAGTCTCTAGGTATAGAGTTTCTCCTTTTAAAG|
AAATTGTAAGTTGTGTTCCTTTTCCATTTCACTCAAGTATAGCTTTTGTACTTATTCTACAGCTACACACTGAGCAGATC
TAGAATGTAGATTAAATCACACATCTGTCTTAGCTTATTCTTGCAGTTATAGAAAGTACACTATTTAGTAAAACAGAACT,
GCAATGAAAAGTATTTTAGTATCCACAAAACTGAATATACACTTTGAAAATTTTTCATCCATTTTGACTCTTGTTTATTC
TATTCTCTTCTGATGATTTTTGAATACAACAACAAAACACTGTATTATGACACTACGTARAGGTCACTTTTTAAATTTTT
AACCTTTTGAACATGGTGCTTTGATATATTCAATGATGACTTGAGTTTAATTATTCATGCTTTTGTTCTGGGCTTCGTCC|
CAAAATATCTCTTTGACCCTGAAAAAGAGAGCATTCTTTAATTCTTTAACTTTGTAATAAAGTGCAAACTGGCATGGGAA
AAGGTTATGTCAGACTGGAAGTTTGATGCCTTCTTCCGGGTAAACAGACCCAGCAAATGGCAAGTTTGGTGTCCAACAAG)
GAACTTGTCAGAACAAAGACTCCCTGGGGAGTAGTTTGAATCTGCATTTCTGGGCACAGTTCCAGAATGTATAAGAGTCT
GTGAAGGTGATTTAAAGCAAGCCCAGGTCCACAGAACTCATTCTTAACACGAGTACATCTCTTACATTAGAGGAATATAA
TACCTGAAGCTGTGTTACCTAAAGTTTACTCAAACTTCTCAATAAATATTAATTCAGAAGTTAARGATGTCATTCTCTGC
CTGTCCCATATTATACCAGGTCACCTAAGACCTTCCTGGATTGATGCTGACCTATGAGGTAGATTCAAAGTTC TGGGAAC
TTAACATTTCTGTCAGATTCCAGGCGTTTTAGGTTGAAGAATCCTCTCATACCCCTTCCTTCGAAAACCCTGATTTCATG
TATTCATGTTAATTTTTAGTAAAAACAAATAGCTAAATATGTAATCAGTTATGACTTTGTGTTTTAAGCAATTTTACACA.
] WmamucmxmmwmAmmcm'
CCTTCTCTTAGTCAGTCTCCTCCAGCAAATCCCCATTCATAATTCTCAGT TTCAGCCTACATGATTACTCATTCAGGTCA
ATAAGAAACAGGCATATGAAAAGCATATGTCGGAAATGAATT
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Fig. 2. The nucleotide sequence of the mouse AT, genomic DNA. Three exons are indicated by boxes. A putative TATAA box (position 42
bp-46 bp) and exon-intron boundary sequences (GT and AG) are underlined. Accession No. U00768.

search of GenBank data base. Homologous residues
are mainly located in transmembrane portion. On the
other hand, between rat and mouse AT,, only four
amino acid residues were different out of the total 363
residues. DNA containing mouse AT, was cloned from
129SV mouse genomic library. The entire nucleotide
sequence of the 4.4 kb EcoRI fragment was deter-
mined both in the sense and antisense directions (Fig.
2). Comparison with the nucleotide sequence of the
AT, cDNA revealed that the 4.4 kb genomic DNA
contained the entire transcribable sequence. Deduced
from the 5’ end of the AT, cDNA clone, there is a
putative TATAA box 36 bp upstream of the first exon
(position, 42 bp—46 bp). Two short exons (61 bp for the
first exon and 60 bp for the second exon) were fol-
lowed by a long third exon containing 2733 bp. Each of

the two intervening sequences contained the 5’ bound-
ary sequence gt and 3’ boundary sequence ag. Open
reading frame in the third exon was uninterrupted by
any intron as is often found in many seven membrane-
spanning receptor genes.

This research was supported by research grant HL-
14192 and HL-35323 from National Institute of Health
of USA.
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