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Abstract 

Of the two major isoforms of the angiotensin II receptors, type 1 (AT 1) and type 2 (AT2), little is known about the structure 
and features of AT 2. We cloned a mouse AT2 cDNA from a mouse fetus cDNA library and an AT 2 genomic DNA from a 129SV 
mouse genomic DNA library. The amino acid sequence of the mouse AT 2 (363 residues) deduced from a mouse cDNA clone 
showed seven membrane-spanning domains. Amino acid identity of the mouse AT 2 with mouse AT 1 is 37%, and 98% with rat 
AT 2. The genomic DNA (4.4 kb) contained three exons and two introns and the entire coding region was contained in the third 
exon. 
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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 1 and AT 2 [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 2÷ 
channel and inhibition of adenylyl cyclase. By contrast, 
little is known about the structure and functions of 
AT 2. The use of AT2-specific inhibitors revealed the 
tissue distribution of ATE 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 2 [1] 
and absence of ligand-induced internalization [14] sug- 
gested its unique structural feature and signaling 
mechanism. Very recently we have expression cloned a 
cDNA for rat AT 2 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 2 gene by a homologous recombination technique, 
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we undertook cloning of the genomic DNA of mouse 
AT 2 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 E receptor was cloned 
from a cDNA library prepared from two fetuses of 
Ba lb /C  mice by conventional plaque hybridization with 
the rat AT 2 cDNA probe [15]. The nucleotide se- 
quences were determined both in the sense and anti- 
sense directions. Of the two A TG  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 E 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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AGTAAGCTGATTTATGATAACTGCTTTAAACACTGGCAACTAAAAAGGTGTAAGAATTTGGAGTTGCTGC AGTTCAATAq~ 

Met 

AAGGACAACTTCAG~F~`TGCTGCCACCAGCAGAAACA'F~ACCAGCAGCCGTCCTTTTGATAATCTCAACGCAAcTGGCACC 

LysAapAsnPheSerPheAlaAlaThrSerArgAsnIleThrSerSerArgProPheAspAsnLeuAsr~ laThrG]MThr 

160 

(1)  

241 

(28) 

AATGAGTCCC, CC'I~f'TAATTGCTC A CA CAAACC ATC AGATAA G CATTTGGAAGC AATTC CTG TTCTC TAC TAC ATG A'I "Vl" 1 "I" 322 

AsnG~uSerAlaPheAsnCysSerHisLy~r~SerA~pLy~HisLeuG~uA~a1~Pr~a~LeuTvrTvrMet~ephe [55) 

TMI 

GTGATTC, GGTTI~,~TGTTAATA TTGI~rGTGGTCTCA C~!~,T L- t -i GTTG TCAAAAGGGC C CTAAAAAGG'PG TC C AGC A TTTAC 4D3 

Va~e~VpheA~AVa1&AnT~e~a~a~a~S~rL~uphpC~sCysG~rtL~sG~r~Ly~LysVa~SerSer1~eT~r (821 

A~AA'/%"TGGCC~TGA ~AC TC CT'FFI'GGCTAC CCTCC CTCTC'PGGC, CAACCTA'FI~ACTCTTATA GATATG AT 484 

I ] ePh~AllnY,~uA ] AY.muA | ~AnnLeul,euLeuY,euA l aThr LeuProLeuTrnA la'~r'Pv~rSerTyrArg~rAsp (1091 

TM2 

TGGC ~-~-]~I-ixJGAC ~TGA'I'G'I'GCAAAG TG'I'FI~GGTTCTTTTCTGA ~ C A T G ~ G C k  r t -| -r t -| -~- ~-A TTACC 565 

TrpLeuPheG~y~r~Va~e~Cy~LysVA~Ph~G)~-~r~h~t~euThr~`~uAanMe~h~A~a~r1~he~he~eThr (136) 

TN3 

TGCATGAGTGTCGATAGGTACCAATCGGTCA TCTAC C CTI'TT~AAAGAAGGAATC CCTC, GCAAGC A ~ A  ~A 646 

CVsMetServA~A~pArgT~G~nSerVa~eTyrPr~PheLeuSerG~nArgArgAsnPr~rn~nA~a~er~VrV~ (163) 

GT~C ATGGCTTG'PCTATCCTC A TTGC CAA CATT~A'FI~ CGGGATGTCAGAACCATTGAATACTTA 727 

~a~pr~L~uVa~k~`V~MA~A~aC~Leu~er~erLeupr~Thrphe~vr~hAArgAap~a~ArgThr~eG~uTyrLeu (190) 

TII4 

GGTG~i, AATC, CTTGTATT A ~ C  A C C C G A GAAA TA TC, CTCA T/W, CCTTAATGAAAAATATr 808 

GXMValAInAIaCMsl I eMetAlaPheProProG luLysTyrAlaGlnTrpSerAlaG~yT 1 ~A I a~uMet Lv.Aan 11 e (217) 

CTTGGCTI'TATTATTCCTTTAATATTCATAGCAACGTGTrA~-L-a-t uGAATCAC.AAAACATCTGCTGAAGACTAATAGCTAT 889 

LeuCI vlWneT 1 e T I mPr~*T.mu T I ePhmT I eAl aThrt~t n~rPhPGIM 1 leArgLyiHl sLeu~uLys~rAs~e~r (244)  

~GAACAGAATTACCCGTGACCAAGTC~GATGGCA ATTCATCA CC 970 

GlyLysAsllArg I leThrArgAspGlnVal LeuLysMet A] aA ] a&1 ~] V~ 1 t.~uA I ~ ~eT 1 eT ] ~@Trt~Leu Pro (271) 

TTCC.A'Ik,- ~-a %.-~ %IAL~TL'~TGGATC, CTCTGAC ~ TGC, GTATCA TTAATA ~ G T r  A TAC, CAGTC A "FI[~,A CCTG 1051 

ph~Ml aVa I ;-~uT~rPheta'uA~nA1 aL~uThrTrpMetGlyI I eI leA~l~SerCy~G~uVal Z i eAlaVa I ~ leAspLeu (2981 

C.C~~CTCCTGGC.ATTCACCAACAGCTGTGTTAA ATI%,-~-*-~-I~,-~-~C, GAAAC CC.,CTTC 1132 
AI ~LeuP~l~he&1 ~ T leL~ur.*.Cl vPheThrAengert'~SVA 1AnnP~Ph~T~uTvr'C~ PheVa] GlyAsnArg Phe (3251 

TM? 

CAACAGAAGCTCCGCAGTGTG'FTTA~ACTTGGCTCCAAGGCAAGAGAGAGACTA~AGAAAAGGC 1213 

G i nG I nL¥lLeuArgSerWs I PheArgVa I Pro I I eThrTrpLeuG1 nG I¥ nysArgG i uThrMe ~ SerCysArgbysG iF (3S2) 

AGTTCTCTTAGAGAAATGGACAC%-t -I-~-I~'TCTTAAA~AGTGGGATGCATGTAATCAGCCTAGCCATTGGTTTGC.A 1294 

SerSer LeuAr~G 1 ~14et Am~hr PheVa 1 Se rSTOp 

n 
GC, CCCACACAAATGATC~'I'gAA~TCAGTATAATACA ATCTAATCTI'gACTTACTCCCCCGAGAA 1375 

CAGGAAGTcAAGTAGAACTGTAAATCT~F~ATACTcCAccAG~-~-~l~;AGTGATAGTGCCT~-~-~CTGGTC~AT 14S6 

GAGATI~3TC.ATATGTC, AGCTAGATCTATAATCTAGAAGTATCTGGGGGAATTATCCCAACTTATAA~AA~AT 1537 

C, AG'IW.,~TGA~CATCTCAGACTI'CTCC~J2"I~(I~AT'I~AG~[~GA~, ~-~-*-*-*~kJ~C.ATTTTCATCAGAT 1618 

T'I~;I-FF*-rI~.-* -*%~CAAAGGC C AA TI'TAAAA CI'IM'TTATACTA~"C.AACCA TA'I%~ATATAGCA ~%T,A ~ C T A A  1699 

G'FITGCATGATATACTt'TTCTATATATGCCATAGGTTGGTAGTC~CTTATI~AGTCTCTAGGTATAGA~ ~-i-t -*-rA 1780 

AAC~%AA~['][~TAA%,T~,-I ~,~'lW.~.-a -I - I - ~%."CA TTTC.A ~ATA~.- ~ -a -~-*~,~ACI'I~A~['I%'TACAC, C T ~ C A ~  ~ 1061 
TCTAC.AATGTAGATTAAA TCA~.ACATCTGTCI~AGCTTA~GTTATAC.AAAGTACACTA~'I~gAGTAAAAC.AC, AAC 1942 
TGCAAT~GTATTTTAGTATCCACAAAACTC.AATATACACTT~'t-n-*-~.ATCCAT~CTC~ATTC 2023 

TA`~k~V~-~Vt~ATC~A~t-~-~-~-~%~ATACAACAACAAAA~ATTATGAcACTACGTAAAGGTC.A~-~-~-t -~-~'AAA'I-I-~T~'A 2104 

AC~-I-I-n~AACA~TATATTCAATGATGACTTGAGTTTAA~TATTCA CCA 218S 

AAATATC~CC~GAC~%GCATTCTTTAATTCTTTAAC~AATAAA~CT¢,GCAT~ 2266 

GTTATG'Ik=AGAC'I[~SC.,AA~ AAACAC, AC Ce.A~.AAA'I~GCAAGTFI, e~w21~CAA CAAGGAAC 2347 

TI~'TCAGAACAAAGAt'TCCCTGGGGAGTA~~'ITCTC.GGCACA~GAATGTATAAGAGTC'IM-'TGAA 2428 

GG`~T~ATTTAKAGC-AAGCCCAGGTCCACAGAACTCATTCTTAACACC~AGTACA~--~-rACATTAGAGGAATATAATACCTG 2509 

AAGATGTGTTACCTAAAGTTTACTCAAA~AATAAATATTAATTCAGAAGTTAAAGATGTCA~I~2TCTC, CCTGTC~ 2590 

ATATTATACCAGGTCACCTAAGACCTTCCTGGATT(~%TGC~/~ACCTATGAGGTAGATTCAAAG~/Ty~7~`~`AACTTAACAT~ 2671 

TCTGTCAGATTCCAGG~GTTAGGTTC.AAGAATCCTCTCATA CCCCTTC~CCCTGA TTTCATGTATTCATGTTA 2752 

A'k-|-L~-rA~TAAAAACAAATAGCTAAATATGTAATCAGTTATGACTI"I~'a',,T ra-*'AAGCAATTTACA CAAATCTCGT~ 2833 

TAAAATCATTACTC, G G A ~  2871 

Fig. 1. The nucleotide and deduced amino acid sequences of the mouse AT 2 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 (zx), respectively. Accession No. U00766. 

the majority of members of this super family were also 
noted in the mouse AT 2 s e q u e n c e ,  Asp141-Arg142-Tyr 143 
(Fig. 1, indicated in italic) immediately after the third 
transmembrane domain, Asp 9° in the second trans- 
membrane domain, a n d  Pro 98, Pro  177, Pro 223, Pro 271, 

Pro 315 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 1 [9,10], which is compatible the 
marked absence of functional similarity between AT~ 
and AT z. Mouse AT 2 gene also has 35% homology 
with rat opioid receptor and 28% homology with mouse 
/32-adrenergic receptor according to the homology 
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AA~AGGTTGAAGGCTCCCCAGTGGACAGA~TATATAAGAAGGAAACCAGAGATCTGGTGCAGTTACA~ 

AGAGGCTGGCGATGGAGGGAGCTCGGAACTGAAAGCTTACTTCAGCCTOCATTTTAAd~AAGGCA~C~ACA~ 

TGCTTGACTAGGG~AGGGGAACATA~AGCAGTAAAAATGTTTCTGTG~GTGCGTGTATGAATGTTTTC~-~-~CTGTAT 

,TTTAACTGCATTTTGCAGAATGCCTTAATTCTTTAACTGCCATTTCTCTTGC~JAGTGCATGCGGGAGCTGAGT~ 

GATTTATGATAACTGCTTTAAACACTGGCAACT~hAGTCTGTAGTGGGATTTA~-FJ~F~-~TTCTTG~ATGTTAATTTG 

GAAGGTCATAGAAAAGAATGGGCCTTTGACAGAAATGGTAGT~TGCCGTTTCTGAGGAAGTTCTCTAGTGGT~ACA~FFF~. 
AAATTGAATATGTGATTGTATGTACTTTGAAATGATCTGGTGTAATAGTTTTGCTCTCTGTGTGTTTATCTTTAG.~TF~C 

~-~qq~TTTCAAAGTAA TGTTGCTAGTTGAAAGAAAACAGCAGCCTTCCCACCTGAACGCTGTTGTTAA TGCTGGAAAGTA 

ATGACTATTCAGTTCTGTTAAA TTGAAAAGATAGCAAAGCAAAAAGCAGTAAAACTA TATCA TAA TTAGTCACTAA TGTC 

TAATTCTGATTTAATTGAGCCTCCAAACCCA~CC6"ITGACTCGGGTTTAGTG~'TTFj~-F~jC'rTTATCTT 

CTATTTAAACTGAAAATAGATGTTTCTTATC, AAACAGATCAGATTCAAATATCCATATTGAAAAC~GCA~CTA~A 

AAAau-~-F~GGTAAAAGCTTTAAGAAATTCATCTATAT£ ~'-I'-IT~gTTGTTGTTAAAGCAAAGGGAAAATAAATACATTAT 

TTTTAATTAGCAAAACCCAACCCTGACTCTATCCTAATATGCAcCTTCTGcATA~T~-J-~-~CCAGCTCTcAGTACACTTAC 

CTA ~1~F~ ~2Cc~f A TGGCTTA TG TTAc~F~A TA TTTTCCA TAG~TG~AA CAA TTTGTA TA TAGTTA ~TTCAAGAAAG~A TTT 

CTCTATGAAGcAGCGGGCAGcAGTGAGATTTCTAGA~AGcACACAGATGGAAAACTAGcCTTG~-~Tl a~a-~AGCTATCAC 

A~GGCTCCTTATTTGTCTCATGACTCCTACCCTGATTAAL-FF~-I~KAACTATTAATTTGTCTCTTGAC~FFIC 

AAAGACA TC.AGAGAAGAAAAAAACACAAAA TGTTTTGTTCAGAA TTT'DCAGTCTAA TGCTA CTC, AGGAAA TGTTG ~ -g'~-j'T 

~AGATGTATTAGTAATTCCAGCCAGTAATGCCAGCCAGGCATGGTGTTG~"FFjrdTq-I-JL'TACAACCACTTAG 

GTTA ~-~GCC7L."~GACAGA TTTTCAAGA TGcTTA TGA CTCAAA TA cCcCTTAGGcTTTGGGTA TGCA TTAAGccTTTT 

t.-FJ'l "J "I "FFFFFCCC"F~%AAAGGTGTAAGAATTTGGAGTTGCTGCAGTTC~TA~C~C ~CAGT~T~ C 

AC CAGC AGAAACATTACCAGCAC, C CGTCC'I-|-FI'GATAATCTCAACGCAACTGGCAC CAATGAGTCCGCC~AATTGCTC 

ACACAAACCATCAGATAAGCATTTGGAAGCAATTCCTGTTCTCTACTAC ATGA'FF~-*-I'GTGATTGGGTTTGCTGTTAATA 

TTGTTGTGGTCTCACTG'I-I-I-I'3TTGTCAAAAC, GGC CCTAAAAAGGTGTC CAGCATTTACATC TTCAATCTGGC CTTGGC T 

GACTTACTCC'i't-I" t ~C, CTAC CCTCCCT~CAAC CTATTACTCTTATAGATA TGATI'GGC'I"r r*-I ~GGAC CTGTGAT 

GTGCAAAGTGTTTGGTTC't-I-rt~CTCTC, AACAT~AAGCA't-t-Ft-t -iTrATTACCTGCATGAGTGTC GATAGGT 

ACCAATCGG TCA TC TACC~.-I"r rI'CTGTCTCAAAGAAGGAATCCC TGGCAAGCATC TTATGTAGTTCC C CTTGTTTGGTGT 

A ~ T C  TATCCTCA%"I'GCCAACATTTTATT'IX~CGGGATGTCAGAAC CATTGAATACTTA GGTGTGAATGC TTGTAT 

TATGGC'I'/'TC C C ACCCGAC, AAATATGCTCAGTGGTCTCd2 TGGGATTGCCTTAATGAAAAATATTCTTC, C, CT'ITATTA'/'I'C 

~AATATI'CATAGCAACGTGTTAC TTTGCdd&TCAC, AAAACATCTGCTGAAGACTAATAGC TA TGGGAAGAACA GAATT 

AC C C GTGACCAAGTC CTGAAGATGGCAGCTGCTGTTGTGTTC, C, CATTCATCATTTGC TGGCTTC C~C CA'PGTTC~C 

CTTCTTGGATGCTC TGAC CTGGATGGGTATCATTAATAGCTGTGAAG'I'~ATAGCAGTCATTGAC CTC, GCACTI~ CC ~ 

CCATCCTCCTGGGATTCACCAACAGCTGTGTrAATCCCTTC CTGTATTGTTTTGTTGGAAACC GCTTCCAACA GAA GCTC 

CGCAGTGTGTTTAGAGTTCCCATTACTTGGCTCeAAGGCAAGAGAGAGACTATGTCTTGCAGAAAAGGCAGTTCTC TTA G 

AGAAATGGACAC ~GTGTCTTAAATCTG'YI'AGTGGGATGCATGTAATCAGCCTAGC CATTGGTTI'GGAGGC C CACACA 

AATGA~.-t-Fi'AAGTGGCATCAGTATAATACAGTTCTTTGC~"~TATCTAATCTTTACTTACTC CC C CGAGAACA G GAAGTC 

AAGTAGAA~TAAATC T'I~ATACTCCACCAGCTTTCAGTGATAGTGCCTTC'~-I'I'I"GCTGGTCCTTTGC, CATGA GATTGT 

CATATGTGAGCTAGATCTATAATcTAGAAGTATCTGGGGGAAT~ATCCCAACTTATAATTAACAACAAATTATGAGTGGT 

GATTTGACATCTCAGAC TTCTCCCTC~TGCTC~ATTTCTTAGTGGAG'I-t" r Ft -t~GTCCA'I'I "I'I'CATCAGATTTCTT 

TI"FI'CT'I~AACAAAGGC CAATTTAAACTTCTTATACTATC CAACCATATGATATAGCATGAGAGGTGAGCACTAAGTTI'A 

C, CATGATATACTCTTC TATATATGCCATAGGTTGGTAGTGGCTTATTCAGTCTCTAGGTATAGAGTI'TCTC~.-*-* -I -*'AAAG 

AAATTGTAAGTTGTGTTC u-t-t-t-t'CCATTTCACTCAAGTATAC, t--t -t-I-I'GTACTTATTCTACAGCTACA CACTGAGC AGATC 

TAC, AATGTAGATTAAATCACACATCTGTCTTAGCTTATTC~AGTTATAGAAAGTA CAC TATTTAGTAAAACAGAACT 

GCAATGAAAAGTA'I -I -I -I'AGTATCCACAAAACTGAATATACACTTTGAAAA'I'I'I'I'I'CATCCATTTTGA CTCTTGTTTATTC 

TATTCTCTTCTGATGA'FI -FI-I'GAATACAACAACAAAACACI'GTATTATGACACTACGTAAAGGTCAC'*- I-~-FI'AAAT~ 

KACcTTT~GAACATGGTGCTTTGATATATTCAATGATGAcTTGAGTTTAATTATTCATG~I~-1~-~TTCTGGGCTTCGTCC 

~AAAATATCTCTT/'GACCCTGAAAAAGAGAGCATTCTTTAATTCTTTAACTTTGTAATAAAGTGCAAA CTGGC ATGGGAA 

KAGGTTATGTCAGAC'IW, GAAG TTTC, ATC, CCTI'CT~AAACAGACCCAC, CAAATGGCAAGT'I'IX~G TG~C~C~G 

~$~ACTTGTCAGAACAAAGAC TC C CTGGGGAGTAGTTTGAATCTGCATTTCTC, GC, CACAGTTC CAGAATGTATAAGAGTCT 

GTC, AAGGTGATTTAAAC, CAAGC C CAGGTCCACAGAACTCATTCTTAACACGAGTACATCTCTTACATTAGAGGAATATAA 

TACCTGAAGCTGTGTTACCTAAAGTTTACTCAAACTTCTCAATAAATATTAATTCAGAAGTTAAAGATGTCATTCTCTGC 

CTGTCCCATATTATACCAGGTCACCTAAGACCTTC~TTGATGCTGACCTATGAGGTA GATTCAAAGTTCTGGGAAC 

TTAACATTTCTGTCAGAT'I~ C A GGCG'I-I'I-I'AC~ GAATCCTCTCATACCCCTTCC'Fr GGAAAACCCTGATTTCATG 

TATTCATGTTAA'I-t -t -t -t'AGTAAAAACAAATAGCTAAATATGTAATCAGTTATGAC ~TG~AAGCAA'I'~"F ~'ACAC ,~ 

KAATCTCGTAAAAATAAAATCATTA~TGG~GACCATGTGTGCTTCTTA~-n-FF~tA~TGTCTC~AGGTTTAGACTG~TG 

CCTTCTCTTAGTCAGTCTCCTCCAGCAAATOCCCATTCATAATTC AGTTTCAGCCTACATGATTACTCATTCAGGTCA 

ATAAGAAACAGGCATATGAAAAGCATATGTCGGAAATGAATT 
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Fig. 2. The nucleotide sequence of the mouse AT 2 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 AT2, only four 
amino acid residues were different out of the total 363 
residues. DNA containing mouse AT 2 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 2 eDNA revealed that the 4.4 kb genomic DNA 
contained the entire transcribable sequence. Deduced 
from the 5' end of the AT 2 eDNA 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 
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