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Using the polymerase chain reaction and oligonucleotide primers constructed from 
knowledge of the cDNA sequence we have sequenced the gene for iso-rANP, a peptide of the B- 
type of atrial natriuretic peptides. The overall organization of the rat isoANP gene is the same as 
that of ANP and BNP consisting of three exons and two introns at relatively similar positions. Iso- 
rANP and it’s gene are more closely related to BNPs than ANP and yet there are significant 
differences at both the protein and DNA levels. Our results suggest that iso-rANP and BNP are 
distinct members of the same sub-family (B-type natriuretic peptides) within the family of natriuretic 
peptide genes. 01990 Academic Press. Inc. 

The natriuretic, diuretic and hypotensive actions of atrial natriuretic peptide (ANP) are now 

well established (For review see Inagami, 1969 (1)). Over the past two years new natriuretic 

peptides have been discovered. These include pig brain natriuretic peptide (pBNP) (2) and 

peptides from rat atria which have been termed iso-rANPp,) in our laboratory (3,4) rat BNP-45 

by Aburaya a a. (5) and 5K cardiac peptide by Kambayashi a a. (6). In addition, another 

peptide from pig brain, termed pCNP, has recently been reported (7). The rat peptides are 

identical in sequence (except for a gln for leu at position 44 in iso-rANP which is probably an 

isomorphism) and like ANP and pBNP (8) form the C-terminal portion of a pro-protein precursor 

(9). 

Iso-rANP is isolated from rat atria as a 45-amino acid peptide (3) and this also appears to 

be the circulating form (G. Hira and T.G. Flynn, unpublished results). The disulfide-bonded ring 

area of iso-rANPp,51 has significant homology with the same area of ANP and with BNPs (Fig. 1). 

However, the amino acid identity in this region (from residue 21 of iso-rANP to the C-terminus) is 

much greater among pig, dog and human BNPs (pig vs dog = 96%; human vs pig or dog = 

76%) than between iso-rANP and these BNPs (iso-rANP vs pBNP, hBNP or dBNP = 56%). 

The complete amino acid sequence of prepro iso-rANP/BNP45/5K cardiac peptide was 

deduced from the cDNA sequence by Kojima B a. (9) who termed it preproBNP from rat, 

presumably to reflect the fact that a portion of pBNP cDNA was used as a probe to isolate a 

clone from a rat atrial cDNA library. lt would appear, therefore, that iso-rANP may be the rat form 

of BNP. However, differences in amino acid sequence between iso-rANP and BNP from other 

species have led us to investigate this relationship at the gene level. 
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Figure 1. 

S-J 
Comparison of the C teninal sequences of rat iso-ANP and porcine, dog and 

human BNPs. 

We have elucidated the organization of this gene by detenining the nucleotide sequence 

of a DNA fragment synthesized in vitro by the polymerase chain reaction (PCR) using 

oligonucleotide primers based on the cDNA sequence. The DNA sequence thus derived has 

been compared wlth those of ANPs and BNPs. 

MATERiALS AND MElHODS 

Svnthesis of rat atrial cDNA: Total RNA from (Sprague Dawley) rat atria, purified by 
guanidiniumthiocyanate phenolchloroform procedure (10) was used for synthesizing single-stranded 
cDNA by oligo d(T),, primed reverse transcription (11). The second strand synthesis of the cDNA 
pool was accomplished according to the method of Gubler and Hoffman (12). An aliquot of the 
double-stranded cDNA, in pg amount, was used for amplifying iso-ANP cDNA by polymerase 
chain reaction. 

Rat aenomic DNA: DNA from Sprague Dawley rat liver was isolated according to a 
standard procedure (11). 

Oliaonucleotide primers: Oligonucleotide primers, used in PCR synthesis and sequencing, 
were synthesized in an automated DNA synthesizer (Biosearch BSOO) at the Oligonucleotide 
Synthesis Laboratory at Queen’s University. Their nomenclature, designated as sense (S) or 
antisense (AS), and the sequences are as follows: SS/30 and 3’AS/30: 
SGCGAGACAAGAGAGAGCAGGACACCATCGG3 and SCCAAAAGCAAGAAATAGGCTATGllTAlTA3’, 
corresponding to 5’ and 3’ ends respectively of the rBNP cDNA sequence (9); 30s and 39AS: 
5’TCTCAGGACTCTGCClTCCGCATCCAGGAG3’ and 5’GCTATGCGCCATClTGCTGlTTCTCAGTCTCTC 
CTGAAT3’, corresponding to amino acid residues I-10 and 8-20, respectively, of the iso-ANP 
peptide sequence (3); 1 9AS: 5’GAGAGCTGTCTCTGAGCCA3’, 18S:5’GCACATAGlTCAAGCTGC3 
and 22AS: SGCCGGAGTCTGCAGCCAGGAGG3’, corresponding to nucleotides 164 to 182, 280 to 
297 and 372 to 393, respectively of the rBNP cDNA sequence (9). 

Polvmerase chain reactions IPCR): The amplifications of DNA fragments were 
accomplished according to conditions described by Saiki gt &l, (13), using Taq DNA polymerase 
(Cetus) in 30 cycles. The denaturation, annealing and extension steps were performed at 94’, 
65’ and 72 “C respectively, in all ampliiications. 

DNA seauencina and anaivsis: The sequencing of 5’-end labelled PCR fragments was 
done according to the procedure described by Seif & a. (14). The deduced sequence was 
confirmed by resequencing PCR fragments, using sequenase kii (US Biochemical) and internal 
32P-kinased primers, (18S, 19AS. and 22AS) as described by Owerbach s &l. (15). 

The derived sequence was analyzed using DNA sequence analysis programs - Version 2.4 
written and compiled by Dr. Alan Goldln (Cal. Inst. Tech.). Comparisons of sequences were 
made by coalignments, using the University of Wisconsin Best ff i  program (16) and the ESEE 
program devised by Dr. Eric Cabot of Simon Fraser University, B.C. 

RESULTS AND DWXSSiOhl 

The complete prepro cDNA sequence elucidated by Kozima @ a. (9) provided us with the 

opportunity to synthesize in vitro the DNA fragment containing the iso-ANP gene by polymerase 

chain reaction (PCR). Two 30-mer oligonucleoticie primers, termed SS/30 and 3’AS/30, were 

initially utilized to amplify the 628 bp cDNA fragment, using the total atrial cDNA as template. 
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The identity of this fragment was established by partial sequencing. Subsequently, the same 

primers were used to synthesize a genomic PCR fragment approximately 1.3 Kb in size, which, by 

partial sequencing, was confirmed to harbor the iso-ANP gene. 

To facilitate localization and sequencing of intronic segments, truncated products of the 

1.3 Kb fragment were also PCR synthesized. Primers 5’5/30 and 39AS generated a 566 bp 

fragment harboring the 1st intron and 30s and 3’AS/30 primers produced a 795 bp fragment 

containing the 2nd intron, as suggested from difference in size with corresponding segments of 

the cDNA. Sequencing across introns was performed by direct sequencing of PCR products as 

detailed in the Methods section and precise assignment of exon/intron junctions was ensured by 

running sequencing reactions of cDNA segments in the same gel. The elucidated sequence is 

shown in Figure 2. 

It is apparent from the DNA sequence (Fig. 2) that the overall organization of the rat iso- 

ANP gene is the same as that of ANPs (17,18,19) and BNPs (20,21), consisting of three exons 

and two introns at relatively similar positions. Also, like ANPs and BNPs, the mature peptide, with 

the exception of the last few amino acid residues, is located in exon 2, including the biologically 

important disulfide-bonded ring region. In addition, the coding sequence is interrupted after the 

16th amino acid from the anticipated Ser/His cleavage site of the signal peptidase to 

accommodate the first intron, like ANPs and porcine BNP. All three peptides, therefore, belong to 

the same gene family of natriuretic peptides. The location of the second intron in iso-ANP is, 

however, like that of BNPs (21) and not ANPs, interrupting the codon for the fifth amino acid from 

the carboxy terminal. It is relevant in this regard to reiterate that heterogeneity exists among 

BNPs with regard to the location of the first intron. Compared to porcine BNP and ANPs, the 

location of the first intron of the human BNP is shifted by two additional amino acids (21). The 

coding regions of dog BNP have been assigned previously on a genomic clone by co-alignment 

with porcine and human genomic sequences (21). Possible uncertainty exists with regard to the 

exact location of the first intron in canine BNP because co-alignment was difficult in this region 

due to diversity within the DNA sequence. Therefore, at the present moment, the organizational 

identity of the rat isoANP gene could be established with certainty only with reference to porcine 

BNP. 

In order to ascertain the degree of homology as well as differences, the DNA sequence of 

the rat iso-ANP gene was co-aligned with pig, dog and human BNPs (Fig, 2) and separately with 

rat ANP (not shown). At the nucleotide level, the extent of homology of iso-ANP with BNPs is 

exceedingly more than with ANP, but is not as extensive as it is among porcine, canine and 

Figure 2. The nucleotide sequence of the rat Iso-ANP genomic PCR DNA was aligned with 

sequences from porcine, dog and human BNP genomic DNA (21). Only relevant 

portions of BNP genes are shown. The exon sequences of the iso-ANP are same 

as rBNP cDNA sequence reported previously (9). The amino acid sequence is 

shown above the nucleotide sequence of the iso-ANP. The anticipated processing 

sites are indicated by arrows and Arg/Ser cleavage sites are shown in brackets 

(underneath human sequence for BNPs). Potential regulatory DNA motifs within 

introns, as discussed in the text, are underlined. 
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Rat 
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Rat 

Pig 

Dog 

Hull 

me 
CCCACLCM~GAGAGCAGGACAC~lCGCAGC.TGCCTGGCCCATCA.....CTTCTGCAGCAT 

I I lllll lllll III1 I II lllll III 
CAGGCTGCTAGCMGTGMMGTCMCCTCCTG~CCCAGCl~GCGGCAG~G~GCGGCAGCAGG~GC.AGCClCTAlCClCTC....CTCCAGCUCAT 

II II llllI IIIIIIIllllllllll llllllIl IllllIIlIl 11111111111 
CMGC........GGTGACACTCGACCCCGGTCGCAGCGCAGCAGCl.. . . . . . . ..CAGCAGCCGGA.CGTClCTllCCCCACllClClCCAGCGACAl 

II II Ill1 I I I lllll IIII llllllllI llllllIII I IlllIlIIIIIIIlIIII 
CAGGCTGAGGGCAGGTGGGMGC~CCCG~CGCATCCCAG~G~GCAGCAGCAGCA~GCA~AGCAGCAGCCTCCG~GTCC.CTCCA~~CAT 

t 
tAspLeuGLnLyPVsILwProCI~etIIcLeuL euLcuLeuPheL~mLcerProLcutlyClyHi~serH~sProLeffil~erProser 
GGATCTCCAWGGTGCTGCCCCAG,TGATlCTGC . ..TCCTGGTTTTCCTTMTCTGTCGCCGCTGG~GGTCACTCCCATCCCCTGGG~GTCCTAGC 

II lIllIlIIIIIIIl lllllll lllll IIII IIIIIIIIIIIIIII IIlIlIIlIIIII I III1 
GGGCCCCCGGATGGCGCTTCCCCGCGTGCTCCTGC...TCCTG . ..TTCTTGCACCTGTTGCTGCTACCATGCCGTTCCCATCCACTGGGTGGCGCTGGC 

II III I lllll lllll I lllllll lllll IIIIIIIIIIIII II II III IIII IIII II lllll III II 
GGAGCCCTGCGCAGCGCTGCCCCGGGCCCTCCTGCTCCTCCTG...TTCTTG~CC~GTCGCCACTCG~GGCCGCCCCCACCCGCTGGGCGGCCGCAGC 

Ill III III1 I 1111111 1IIIlIIIIII II llIIIIII III I II lllll II lIlIIIIllIIlIl III I I 
GGATCCCCACA~GUCCTTCCcGGGCGCTCCTGCTCCTGCTC...TTCTTGCATCTGGCTTTCCTGG~GGTCGTTCCCACCCGCTGGGCAGCCCCGGT 

GLrlSerProGluGInSerThrM etGln 

CAGTCTCCACMCMTCCACGA.................... . . . . . . . ..TGCAGGT~GUCCWLGCCTCTG~TAGG~~TG~GCCTGCCT~. 

I /1 I IIIIII I II IIIllllllIIIII llllII II III lllll 
CTGGCCTCAGMCTGCCAGGGA.................... . . . . . . . ..TACAGGTGAGCCCTGATG~CTGCTTA..~CTTGG...TTGGCTG..G 

I lllll III III Ill I lllllllll II I I llllll 
CCCGCCTCGGM..GCCTCGGMGCCTCACMGCCTCGGGGTTGTGGGCCGTGCAGGTGAGCGCTCA..................GC...cTGCcT~G 

I llIllIII II lllIllllll I llIllllI II I I II I I 
TCAGCCTCGGA..............CTTGGAAACGTCCGGGT.... . . . ..TACAGGTGAGAGCGGA........ . . . . . . . . ..GG...GCAGCTCAGG 

.GCGTTTTGGGCAGCAGCMTW.....................MGA . . ..CCTCATGTCCTTTGGGMTTMCCACGCGAGAGTCACCIMC 

II II llllllllI II Ill1 III IIIIllIIIIlII I IIIIIII II I 
GAGGGCGCGGACAGWGCMCTMCGGGTCCCCACCTACTGTTCCMGAGGGCTCTMCCTCCTTTGG~CTAGT~T~GGG.GTTAGMGGCACCCA 

I ,I Ill1 llllll I lllll I I I lllll Ill1 I I I IIII lllllll IIlIIIIIIIII I IIII I I I 
GCCGCGGCGGGTGGCAGCAGGT~CGGGGGCTTAGCCACTGTCCCM...GTCCTCAGTCTCCCTTGGGMTTAGTWITMGGWATCAGAMt 

I I II llllll I III II I I lllllllll I lllll I IIII IllIIllIlIIIll IlIlIIIIIlI II II 
G..GGATTGCACAGCAGCMTCAMGGGTCCTCACCTGCTGTCCC~GAGGCCCTCATCTTTCCTTTGGMTTAGT~T~GGMT~G~TG~GA 

GATTGGGCAGCAGATCCCTTMCCACAGGCACTGTG... 

ITI II III II lllll I I 
. . . . . . . . . . . . .GAAGGGT.GGGG~GC~GGTGTGTATGTGTGTGTGTGTCTGAGGTCT 

III II I II III1 III I II llllll 
GGCTGGGGGTGAGGACCCCGCTCCCUGCCAGTTGGTTCGCTTCAGCACCATCM~GT.GATGGGTCCAG.. . . . . . . ..GTGCGAGTTCCTGAGGCTC 

I lllll lllllll lllllllII lllllll I I lllllll III1 I I I IIIIIIIIIIIII 
WTTGGGTGCCAGGACTCCATACCCMGGCGGCGGCTlCACTTGGGlGC....MGGGTGGTTCCGCCCCG . . . . . . . . ..GCGTGGGTTCCTGAGGCTC 

II lllllllI III I llllllllll I I IIIIIIIIIIIII lllll I I III I I llllll lllllllll 
GACTGGGTGCCCTGACCCTGTACC~GGCAGTCGGTTCACTTGGGTGCCATGMGGGCTGGTGAGC~GG . . . . . . . . ..G.GTGGGTCCCTGAGGCTT 

LySLeuLeuGLuLeullcArgGluL ysSerGluCl~etAlaGl~rgGlnl~SerLysAs~ 
GGGCTTCCCMTTCGTCACACCTGCTGGAGCTGATMGAGMA. 

lllll llll II Ill llllllllll I I IIII I 
. . . . . . . . . . . . ..AGTCAGAGGAMTGGCTCAGAGACAGClCTCAMGGACC 

llllll Ill II I III llllll 
GGGCTCCCCCACC~TCCUGGAGCTGCTGCACCGCCTGC~~~GGGTCTCC~GCTGCAGGCG~GCG~CG~CCTG~GCCCCTCCGGCAG~CC 

II II Ill1 IIIIIIIIIIIII Ill Ill III II II IIIIIIIIIII Ill1 I II llllll lllll I I I II 
AGG.....CCGTCCATTGCAGGACCTGCTGGGCCGTCTWUGCC 

I II I IIIIlIIIIIII II II I II Ill I I I II lllllllllI llllll lllllll lllll II lllll 
GGACGCCCCCATTCATTGCAGGAGCAGCGCMCCATTTGCAGGGC~CTGTCGGAGCTGCAGGTG~G~~CATCCCTG~GCCCCTCCAGGAGAGCC 

LnGlyProThrLysG luLeuCeuLyoArGVelL~rgScrGI~spScrAlaPheArgIleGIntluArgLeuArgAsnSe 
MGGCCCTACAAMG . . . . . . . . . . . . . . . . ..MCTTCTMMAGAtTCCTTAGGTllC 

Ill1 III Ill I I I IIIllIllII III lllll III lllllll I 
GTGGCCTCACAGMGCCTGGOAGGCtAGG~GCAGCCCCCACGGGGGTTCTTGGGCCCCGCAGTAGCATCTTC~GTCCTCCGGG~TACGCAGCCC 

Ill I IIIIIIII llllll III I I I III lllll IIII Ill1 II II llll Illl I II llllllllll 
ACAGCCCCGUGAAGCCCCGGGGCC..GGAGG.MCGCCCCGTMiGGTCCTTGCACCCCAl~~GTGTCCTC~GGCCCT~GMGACTACG~GCCC 

IIllIllI II IIIII lllllll II II lllll III II lllllll llllll lllllllllI 
CCCGTCCCACAGGTGTCTGCGTCCCG~GGTAGCCACCGAGGGCATCCGTGGG~CCGC~TGGTCCTCTACACCCTGCGGG~CCAC~GCCC 

rLysIIetAlaHisScrSerSerC~PheGL~l~y~ILeAspArGIlcGlyAlaValSerArgLcuGLyCysAspC 
E 

t 
CMGATGGCACATAGTTCMGCTGCTTTGGGCA~~TAWCC................... 

lllll I I I II IIIIIIIIIIII II I I IIIIIIIIIIII I III1 II lllllll I IIIII 
CMWCGATGCGTGACTCTGGCTGCTTTW;CCGGLGCCTGCA................... 

lllll lllll I II II 11111111 IIIIIlIIIIIIIIIIIIIIIIlIIIIlI lIIIIlIlIIIIlIIIII I 
CMGATGATGCACMGTCAGGCTGCTTTGGCCG~GGCTGGACGCCTCCCTGCCGCCTT 

IIIIIII IIII Ill II IIIIIIll III I IIIIIIIIIII IIIII IIIIIIIIIIIIIIIIII lllllll I lllllll II 
CMGATGGTGCMGGGTCTGGCTGCTTTGG~GGMGATEGACGGTAAGC..ACCCCCTGCCACCCC 

59 

95 

344 

499 

156 

189 

463 

596 

226 

253 

540 

652 

300 

352 

637 

750 

383 

441 

723 

839 

468 

541 

818 

939 

550 

641 

915 

1039 

631 

722 

1015 

1137 
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R.t 

Pig 

DW 

Hum 

Pig 

Hun 

Pig 

DOG 

null 

cat 

Pig 

Dog 

Hun 

.GCACCTACCTTGCCGCTTCCCTGWMGCTGCACtClTCCCGTTCCCClGCAT~CGCCCT~~GGCCCCTTGGTTTGCTCT~~CATACTTGCACA 

llllllll I I II I III IIII I I IIII I 
.GCACCCACCCCWITTCCUCTG~CGCCCCGGTTAG~T~CTTCTGGGTTT~TGTCTCTGGG~C~CTC..CWWMllGGAWCCTGWTATC 

lllllIlll llllll I I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII lIIIIIlIIIIIIllIIlI 
GGCTCCCCCTCCCUGCCCCCTCGGTTC~CCCTTG~CCCCTTCTGGGTTTGTTGTCTCGGffi~TCACACTC..TGAGG~G~UTCTGGA~TC 

III II lllll II II II II II II I III IIIlIIlIIlIIlI Ill I IIIIIII IIII lllll II llIIlIIII 
GGCCGCCTTCCCCCATTCCAGTGTGT~CACTCGGTCACCTG~CATC 

GCCTGCCTCTACCTTACCWCAGTCTT~~C~GGCAGTCTGT~G~GTCTCACATGGGTACTTCATTACACCGTCCCAGGT~GCACCTACCTC 

Ill1 III I lllll lllll llllll Illll I IIII I II II 
A.....CTCTTTCTTGTTGCUGTCCTCCTC~GGCGCTAT~GTCCCCAC. 

IlIIIlIIIllIllIIIIIIllIlIIIlI IIIlIIlIlIIII IIIlIIIlll II I lllll II 
G.....CTCCTTCTTGCT~CACTCCTMGGGCCMG~GTACGTTTCTG~lACTACGTGTG~~TCGTTGTCU..........GGGTCCCTAC. 

I IIIIIIIIIIIIIlIlIIIIIlIIlIIIIIllIIIlIlIl lllllll II I I II II 
G.....CTTCCTCTTGTTUCAGCCTTCAGGGCC~GGTC 

CTTCAGAGGTGTCACAGGCTTCCCAGG~~GACTGCCTCTCC~GGCA 

I I IIII III1 lllll I II I II II I I I I 
CUCCTTCTCGCUCCCCCTGCCTCTCTCACC~GGCGGCA~TTACTTTAG~TGT~TTCTGTCATTGCCTGGCTGCCGCTCCT~GC~ 

llllll II Ill II llllllllll IIIIIII I IIIIIlII I llIlIlII II II III III Ill1 II Illll IIIIII III 
CUCCTCCTAGCCCCCTCCTGCTCTCG~CCUMG.GGCAGMTCATCTTAGWTGGU..TCAGTCGTTGTCTGGMGUTCTCCTTG~~~ 

llllll IIIIIIIIIIII IIIIIIIIIIIIII lllll II I I I III III II III lllllll 
ATACCTTCTCCCCACCTCCTACTTCT..TATCAAAGG GGCACUITCTCCTTTGG..GGGT..CTGTTTATCATTTGCCAGCCCCC~GTGGTG~~ 

UGGG.......,................,............,......................................................... 

II 
W~CTMICCTCTTCCCCCTGGTTTCCCCTCAlETtTCTGTCTGTGGCTGC~GG~~GGG~G~T~CCAGGGT~T~C~GTCCCAGCTTACA.AG 

III llllll II Ill I I I I I II IIIllIll II I IIIIIIIIII III1 lllIIlIII III I IIIIII I Ill II 
WGTCCTULUTCGTCCTCGTA~TCTCTCT.GTCTGTCTGTAGCC*CWMiUWGOTUGCCTUCWtCCWCTWG 

Ill I IIIIII IIIII I I I III1 IIIIII III I I IIIIIIIII IIII IIIIIII III III1 II III1 II IIIII 
~WACUUUT.TTCCTCCTffiTTTCCTCTMACTGlCTAlAGTCTUGCWGAWGAT 

730 

819 

1113 

1237 

830 

913 

1197 

1322 

930 

1013 

1294 

1415 

935 

,112 

1393 

1514 

Fig. 2-Continued 

human BNPs. The sequence comparison of the constituent segments of the isoANP gene with 

corresponding segments of BNPs of other mammalian species is summarized in Table 1. The 

extent of sequence homology of iso-ANP with BNPs lies outside the range of homology observed 

among BNPs (with the possible exception of the 3rd exon). The divergence of the genes for the 

two peptides is especially noticeable in the 2nd exon and 2nd intron. Although less conspicuous 

than the divergence observed within the 2nd intron, the difference within the 2nd exon is of 

considerable functional importance. Firstly, compared to BNPs, the 2nd exon of iso-rANP is 

smaller in size and consequently has reduced coding capacity, reflected in the two gaps in this 

segment shown in Fig. 2, introduced to maximize homology with BNPs. Located upstream from 

the anticipated boundary of the mature peptide, these gaps together account for a total of 30 to 

33 nucleotides of reduced coding sequence or 1 O/l 1 less amino acid residues than BNP 

propeptides of other mammalian species. Secondly, the divergence in nucleotide sequence within 

the 2nd exon has strikingly affected the processing of the iso-rANP propeptide. Whereas the 

location of the anticipated Arg/Ser peptidase cleavage site is unaffected among various BNP 

species generating primarily a 32 residue peptide, in iso-rANP, due to changes in the 2nd exon, 

the amino acid residue at this site has changed from Ser to Asn, rendering it non-functional as a 

cleavage site. Instead, the sequence divergence has created a new Arg/Ser cleavage site 13 

amino acid residues upstream in iso-rANP, consequently producing a mature peptide of 45 amino 

acid residues, which is apparently not processed any further. The 32-residue BNP may, however, 

be further processed in different species. 
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Rat 

Pig 

Dog 

Hun 

Aat 

Pig 

Dog 

Hum 

Aat 

Pig 

Dog 

Hun 

Rat 

Pig 

DO0 

Hun 

. . . . . . . ..UCGCCUGT~AGC~~~~CCCA~GCCG~~~C~~~~~~~C~~CC~~~G..GGGG~GC~~~~G~~CA........ 1016 

III1 III1 IIIII I II IIIII IllI IIII II I II III III I II I II IIIIII 
GAGCUICtUGGtCUGAWWGtA,CCUI*OCC.CUMUtCUGttCtGCtG....MGIICGCG..GGtffiCAGGGGtOtUCCtGGtGG ,205 

IIIII III lllll IIIIIIIIIIIIIII IIIIllII IIIIIIIIIII II III1 I I II I IIIIIIIIII IIII I III 
OAWGACtCIGGtCtAWWCItGGITTATTCCMLCCC.t~~tCCA~tCG~tG....AGGGtGGffittGG,GGCAWAtGGCtCC,GG~t ,488 

Illll Illllll IIIIII II Ill Illll IIIIII I I III I II I IIIIIIIIIIII I I 
WGG~C,~GGCtCAWWGt,GCAt,......uIGCC.t~CGt.C,~,.~C,A....A~GGGt~tG~tGG~..........CAC~,G 1591 

lyleuWgLeWhe**' 

GGGGA4GC,CAGC,CC,GCC,CAG,,,CAC.,C.... CCCAGtC,CACAC,GGt,,CtCC,CC~~GGTTCCtCC, 1107 

llllllll Ill llllllll I IIII I II II II0 I IIIlIIllIlII III II I III1 III1 
GtGGUGCCWGGtCC,GCCtCCCtCtCAC.CC,MtG,~,CCt~CCC,CtCtC,CCCCCCCACAGt~tCAG~GGtACt~....~G...tCC, 1297 

lllllll I I lIlIIIlI III1 I III I I Illl II IIlIIIlIII II IllIIIIlIII II I Ill I I IIII Ill 
tGOCUGCtCGGAtCCtGCCtWGTeTCCUCCTWCCt~C~~t~tCCCCC,CtCtC,.CCtCCCAUGtGCtW~GtA,,~G~~G...tCCC ,584 

II IIIIII I llIIIIlI lllIlIlII I IIIIIlll lIIIIlIIIl I I IIlIlIIIIlI I lllll IIlllll Ill 
AGCtMGCtCAGCCCCttCC,CCAtC,CCCACCCtA.ACUtCA,UCCC,CtCtCt,tCCCt~~GtGC,GAGGCGG~ttM.~GW*G...tCCT 1686 

GtCtGCAWC,CCGGC,,CtWCtC,GCCtGCGGC,C,,C,t,CCC~G.CtC,G~C~CCtC,C~G,~,CC,G...,t,AtttA,..ttGtt,A, ,201 

lllll II lllll III III1 III II I lllll I IIIII lllllllll I lllll 
GGC,~UIIC............CtC,G,GtCCGC,tC,C~CGCCCCt.CCCCt~tCCCCt,C~GC~C,CCtG,,.tt,A,ttAt..GtAtttAt 13Gl 

I Ill I II IIII I IIlllllI II IIII llllll lllll I lllIlIII IIIIIIll 
WCtGCCUC............AtC,GCAttG~,tCt,~G~GCC.....CC,~GCCCC,,GG~GCA~,. . . . . ..CttA.t.AttCG.At.,At 1660 

I Ill1 II Illlll IIIII II II Ill Ill1 III II I IIllllII IIIII 
GGCtGCAtAC............ACCtGC,,C,~t,CCA~GGGGCt,t,,CC,~CCC,G,GGCCGCC,,t~Gt~Ct~tt,,,ttt~,G,At ,774 

ttAt,tAtt,ttAlGtt.GC,~tTTtCtACMGACtGtttCttAtCttC~G~~CttGCCA~GtGtMt~CAtAGCCtAtttCttGCttttG 1300 

IIIIIIIIIII IIlIIIIlIlIIIIIIIlIIlIII llllll lllll llIIIlIlI III II I 
t,AtTtAtt,At...tt.GG,GGtTG,AtAtMGIC.GGt,CttAt,tGt~G~CAtttt,,CCAtGG,~t~Gt~~ttA.GAGCtCtGtCt 1475 

IIIIlIIIIIII II I I III IIIIIIIII I I II I IIIIII lllllll IIIIlIIIIIIIIIIlI III lllll Ill 
t,A,t,A,ttAt...ttCGtGt,ttAtAt~~t.~tCCt~CGCCC~G~C~ttttC~CGGt~t~GtC~CCttA.~GCt...tCt 1752 

III1 IIIIIII II IIIIIIIIIIIIIIIIII I I II II IIIIII I IIIIIIIIIIIIIIIIIIIIIIII III IIII III 
t,A,GtA,,,At...,,.GL,tG,tttA,A,MGA,GG,ttC,,ACC,,,~GCA~,,,C~C~,~,~Gt~CA,tA,~GC,,tAtCt 1870 

c 1301 

,,,G 1479 

IIII 
TttGUACCGAt,,GtCCC,GtGCAt,AAAAGtMCACA,CAt,,AA4AAAJ 1804 

lllllllI IlIIIlll I lllIIIIII III I IIIIII Ill II 
tt,GAMC,GA,ttGtC,,GGCGCAttAAAAAtAA,CCC,CAtt,CAAAGAJ 1922 

Fig. 2-Continued 

Table1 

Iso-ANP sequence versus 

@NP dBNP hBNP 
Extent of homology 

among BNPs 

1st excn 59.0% 61.2% 56.6% 63.0% - 72.5% 

1st intron 56.6% 56.6% 60.6% 60.6% - 71.2% 

2nd exon 66.6% 56.5% 66.6% 66.7% - 75.0% 

2nd intron 42.9% 53.1% 42.7% 69.3% - 74.4% 

3rd exon 56.1% 56.6% 66.7% 65.7% - 76.9% 

The homology has been determined by coatigning sequences with computer programs mentioned 
in Methods section. The extent of homotcgy in 1st and 3rd exons has been calculated only wthin 
the area spanned by the Iso-rANP gene sequence (Figure 2). 

421 



Vol. 171, No. 1, 1990 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Natriuretlc, Peptides 

I I I 
A 

ANPs 

A c 

pCNP 
(28 residues) (22 residues) 

BNPs Iso-rANP 
(32 residues (45 residues) 
or subsequently 

processed products 

Figure 3. The relationship of rat lso-ANP with other nstriuretic peptides. The classification 

into three types of peptides is according to Sudoh a &I. (7). 

We have noticed potential regulatory DNA motifs within intronic sequences of isoANP 

(underlined in Fig. 2). Most conspicuous is a 20 nucleotide long alternating purine pyrimidine 

stretch in the first intron. Such an element has the potential of adopting a Z-DNA conformation 

and is often associated with transcriptional enhancers (22). Putative Z-DNA motifs have previously 

been reported at the 3’ flanking regions of the rat and mouse ANP genes (17). A potential 

CCAAT element and its complementary form (AlTGG) (23) are also present 16 nucleotides 

downstream and 48 nucleotides upstream, respectively, from the putative Z-DNA element. In 

addition, DNA elements with high degree of homology (87.5%) with the consensus AP2 sequence 

(CCCCAGGC) (24) are also present in both introns. At the present moment we do not know the 

functional significance, if any, of these motifs with regard to expression of the rat iso-ANP gene. 

However, it is worth mentioning in this regard that a potential cis-acting regulatory element, 

namely, a glucocorticoid responsive element (GRE) has previously been reported within the 

second intron of the human ANP gene (19). 

In reporting the cDNA sequence of rat BNP (iso-ANP) Kozima a a. (9) have observed 

nucleotide substitutions of C-to-A at three positions, without involving concomitant amino acid 

changes, Two of these sites are located in the 2nd exon, 14 nucleotides (involving the codon 

CGC for arginine) and 29 nucleotides (involving the ATG codon for isoleucine) upstream from the 

exon/intron junction (Fig. 2). The third site is located 24 nucleotides downstream from the stop 

codon, in the 3rd exon (nucleotide 1126, Fig. 2). We have noticed a T nucleotide in all three 

polymorphic sites of the rat isoANP, again without accompanying amino acid changes. Since 

two of the involved amino acid residues are located within the biologically important disulfide- 

bonded ring region, the selection pressure against their change is not surprising. What is 

surprising, however, is to find that the change at the third site, involving the 8th triplet (XC) 

downstream from the stop codon, is also constrained as lf to conserve a particular amino acid 

(serine) coded for by this triplet. Since there is an adjacent TGA triplet, 6 nucleotides 

downstream from this site, in phase with the reading frame, it is tempting to speculate that this 

triplet was perhaps functional previously as a stop codon of a longer peptide and that the 

presently functional stop codon resulted due to a C-to-A change of a previously functional serine 

(TCG) codon. In addition to these neutral polymorphisms, we have previously reported a Gin as 

Well as a Leu residue at the penultimate posltion of iso-ANP (3,4). At the nucleotide level, we 

have observed the codon (TT’G) for a leu residue, confirming the report of Kojima a a, (9). The 

discrepancy could be due to genetic variation among rats used for the atrial source of iso-rANP. 

As discussed above, rat iso-ANP has a close structural relationship with BNPs from other 

mammalian species and yet has significant differences. We, therefore, view these two peptides as 
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distinct members of the same sub-family, within the family of genes for natriuretic peptides. In 

terms of the recently proposed nomenclature of A-, B- and C-type natriuretic peptides (7) the 

relationship of iso-rANP with other functionally related peptides can be depicted as shown in 

Fig. 3. 

Whether iso-ANP is the functional equivalent of BNPs in rat or whether there is yet another 

peptide in rat which is more homologous to BNPs of other mammalian species, remains to be 

determined. 
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