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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 iso-ANP 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-TANP and BNP are
distinct members of the same sub-family (B-type natriuretic peptides) within the family of natriuretic
peptide genes. © 1990 Academic Press, Inc.

The natriuretic, diuretic and hypotensive actions of atrial natriuretic peptide (ANP) are now
well established (For review see Inagami, 1989 (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-rANP(; 4 in our laboratory (3,4) rat BNP-45
by Aburaya et al. (5) and 5K cardiac peptide by Kambayashi et al. (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 gin 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be the circulating form (G. Hira and T.G. Flynn, unpublished results), The disulfide-bonded ring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-rANP[1 4s) 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-TANP 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-fANP and these BNPs (iso-TANP vs pBNP, hBNP or dBNP = 56%).

The complete amino acid sequence of prepro iso-rANP/BNP-45/5K cardiac peptide was
deduced from the cDNA sequence by Kojima et al. (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. It 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.

*To whom correspondence should be addressed.

0006-291X/90 $1.50
Copyright © 1990 by Academic Press, Inc.
All rights of reproduction in any form reserved. 416



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

1SO—~rANFr, 4g15 Qi § [Hs|sislc F clali]s AV RLGCD L R|%F
hBNP[63-108] HR R RSPK VaQSGCF GRIM RIS siseLGCKVLR
pPBNP[52-106] [P R R qT[MRDISGCF GR RIGSLSGLGCNVLRRY

dBNP [63 '108] i

s

Figure 1. Comparison of the C terminal sequences of rat iso-ANP and porcine, dog and
human BNPs.

We have elucidated the organization of this gene by determining 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 with those of ANPs and BNPs.

MATERIALS AND METHODS

Synthesis of rat atrial cDNA: Total RNA from (Sprague Dawley) rat atria, purified by
guanidiniumthiocyanate phenclchloroform procedure (10) was used for synthesizing single-stranded
cDNA by oligo d(T),g 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 genomic DNA: DNA from Sprague Dawley rat liver was isolated according to a
standard procedure (11).

Oligonucleotide primers: Oligonucleotide primers, used in PCR synthesis and sequencing,
were synthesized in an automated DNA synthesizer (Biosearch 8600) at the Oligonucleotide
Synthesis Laboratory at Queen’s University. Their nomenclature, designated as sense (S) or
antisense (AS), and the sequences are as follows: 5'S/30 and 3'AS/30:
5'GCGAGACAAGAGAGAGCAGGACACCATCGGS' and 5 CCAAAAGCAAGAAATAGGCTATGTTTATTAZ,
corresponding to 5§’ and 3’ ends respectively of the rBNP cDNA sequence (9); 30S and 39AS:
5TCTCAGGACTCTGCCTTCCGCATCCAGGAGS' and 5'GCTATGCGCCATCTTGCTGTTTCTCAGTCTCTC
CTGAATS3', corresponding to amino acid residues 1-10 and 8-20, respectively, of the iso-ANP
peptide sequence (3); 19AS: 5’GAGAGCTGTCTCTGAGCCAT', 18S:5GCACATAGTTCAAGCTGC3'
and 22AS: 5GCCGGAGTCTGCAGCCAGGAGGT, corresponding to nucleotides 164 to 182, 280 to
297 and 372 to 393, respectively of the rBNP cDNA sequence (9).

Polymerase chain reactions (PCR): The amplifications of DNA fragments were
accomplished according to conditions described by Saiki et al. (13), using Taqg DNA polymerase
(Cetus) in 30 cycles. The denaturation, annealing and extension steps were performed at 94°,
65° and 72 °C respectively, in all amplifications.

DNA_sequencing and analysis: The sequencing of 5'-end labelled PCR fragments was
done according to the procedure described by Seif et al. (14). The deduced sequence was
confirmed by resequencing PCR fragments, using sequenase kit (US Biochemical) and internal
32p kinased primers, (188, 19AS.and 22AS) as described by Owerbach et al. (15).

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

RESULTS AND DISCUSSION

The complete prepro cDNA sequence elucidated by Kozima et al. (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 oligonucleotide primers, termed 5'S/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'S/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 iso-ANP 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
{undemeath human sequence for BNPs). Potential regulatory DNA motifs within
introns, as discussed in the text, are underlined.
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Me

Rat GCGAGACAAGAGAGAGCAGGACACCATCGCAGE . TGCCTGGCCCATEA.. . . .CTTCTGCAGEAT 59
b i HHE T 1 I

Pig CAGGCTGCTAGGAAGTGAAAAGT GAACCTGGACCCAGCTCAGCGGCAGCAGCAGCGGCAGCAGGEAGE . AGCCTCTATCCTCTC. . . CTCCAGCCACAT 95
I e ey HUHVE Ve bbb i b

Dog CAAGC........ GGTGACACTCBACCCCGETCGCAGCGCAGCAGET ... ... .. CAGCAGCCGGA .CGTCTCTTTCCCCACTTCTCTCCAGCGACAT 366
i POE 0 DU THEE TV PPV T 0T T HE T

Hum CAGGCTGAGOGCAGGTGEGAAGCAAACCCGGACGCAT CGCAGCAGCAGCAGCAGCAGCAGAAGCAGEAGCAGCAGCCTCCGCAGTCC . CTCCAGAGACAT 499

tAspleuGlnLysValLeuProGinMetlleleul  euleuLeuPheLeuAsnlLeuSerProleuGlyGlyHisSerHisProLeuslySerProSer

Rat GGATCTCCAGAAGGTGCTGCCCCAGATGATTCTGE. . . TCCTGGTTTTCCTTAATCTGYCGCCGCTGGGAGGTCACTCCCATCCCCTGGGAAGTCCTAGE 156
VTR T 0 E I e T R o e e e e e
Pig GGGCCCCCGBATGGCGCTTCCCCGCGTGCTCCTGE. . .TCCTG. . . TTCTTGCACCTGTTGETGCTAGGATGCCGY TCCCATCCACTGGGTGGCGCTGGC 189
L L e T T R T T R A R T R I TT T
Dog GGAGCCCTGCGCAGCGCTGCCLCGGGCCCTCCTGCTCCTCLTG. . . TTCTTGCACCTGTCGCCACTCGGAGGCCGCCCCCACCCGCTGGGCOGCCECAGTE 443
U H b T e v e et 10 fie 0 e m
Hum GGATCCCCAGACAGCACCTTCCCGGGCGCTCCTGCTCCTGCTL . . TTCTTGCATCTGGCTTTCCTGGGAGGTCGTTCCCACCCGCTGGGCAGCCCEGGT 596
GinSerProGluGlnSerThrM etGin
Rat CAGTCTCCAGAACAATCCACGA. co v vvvunmraoenramerennnncaas TGCAGGTGAGCACCGAGGGTCTGCATAGGGAGATGGAGCCTGCCTGAA. 226
Per i T T O I T A T Y
Pig CTGGCCTCAGAACTGCCAGGGA. . vvvirmrancnnanonnonnnnasn TACAGGTGAGCCCTGATGAACTGCTTA. .GACTTGG. . .TTGGCTG..G 253
FoIH e e FHITTHE T | o
Dog CCCGCCTCGGAA. . GCCTCGGAAGCCTCAGAAGCCTCGGGGTTGTGGGCCGTGCAGGTGAGCGCTCA . «uvuuvruasaerse. -GCo . CTGCCTGAAG 540
I 0o nn (T | T
Hum TCAGCCTCGGA. .....onvnuses CTTGGAAACGTCCGOET. . ...\ TACAGGTGAGAGESGBA. ... .0ovvvinan.., GG...GCAGLYCAGG 652
Rat .GGGTTTTGGGCAGCAGCAATGAA. . ... ceerseracirunaae AAGA. . ..CCTCATGTCCTTTGGGAATTAACCACGCGAGAGTCAGGAAACGGAAA 300
I i 1 TR e e T T
Pig GAGGGCGCGGACAGCAGCAACTAACGGGTCCCCACCTACTGTTCCAAGAGEGCTCTAACCTCCTTTGGGAACTAGTGATAAGGG . GTTAGAAGGCAGCCA 352
R e R T R R R
Dog GCCGCGGCGGGTGGCAGCAGGTCACGGGGGCTTAGCCACTGTCCCAA. . .GTCCTCAGTCTCCCTTGGGAATTAGTGATAAGGGAATCAGAAAGTGACGA 637
I T N e R N e T R T TR Rl
Hum G..GGATTGGACAGCAGCAATGAAAGGGTCCTCACCTGCTGTCCCAAGAGGCCCTCATCTTTCCTTTGGAATTAGTGATAAAGGAATCAGAAAATGGAGA 750
Rat GATTGGGCAGCAGATCCCTTAACCACAGGCACTETG. vavvnnnnacnnnns GAAGGGT . GGGGGAGCCAGGTGTGTATGTGTGTGTGTGTCTGAGGTCT 383
L T O T T E T T T 1 1 e unn
Pig GGCTGGGGGTGAGGACCCCGCTCCCAAGGCAGTTGGTTCGCTTCAGCACCATCAAGAGT . GATGGGTCCAG. v ueuw .t GTGCGAGTTCCTGAGGCTC 441
CIET i e cine br e ried FETHIHE
Dog GATTGGGTGECAGGACTCCATACCCAAGGCGGCGACT TEACTTGOGTEL. - . LAAGGGTEGTTCLECLEEE. v .\ .. GCGTGGGTTCCTGAGGCIC 723
R I R T e T (T FHOT
Hum GACTGGGTGCCCTGACCCTGTACCCAAGGCAGTCGGTTCACT TGGGTGCCATGAAGGGCTGGTGAGCCAGG. oo\ ..o+ «G.GTGGGTCCCTGAGGCTT 839
LysteuleuGluLeul teArgGlul ysSerGluGluMetAlaGlnArgGlnLeuSerLysAspG
Rat GGGCTTCCCAATTCGTCACAGAAGCTGETGGAGCTGATAAGAGAAA. « o au s ver s » -AGTCAGAGGAAATGGCTCAGAGACAGCTCTCAARGGACC 468
R R TR N e T LT O T I A B T T 11
Pig GGGCTCCCCCACCCATCCCAGGAGCTGCTGGACCGCCTECGAGACAGGGTCTCCGAGCT GCAGGCGGAGCGGACGGACCTGGAGCCCCTCCGGCAGGACE 541
I I T T e L R TR T R T T R T T T
Dog AGG..... CCGTCCATTGCAGGAGCTGCTGGGCCGTCTRAAGGACGCAGT TTCAGAGCTGCAGGCAGAGCAGT TGGCCCTGGAACCCCTGCACCGGAGCE 818
| IR N I T e T T A T
Hum GGACGCCCCCATTCATTGCAGGAGCAGCGCAACCATTTGCAGGGCAAACTGTCGGAGCTGCAGGTGGAGCAGACAT CCCTGGAGCCCCTCCAGGAGAGEE 939
LnGlyProThrLysG luLeuteulysArgValLeuArgSerGLnAspSerAlaPheArgl t eGLnGluArgLeuArgAsnSe
Rat AAGGCCCTACAAAAG. ¢ ovvvnnnvnvusss -AACTTCTAAAAAGAGTCCTTAGGTCTCAAGACAGCGCCTTCCGGATCCAGGAGAGACTTCGAAATTE S50
11 I I O O T L L e 1 I R T I e N T T
pig GTGGCCTCACAGAAGCCTGGGAGGCGAGGGAAGCAGCCCCCACGGGGGTTCTTGGGCCCCGCAGTAGCATCTTCCAAGTCCTCCGGGGAATACGCAGCCE 641
IR I R TR T T e N TR (AT R TR R T A T
Dog ACAGCCCCGCAGAAGCCCCGGAGGCC. . GGAGG . AACGCCCCGTGGGGTCCTTGCACCCCATGACAGTGTCCTCCAGGCCCTGAGAAGACTACGCAGCCE 915
RN T T T T T T TR TR
Hum CCCGTCCCACAGGTGTCTGGAAGTCCCGGGAGGTAGCCACCGAGGGCATCCGTGGGCACCGCAAAATGGTCCTCTACACCCTGCGGGCACCACGAAGELE 1039
ArgSer
—_
rLysMetAlalisSerSerSerCysPheGlyGLnLysIleAspArgl LeGlyAlavalSerArgleuGlyCysAspG []
Rat CAAGATGGCACATAGTTCAAGCTGCTTTGGGCAGAAGATAGACCGGATCGGCGCAGTCAGTCGCTTGGGCTGTGACGETGA. cvvu v ernvnnnnn, 631
L e e N T I T I A T T TR R A T T
Pig CAAGACGATGCGTGACTCTGGCTGLT TTGGGCGGAGGCTGGACCGGATCGGCTCCCTCAGCGGCCTGBGCTGUAATGGTGA. . ovvunraeenanannss 722
NI R T I TR T R A AT T R A ST AN R TN AL
Dog CAAGATGATGCACAAGTCAGGGTGCTTTGGCCGGAGGCTGGACCGGATCGGCTCCCTCAGTGGCCTGGGCTGCAATGGTAAGCCGCCTCCCTGECGCCTT 1015
I R T I T L A R T T O e
Hum CAAGATGGTGCAAGGGTCTGGCTGCT TTGGGAGGAAGATGGACCGGATCAGCTCCTCCAGTGGCCTGGGCTGCAAAGGTAAGC . .ACCCCCTGCCACCEE 1137
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Rat -GCACCTACCTTGLCECTTCCCTGCAAAGCTGCACGCATCCCGT TCCCCTGEATGCCGEECTCAGAGGCCECTTGGTTTGETCTCAGACATACTTGEACA 730
M [ I bl L i I

Pig -GCACCCACCCCCATTCCCACTGCACGECCEGGT TAGCATCACTTCTEGGT T TGATGTCTCTGGGGACCAAACTC . . CAGAARAGGACACCTGGATATC 819
T T T T I e T A T T T e E T R

Dog GGCTCCCCCTCECCAGCCCCCTGGTTCGACECT TGGAACCECT TETGGRTTTGTTGTCTCOGGRGATCACACTC . . TGAGGAAAGEACATCTGGACATC 1113
IO T L T e T T e L O T AT TN T R Y

Hum GGCCGCCTTECCCCATTCCAGTGTGTGACACTGT TAGAGTCACTTTGGGGT TTGTTGTCTCTGGGAACCACACTCTTTGAGAARAGGTEACCTGGACATE 1237

rat GCCTGCCTCTACCTTACCGACAGTCTTCAAGACCAAGGCAGTCTGTCAGEAAGTCTCACATGRGTACT TCAT TACACCGTECCAGGTGAGCACCTACCTE 830

T N R T T B T ! IR

pig A.....CTCTTTCTTGTTGCCAGTCCTCAAGGCCAAGGAGCGCCT TCCTGRARAAAT TARATT TGGACAGCATTCACTAGEATGACTATGAGTCECCAC. 913
HEIE TR T e e e e e e it e

Dog G.....CTCCTTCTTGCTERACAGTCCTAAGGGCCAAGGAGTACGT TTCTGGARATACTACGTGTGBACATCGTTGTCCA. o e v GGGTCCCTAC. 1197
Voo b rne PR e e s e e el i

Hum G.....CTTCCTCTTGTTAACAGCCT TCAGGGCCAAGGGGTGLCTTTGTGRAATTAGTAAATGTGGGCTTATTTEATTA. . ceeeee CCATGCCCACA 1322

Rat CTTCAGAGGTGTCACAGGCTTCCCAGGGAACAGACTGLCTGATGTCTGATCACTCTGAGCATCT CCCCTCCGTCT TCACCAAACTGAATTATCCGAGGEA 930
I LI nmrn 1 1 Il i I 1

Pig CCACCTTCTCGECACCEOCTGECTCTCTCACCCAAGGCGGCAGAATTACTTTAGGATGTARATTCTGTCAT TGCCTGGETGCCECTCCTGRGAGCARAAR 1013
PO 0O EE CE R FOE Tt b F e v 0 p v e i i i i

Dog CCACCTCCTAGECCCCTCCTECCTCTCRCACCCARAG. GGCAGAATCATCTTAGBATGGAA. . TCAGTCGTTGTCTGGAAGCATCTCCTTGGAGCAGAAA 1294
TUETE TETHIEE FIR et e LRI

Hum ATACCTTCTCCCCACCTCCTACTTCT . .TATCAMAGG GGCAGAATCTCCTTTGG. .GGGT. . CTGTTTATCATTTGGCAGCCCCCCAGTGGTACAGAAR 1415

Rat AAGBG. ¢ e e e e eneeeeseneaan e e s e e mea s emsamaa et e b e e en b e e e n s n e et et e e b ena e rananae 935

pig GAGAACTAAACCTCTTCCCCCTGRTTTCCCCTCAACTGTCTGTGECTGCAAAGGCAGAGGGCAGGATCACCAGGGTGATGACAAGTCCCAGETTACA . AG 1112
TR N R T e T I T T

Dog GAGTCCTAAACATCGTCCTCGTAGCTCTCTCT . GTCTGTCTGTAGCCACGAAGGCAGAGGTCAGGTCACCAGGGCAGTGATGATTCCCAGTTAACAGAG 1393
HEEOEE e e e e Ve e ey e TR T e nte i

$un GAGAACCAAACAT . TTCCTCCTGGTTTCCTCTAAACTGTCTATAGTCTCAAAGGCAGAGAGCAGGATCACCAGAGCAATGATARTCCCCARTTTACAGAT 1514

Fig. 2-Continued

human BNPs. The sequence comparison of the constituent segments of the iso-ANP 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
considerabie functional importance. Firstly, compared to BNPs, the 2nd exon of iso-rfANP 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 10/11 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-TANP propeptide. Whereas the
location of the anticipated Arg/Ser peptidase cleavage site is unaffected aniong various BNP
species generating primarily a 32 residue peptide, in iso-TANP, 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
aminc 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  ...i.eaes CAGGCCCAGTGAGATAGCTTTTCCCAGAGCCGTTAAACTTCGACATCATCTGGGAACCAAAGATG. .GGGGTGCGGTGTGGCA. .. ... .. 1016
R Nt e T TS T N b

Pig GAGGAAACTCAGGTCCAGAGAGATGGAT TATCCCAAAGCC . CCAAACATCCAGTTCTGCTG. . . . AAGAAGGCG . .GGTGGCAGGGGTGGCACGTGGTGE 1205
TR T I R T R T S T T A I R TR A ST T T

Dog GAGGAGACTGAGGTCTAGAGAGATGGATTATTCCAAAGCC . TCAAACATCCAGATCGGCTG. . . .AGGGTGGGGTTGGTGGCAGGGATGGCTCCTGGGET 1488
IR i el T T LT T O e O Y N LA AR ANV 1

Hum GAGGAAACTGAGGCTCAGAGAGTTGCATT. ...... AAGCC. TCAAACGT .CTGAT .GACTA. .. .ACAGGGTGGTGGGTGGCA. .. ovuu e CACGATG 1591

Lyl euArgLeuPhe***

Rat GGGGAAGCTCAGCTCCTGCCTCAGTTTCAC, TC. ., . CCCAGTCTGACACTGGTTTCYCCTCCCACAGGGCTGAGGTTGTTTTAG. ., ,GAAGACCTCCT 1107
PIEELEY TVE TR T 0 W e e no P HH

Pig GGGGAAGCCCAGGTCCTGCCTGCCTCTCAC. CCTAATGTCATCCTCACCCTCTCTCTCCCCCCCACAGYGCTCAGGAGGTACTGA. .. .GAAG. .. TCCT 1297
IR T T T N TR T N e TR T

Dag TGGGAAGCTCGGATCCTGCCTCAGTCTCCCACCTGACGCCATCATCCCCCTCTCTCT .CCTCCCACAGTGCTGAGAAAGTATTAAGGAGGAAG. .. TCCC 1584
IR T R L S A T A N e T T T e L T RIS T ]

Hum AGGTAAGCTCAGCCCCTGCCTCCATCTCCCACCCTA . ACCATCATCACCCTCTCTCTTTCCCTGACAGT GCTGAGGCGGCATTAA . GAGGAAG. . . TCCT 1686

Rat GGCTGCAGACTCCGGCTTCTGACTCTGCCTGLGGCTCTTCTTTCCCCAG. CTCTGGGACCACCTCTCAAGTGATCCTG. . . TTTATTTAT. . TTGTTTAT 1201
i LI L L L L I A e LA L LT AT e A

Pig GGCTGACAAC, o v eevaees«CTCTGTGTCCGCT TCTCCAACGCCCCY . CCCCTGCTCCCCTTCAAAGEAACTCCTGTT. YTTATTTAT. .GTATTTAT 1381
P T T e b e mnl YL TN

Dog GACTGCCCAC. . ovcnvuenen ATCTGCATTGGATTCTTCAGCAGCC. . ... CCTGAGCCCCTTGGAAGCAGAT. .. .... CTTATTTATTCGTATTTAT 1660
1 ST O T | e LI T F I T TRl

Hum GGCTGCAGAC..cccunnens ACCTGCTTCTGATTCCACAAGGGGCTTTTTCCTCAACCCTGTGGCCGCCTTTGAAGTGACTCATYTTTTTTAATGTAT 1774

Rat TTATTTATTTTTATGTT.GCTGATTTTCTACAAGACTGTTTCT TATCTTCCAGCACAAACT TGCCACAGTGTAATAAACATAGCCTATTTICTTGETTTTG 1300
THUTOEY RV RETE T T T et A e e 1 i

Pig TTATTTATTTAT. .. TT .GGTGGTTGTATATAAGAC .GGTTCTTATTTGTGAGCACATTTTTTCCATGGTGAAATAAAGTCAACATTA,. GAGCTCTGICT 1475
LR T A T T o | e L T N TR T AT T TR T

Dog TTATTTATTTAT. .. TTCGATYGTTTTATATAAGAT . GATCCTGACGCCCGAGCACGGAT TTTCCACGGTGAAATAAAGTCAACCTTA.GAGCT. .. TCT 1752
LR T N T O T L T T R T LA T TV 1

Hum TTATGTATTTAT.. . TT.GATTGTTTTATATAAGATGGTTTCTTACCTTTGAGCACAAAAT TTCCACGGT GAAATAAAGTCAACATTATAAGCTTTATCT 1870

Rat G 1301

Pig 76 1479
il

Dog TYTGAAACCGATTTGTCCCTRTGCAT TAAAAGTAACACATCATTTAAAAAAA 1804
FETEEE DOUREEYE  RERLEROE T L Ty e i

Hum TYTGAAACTGATTTGTCTTGGCGCAT TARAAATAATCCCTCATTTCAAAGAA 1922

Fig. 2-Continued

Table 1

Extent of homology between iso-TANP and BNPs at the nucleotide level

Iso-ANP_seguence versus
Extent of homology

pBNP dBNP hBNP among BNPs
1st exon 59.0% 61.2% 59.0% 63.0% - 72.5%
1st intron 58.8% 56.6% 60.6% 60.8% - 71.2%
2nd exon 60.6% 56.5% 60.6% 68.7% - 75.0%
2nd intron 42.9% 53.1% 42.7% 69.3% - 74.4%
3rd exon 58.1% 58.6% 66.7% 65.7% - 76.9%

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

r | 1
A B C
ANPs | pCNP
(28 residues) | 1 (22 residues)
BNPs Iso-rANP
(32 residues (45 residues)

or subsequently
processed products

Figure 3. The relationship of rat Iso-ANP with other natriuretic peptides. The classification
into three types of peptides is according to Sudoh et al. (7).

We have noticed potential regulatory DNA motifs within intronic sequences of iso-ANP
(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 (ATTGG) (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 et al. (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 nuclectides (involving the codon
CGC for arginine) and 29 nucleotides (involving the ATC 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 1120, Fig. 2). We have noticed a T nucleotide in ali three
polymorphic sites of the rat iso-ANP, 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 (TCC)
downstream from the stop codon, is also constrained as if 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 position of iso-ANP (3,4). At the nucleotide level, we
have observed the codon (TTG) for a leu residue, confirming the report of Kojima et al. (8). 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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