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Abstract: The isolation and sequence analysis of the gene 
encoding the bovine atria1 natriuretic peptide (ANP) precursor is 
described. The bovine-ANP coding sequences are located on three 
exons which are interrupted by two intervening sequences. 
Comparison of the bovine, human, rat and mouse ANP gene sequences 
reveals a common organization of introns and exons and a high 
degree of sequence homology in the 5’-flanking and coding 
regions. Examination of the pre-proANP amino acid sequence 
derived from the bovine gene with those from rat, mouse and 
human, indicates a high degree of sequence homology in both the 
amino-terminal and biologically-active carboxy-terminal ANP 
region. The latter region in the bovine sequence resembles its 
human counterpart except for a carboxy-terminal Arg-Arg 
dipeptide. 0 1986 Academic Press, Inc. 

It is now well established that the atria of the mammalian 

heart secretes polypeptides which have potent natriuretic, 

diuretic and vasorelaxant activities (1, 2). These hormones 

termed atria1 natriuretic peptides (ANP), have been proposed to 

play a major role in maintaining cardiovascular homeostasis (1, 

2). Elucidating the steps involved in the biosynthesis of ANP 

has been aided through the analysis of cloned gene sequences for 

human (3, 4, 5), rat (6, 7) and mouse (3) ANP. Through these 

studies it has been established that ANP comprises the 

carboxy-terminal portion of a larger precursor molecule 

(pre-ProANP). Though a circulating ANP form of 28 amino acids 

has been recently identified (8, 9), the mechanisms involved in 
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the regulation of synthesis and processing of pre-proANP to yield 

this peptide are unknown. 

Various investigators have utilized in vitro assays employing -- 

cells and tissues of bovine origin, to investigate the mechanisms 

responsible for the biological actions of ANP (10-13). It has 

been suggested that there may be variability in the physiological 

action of ANP between different species (14). Therefore, it is 

important that the structure of the bovine form of ANP is known 

to correlate the results obtained 

derived from other species. 

We now describe the structure 

bovine-ANP gene and corresponding 

Materials and Methods 

from in vitro assays with ANP's -- 

and nucleotide sequence of the 

pre-proANP amino acid sequence. 

Genomic DNA cloning - A bovine genomic library in bacteriophage X 
Charon 28 (15) (a gift of Dr. F.M. Rottman) was screened with a 
nick-translated human-ANP cDNA (J.C. Fiddes, unpublished results) 
as described (16). DNA from one hybridizing phage was purified 
and submitted to restriction enzyme mapping using Southern blot 
analysis (17). A single 1.76 kb PstI-EcoRI fragment was 7- subcloned into PUC 9 (18) and designated pBGPE-1. 

DNA sequence analysis - Plasmid pBGPE-1 was submitted to limited 
restriction enzyme mapping to define suitable fragments for 
cloning into bacteriophage Ml3 vectors mp8 and mp9 (19). Ml3 
subclones were sequenced on both strands with the dideoxy-chain 
termination method (20), using the 17-bp universal primer. 

Results and Discussion 

Analysis of the bovine-ANP gene structure - Using a human-ANP 

CDNA as probe, we isolated a single phage containing the 

bovine-ANP gene from a genomic library in bacteriophage X. We 

subcloned the complete hybridizing region on a 1.76 kb PstI-EcoRI -- 

fragment and determined its nucleotide sequence (Fig. 1). 

The bovine-ANP gene is comprised of three coding exons 

interrupted by two intervening sequences of 98 and 525-bp. This 

organization is similar to the other mammalian ANP genomic 

sequences (3, 4, 6). The positions of the intron-exon junctions 
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50 100 
CKCAGCTGA GGGTCCTGGG GGTTGTCGGG GCTGCTCAAG GCAGAGGGGC TGn;ACAAGC AGGCTGGACT GATAACTTTA AAAGGGCATC TTCTGCTCCT 
&Jr 

TCCTCACTCA GCTGCTTTAT CACTCCAAGT GACAGAATGG ,AG,Tk% GTCCCTCTCC CGGACGAGCT CCCAGAGAGC CAGGGGG@=$G::: 

250 300 
AGGCTCAGGG CAGCTGGGAG @GAGACGG ACAAAGGCCA ACAGCAAAAG GCCAAAGAGG ACAGGGAffiA WCAGCAAGC ACCAGACCGA CCATTCCTTG 

350 
ACCGACGCCAGC An; GGC TCC TCC GCC ATC ACC G'K AGC TTC CTC CTC TTT CTG GCA TTI' CAG CTC CCA GGG CM ACA G&A GCA 

NET Gly Ser Ser Ala Ile Thr Val Ser Phe Leu Leu Phe Leu Ala Phe Gln Leu Pro Gly Gln Thr Gly Ala 

400 450 
AAT CCC GlK TAT GGC TCT GTG TCC AAT GCA GAC CTG An; GAT TTC AAG gtagggcr agggaacggc gatggtctgg ggctgagggg gtt 
Asn Pro Val Tyr Gly Ser Val Ser hsn Ala Asp Leu RET Asp Phe Lye 

500 550 
gtgaCat tgtgccaggc gagcgagacc tCtCCCtttC Cctgttttcc ttttgtaaag AAT TTG CT% GAC CGT TTG GAG GAC AAG ATG CCT TTA 

Am Leu Leu Asp Arg Le" Glu Asp Lys RET Pro Leu 

600 650 
GM GAT GAG GCT G’IG CCC TCA ChA GTA CTA ACT GAG CAG MT GM GM GCT GGG GCC CCT CTC AGC CCC CTT TCA GAG ATG CCT 
Glu Asp Glu Ala Val Pro Ser Gln Val Leu Ser Glu Gln A8n Glu Glu Ala Gly Ala Pro Le" Ser Pro Leu Ser Glu UET Pro 

700 
CCC TCG ATG GGG GAG GK AAC CCA GCC CAG WA GAG GGG GGC GTC CTC GGG CGG GGC CCC n;G GAA TCC TCC GAT AGA TCT GCC 
Pro Trp HFZT Gly Glu Val Am Pro Ala Gln Arg Glu Gly Gly Val Leu Gly Arg Gly Pro Trp Glu Ser Ser Asp Arg Ser Ala 

750 BOO 
CTC CT-2 AAG AGC AhG CTG AGG GCA CTG CTC ACT GCC CCT CGG AGC C-X CGG AGG TCC AGC 'KC TTC 
Leu Leu Lys Ser Lys Le" Axg Ala Le" Le" Thr Ala Pro hrg Ser Leu Arg Arg Ser Ser Cys Phe 

050 

GGG GGA AGG An; GAC AGG 
Gly Gly Arg WET Asp Arg 

900 
ATT G&A GCC CAG AGT GGA 'I"lC GGC EC MC AGC TTC CGG gtaagaggacctg agaatggaaa tgggatgggg 
Ile Gly Ala Gin Ser Gly Leu Gly Cys Asn Ser Phe Arg 

950 

aggaaggaaa ttgtggcttc 

1000 
attgaagttc .?aaccttgtg aaagaacatc gccagggaat gccttcagta ggaaagggac agcatagaag caaccccttt gaaatttctg ccccaacttg 

1050 1100 
gcagggagga gggtgtgctc tgagtctcag gacaatgata ccaacctagc tacagttttc tgagagaatg ctaagaaaaa aagactttac tgccacgagc 

1150 1200 
actggggact taaattgttc atggggccaa etaacctgtg ctttgctgat tggtagtttg tgtcctttgc agaatcatca gatcccaaag gattgaaatt 

1250 1300 
gagcaggact gactttacta gttcctaatg ggcaatttgt ttaccagttt atagaagtca gagggtcatc aggctggagt ggaggctggt gggaagggag 

1350 1400 
cacagtctga tgaagctggc ttttccagtg gagtcaggtc accaaaccaa acatgtctct gctctcttgtag TAT CGA AGA TAA TGGCCA GGGAGGAAAA 

Qr Arg Arg . 

1450 1500 
GGCAGGCCAG GCCCTWXCA GTCTTCAAGA GAATCCCCTG GGGTCTCTCA CTCAACTTTG TCGCATCTGG TTGCCATCAA GTTCAGCTCT GACCGAGCAT 

1550 1600 
TCAAGCATCA GCTTCTTGTC AACATTTCTC ACATTTTATG CTAAA'IGTAG ACAAAGTGAT TTAACX'PX CCTTCTCCAC CTCTCCCACC CA'lCTCTTAA 

GTTTTAATCA CCTGTTACCA ACATCAGTTT GAAAA Tijsiqc 
i 700 

TTCAGC ACCATGGACA GAAGCAGTAG GCTCGGGTTG GTG'IGATTTC TTTCATTTCC 

1750 1769 
GGAAGGGAGT TCAGCClGAT ACTCCmTC ATTTTACCTT TTGTTGGAGA GAAGMTTC 

& RI 

Figure 1 - Sequence of the bovine gene encoding the 
ANP-precursor. The complete 1,769-bp nucleotide sequence of the 
PstI-Eco RI fragments in pBGPE-1 is shown. Nucleotides are - 
numbered from the PstI site. - 
case letters. 

Introns are represented by lower 
The amino acid sequence is shown below the 

corresponding nucleotides. The potential TATA and 
polyadenylation (AATAAR) sequences are boxed. A putative cap 
site in the 5’-flanking region is circled. 

were defined by comparing the bovine genomic-ANP sequence with 

other ANP gene sequences (3, 4, 6) and the homology with 

consensus splice sequences (21). 

The first exon encodes the 5'-untranslated region, a 24 amino 

acid signal peptide and 16 amino acids following a putative 
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signal peptidase cleavage site which occurs in the same position 

as other pre-proANP sequences (3-7). The second exon encodes the 

remainder of the pre-proANP coding sequence including the 

biologically-active ANP region. The remaining carboxy-terminal 

-Tyr-Arg-Arg residues and 3 ‘-untranslated region reside on the 

third exon. 

Analysis of the 5’ flanking region of the bovine-ANP gene 

revealed a perfect TATIUAA sequence located 118 bp upstream from 

the ATG translation initiation codon. This sequence is similar 

to the TATA box which has been found in the 5’-flanking regions 

of many eucaryotic genes (22). A putative cap site was assigned 

approximately 30 bp downstream of the TATAAAA sequence after 

comparison with similar regions in the rat (6) and human (3, 4) 

ANP-genomic sequences. The 3’-untranslated region residing on 

exon III, contains a single AATAAA polyadenylation signal (23) 

which is similar to that observed for the mouse and human-ANP 

sequences (3-5). 

Comparison of the bovine-ANP genomic and pre-proANP sequence with 

rat, mouse and human sequences - The overall homologies in the 

nucleotide sequence of the bovine-ANP gene with the corresponding 

sequences from rat (61, mouse (3) and human (3, 4) (excluding the 

intervening sequences) are given in Table I. The 5’ -flanking 

sequence of the four genes are homologous which may reflect the 

importance of this region in the regulation of pre-proANP gene 

expression. There is also a high degree of homology in the 

nucleotide sequence corresponding to the coding regions of both 

exons and a lesser degree in the 3 ‘-untranslated region residing 

on exon III. The first intron of the bovine gene (98-bp) is 

shorter than the corresponding intron in the human, rat and mouse 

genes whereas the larger of the two introns (525-bp) is slightly 
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Table I 

Percent homology between the bovine-ANP gene and those of 
human,mouse and rat 

5’-flanking region 
(l-312) 

HUMAN HAT MOUSE 

75.6% 70.5% 72.4% 

Exon I 80.8% 80.8% 79.2% 
(313-432) 

Exon II 89.3% 82 % 81.3% 
(531-857) 

Exon III 70.5% 53.1% 59 % 
(1383-1653) 

Homology was calculated from the nucleotide sequence shown in 
Figure 1 and those reported for the human (3, 41, rat (6) and 
mouse (3) ANP genomic sequences. Numbers in parenthesis indicate 
base positions in the bovine-ANP sequence shown in Fig. 1. 

longer than the corresponding rat sequence (391-bp) but shorter 

than the mouse (527-bp) and human (1093-bp) sequences. 

The comparison of the derived amino aci d sequence of the 

bovine-preproANP with those for rat, mouse and human is shown in 

Figure 2. The length of the bovine pre-proANP sequence (152 

amino acids) is identical to that of rat and mouse and one amino 

acid longer than the human form. The biologically active 

ANP region which is located at the carboxy-terminal end of the 

pre-proANP molecule is extremely well conserved among the four 

species. The only difference among the four ANP peptides is at 

position 135 (Fig. 2) where a methioni ne is located in the bovine 

and human sequences and isoleucine in the rat and mouse. In 

addition, the carboxy-terminus of the ANP’s differ, with bovine, 

rat and mouse terminating in the sequence Tyr-Arg-Arg and human 

in Tyr. This latter heterogenity at the carboxy-terminus 

presumably arises from a single base change in the codon for 

the first Arg (position 1372 in the bovine sequence, Fig. 1). 

However, the carboxy-terminal Arg-Arg dipeptide predicted from 

the gene sequence is not found on the circulating form of the 
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10 
I3CWINE &t-G& ZreSe~ &la-:~l~l%r Val Ser Phe Leu Leu Phe ku Ala Phe Gin Leu __----------___- 
HUM ser Phe Ser l?lr 'Ihr Leu 
M3USE Phe Ser - Leu Gly Phe va1 Trp 
PAT Phe Ser - Lys Gly Phe W? 

20 30 
WINE Pro Gly Gin ?hr GlxAla@n Pro Val '&r Gly Ser Val Sex Am Ala Asp Leu Met ------ 
HUE'SN Ieu 

His *lexg - 
Met Am Ala 

PWSE Ser Ala Thr 
RAT His 11e Ser Ala Tnr 

40 50 
130JINE psp Phe Lys Rsn Leu Leu Asp Arg ku Glu Asp Lys Met Pro Leu Glu Asp Glu Ala 
wPm His Glu Val 
FWSE 
.RAT 

His 
His 

Glu 
Glu 

Val 
Val 

Val 
Val 

60 70 
BCVINE Val Pro Ser Gln V&l Leu Ser Glu Gln Pm Glu Glu Ala Gly Ala Pro Leu Ser Pro 
Huhw P!CO Asp Pro Ala 
EWSE Met PKO Ala lhr Ala ser 
MT Met Pro Ala Thr Asp Ala .%?r 

80 90 
HCVINE Leu Ser Glu Met Pro Pro Trp Met Gly Glu Val Am Pro Ala Gln fug Glu Gly Gly 
Hum Pl-0 Val lllr ser &P 
iMGoSE Pro val nlr PLO Leu Asp Ser 
RAT Val llx ser J=P 

100 110 
KANE Val Leu Gly Jug Gly Pro Trp Glu Ser Ser Asp Arg Ser Ala Leu Leu Lys Ser Lys 
MIWt4 Ala ASP 
FWSE AlaSer Arg Ser Asp Pro 
XRT Ala Asp Pro 

120 130 
SWINE Leu Arg Ala Leu Leu l?x Ala Pro Arg Ser Leu Arg Arg Ser Ser C&s Phe Gly Gly 
HllMpN 
.KN.SE Ala Gly 
.Ml Ala Gly 

140 150 
l3UdlNE Arg Net Asp Arg Ile Gly Ala Gln Ser Gly Leu Gly Qs Asn Ser Phe Acg lyr Zzg 
HlJI'&4 
!WSE Ile 
.RAT Ile 

SWINE Arg 
HlJwa - 
&WSE 
PAT 

w- 
Comparison of the pre-proANP amino acid sequence 

from the bovine gene shown in Fig. 1 with the human 
rat (6, 

mouse’sequences 
7) and mouse (3) sequences. The human, rat and 
are shown only where they differ from the bovine 

sequence. The putative signal peptide region (....), signal 
peptidase cleavage site (ll), and biologically active ANP region 
( 1 are indicated. - 

ANP hormone (8, 9). Thus, removal of this dipeptide results in a 

common carboxy-terminus for all four ANP species. 

The amino-terminal signal sequence region lacks the homology 

seen in the remainder of the coding region of the pre-proANP 

molecules. However, this is not surprising since the overall 

structure of this region is i mportant to its function in 

directing the ANP-precursor to the secretory pathway. The 

remainder of the amino-terminal segment of the ANP-precursor is 
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conserved among the four species. This homology indicates this 

region may have an important role in ANP function. However, to 

date the exact role of the amino-terminal portion of the 

ANP-precursor remains to be elucidated. 

The determination of the bovine-ANP gene and corresponding 

amino acid sequence will be useful in studies comparing the 

biological activities of ANP's in model systems derived from 

different mammalian species. 
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