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IMMUNOASSAYS FOR BRAIN NATRIURETIC 
PROPEPTIDE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of Us. Ser. No. 
11/234,424 ?led 23 September 2005, Which is a continuation 
of Us. Ser. No. 10/402,021 ?led 27, Mar. 2003, noW 
alloWed, Which is a continuation of Us. Ser. No. 09/ 287,892 
?led 7, Apr. 1999, noW U.S. Pat. No. 6,586,396 B1, Which 
is a divisional ofU.S. Ser. No. 08/850,910 ?led. 5, May 1997 
and noW U.S. Pat. No. 5,948,761, Which is a continuation of 
Us. Ser. No. 07/477,226 ?led 8 Feb. 1990 and noW U.S. Pat. 
No. 5,674,710 Which is a divisional application ofU.S. Ser. 
No. 07/299,880 ?led 19 Jan. 1989 and noW abandoned 
Which is continuation-in-part of Us. Ser. No. 07/206,470, 
?led 14 Jun. 1988, noW abandoned, Which is a continuation 
in-part ofU.S. Ser. No. 07/200,383, ?led 31 May 1988, noW 
abandoned. Also related is U.S. Ser. No. 07/460,855, ?led 31 
May 1989, noW U.S. Pat. No. 5,114,923 Which is a continu 
ation-in-part of Us. Ser. No. 07/299,880 listed above. Also 
related is U.S. Ser. No.09/902,517 ?led 9 Jul. 2001, and noW 
U.S. Pat. No. 6,897,030, as a divisional of Ser. No. 09/287, 
892 listed above. U.S. Ser. No. 09/902,517 ?led 9 Jul. 2001, 
noW U.S. Pat. No. 6,897,030 is also a continuation of Us. 
Ser. No. 09/287,892 ?led 7 Apr. 1999, noW U.S. Pat. No. 
6,586,396 B1. The contents of these documents are incor 
porated herein by reference. 

[0002] Bene?t of priority is not claimed With respect to 
Us. Ser. No. 206,470, ?led 14 Jun. 1988, noW abandoned, 
or U.S. Ser. No. 200,383, ?led 31 May 1988, noW aban 
doned. 

TECHNICAL FIELD 

[0003] The invention relates generally to natriuretic and 
homologous peptides found in brain and cardiac tissue. 
More particularly, it relates to the gene encoding a natri 
uretic peptide obtained from porcine brain and genes encod 
ing peptides related by amino acid equence in other species. 

BACKGROUND ART 

[0004] The existence of peptides in the atrium Which are 
responsible for maintenance of normal extracellular ?uid 
parametersiie, the volume and pressure of liquid in the 
blood vesselsiis Well knoWn. A series of closely related 
peptides, designed atrial natriuretic peptides, have been 
isolated from several species and identi?ed, and analogs of 
these peptides have been prepared. 

[0005] The natriuretic effect of a crude extract of rat atrial 
tissue Was demonstrated over seven years ago. A number of 
peptides With diuretic and natriuretic properties have since 
been isolated from atrial tissue and sequenced: Flynn, T. G., 
et al., Biochem Biophys Res Commun (1983) 117:859-865; 
Currie, M. G., et al., Science (1984) 223:67-69; KangaWa, 
K., et al., Biochem Biophys Res Commun (1984) 1181131 
139; U.S. Pat. Nos. 4,496,544; 4,508,712; KangaWa, K., et 
al., Biochem Biophys Res Commun (1984) 119:933-940; 
Garcia, R., et al., Biochem Biophys Res Commun (1985) 
126:178-174; Katsube, N., et al., Biochem Biophys Res 
Commun (1985) 128:325-330; U.S. Pat. Nos. 4,607,023; 
4,557,864; and 4,618,600; copending applications 616,488; 
766,030; and 870,795. These peptides, called atrial natri 
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uretic peptides (ANPs), are cyclic disul?des comprising 17 
amino acids in the cycle (including the tWo cysteines Which 
provide the disul?de bond). The gene Which encodes them 
encodes a much longer protein Which is then processed into 
shorter versions Which make up the set of ANPs. 

[0006] Various analogs of the isolated atrial peptides are 
also described in copending applications 921,360; 138,893; 
and 174,739. 

[0007] It is understood that these peptides and-their ana 
logs are effective in regulating blood pressure by controlling 
?uid volume and vessel diameter. A number of disease states 
are characterized by abnormal ?uid retention, including 
congestive heart failure, cirrhosis of the liver, and nephrotic 
syndrome. These diseases are associated With excessive 
?uid accumulation on the venous side of circulation, and an 
underperfusion of the kidneys, leading to a fall in glomerular 
?ltration rate (GFR). In addition, reduced renal perfusion 
stimulates secretion of renin, a proteolytic enZyme Whose 
Which, in the circulation, leads to the formation of angio 
tensin, a poWerful constrictor of the arteriole. Renin also 
stimulates release of the sodium-retaining hormone aldos 
terone by the adrenal gland. 

[0008] Hypertension per se is another serious result of an 
increase in extracellular ?uid volume and is a major cause of 
death. 

[0009] Therapeutic measures related to diseases associ 
ated With sodium and Water retention are varied and include 
administration of a variety of diuretic substances. HoWever, 
no single therapeutic agent is satisfactory for all individuals, 
and it is important to enhance the repertoire of available 
materials. The present invention provides additional mate 
rials Which., besides their supplementation of the repertoire 
of useful therapeutics, are important in that they are found 
in With brain and atrium and thus may shed light on the 
central and peripheral mechanisms Whereby normal indi 
viduals maintain the appropriate ?uid balance. In addition, 
some of these peptides and proteins have modi?ed and 
altered physiological activities. 

[0010] One of these factors from porcine brain has been 
isolated and sequenced by Sudoh, P., Nature (1988) 332:78 
81. It is a 26-amino acid peptide synthesiZed in porcine brain 
and atrial tissue at about 1/100 of the concentration of 
analyZed atrial natriuretic peptide (ANP) activity. The spec 
trum of activity of this porcine brain natriuretic peptide, or 
pBNP, is similar to that of the porcine ANP. A comparison 
of the amino acid sequences of a portion of human ANP 
(HANP) and the pBNP is shoWn beloW; the corresponding 
relevant portion of the porcine ANP is identical to the human 
sequence. 

102 

hANP Arg-Ser-Ser-Cys—Phe—Gly-Gly-Arg-Met-Asp 
pBNP Asp-Ser-Gly-Cys—Phe—Gly-Arg-Arg-Leu-Asp 

*1 it it it 

Arg-Ile-Gly-Ala-Gln-Ser-Gly-Leu-Gly-Cys—Asn-Ser— 
Arg-Ile-Gly-Ser-Leu-Ser-Gly-Leu-Gly-Cys—Asn-Val— 

4: 4: 4: 
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-continued 

126 

Phe—————Arg-Tyr 
Leu-Arg-Arg-Tyr 
* 26 

[0011] There are nine (starred) positions Which are not 
homologous. The conservative substitution of Leu for Ile or 
Met, found in rat or human ANP sequences, respectively, is 
a knoWn acceptable substitution. 

[0012] Subsequent papers from this same group at 
MiyaZaki Medical College further characterize these pro 
teins. Sudoh, T., et al., Biochem Biophys Res Comm (1988) 
155:726-732, report the isolation of a 32-amino acid natri 
uretic peptide (“BNP-32”) from porcine brain Which con 
tains the 26 amino acids of the porcine BNP described above 
at its C-terminus and an additional N-terminal 6-amino acid 
extended portion of the sequence Ser-Pro-Lys-Thr-Met 
Arg-. In papers following on subsequent pages, levels of 
various natriuretic peptides in tissues are reported. Ueda, S., 
et al., (ibid.), pp. 733-739, utiliZed a radioimmunoassay to 
localiZe and measure the levels of porcine BNP and porcine 
BNP-32 in the brain and spinal cord. The results shoWed that 
both BNP and BNP-32 Were major forms of immunoreactive 
BNP in the porcine brain, and that the highest concentrations 
Were found in the medulla-pons, striatum, and spinal cord. 
The porcine form of atrial natriuretic peptide (pANP) Was 
also found in the porcine brain but at a level approximately 
13 times loWer than that characteristic of BNP. Minamino, 
N., et al. (ibid.), pp. 740-746, report the results of radioim 
munoassay for porcine BNP and ANP in peripheral tissue. 
The concentration of BNP Was highest in cardiac atrium of 
the tissues assayed. The immunoreactive form of this protein 
Was characterized as mostly a 12 kd high molecular Weight 
form; less than 15% of the total immunoreactive BNP in 
atrial tissue is of the loWer molecular Weight forms pBNP or 
pBNP-32. 

[0013] In a subsequent issue of this publication, 
Minamino, N., et al., Biochem Biophys Res Comm (1988) 
157:402-409, reported the isolation and characteriZation of 
this higher molecular Weight form of BNP from porcine 
heart. The complete amino acid sequence of this protein Was 
obtained and shoWn to contain the 26-amino acid pBNP (and 
32-amino acid pBNP-32) at its carboxy terminus. The full 
length protein contains 106 amino acids. Finally, MaekaWa, 
K., et al. (ibid.), pp. 410-416, report the cloning and 
sequence analysis of a cDNA encoding a precursor protein 
for porcine BNP. A cDNA library Was obtained from porcine 
cardiac atrium and the relevant BNP-encoding gene Was 
isolated and sequenced. The gene Was found to include a 
25-residue putative signal peptide at the N-terminus fol 
loWed by the codons corresponding to the 106 amino acids 
of the reported protein. 

[0014] These results are consistent With the information 
available from studies of the atrial-derived natriuretic pep 
tides Which are generally also associated With longer pre 
cursors. In the parent application herein, the gene encoding 
porcine BNP Was provided, Which permitted the putative 
amino acid sequence of the upstream portion of these 
precursor proteins to be deduced. While the cDNA obtained 
in the parent application Was incompletely processed and 
contained an intron, further manipulation of this sequence 
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using standard techniques as described beloW permitted the 
location of the intron to be established. Furthermore, the 
availability of the cDNA encoding PBNP permitted, With 
considerable effort and ingenuity as shoWn beloW, retrieval 
of genes encoding proteins of similar amino acid sequences 
from human and dog genomic libraries. Accordingly, the 
invention provides access to a family of natriuretic peptides 
(N Ps) and natriuretic-related peptides (N RPs) from a variety 
of vertebrate sources. 

DISCLOSURE OF THE INVENTION 

[0015] The invention provides the complete gene 
sequence for pBNP and the prepro form thereof and thus the 
ability to synthesiZe large amounts of the proteins encoded 
by this gene and modi?ed forms thereof. The invention also 
enables retrieval of the gene sequences encoding proteins of 
similar amino acid sequence, having natriuretic activity 
from other vertebrate species, and thus provides the ability 
to synthesiZe them as Well. The cDNA encoding the porcine 
BNP and its precursors and perhaps shorter associated brain 
proteins is shoWn in FIG. 1; the segment of this “unproc 
essed” cDNA Which encodes the 26 amino acid PBNP 
described by Sudoh (supra) is underlined. 

[0016] Accordingly, in one aspect, the invention is 
directed to a recombinant cDNA probe containing the 
sequence encoding the 26-amino acid natriuretic peptide of 
porcine brain, Which comprises the DNA of FIG. 1 or an 
effective portion thereof. The invention is also directed to 
recombinant DNA sequences retrieved using this probe, or 
probes derived from it, and thus includes alternatively useful 
probes Which comprise effective portions of the coding 
sequences for peptides from canine and human sources 
shoWn in FIGS. 5 and 7. 

[0017] In another aspect, the invention is directed to 
peptides having natriuretic activity of the formula: 

Ser Ser 

[0018] wherein R1 is selected from the group consisting 
of: 

(H) 7 

Gly—; 

Ser-Gly—; 

Asp/ 
Lys/ —Ser-Gly—; 
Gly 

Arg/ Asp/ 
His/ — Lys/ —Ser-Gly—; 
Gln Gly 

Arg/ Asp/ 
Met/ — His/ — Lys/ —Ser-Gly—; 
Val Gln Gly 
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-continued 

Arg/ Asp/ 
Thr/ — Met/ — His/ — Lys/ —Ser-Gly—; 

Met Val Gln Gly 

Arg/ Asp/ 
Lys- Thr/ — Met/ — His/ — Lys/ —Ser-Gly—; 

Met Val Gln Gly 

Arg/ Asp/ 
Pro-Lys- Thr/ — Met/ — His/ — Lys/ —Ser-Gly—; 

Met Val Gln Gly 

Arg/ Asp/ 
Ser-Pro-Lys- Thr/ — Met/ — His/ — Lys/ —Ser-Gly—; 

Met Val Gln Gly 

or a 10- to 109-amino acid sequence shown as the native 
upstream sequence for porcine, canine or human BNP in 
FIG. 8, or a composite thereof; 

[0019] R2 is (OH), NH2, or NR'R" Wherein R' and R" are 
independently lower alkyl (1-4C) or are 

Asn/ 
Lys 

Asn/ —Val 
Lys 

Asn/ —Val-Leu 
Lys 

Asn/ —Val—Leu-Arg 
Lys 

Asn/ —Val—Leu-Arg— Arg/ 
Lys Lys 

Asn/ —Val—Leu-Arg— Arg/ — Tyr/ 
Lys Lys His 

or the amides (NH2 or NR'R") thereof, 

[0020] With the proviso that if formula (1) is 

Ile-Gly-Ser-Leu-Ser-Gly-Leu-Gly-Cys-R2 

and R1 is Asp-Ser-Gly-, R2 cannot be Asn-Val-Leu-Arg-Arg 
Tyr. 

[0021] In other aspects, the invention is related to recom 
binant DNA sequences encoding the foregoing peptides and 
to recombinant expression systems capable of production of 
these peptides in suitably transformed hosts. The invention 
is also related to methods to produce the peptides of the 
invention using recombinant means by culturing the trans 
formed cells and recovering the desired-peptide from the 
cell cultures. 

[0022] The invention is also directed to modi?ed forms of 
this class of peptides Wherein 1 or 2 of the positions contain 
conservative amino acid substitutions. 

[0023] The invention also relates to pharmaceutical com 
positions and methods of treatment using the peptides of the 
invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 shoWs the complete sequence of a retrieved 
cDNA in unprocessed form Which encodes porcine BNP. 
The portion of the sequence Which encodes the 26-amino 
acid PBNP peptide is underlined and consists of residues 
660-723 and 1276-1289 inclusive. 

[0025] FIG. 2 shoWs oligonucleotides synthesiZed as 
probes for pBNP-encoding cDNA. 

[0026] FIG. 3 shoWs the cDNA of FIG. 1 With the 
location of the additional intron established. 

[0027] FIG. 4 shoWs the coding portions of the pBNP 
encoding cDNA absent the introns. 

[0028] FIG. 5 shoWs the DNA and deduced protein 
sequence for the coding portions of the gene encoding a 
canine protein With natriuretic activity. 

[0029] FIG. 6 shoWs Southern blots of human genomic 
DNA probed With human ANP (left panel) and With canine 
NRP (right panel). 

[0030] FIG. 7 shoWs the DNA and deduced amino acid 
sequence of the human genomic clone encoding the human 
NRP. 

[0031] FIG. 8 shoWs a comparison of the amino acid 
sequences of the prepro forms of the porcine, canine and 
human proteins of the invention. 

MODES OF CARRYING OUT THE INVENTION 

A. De?nitions 

[0032] As used herein, “brain natriuretic peptide (BNP)” 
refers to an amino acid sequence Which is encoded by a 
DNA capable of hybridizing to an effective portion of the 
DNA shoWn in FIG. 1 under de?ned stringency conditions, 
and Which has natriuretic activity. It is believed that the 
brains of all vertebrates contain a subpopulation of peptides 
With this activity Which comprise peptides analogous to that 
disclosed herein as PBNP and longer precursor proteins 
containing this amino acid sequence, as Well as active 
fragments thereof. 

[0033] AAs used herein, “porcine brain natriuretic peptide 
(pBNP)” refers to the 26 amino acid sequence isolated by 
Sudoh et al., and set forth hereinabove. “pBNP-encoding 
cDNA” refers to the nucleotide sequence shoWn in FIG. 1 
herein, comprising residues 660-723 and 1276-1289 inclu 
sive. The separation in the cDNA of the PBNP codons is 
presumably due to incomplete processing of the mRNA 
Which formed the template for this particular clone. This 
clone Was deposited at the American Type Culture Collec 
tion, Rockville, Md., on 10 Jun. 1988. and has accession 
number ATCC 40465. 

[0034] The pBNP-encoding cDNA shoWn in FIG. 1, 
because it contains additional sequences encoding precursor 
proteins, and, as explained beloW, presumably contains 
nucleotides corresponding to an additional intron besides 
that represented by the sequence separating the pBNP 
encoding portion per se, can be used as an effective probe to 
obtain either genomic or cDNA sequences encoding corre 
sponding associated brain natriuretic peptides in various 
vertebrate species. “Precursor brain natriuretic peptide” as 
used in the present application refers to peptides With 
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natriuretic activity encoded by the gene sequence from 
Which, for example, the pBNP protein is derived but pro 
cessed so as to obtain peptides of different length. Similar 
processing differences presumably exist in other vertebrates 
as Well; the entire class of such natriuretic peptides is 
retrieved by the DNA probe of the invention. For example, 
examination of the reading frame of the pBNP-encoding 
DNA shoWs an N-terminal extension so that N-terminally 
extended peptides can be postulated. It has been shoWn that 
the ANP precursor “pro-ANP” is processed differently in 
atrial and brain tissues leading to different ANP-peptides. By 
analogy to the peptides found in the atrium, it is postulated 
that an important peripheral form of BNP Would be the 
29-residue peptide of pBNP N-terminally extended With the 
tripeptide Thr-Met-Arg. Further N-terminal extended pep 
tides With the additional upstream residues Ser-Pro-Lys and 
Gly-lle-Arg-Ser-Pro-Lys are also expected. Thus, examina 
tion of the reading frame Which contains the pBNP also 
permits postulation of additional upstream processing sites 
Which Would extend the N-terminal sequence further. 

[0035] Other extended precursor peptides are discoverable 
through standard techniques using the sequence information 
of FIG. 1. It is clear, by analogy With atrial natriuretic 
peptide precursors, that the start-of the longest precursor, 
perhaps including a signal sequence, is at the methionine 
codon shoWn in the upper-most reading frame in the line 
spanning nucleotide 61 and 120, or at the closely positioned 
doWnstream ATG. Therefore, it is clear that the reading 
frame is not maintained from this start of translation into the 
pBNP-encoding region. This indicates that there is at least 
one other intron transcribed into the cDNA clone retrieved. 
The location of this intron and deduction of the full sequence 
for the longest form of precursor peptide is described in 
further detail below. In any event, precursor BNP peptides 
associated With pBNP include other natriuretic peptides 
encoded by this depicted gene; analogous-groups of peptides 
are collectively designated natriuretic “NP” peptides in other 
species. 

[0036] Additional terminology Which is useful is the term 
“prepro” NP, Which refers to the encoded peptide having 
both the native associated signal sequence Which effects 
secretion of the various forms of the peptide With natriuretic 
activity and an amino acid sequence of the secreted peptide 
Which is fused upstream of the cyclic portion absolutely 
required for this activity. The “pro” form having the 
up stream sequence may represent the circulating form of the 
peptide. With respect to the three speci?c embodiments 
included Within the present invention, Which are shoWn in 
detail in FIGS. 3, 5, and 7 for porcine, canine and human 
proteins, respectively, the location of the putative signal 
sequences representing the “pre” sequence is shoWn in each 
?gure, as Well as the full-length mature protein, Which is 
thought to be a precursor form designated the “pro” form. 
Because various processing sites are available, as indicated 
by the upWard-pointing arroWs in these ?gures and in the 
composite sequences shoWn in FIG. 8, attempts to make a 
?ne-line and de?nite distinction betWeen the “pro” NP and 
“NP” are probably meaningless. The peptides de?ned by the 
invention-are set forth in formula (1) above and have 
natriuretic activity, regardless of the length of the N-terminal 
form preceding the identi?ed 26-amino acid regions corre 
sponding to the porcine “BNP” of Sudoh, or attached to the 
cyclic portion thereof. 
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[0037] “Expression system” refers to a DNA Which con 
tains a coding region operably linked to suitable control 
sequences capable of effecting its expression in a compatible 
host. Expression systems invariably comprise a promoter, 
but, depending on the host intended, may contain additional 
critical DNA such as ribosome binding site or CAP site, 
termination sequence, and optional enhancer sequences 
upstream from the promoter or in other operable locations. 
The recombinant expression systems of the invention herein 
comprise a DNA of the invention encoding a BNP, for 
example, a BNP derived from a vertebrate source, operably 
linked to additional DNA sequences Which are capable of 
effecting its expression. The expression system may reside 
on a transfer vector such as a plasmid or a viral vector Which 

is self-replicating independently of the chromosome of the 
host cell, or may be constructed so that When inserted into 
a host cell it is able to integrate into the chromosome. 

B. Other Associated Porcine BNPs and Retrieval of Verte 
brate NRP Genes 

[0038] The invention, in one aspect, is directed to all 
members of the group of porcine BNP proteins encoded in 
the cDNA shoWn in FIG. 1, and to conservative modi?ca 
tions thereof. The deduction of the amino acid sequence 
encoding the longest precursor protein, and therefore deduc 
tion of the processed forms, can be accomplished using the 
unprocessed cDNA here provided. In this standard approach, 
oligonucleotide sequences representing short portions of the 
cDNA spanning the potential introniie, betWeen residues 
100 to about 660iare synthesized, labeled, and used to 
probe Northern blots of mRNA isolated from cells produc 
ing BNP. Most mRNAs Will be in processed form; hence, 
those oligonucleotides Which successfully hybridize to the 
proper length message represent coding regions of the 
cDNA. Those Which do not readily hybridize represent 
intron regions. By using overlapping synthetic cDNAs, the 
intron position can be precisely identi?ed. This permits 
deduction of the complete sequence encoding the largest 
precursor protein, and de?nes the sequence from Which the 
associated BNP proteins are formed. 

[0039] In a modi?cation of this approach, partial cDNA 
fragments Were generated in ampli?ed form from mRNA 
isolated from porcine atrium. The cDNA for ampli?cation 
Was obtained by hybridization of poly A+ RNAisolated from 
this tissue With the oligonucleotide 3895. Ampli?cation Was 
performed using a polymerase chain reaction Wherein the 
oligonucleotide primers corresponded to bases 100-123 
(identity strand) and 652-685 (complementary strand) as 
shoWn in FIG. 1. TWo bands are obtained When the ampli 
?ed products are analyzed on preparative agarose gels; the 
larger band in loW relative abundance presumably represents 
the smaller DNA derived from the unspliced precursor, and 
the more prominent band is assumed to be the more fully 
processed cDNA. When this band Was eluted from the gel 
and sequenced, the stretch corresponding to bases 223-468 
of FIG. 1 Was not present, and the recovered DNA had the 
sequence shoWn in FIG. 3. 

[0040] Thus, using standard techniques, the location of the 
putative upstream intron, Which Would correspond to that 
found in atrial natriuretic peptide precursors, as described by 
Greenberg et al., Nature (1984) 3121656-658, Was easily 
obtained. As shoWn in FIG. 4, Which represents solely the 
portions shoWn as coding sequences of FIG. 3, a reading 




















































