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LONG ACTING ATRAL NATRURETC 
PEPTIDE (LA-ANP) AND METHODS FOR USE 

THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims benefit of priority from U.S. 
Provisional Application Ser. No. 61/224.303, filed on Jul. 9, 
2009. 

STATEMENT AS TO FEDERALLY SPONSORED 
RESEARCH 

0002 This invention was made with government support 
under grant nos. HL075495, HL76611, and HL36634, 
awarded by the National Institutes of Health. The government 
has certain rights in the invention. 

TECHNICAL FIELD 

0003. This document relates to a variant natriuretic pep 
tide, and to methods for using the variant peptide to diagnose 
or determine predisposition to atrial fibrillation. 

BACKGROUND 

0004 Natriuretic polypeptides are polypeptides that can 
cause natriuresis—increased sodium excretion in the urine. 
Such polypeptides can be produced by brain, heart, kidney, 
and/or vascular tissue. The natriuretic polypeptide family in 
humans includes the cardiac hormones atrial natriuretic pep 
tide (ANP), B-type matriuretic peptide (BNP), C-type natri 
uretic peptide (CNP), and urodilatin (URO). Natriuretic 
polypeptides function via well-characterized guanylyl 
cyclase receptors (i.e., NPR-A for ANP, BNP, and URO; and 
NPR-B for CNP) and the second messenger cyclic 3'5" gua 
nosine monophosphate (cGMP) (Kuhn (2003) Circ. Res. 
93:700-709: Tawaragi et al. (1991) Biochem. Biophys. Res. 
Commun. 175:645-651; and Komatsu et al. (1991) Endo 
crinol. 129:1104-1106). 
0005 Cardiac arrhythmia includes a heterogeneous group 
of conditions in which there is abnormal electrical activity in 
the heart. The heart may beat too quickly or too slowly, and 
may be regular or irregular. Atrial fibrillation is a common 
arrhythmia that is familial in a small subset of cases. Atrial 
fibrillation is the most common Sustained cardiac arrhythmia, 
constituting a growing epidemic in the aging population with 
a 25% lifetime risk (Braunwald (1997) N. Engl. J. Med. 
337:1360-1369; and Lloyd-Jones et al. (2004) Circulation 
110:1042-1046). It develops as a paroxysmal disorder char 
acterized by rapid, irregular electrical activation of the atria 
and can be associated with palpitations, syncope, throm 
boembolic stroke, and congestive heart failure. Valvular, 
ischemic, hypertensive, and myopathic heart disease are the 
most common causes of acquired atrial fibrillation. A genetic 
basis for atrial fibrillation also is evident in population-based 
studies (Fox et al. (2004) JAMA 291:2851-2855; and Gudb 
jartsson et al. (2007) Nature 448:353-357) and in a subset of 
patients with familial disease (Brugada et al. (1997) N. Engl. 
J. Med. 336:905-911; and Darbar et al. (2003).J. Am. Coll. 
Cardiol. 41:2185-2192). Human genetic investigations have 
identified atrial fibrillation-associated mutations in cardiac 
ion channels (Chen et al. (2003) Science 299:251-254; Olson 
et al. (2005) JAMA 293:447-454; and Olson et al. (2006) 
Hum. Mol. Genet. 15: 2185-21.91) and gap junction proteins 
(Gollob et al. (2006) N. Engl.J.Med. 354:2677-2688), impli 

May 3, 2012 

cating myocellular derangements in ion flux. The molecular 
basis of atrial fibrillation remains unknown, however, in the 
majority of cases. 

SUMMARY 

0006. This document is based on part on the identification 
of a novel mutation in the atrial natriuretic peptide (ANP) 
gene that segregates with familial atrial fibrillation, thus indi 
cating an unexpected association between a circulating hor 
mone defect and susceptibility to arrhythmia. An atrial fibril 
lation locus to chromosome 1 p36-p35 in a family with 11 
clinically affected members, and a heterozygous frameshift 
mutation in the gene encoding atrial natriuretic peptide was 
mapped and identified. Circulating chimeric atrial natriuretic 
peptide was detected in high concentration in individuals with 
the mutation, and shortened atrial action potentials were dem 
onstrated in an isolated heart model, creating a possible Sub 
strate for atrial fibrillation. This document implicates pertur 
bation of theatrial natriuretic peptide-cyclic GMP pathway in 
cardiac electrical instability. 
0007. In one aspect, this document features a method for 
treating a cardiac arrhythmia in a mammal in need thereof, 
comprising administering to the mammal a polypeptide com 
prising the amino acid sequence set forth in SEQID NO:13, 
or the amino acid sequence set forth in SEQID NO:13 having 
less than five amino acid additions, Subtractions, and Substi 
tutions. The polypeptide can comprise an amino acid 
sequence present in an ANP polypeptide, an amino acid 
sequence present in a BNP polypeptide, an amino acid 
sequence present in an CNP polypeptide, or an amino acid 
sequence present in an DNP polypeptide. The polypeptide 
can comprise the amino acid sequence set forth in SEQ ID 
NO:13. The polypeptide can comprise the amino acid 
sequence set forth in SEQ ID NO:13 having less than five 
amino acid additions, Subtractions, and Substitutions, or the 
amino acid sequence set forth in SEQID NO:13 having less 
than four amino acid additions, Subtractions, and Substitu 
tions. 

0008. In another aspect, this document features a method 
for treating a cardiac arrhythmia in a mammal in need thereof, 
comprising administering to the mammal a nucleic acid 
encoding a polypeptide that comprises the amino acid 
sequence set forth in SEQ ID NO:13, or the amino acid 
sequence set forth in SEQ ID NO:13 having less than five 
amino acid additions, Subtractions, and Substitutions. 
0009. In another aspect, this document features a method 
for diagnosing a cardiac arrhythmia in a mammal, comprising 
providing a biological sample from the mammal and assess 
ing the biological sample to determine whether the biological 
sample comprises a polypeptide comprising the amino acid 
sequence set forth in SEQ ID NO:13 and, if the biological 
sample comprises the polypeptide, diagnosing the mammal 
as having a cardiac arrhythmia. 
0010. This document also features a method for determin 
ing whether a mammal is predisposed to develop a cardiac 
arrhythmia in a mammal, comprising providing a biological 
sample from the mammal and assessing the biological sample 
to determine whether the biological sample comprises (a) a 
polypeptide comprising the amino acid sequence set forth in 
SEQID NO:13 or (b) a nucleic acid encoding the polypep 
tide, and, if the biological sample comprises the polypeptide 
or nucleic acid, classifying the mammal as being predisposed 
to develop a cardiac arrhythmia or, if the biological sample 
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does not comprise the polypeptide or nucleic acid, classifying 
the mammal as not being predisposed to develop a cardiac 
arrhythmia. 
0011. In addition, this document features the use of a 
polypeptide in the manufacture of a medicament for treating 
a cardiac arrhythmia, wherein the polypeptide comprises the 
amino acid sequence set forth in SEQID NO:13, or the amino 
acid sequence set forth in SEQID NO:13 having less than five 
amino acid additions, subtractions, and Substitutions. The 
polypeptide can comprise an amino acid sequence present in 
an ANP polypeptide, an amino acid sequence present in a 
BNP polypeptide, an amino acid sequence present in an CNP 
polypeptide, or an amino acid sequence present in an DNP 
polypeptide. The polypeptide can comprise the amino acid 
sequence set forth in SEQ ID NO:13. The polypeptide can 
comprise the amino acid sequence set forth in SEQID NO:13 
having less than five amino acid additions, Subtractions, and 
substitutions, or the amino acid sequence set forth in SEQID 
NO:13 having less than four amino acid additions, subtrac 
tions, and Substitutions. 
0012 Unless otherwise defined, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention pertains. Although methods and materials similar 
or equivalent to those described herein can be used to practice 
the invention, suitable methods and materials are described 
below. All publications, patent applications, patents, and 
other references mentioned herein are incorporated by refer 
ence in their entirety. In case of conflict, the present specifi 
cation, including definitions, will control. In addition, the 
materials, methods, and examples are illustrative only and not 
intended to be limiting. 
0013 The details of one or more embodiments of the 
invention are set forth in the accompanying drawings and the 
description below. Other features, objects, and advantages of 
the invention will be apparent from the description and draw 
ings, and from the claims. 

DESCRIPTION OF DRAWINGS 

0014 FIGS. 1A and 1B are graphical representations of 
ANP (SEQID NO:5; FIG. 1A) and LA-ANP (SEQID NO:6; 
FIG. 1B). 
0015 FIG. 2 is a diagram of a pedigree of a family with 
hereditary atrial fibrillation. Family members are identified 
by generation (Roman numerals) and by order within the 
generation (Arabic numerals). The pedigree symbols are as 
follows: squares, male; circles, female; black, affected; white, 
unaffected; gray, uncertain; slash, deceased. The gene for 
atrial natriuretic peptide (NPPA) is located at 1p36-p35. 
Markers tested for this region of chromosome 1 are listed in 
order from the p-terminal end of the chromosome, with map 
locations according to the National Center for Biotechnology 
Information website (World Wide Web at.ncbi.nlm.nih.gov) 
given in megabases (Mb) and centiMorgans (cM). A common 
454 CDT polymorphism in exon 3 of wild-type NPPA is 
included, as is the mutation identified herein as NPPA mut. 
The haplotypes for these markers are shown in columns 
beneath each family member who had a genetic evaluation; 
the disease-associated haplotype is boxed. Two individuals 
(III.7 and III.9) inherited portions of the disease haplotype, 
but not the disease gene, as a result of recombination events. 
0016 FIG. 3 is a graph plotting levels of mutant ANP 
protein in the plasma of family members affected with heredi 
tary atrial fibrillation. A radioimmunoassay with polyclonal 
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antibodies against wild-type atrial natriuretic peptide (ANP), 
mutant ANP (mANP), and brain natriuretic peptide (BNP) 
revealed normal plasma ANP and BNP levels together with 
circulating mANP at levels 5-10 fold that of ANP in family 
members with the NPPA-mutation (III.2 during chronic atrial 
fibrillation and III.6 during normal sinus rhythm) compared 
to unaffected family members (III.5) and five normal con 
trols. Low-level cross-reactivity of the polyclonal anti-mANP 
antibody was observed in unaffected and control samples. F. 
female; M, male. 
0017 FIG. 4 is a series of graphs plotting atrial repolar 
ization after treatment with mutant ANP shortens atrial repo 
larization compared to wild-type ANP. In FIG. 4A, a repre 
sentative monophasic action potential (MAP) is shown at 
baseline and following a 40-minute perfusion with wild-type 
ANP. MAP duration at 90% repolarization (MAPD) was 
not significantly changed by ANP. In FIG. 4B, a representa 
tive MAP following a 40-minute perfusion with the mutant 
form of ANP (mANP) demonstrated shortening of MAPD 
from 47 to 41 msec. In FIG. 4C, mANP (n=8) and wild-type 
ANP (n=10) perfusion for 40 minutes demonstrated a signifi 
cant decrease in MAPD for mANP versus baseline (9+2 
msec, p<0.01), but not for wild-type ANP versus baseline 
(0.7+1.7 msec, n=NS). MAPD also was significantly dif 
ferent following mANP versus wild-type ANP perfusion 
(**p<0.01). In FIG. 4D, mANP (n=7) and wild-type ANP 
(n-6) perfusion for 40 minutes resulted in a trend toward 
reduction in effective refractory period (ERP) versus baseline 
for mANP (7.1+2.4 msec, p=0.08) but not wild-type ANP 
(n=NS), and a significant change in ERP for mANP versus 
wild-type ANP (**p<0.05). 
0018 FIG. 5 is a diagram depicting how the NPPA muta 
tion generates a chimeric ANP protein. As indicated in FIG. 
5A, a common 454 CDT polymorphism (circled nucleotides 
in SEQ ID NOS:1 and 2) in exon 3 of wild-type NPPA 
(individual III.4) results in ANP with or without a carboxy 
terminal pair of arginine residues, which are removed in 
post-translational processing. The mutant allele (individual 
III.2), on the background of the 454C variant, harbors a 2-bp 
frameshift deletion (456-457delAA; cDNA clone 
BC005893; boxed in FIG. 4A), disrupting the stop codon and 
generating a 40-amino acid chimeric protein with an anoma 
lous 12-residue carboxyl-terminal tail. SEQID NO:3 is the 
amino acid sequence of the normal C-terminal tyrosine plus 
the 12-residue tail; SEQ ID NO:4 is a nucleotide sequence 
encoding SEQ ID NO:3. FIG. 5B shows an alignment of 
mature human ANP SEQ ID NO:5) with ANP orthologs 
(SEQID NOS:6-8), demonstrating significant sequence con 
servation among eukaryotic species. The human paralogs 
BNP (SEQID NO:9) and CNP (SEQ ID NO:10) are diver 
gent, yet retain the “CFGXXXDRIXXXSXLGC' motif 
(SEQID NO:14) common to natriuretic peptides (Potter et al. 
(2006) Endocr: Rev. 27:47-72). Conserved amino acids are 
shaded. Atrial fibrillation-associated mutant ANP has an 
extended amino acid carboxyl-terminus (bold) reminiscent of 
DNP (SEQ ID NO:11), a natriuretic peptide with distinct 
biological properties found in the green mamba Snake. 
(0019 FIG. 6A is a graph plotting PR and QRST intervals 
derived from a non-paced electrocardiogram in sinus rhythm 
30 minutes post ANP infusion. FIG. 6B is a graph plotting 
effective refractory period (ERP) in a mouse at baseline. A 
train of 10 stimuli (S1) at 100 msec cycle length was followed 
by a single extrastimulus (S2) at progressively shorter cou 
pling intervals. The top panel shows the S2 provoking a 
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Ventricular response, whereas the slightly shorter S2 coupling 
interval in the lower panel does not. The ERP shown is 30 
msec. FIG. 6C is a graph plotting induction of Ventricular 
tachycardia (VT) in a mouse at baseline by a 10 beat pacing 
train at 100 msec cycle length (S1) followed by two extra 
stimuli (S2 and S3) each at 30 msec coupling interval. 

DETAILED DESCRIPTION 

Natriuretic Polypeptides 
0020. This document provides methods and materials 
related to natriuretic polypeptides. For example, this docu 
ment provides Substantially pure polypeptides having a natri 
uretic polypeptide activity, nucleic acid molecules encoding 
polypeptides having a natriuretic polypeptide activity, and 
host cells containing isolated nucleic acid molecules that 
encode polypeptides having a natriuretic polypeptide activity. 
In addition, this document provides methods and materials 
for inducing a natriuretic or diuretic activity within a mam 
mal. Natriuretic polypeptides can, for example, increase 
plasma coMP levels, urinary c0MP excretion, net renal 
cGMP generation, urine flow, urinary Sodium excretion, uri 
nary potassium excretion, hematocrit, plasma BNP immu 
noreactivity, renal blood flow, and/or plasma ANP immunore 
activity, and decrease renal vascular resistance, proximal and 
distal fractional reabsorption of sodium, mean arterial pres 
Sure, pulmonary capillary wedge pressure, right atrial pres 
Sure, pulmonary arterial pressure, plasma renin activity, 
plasma angiotensin II levels, plasma aldosterone levels, renal 
perfusion pressure, and/or systemic vascular resistance. 
0021. As used herein, the term “natriuretic polypeptide' 
includes native (naturally occurring, wild type) natriuretic 
polypeptides (e.g., human ANP BNP. CNP and URO, as well 
as Dendroaspis natriuretic peptide (DNP)), one or more por 
tions of a native natriuretic polypeptide, variants of a native 
natriuretic polypeptide, or chimeras of native natriuretic 
polypeptides, portions of native natriuretic polypeptides, or 
variants of native natriuretic polypeptides or portions of 
native natriuretic polypeptides. In some embodiments, a 
natriuretic polypeptide includes only portions of the mature 
form of a native natriuretic polypeptide. Natriuretic polypep 
tides containing amino acid sequences from two or more of 
human CNP BNP. ANPURO, and/or Dendroaspis DNP also 
can be useful. 
0022. An "isolated polypeptide is a polypeptide that (1) is 
not associated with proteins found in nature, (2) is free of 
other proteins from the same source (e.g., free of human 
proteins), (3) is expressed by a cell from a different species, or 
(4) does not occur in nature. An isolated polypeptide can be, 
for example, encoded by DNA or RNA, including synthetic 
DNA or RNA, or some combination thereof. 
0023 Amino acid sequences for endogenous human 
mature natriuretic polypeptides include the following: 

(SEO ID NO; 5) 
ANP : SLRRSSCFGGRMDRIGAOSGLGCNSFRY 

(SEO ID NO: 9) 
BNP : SPKMVOGSGCFGRKMDRISSSSGLGCKVLRRH 

(SEQ ID NO: 10) 
CNP : GLSKGCFGLKLDRIGSMSGLGC 

(SEQ ID NO: 12) 
URO : TAPRSLRRSSCFGGRMDRIGAOSGLGCNSFRY 

May 3, 2012 

0024. In addition, the native Dendroaspis amino acid 
sequence for DNP is 

(SEQ ID NO: 11) 
EWKYDPCFGHKIDRINHVSNLGCPSLRDPRPNAPSTSA. 

0025. Each of these native mature natriuretic polypeptides 
includes a 17-amino acid ring structure with a cysteine bond 
between the cysteine residues at positions 1 and 17 (under 
lined in the above sequences) of the ring. 
0026 Chimeric natriuretic polypeptides, which can 
include amino acid sequences from two or more individual 
natriuretic polypeptides. In some embodiments, for example, 
a chimeric polypeptide can include amino acid sequences 
from ANP and CNP; BNP and CNP; ANP, BNP, and CNP; 
CNP and URO; CNP and DNP; or CNP URO, and BNP. 
Chimeric natriuretic polypeptides typically include a ring 
structure and cysteine bond from one natriuretic polypeptide 
(e.g., the ring structure and cysteine bond of ANP, BNP. CNP, 
DNP or URO) in combination with one or more amino acid 
segments from another natriuretic polypeptide. In some 
embodiments, a chimeric natriuretic polypeptide can include 
a variant (e.g., a Substitution, addition, or deletion) at one or 
more positions (e.g., one, two, three, four, five, six, seven, 
eight, nine, or ten positions) with respect to any of SEQ ID 
NOS:5 to 12, in addition to containing a carboxy terminal 
extension (e.g., a carboxy terminal extension comprising the 
amino acid sequence set forth in SEQID NO:13). 
0027 Natriuretic polypeptides having one or more amino 
acid Substitutions relative to a native natriuretic polypeptide 
amino acid sequence (also referred to herein as “variant' 
natriuretic polypeptides) can be prepared and modified as 
described herein. Amino acid substitutions can be made, in 
Some cases, by selecting Substitutions that do not differ sig 
nificantly in their effect on maintaining (a) the structure of the 
peptide backbone in the area of the substitution, (b) the charge 
or hydrophobicity of the molecule at the target site, or (c) the 
bulk of the side chain. For example, naturally occurring resi 
dues can be divided into groups based on side-chain proper 
ties: (1) hydrophobic amino acids (norleucine, methionine, 
alanine, Valine, leucine, and isoleucine); (2) neutral hydro 
philic amino acids (cysteine, serine, and threonine); (3) acidic 
amino acids (aspartic acid and glutamic acid); (4) basic amino 
acids (asparagine, glutamine, histidine, lysine, and arginine); 
(5) amino acids that influence chain orientation (glycine and 
proline); and (6) aromatic amino acids (tryptophan, tyrosine, 
and phenylalanine). Substitutions made within these groups 
can be considered conservative Substitutions. Non-limiting 
examples of useful substitutions include, without limitation, 
Substitution of valine for alanine, lysine for arginine, 
glutamine for asparagine, glutamic acid for aspartic acid, 
serine forcysteine, asparagine for glutamine, aspartic acid for 
glutamic acid, proline for glycine, arginine for histidine, leu 
cine for isoleucine, isoleucine for leucine, arginine for lysine, 
leucine for methionine, leucine for phenyalanine, glycine for 
proline, threonine for serine, serine for threonine, tyrosine for 
tryptophan, phenylalanine for tyrosine, and/or leucine for 
Valine. 
0028 Non-limiting examples of variant chimeric natri 
uretic polypeptides include a polypeptide can contain the 
amino acid sequence set forth in SEQ ID NO:13 with one, 
two, three, four, or five single amino acid residue additions, 
Subtractions, or Substitutions. An example of such a polypep 
tide includes, without limitation, a polypeptide having the 
amino acid sequence set forth in SEQ ID NO:13 where the 
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threonine is deleted, the tryptophan is replaced with a 
tyrosine, and a serine is added between the lysine and the 
glutamine. Another example can be a polypeptide containing 
a contiguous amino acid sequence that is identical to the first 
nine amino acid residues set forth in SEQ ID NO:13 and 
lacking last three residues (i.e., glycine, tryptophan, and ala 
nine). 
0029. Any amino acid residue set forth in SEQID NO:13 
can be subtracted, and any amino acid residue (e.g., any of the 
20 conventional amino acid residues or any other type of 
amino acid such as ornithine or citrulline) can be added to the 
sequence set forth in SEQ ID NO:13. In some cases, a 
polypeptide provided herein can contain chemical structures 
Such as e-aminohexanoic acid; hydroxylated amino acids 
such as 3-hydroxyproline, 4-hydroxyproline, (5R)-5-hy 
droxy-L-lysine, allo-hydroxylysine, and 5-hydroxy-L-norva 
line; or glycosylated amino acids such as amino acids con 
taining monosaccharides (e.g., D-glucose, D-galactose, 
D-mannose, D-glucosamine, and D-galactosamine) or com 
binations of monosaccharides. 

0030. Further examples of conservative substitutions that 
can be made at any position within the polypeptides provided 
herein are set forth in Table 1. 

TABLE 1. 

Examples of conservative amino acid substitutions 

Original Preferred 
Residue Exemplary substitutions substitutions 

Ala Wall, Lieu, Ile Wall 

Arg Lys, Gln, Asn Lys 

Asn Gln, His, Lys, Arg Glin 

Asp Glu Glu 

Cys Ser Ser 

Glin Asn Asn 

Glu Asp Asp 

Gly Pro Pro 

His Asn., Gln, Lys, Arg Arg 

Ile Lieu, Wal Met, Ala, Phe, Lell 
Norleucine 

Lell Norleucine, Ile, Wall, Met, Ile 
Ala, Phe 

Lys Arg, Gln, Asn Arg 

Met Lieu, Phe, Ile Lell 

Phe Lieu, Wall, Ile, Ala Lell 

Pro Gly Gly 

Ser Thir Thir 

Thir Ser Ser 

Trp Tyr Tyr 

Tyr Trp, Phe, Thr, Ser Phe 

Wall Ile, Lieu, Met, Phe, Ala, Lell 
Norleucine 
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0031. In some embodiments, a natriuretic polypeptide can 
include one or more non-conservative Substitutions. Non 
conservative Substitutions typically entail exchanging a 
member of one of the classes described above for a member of 
another class. Such production can be desirable to provide 
large quantities or alternative embodiments of Such com 
pounds. Whether an amino acid change results in a functional 
polypeptide can readily be determined by assaying the spe 
cific activity of the peptide variant using, for example, meth 
ods disclosed herein. 
0032. A polypeptide provided herein can have a length of 
for example, between 17 and 45 amino acid residues (e.g., 
between 18 and 40, between 22 and 44, between 25 and 45, 
between 26 and 44, between 27 and 43, between 28 and 42, 
between 29 and 41, between 30 and 40, between 31 and 39, 
between 23 and 35, between 25 and 30, or between 30 and 35 
amino acid residues). It will be appreciated that a polypeptide 
with a length of 17 or 45 amino acid residues is a polypeptide 
with a length between 17 and 45 amino acid residues. 
0033. Variant natriuretic polypeptides having conserva 
tive and/or non-conservative Substitutions (e.g., with respect 
to any of SEQID NOS:3 and 5 to 13), as well as fragments of 
any of SEQID NOS: 3 and 5 to 13, fragments of variants of 
any of SEQID NOS: 3 and 5 to 13, and polypeptides com 
prising any of SEQ ID NOS: 3 and 5 to 13, variants or 
fragments of any of SEQID NOS: 3 and 5 to 13, or fragments 
of variants of any of SEQ ID NOS: 3 and 5 to 13, can be 
screened for biological activity using any of a number of 
assays, including those described herein. For example, the 
activity of a natriuretic polypeptideas described herein can be 
evaluated in vitro by testing its effect on coMP production in 
cultured cells (e.g., cultured cardiac fibroblasts, aortic endot 
helial cells, or glomerular cells). Cells can be exposed to a 
natriuretic polypeptide (e.g., 10 to 10 M natriuretic 
polypeptide), and samples can be assayed to evaluate the 
natriuretic polypeptide effects on coMP generation. c6MP 
generation can be detected and measured using, for example, 
a competitive RIA ccjMP kit (Perkin-Elmer, Boston, Mass.). 
0034. The activity of a natriuretic polypeptide also can be 
evaluated in vivo by, for example, testing its effects on factors 
Such as pulmonary capillary wedge pressure, right atrial pres 
Sure, mean arterial pressure, urinary sodium excretion, urine 
flow, proximal and distal fractional Sodium reabsorption, 
plasma renin activity, plasma coMP levels, urinary c0MP 
excretion, net renal generation ofcCMP. glomerular filtration 
rate, and left ventricular mass in animals. In some cases, such 
parameters can be evaluated after induced MI (e.g., MI 
induced by coronary artery ligation). 
0035. The natriuretic polypeptides provided herein typi 
cally are cyclic due to disulfide bonds between cysteine resi 
dues. In some embodiments, a sulfhydryl group on a cysteine 
residue can be replaced with an alternative group (e.g., 
—CH2CH2—). To replace a sulfhydryl group with a 
—CH2— group, for example, a cysteine residue can be 
replaced by alpha-aminobutyric acid. Such cyclic analog 
polypeptides can be generated, for example, in accordance 
with the methodology of Lebland Hruby (1984) Tetrahedron 
Lett. 25:2067), or by employing the procedure disclosed in 
U.S. Pat. No. 4,161,521. 
0036. In addition, ester or amide bridges can be formed by 
reacting the OH of serine or threonine with the carboxyl 
group of aspartic acid or glutamic acid to yield a bridge 
having the structure —CH2COCH2—, Similarly, an amide 
can be obtained by reacting the side chain of lysine with 
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aspartic acid or glutamic acid to yield a bridge having the 
structure —CHC(O)NH(CH) . Methods for synthesis of 
these bridges are known in the art (see, e.g., Schiller et al. 
(1985) Biochem. Biophy. Res. Comm. 127:558, and Schilleret 
al. (1985) Int. J. Peptide Protein Res. 25:171). Other bridge 
forming amino acid residues and reactions are provided in, 
for example, U.S. Pat. No. 4,935,492. Preparation of peptide 
analogs that include non-peptidyl bonds to link amino acid 
residues also are known in the art. See, e.g., Spatola et al. 
(1986) Life Sci. 38:1243: Spatola (1983) Vega Data 1(3): 
Morley (1980) Trends Pharm. Sci. 463-468; Hudson et al. 
(1979) Int. J. Pept. Prot. Res. 14:177; Spatola, in Chemistry 
and Biochemistry of Amino Acid Peptides and Proteins, B. 
Weinstein, ed., Marcel Dekker, New York, p. 267 (1983); 
Hann (1982).J. Chem. Soc. Perkin Trans. 1:307: Almquist et 
al. (1980) J. Med. Chem. 23:1392: Jennings-White et al. 
(1982) Tetrahedron Lett. 23:2533: European Patent Applica 
tion EP 45665; Holladay et al. (1983) Tetrahedron Lett. 
24:4401; and Hruby (1982) Life Sci. 31:189. 
0037. In some embodiments, a natriuretic polypeptide can 
comprise an amino acid sequence as set forth in SEQ ID 
NOS:3,5,6,7,8,9, 10, 11, or 12, but with aparticular number 
of amino acid Substitutions. For example, a natriuretic 
polypeptide can have the amino acid sequence of any one of 
SEQID NOS:3, 5, 6,7,8,9, 10, 11, or 12, but with one, two, 
three, four, or five amino acid Substitutions. Examples of such 
amino acid sequences include, without limitation, those set 
forth in SEQID NOS:15-24. 

(SEQ ID NO: 15) 
TLRRSSCFGGRMDRIGAOSGLGCNSFRYRITAREDKOGWA 

(SEQ ID NO: 16) 
SIRRSSCFGGRMDRIGAOSGLGCNSFRYRITAREDKOGWA 

(SEO ID NO: 17) 
SLKRSSCFGGRMDRIGAOSGLGCNSFRYRITAREDKOGWA 

(SEQ ID NO: 18) 
SLRKSSCFGGRMDRIGAOSGLGCNSFRYRITAREDKOGWA 

(SEQ ID NO: 19) 
SLRRTSCFGGRMDRIGAOSGLGCNSFRYRITAREDKOGWA 

(SEQ ID NO: 2O) 
SLRRSSCFGGRMDRIGAOSGLGCNSFRYRITAREDROGWA 

(SEQ ID NO: 21) 
SLRRSSCFGGRMDRIGAOSGLGCNSFRYRITAREDKNGWA 

(SEQ ID NO: 22) 
SLRRSSCFGGRMDRIGAOSGLGCNSFRYRITAREDKOPWA 

(SEQ ID NO: 23) 
SLRRSSCFGGRMDRIGAOSGLGCNSFRYRITAREDKOGYA 

(SEQ ID NO: 24) 
SLRRSSCFGGRMDRIGAOSGLGCNSFRYRITAREDKOGWV 

0038. In some embodiments, a natriuretic polypeptide as 
provided herein can include an amino acid sequence with at 
least 85% (e.g., 85%. 86%, 87%. 88%, 89%, 90%,91%.92%, 
93%, 94%, 95%, 96%, 97%, 97.5%, 98%, 98.5%, 99.0%, 
99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100%) sequence 
identity to a region of a reference natriuretic polypeptide 
sequence (e.g., any one of SEQID NOS:3, 5, 6,7,8,9, 10, 11, 
12, or 13). Percent sequence identity is calculated by deter 
mining the number of matched positions in aligned amino 
acid sequences, dividing the number of matched positions by 
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the total number of aligned amino acids, and multiplying by 
100. A matched position refers to a position in which identical 
amino acids occur at the same position in aligned amino acid 
sequences. Percent sequence identity also can be determined 
for any nucleic acid sequence. 
0039 Percent sequence identity is determined by compar 
ing a target nucleic acid or amino acid sequence to the iden 
tified nucleic acid or amino acid sequence using the BLAST 
2 Sequences (B12seq) program from the stand-alone version 
of BLASTZ containing BLASTN version 2.0.14 and 
BLASTP version 2.0.14. This stand-alone version of 
BLASTZ can be obtained on the World WideWeb from Fish 
& Richardson's web site (fr.com/blast) or the U.S. govern 
ment's National Center for Biotechnology Information web 
site (ncbi.nlm.nih.gov). Instructions explaining how to use 
the B12seq program can be found in the readme file accom 
panying BLASTZ. 
0040. B12seq performs a comparison between two 
sequences using either the BLASTN or BLASTP algorithm. 
BLASTN is used to compare nucleic acid sequences, while 
BLASTP is used to compare amino acid sequences. To com 
pare two nucleic acid sequences, the options are set as fol 
lows: —i is set to a file containing the first nucleic acid 
sequence to be compared (e.g., C:\Seq 1.txt); - is set to a file 
containing the second nucleic acid sequence to be compared 
(e.g., C:\Seq2.txt); - p is set to blastn; —o is set to any desired 
file name (e.g., C:\output.txt); —q is set to -1; —r is set to 2; 
and all other options are left at their default setting. The 
following command will generate an output file containing a 
comparison between two sequences: C:\B12Seq c\seq1.txt 
—c:\Seq2.txt—p blastn—o c:\output.txt—q-1—r 2. If the 
target sequence shares homology with any portion of the 
identified sequence, then the designated output file will 
present those regions of homology as aligned sequences. If 
the target sequence does not share homology with any portion 
of the identified sequence, then the designated output file will 
not present aligned sequences. 
0041. Once aligned, a length is determined by counting the 
number of consecutive nucleotides from the target sequence 
presented in alignment with sequence from the identified 
sequence starting with any matched position and ending with 
any other matched position. A matched position is any posi 
tion where an identical nucleotide is presented in both the 
target and identified sequence. Gaps presented in the target 
sequence are not counted since gaps are not nucleotides. 
Likewise, gaps presented in the identified sequence are not 
counted since target sequence nucleotides are counted, not 
nucleotides from the identified sequence. 
0042. The percent identity over a particular length is deter 
mined by counting the number of matched positions over that 
length and dividing that number by the length followed by 
multiplying the resulting value by 100. For example, if (1) a 
target sequence that is 30 amino acids in length is compared 
to the sequence set forth in SEQ ID NO:6, (2) the B12seq 
program presents 27 amino acids from the target sequence 
aligned with a region of the sequence set forth in SEQ ID 
NO:6 where the first and last amino acids of that 27 amino 
acid region are matches, and (3) the number of matches over 
those 27 aligned amino acids is 25, then the 30 amino acid 
target sequence contains a length of 27 and a percent identity 
over that length of 92.6 (i.e., 25+27x100-92.6). 
0043. It will be appreciated that different regions within a 
single amino acid or nucleic acid target sequence that aligns 
with an identified sequence can each have their own percent 
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identity. It is noted that the percent identity value is rounded 
to the nearest tenth. For example, 78.11, 78.12, 78.13, and 
78.14 are rounded down to 78.1, while 78.15, 78.16, 78.17, 
78.18, and 78.19 are rounded up to 78.2. It also is noted that 
the length value will always be an integer. 
0044 Isolated polypeptides can be produced using any 
Suitable methods, including Solid phase synthesis, and can be 
generated using manual techniques or automated techniques 
(e.g., using an Applied BioSystems (Foster City, Calif.) Pep 
tide Synthesizer or a Biosearch Inc. (San Rafael, Calif.) auto 
matic peptide synthesizer. Disulfide bonds between cysteine 
residues can be introduced by mild oxidation of the linear 
polypeptides using KCN as taught, e.g., in U.S. Pat. No. 
4,757,048. Natriuretic polypeptides also can be produced 
recombinantly, as described herein. 
0045. In some cases, a polypeptide provided herein can be 
a Substantially pure polypeptide. As used herein, the term 
“substantially pure' with reference to a polypeptide means 
that the polypeptide is substantially free of other polypep 
tides, lipids, carbohydrates, and nucleic acid with which it is 
naturally associated. Thus, a Substantially pure polypeptide is 
any polypeptide that is removed from its natural environment 
and is at least 60 percent pure or is any chemically synthe 
sized polypeptide. A Substantially pure polypeptide can be at 
least about 60, 65, 70, 75, 80, 85,90, 95, or 99 percent pure. 
Typically, a Substantially pure polypeptide will yield a single 
major band on a non-reducing polyacrylamide gel. 
0046 Salts of carboxyl groups of polypeptides can be 
prepared by contacting the peptide with one or more equiva 
lents of a desired base such as, for example, a metallic 
hydroxide base (e.g., sodium hydroxide), a metal carbonate 
orbicarbonate base (e.g., sodium carbonate or sodium bicar 
bonate), or an amine base (e.g., triethylamine, triethanola 
mine, and the like). Acid addition salts of polypeptides can be 
prepared by contacting the polypeptide with one or more 
equivalents of an inorganic or organic acid (e.g., hydrochloric 
acid). 
0047. Esters of carboxyl groups of polypeptides can be 
prepared using any Suitable means (e.g., those known in the 
art) for converting a carboxylic acid or precursor to an ester. 
For example, one method for preparing esters of the present 
polypeptides, when using the Merrifield synthesis technique, 
is to cleave the completed polypeptide from the resin in the 
presence of the desired alcohol under either basic or acidic 
conditions, depending upon the resin. The C-terminal end of 
the polypeptide then can be directly esterified when freed 
from the resin, without isolation of the free acid. 
0048 Amides of polypeptides can be prepared using tech 
niques (e.g., those known in the art) for converting a carboxy 
lic acid group or precursor to an amide. One method foramide 
formation at the C-terminal carboxyl group includes cleaving 
the polypeptide from a solid Support with an appropriate 
amine, or cleaving in the presence of an alcohol, yielding an 
ester, followed by aminolysis with the desired amine. 
0049 N-acyl derivatives of an amino group of a polypep 
tide can be prepared by utilizing an N-acyl protected amino 
acid for the final condensation, or by acylating a protected or 
unprotected peptide. O-acyl derivatives can be prepared for 
example, by acylation of a free hydroxy peptide or peptide 
resin. Either acylation may be carried out using standard 
acylating reagents such as acyl halides, anhydrides, acyl imi 
dazoles, and the like. Both N- and O-acylation may be carried 
out together, if desired. 
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0050. In some embodiments, the natriuretic polypeptides 
provided herein can have half-lives that are increased relative 
to the half-life of native natriuretic polypeptides. For 
example, while the half-life of ANP in humans is about two to 
five minutes and its metabolic clearance rate is about 14 to 25 
ml/min/kg, the elimination half-life of a variant natriuretic 
polypeptide (e.g., containing SEQ ID NO:13) can be 
increased by comparison. In some cases, a natriuretic 
polypeptide provided herein can have a half life that is 
increased by at least 2-fold (e.g., at least 2-fold, at least 3-fold, 
at least 4-fold, at least 5-fold, at least 6-fold, at least 7-fold, at 
least 8-fold, at least 9-fold, or at least 10-fold) as compared to 
a native natriuretic polypeptide such as ANP, for example. In 
Some embodiments, a natriuretic polypeptide can have an 
elimination half-life of at least about 5 minutes (e.g., at least 
about 5 minutes, at least about 7 minutes, at least about 10 
minutes, at least about 12 minutes, at least about 15 minutes, 
at least about 17 minutes, at least about 18 minutes, or at least 
about 20 minutes). 
0051. In some embodiments, a natriuretic polypeptide can 
be modified by linkage to a polymer Such as polyethylene 
glycol (PEG), or by fusion to another polypeptide such as 
albumin, for example. In some embodiments, one or more 
PEG moieties can be conjugated to a natriuretic polypeptide 
via lysine residues. Linkage to PEG or another suitable poly 
mer, or fusion to albumin or another suitable polypeptide can 
result in a modified natriuretic polypeptide having an 
increased half life as compared to an unmodified natriuretic 
polypeptide. Without being bound by a particular mecha 
nism, an increased serum half life can result from reduced 
proteolytic degradation, immune recognition, or cell scav 
anging of the modified natriuretic polypeptide. Methods for 
modifying a polypeptide by linkage to PEG (also referred to 
as "PEGylation') or other polymers are known in the art, and 
include those set forth in U.S. Pat. No. 6,884,780; Cataliottiet 
al. (2007) Trends Cardiovasc. Med. 17:10-14; Veronese and 
Mero (2008) BioDrugs 22:315-329; Miller et al. (2006) Bio 
conjugate Chem. 17:267-274; and Veronese and Pasut (2005) 
Drug Discov. Today 10:1451-1458, all of which are incorpo 
rated herein by reference in their entirety. Methods for modi 
fying a polypeptide by fusion to albuminalso are known in the 
art, and include those set forth in U.S. Patent Publication No. 
20040086976, and Wang et al. (2004) Pharm. Res. 21:2105 
2111, both of which are incorporated herein by reference in 
their entirety. 
0.052 A natriuretic polypeptide as provided herein can 
function through one or more of the guanylyl cyclase recep 
tors through which the native natriuretic polypeptides func 
tion. For example, a natriuretic polypeptide as provided 
herein can bind to and function through the NPR-A receptor 
through which ANP and BNP function, orthrough the NPR-B 
receptor through which CNP functions. Further, in some 
cases, a natriuretic polypeptide as provided herein can bind to 
and function through more than one guanylyl cyclase recep 
tor, including NPR-A and NPR-B, for example. Methods for 
evaluating which receptor is involved in function of a particu 
lar natriuretic polypeptide are known in the art. For example, 
glomeruli, which contain both NPR-A and NPR-B, can be 
isolated (e.g., from a laboratory animal Such as a dog) and 
incubated with a natriuretic polypeptide (e.g., a native, chi 
meric, or mutated natriuretic polypeptide), and coMP levels 
can be measured. Glomeruli can be pretreated with antago 
nists of NPR-A or NPR-B to determine whether cGMP pro 
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duction stimulated by a natriuretic polypeptide through one 
or the other receptor can be attenuated. 
0053. In some cases, a compound (e.g., an isolated natri 
uretic polypeptide) provided herein can reduce or prevent 
restenosis. The presence or extent of restenosis can be evalu 
ated using methods known in the art, including, for example, 
angiogram. In some cases, a compound (e.g., an isolated 
natriuretic polypeptide) provided herein can reduce or pre 
vent cardiac remodeling. The term "cardiac remodeling 
refers to effects on the heart that can occur with MI, acute 
heart failure (AHF), or other conditions. These include, for 
example, heart dilation, myocyte hypertrophy, and cardiofi 
brosis (i.e., proliferation of interstitial fibroblasts). The natri 
uretic polypeptides provided herein can inhibit or prevent 
cardiac remodeling that occurs with acute MI or AHF. In 
Some embodiments, parameters indicative of reduced cardiac 
remodeling can include one or more of the following: cardiac 
unloading (i.e., reduced pressure in the heart), increased 
glomerular filtration rate (GFR), decreased plasma renin 
activity (PRA), decreased levels of angiotensin II, decreased 
proliferation of cardiac fibroblasts, decreased left ventricular 
(LV) hypertrophy), decreased LV mass (indicative of reduced 
fibrosis and hypertrophy), decreased pulmonary wedge cap 
illary pressure (PWCP; an indirect measure of left atrial pres 
Sure), decreased right atrial pressure, decreased mean arterial 
pressure, decreased levels of aldosterone (indicative of an 
anti-fibrotic effect), decreased ventricular fibrosis, increased 
ejection fraction, and decreased LV end systolic diameter. To 
determine whether a natriuretic polypeptide is capable of 
inhibiting or reducing cardiac remodeling, one or more of 
these parameters can be evaluated (e.g., before and after 
treatment with the natriuretic polypeptide), using methods 
known in the art, for example. 

Nucleic Acids, Vectors, and Host Cells 

0054. This document also describes exemplary nucleic 
acids encoding polypeptides (e.g., natriuretic polypeptides), 
as well as expression vectors containing the nucleic acids, and 
host cells containing the nucleic acids and/or expression vec 
tors. As used herein, the term “nucleic acid refers to both 
RNA and DNA, including cDNA, genomic DNA, and syn 
thetic (e.g., chemically synthesized) DNA. A nucleic acid 
molecule can be double-stranded or single-stranded (i.e., a 
sense oran antisense single strand). Nucleic acids include, for 
example, cDNAS encoding the natriuretic polypeptides, vari 
ant natriuretic polypeptides, and chimeric natriuretic 
polypeptides provided herein. 
0.055 An "isolated nucleic acid' is a nucleic acid that is 
separated from other nucleic acid molecules that are present 
in a vertebrate genome, including nucleic acids that normally 
flank one or both sides of the nucleic acid in a vertebrate 
genome. The term "isolated as used herein with respect to 
nucleic acids also includes any non-naturally-occurring 
nucleic acid sequence, since Such non-naturally-occurring 
sequences are not found in nature and do not have immedi 
ately contiguous sequences in a naturally-occurring genome. 
0056. An isolated nucleic acid can be, for example, a DNA 
molecule, provided one of the nucleic acid sequences nor 
mally found immediately flanking that DNA molecule in a 
naturally-occurring genome is removed or absent. Thus, an 
isolated nucleic acid includes, without limitation, a DNA 
molecule that exists as a separate molecule (e.g., a chemically 
synthesized nucleic acid, or a cDNA or genomic DNA frag 
ment produced by PCR or restriction endonuclease treat 
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ment) independent of other sequences as well as DNA that is 
incorporated into a vector, an autonomously replicating plas 
mid, a virus (e.g., a retrovirus, lentivirus, adenovirus, or her 
pes virus), or into the genomic DNA of a prokaryote or 
eukaryote. In addition, an isolated nucleic acid can include an 
engineered nucleic acid Such as a DNA molecule that is part 
of a hybrid or fusion nucleic acid. A nucleic acid existing 
among hundreds to millions of other nucleic acids within, for 
example, cDNA libraries or genomic libraries, or gel slices 
containing a genomic DNA restriction digest, is not consid 
ered an isolated nucleic acid. By way of example and not 
limitation, an "isolated ANP nucleic acid.” for example, can 
be a RNA or DNA molecule containing 9 or more (e.g., 15 or 
more, 21 or more, 36 or more, or 45 or more) sequential 
nucleotide bases that encode at least a portion of ANP, or a 
RNA or DNA complementary thereto. 
0057 Also provided herein are nucleic acid molecules that 
can selectively hybridize under stringent hybridization con 
ditions to a nucleic acid molecule encoding a natriuretic 
polypeptide (e.g., a nucleic acid molecule encoding a 
polypeptide having the amino acid sequence set forth in any 
of SEQID NOS:3, 5, 6,7,8,9, 10, 11, 12, or 13), or variants 
and fragments thereof. The term “selectively hybridize” 
means to detectably and specifically bind under hybridization 
and wash conditions that minimize appreciable amounts of 
detectable binding to nonspecific nucleic acids. For example, 
highly stringent or moderately stringent conditions can be 
used to achieve selective hybridization. Moderate and strin 
gent hybridization conditions include those that are well 
known in the art. See, for example, sections 9.47-9.51 of 
Sambrook et al. (1989). For the purpose of this document, 
moderately stringent hybridization conditions mean the 
hybridization is performed at about 42°C. in a hybridization 
solution containing 25 mMKPO (pH 7.4), 5xSSC, 5xDen 
hardt's solution, 50 g/mL denatured, Sonicated salmon 
sperm DNA, 50% formamide, 10% Dextran sulfate, and 1-15 
ng/mL probe (about 5x10 cpm/ug), while the washes are 
performed at about 50° C. with a wash solution containing 
2xSSC and 0.1% sodium dodecyl sulfate. Highly stringent 
hybridization conditions mean the hybridization is performed 
at about 42°C. in a hybridization solution containing 25 mM 
KPO (pH 7.4), 5xSSC, 5xDenhardt's solution, 50 ug/mL 
denatured, sonicated salmon sperm DNA, 50% formamide, 
10% Dextran sulfate, and 1-15 ng/mL probe (about 5x107 
cpm/m), while the washes are performed at about 65°C. with 
a wash solution containing 0.2xSSC and 0.1% sodium dode 
cyl sulfate. 
0.058 Isolated nucleic acid molecules can be produced 
using standard techniques, including, without limitation, 
common molecular cloning and chemical nucleic acid syn 
thesis techniques. For example, polymerase chain reaction 
(PCR) techniques can be used to obtain an isolated nucleic 
acid containing nucleotide sequence that encodes a natri 
uretic polypeptide as provided herein. PCR refers to a proce 
dure or technique in which target nucleic acids are enzymati 
cally amplified. Sequence information from the ends of the 
region of interest or beyond typically is employed to design 
oligonucleotide primers that are identical in sequence to 
opposite strands of the template to be amplified. PCR can be 
used to amplify specific sequences from DNA as well as 
RNA, including sequences from total genomic DNA or total 
cellular RNA. Primers typically are 14 to 40 nucleotides in 
length, but can range from 10 nucleotides to hundreds of 
nucleotides in length. General PCR techniques are described, 
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for example in PCR Primer: A Laboratory Manual, ed. by 
Dieffenbach and Dveksler, Cold Spring Harbor Laboratory 
Press, 1995. When using RNA as a source oftemplate, reverse 
transcriptase can be used to synthesize complementary DNA 
(cDNA) strands. Ligase chain reaction, Strand displacement 
amplification, self-sustained sequence replication, or nucleic 
acid sequence-based amplification also can be used to obtain 
isolated nucleic acids. See, for example, Lewis (1992) 
Genetic Engineering News 12:1; Guatelli et al. (1990) Proc. 
Natl. Acad. Sci. USA 87: 1874-1878; and Weiss (1991) Sci 
ence 254:1292. 

0059 Isolated nucleic acids also can be chemically syn 
thesized, either as a single nucleic acid molecule (e.g., using 
automated DNA synthesis in the 3' to 5' direction using phos 
phoramidite technology) or as a series of oligonucleotides. 
For example, one or more pairs of long oligonucleotides (e.g., 
>100 nucleotides) can be synthesized that contain the desired 
sequence, with each pair containing a short segment of 
complementarity (e.g., about 15 nucleotides) Such that a 
duplex is formed when the oligonucleotide pair is annealed. 
DNA polymerase is used to extend the oligonucleotides, 
resulting in a single, double-stranded nucleic acid molecule 
per oligonucleotide pair, which then can be ligated into a 
Vector. 

0060 Isolated nucleic acids (e.g., nucleic acids encoding 
variant natriuretic polypeptides) also can be obtained by 
mutagenesis. For example, a reference sequence can be 
mutated using standard techniques including oligonucle 
otide-directed mutagenesis and site-directed mutagenesis 
through PCR. See, Short Protocols in Molecular Biology, 
Chapter 8, Green Publishing Associates and John Wiley & 
Sons, edited by Ausubel et al., 1992. Non-limiting examples 
of variant natriuretic polypeptides are provided herein. 
0061 This document also contemplates nucleic acid mol 
ecules encoding amino acid sequences from natriuretic 
polypeptides other than ANP BNP. CNP. DNP URO, or 
chimeras or variants thereof. Sources of nucleotide sequences 
from which nucleic acid molecules encoding a natriuretic 
polypeptide, or the nucleic acid complement thereof, can be 
obtained include total or poly A+ RNA from any eukaryotic 
Source, including reptilian (e.g., Snake) or mammalian (e.g., 
human, rat, mouse, canine, bovine, equine, Ovine, caprine, or 
feline) cellular source from which cDNAs can be derived by 
methods known in the art. Other sources of the nucleic acid 
molecules provided herein include genomic libraries derived 
from any eukaryotic cellular source, including mammalian 
Sources as exemplified above. 
0062) Nucleic acid molecules encoding native natriuretic 
polypeptides can be identified and isolated using standard 
methods, e.g., as described by Sambrook et al., Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor Labo 
ratory Press, NY (1989). For example, reverse-transcriptase 
PCR(RT-PCR) can be used to isolate and clone natriuretic 
polypeptide cDNAs from isolated RNA that contains RNA 
sequences of interest (e.g., total RNA isolated from human 
tissue). Other approaches to identify, isolate and clone natri 
uretic polypeptide cDNAS include, for example, Screening 
cDNA libraries. 

0063 Vectors containing nucleic acids such as those 
described herein also are provided. A “vector” is a replicon, 
Such as a plasmid, phage, or cosmid, into which another DNA 
segment may be inserted so as to bring about the replication of 
the inserted segment. An "expression vector” is a vector that 
includes one or more expression control sequences, and an 
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“expression control sequence' is a DNA sequence that con 
trols and regulates the transcription and/or translation of 
another DNA sequence. 
0064. In the expression vectors provided herein, a nucleic 
acid (e.g., a nucleic acid encoding a natriuretic polypeptide) 
can be operably linked to one or more expression control 
sequences. As used herein, “operably linked' means incor 
porated into a genetic construct so that expression control 
sequences effectively control expression of a coding 
sequence of interest. Examples of expression control 
sequences include promoters, enhancers, and transcription 
terminating regions. A promoter is an expression control 
sequence composed of a region of a DNA molecule, typically 
within 100 to 500 nucleotides upstream of the point at which 
transcription starts (generally near the initiation site for RNA 
polymerase II). To bring a coding sequence under the control 
of a promoter, it is necessary to position the translation ini 
tiation site of the translational reading frame of the polypep 
tide between one and about fifty nucleotides downstream of 
the promoter. Enhancers provide expression specificity in 
terms of time, location, and level. Unlike promoters, enhanc 
ers can function when located at various distances from the 
transcription site. An enhancer also can be located down 
stream from the transcription initiation site. A coding 
sequence is “operably linked' and “under the control of 
expression control sequences in a cell when RNA polymerase 
is able to transcribe the coding sequence into mRNA, which 
then can be translated into the protein encoded by the coding 
sequence. Expression vectors thus can be useful to produce 
antibodies as well as other multivalent molecules. 

0065 Suitable expression vectors include, without limita 
tion, plasmids and viral vectors derived from, for example, 
bacteriophage, baculoviruses, tobacco mosaic virus, herpes 
viruses, cytomegalovirus, retroviruses, vaccinia viruses, 
adenoviruses, and adeno-associated viruses. Numerous vec 
tors and expression systems are commercially available from 
such corporations as Novagen (Madison, Wis.), Clontech 
(Palo Alto, Calif.), Stratagene (La Jolla, Calif.), and Invitro 
gen/Life Technologies (Carlsbad, Calif.). 
0066 An expression vector can include a tag sequence 
designed to facilitate Subsequent manipulation of the 
expressed nucleic acid sequence (e.g., purification or local 
ization). Tag sequences, such as green fluorescent protein 
(GFP), glutathione S-transferase (GST), polyhistidine, 
c-myc, hemagglutinin, or Flag M tag (Kodak, New Haven, 
Conn.) sequences typically are expressed as a fusion with the 
encoded polypeptide. Such tags can be inserted anywhere 
within the polypeptide including at either the carboxyl or 
amino terminus. 

0067 Host cells containing vectors also are provided. The 
term “host cell' is intended to include prokaryotic and 
eukaryotic cells into which a recombinant expression vector 
can be introduced. As used herein, “transformed and “trans 
fected encompass the introduction of a nucleic acid mol 
ecule (e.g., a vector) into a cell by one of a number of tech 
niques. Although not limited to a particular technique, a 
number of these techniques are well established within the 
art. Suitable methods for transforming and transfecting host 
cells can be found, for example, in Sambrook et al., Molecu 
lar Cloning: A Laboratory Manual (2" edition), Cold Spring 
Harbor Laboratory, New York (1989). For example, calcium 
phosphate precipitation, electroporation, heat shock, lipofec 
tion, microinjection, and viral-mediated nucleic acid transfer 
can be used introduce nucleic acid into cells. In addition, 
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naked DNA can be delivered directly to cells in vivo as 
described elsewhere (U.S. Pat. Nos. 5,580,859 and 5,589, 
466). 

Detecting Polypeptides 

0068. This document provides methods and materials 
(e.g., antibodies) for detecting a polypeptide provided herein. 
Such methods and materials can be used to monitor polypep 
tide levels within a mammal receiving the polypeptide as a 
therapeutic. A natriuretic polypeptide provided herein can be 
detected, for example, immunologically, using one or more 
antibodies. As used herein, the term “antibody' includes 
intact molecules as well as fragments thereofthat are capable 
of binding to an epitopic determinant of a polypeptide pro 
vided herein. The term “epitope” refers to an antigenic deter 
minant on an antigen to which the paratope of an antibody 
binds. Epitopic determinants usually consist of chemically 
active Surface groupings of molecules such as amino acids or 
Sugar side chains, and typically have specific three-dimen 
sional structural characteristics, as well as specific charge 
characteristics. Epitopes generally have at least five contigu 
ous amino acids (a continuous epitope), or alternatively can 
be a set of noncontiguous amino acids that define a particular 
structure (e.g., a conformational epitope). The term “anti 
body' includes polyclonal antibodies, monoclonal antibod 
ies, humanized or chimeric antibodies, single chain FV anti 
body fragments, Fab fragments, and F(ab) fragments. 
Polyclonal antibodies are heterogeneous populations of anti 
body molecules that are contained in the Sera of the immu 
nized animals. Monoclonal antibodies are homogeneous 
populations of antibodies to aparticular epitope of an antigen. 
0069. Antibody fragments that have specific binding affin 

ity for a natriuretic polypeptide provided herein can be gen 
erated by known techniques. For example, F(ab')2 fragments 
can be produced by pepsin digestion of the antibody mol 
ecule; Fab fragments can be generated by reducing the disul 
fide bridges of F(ab')2 fragments. In some cases, Fab expres 
sion libraries can be constructed. See, for example, Huse et 
al., Science, 246:1275 (1989). Once produced, antibodies or 
fragments thereof can be tested for recognition of a polypep 
tide provided herein by Standard immunoassay methods 
including ELISA techniques, radioimmunoassays, and West 
ern blotting. See, Short Protocols in Molecular Biology, 
Chapter 11, Green Publishing Associates and John Wiley & 
Sons, Ed. Ausubel et al., 1992. 
0070. In immunological assays, an antibody having spe 

cific binding affinity for a polypeptide provided herein or a 
secondary antibody that binds to Such an antibody can be 
labeled, either directly or indirectly. Suitable labels include, 
without limitation, radionuclides (e.g., 'I, I, S, H, °P. 

P. or ''C), fluorescent moieties (e.g., fluorescein, FITC, 
PerCP. rhodamine, or PE), luminescent moieties (e.g., 
QdotTM nanoparticles supplied by Invitrogen (Carlsbad, 
Calif.)), compounds that absorb light of a defined wave 
length, or enzymes (e.g., alkaline phosphatase or horseradish 
peroxidase). Antibodies can be indirectly labeled by conju 
gation with biotin then detected with avidin or streptavidin 
labeled with a molecule described above. Methods of detect 
ing or quantifying a label depend on the nature of the label and 
are known in the art. Examples of detectors include, without 
limitation, X-ray film, radioactivity counters, Scintillation 
counters, spectrophotometers, colorimeters, fluorometers, 
luminometers, and densitometers. Combinations of these 
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approaches (including “multi-layer assays) familiar to those 
in the art can be used to enhance the sensitivity of assays. 
0071 Immunological assays for detecting a polypeptide 
provided herein can be performed in a variety of known 
formats, including sandwich assays, competition assays 
(competitive RIA), or bridge immunoassays. See, for 
example, U.S. Pat. Nos. 5.296,347; 4,233,402; 4,098,876: 
and 4,034,074. Methods of detecting a polypeptide provided 
herein generally include contacting a biological sample with 
an antibody that binds to a polypeptide provided herein and 
detecting binding of the polypeptide to the antibody. For 
example, an antibody having specific binding affinity for a 
polypeptide provided herein can be immobilized on a solid 
substrate by any of a variety of methods known in the art and 
then exposed to the biological sample. Binding of the 
polypeptide to the antibody on the solid substrate can be 
detected by exploiting the phenomenon of Surface plasmon 
resonance, which results in a change in the intensity of Sur 
face plasmon resonance upon binding that can be detected 
qualitatively or quantitatively by an appropriate instrument, 
e.g., a Biacore apparatus (Biacore International AB, Rapsga 
tan, Sweden). In some cases, the antibody can be labeled and 
detected as described above. A standard curve using known 
quantities of a polypeptide provided herein can be generated 
to aid in the quantitation of the levels of the polypeptide. 
0072. In some embodiments, a “sandwich' assay in which 
a capture antibody is immobilized on a solid Substrate can be 
used to detect the presence, absence, or level of a polypeptide 
provided herein. The solid substrate can be contacted with the 
biological sample Such that any polypeptide of interest in the 
sample can bind to the immobilized antibody. The presence, 
absence, or level of the polypeptide bound to the antibody can 
be determined using a “detection' antibody having specific 
binding affinity for the polypeptide. In some embodiments, a 
capture antibody can be used that has binding affinity for 
ANP, BNP, CNP, DNP, and/or URO, or a chimeric or variant 
polypeptide as described herein, and a detection antibody can 
be used that has specific binding affinity for a particular 
polypeptide provided herein (e.g., a polypeptide having the 
amino acid sequence set forth in any of SEQID NOS:3, 5, 6, 
7, 8, 9, 10, 11, 12, or 13). It is understood that in sandwich 
assays, the capture antibody should not bind to the same 
epitope (or range of epitopes in the case of a polyclonal 
antibody) as the detection antibody. Thus, if a monoclonal 
antibody is used as a capture antibody, the detection antibody 
can be another monoclonal antibody that binds to an epitope 
that is either physically separated from or only partially over 
laps with the epitope to which the capture monoclonal anti 
body binds, or a polyclonal antibody that binds to epitopes 
other than or in addition to that to which the capture mono 
clonal antibody binds. If a polyclonal antibody is used as a 
capture antibody, the detection antibody can be either a 
monoclonal antibody that binds to an epitope that is either 
physically separated from or partially overlaps with any of the 
epitopes to which the capture polyclonal antibody binds, or a 
polyclonal antibody that binds to epitopes other than or in 
addition to that to which the capture polyclonal antibody 
binds. Sandwich assays can be performed as Sandwich 
ELISA assays, Sandwich Western blotting assays, or sand 
wich immunomagnetic detection assays. 
0073 Suitable solid substrates to which an antibody (e.g., 
a capture antibody) can be bound include, without limitation, 
microtiter plates, tubes, membranes such as nylon or nitro 
cellulose membranes, and beads or particles (e.g., agarose, 
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cellulose, glass, polystyrene, polyacrylamide, magnetic, or 
magnetizable beads or particles). Magnetic or magnetizable 
particles can be particularly useful when an automated immu 
noassay system is used. 
0074 Antibodies having specific binding affinity for a 
polypeptide provided herein can be produced through stan 
dard methods. For example, a polypeptide can be recombi 
nantly produced as described above, can be purified from a 
biological sample (e.g., a heterologous expression system), or 
can be chemically synthesized, and used to immunize host 
animals, including rabbits, chickens, mice, guinea pigs, or 
rats. For example, a polypeptide having the amino acid 
sequence set forth in any of SEQID NOS:3, 5, 6, 7, 8, 9, 10, 
11, 12, or 13, or fragments or variants thereofthat are at least 
six amino acids in length, can be used to immunize an animal. 
Various adjuvants that can be used to increase the immuno 
logical response depend on the host species and include Fre 
und's adjuvant (complete and incomplete), mineral gels such 
as aluminum hydroxide, Surface active Substances such as 
lysolecithin, pluronic polyols, polyanions, peptides, oil emul 
sions, keyhole limpet hemocyanin and dinitrophenol. Mono 
clonal antibodies can be prepared using a polypeptide pro 
vided herein and standard hybridoma technology. In 
particular, monoclonal antibodies can be obtained by any 
technique that provides for the production of antibody mol 
ecules by continuous cell lines in culture such as described by 
Kohler et al., Nature, 256:495 (1975), the human B-cell 
hybridoma technique (Kosboret al., Immunology Today, 4:72 
(1983); Cote et al., Proc. Natl. Acad. Sci. USA, 80:2026 
(1983)), and the EBV-hybridoma technique (Cole et al., 
"Monoclonal Antibodies and Cancer Therapy. Alan R. Liss, 
Inc., pp. 77-96 (1983)). Such antibodies can be of any immu 
noglobulin class including IgG, IgM, IgE, IgA, Ig|D, and any 
Subclass thereof. The hybridoma producing the monoclonal 
antibodies can be cultivated in vitro and in vivo. 
0075 Other techniques for detecting a polypeptide pro 
vided herein include mass-spectrophotometric techniques 
Such as electrospray ionization (ESI), and matrix-assisted 
laser desorption-ionization (MALDI). See, for example, Gev 
aert et al., Electrophoresis, 22:1645-51 (2001); Chaurand et 
al., J. Am. Soc. Mass Spectrom., 10:91-103 (1999). Mass 
spectrometers useful for Such applications are available from 
Applied Biosystems (Foster City, Calif); Bruker Daltronics 
(Billerica, Mass.); and Amersham Pharmacia (Sunnyvale, 
Calif.). 

Methods for Diagnosing or Determining Predisposition to 
Arrhythmias 

0076. This document also provides methods for determin 
ing whether a mammal has or is predisposed to develop a 
cardiac arrhythmia such as atrial fibrillation, for example. The 
methods can include, for example, obtaining a biological 
sample (e.g., blood, serum, urine, cerebrospinal fluid, pleural 
fluid, sputum, peritoneal fluid, bladder washings, oral wash 
ings, tissue samples, touch preps, or fine-needle aspirates) 
from a mammal and assaying the sample to determine 
whether or not it contains a polypeptide that includes the 
amino acid sequence set forth in SEQID NO:13 herein, or a 
nucleic acid encoding such an amino acid sequence. In some 
embodiments, the method can include determining whether 
or not the sample contains a polypeptide including the amino 
acid sequence set forth in SEQID NO:13, but with less than 
five (e.g., four, three, two, one) amino acid additions, Subtrac 
tions, and substitutions relative to SEQ ID NO:13. If the 
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sample is determined to contain the polypeptide or nucleic 
acid, the mammal can be diagnosed as having, or predisposed 
to develop, a cardiac arrhythmia such as atrial fibrillation, for 
example. 
0077. Any suitable method can be used to determine 
whether a biological sample contains a polypeptide that 
includes the amino acid sequence set forth in SEQID NO:13, 
or an amino acid sequence having less than five amino acid 
additions, subtractions, and substitutions relative to SEQID 
NO:13. For example, the methods described hereinfordetect 
ing polypeptides (e.g., antibody-based methods using an anti 
body directed to SEQ ID NO:13) can be used to determine 
whether a biological sample contains a polypeptide that 
include the amino acid sequence of SEQID NO:13. 
0078 Methods for detecting nucleic acids include those 
known in the art. For example, DNA sequencing, PCR-based 
techniques, or hybridization-based methods can be used to 
determine whether a biological sample from a mammal con 
tains a nucleic acid that encodes a polypeptide containing the 
amino acid sequence set forth in SEQID NO:13, oran amino 
acid sequence having less than five (e.g., four, three, two, or 
one) amino acid additions, Subtractions, and Substitutions 
relative to SEQ ID NO:13. Nucleic acid sequences can be 
detected, for example, by sequencing the NPPA gene, by 
performing allele-specific hybridization, allele-specific 
restriction digests, mutation specific polymerase chain reac 
tions (MSPCR), by single-stranded conformational polymor 
phism (SSCP) detection (Schafer et al. (1995) Nat. Biotech 
mol. 15:33-39), denaturing high performance liquid 
chromatography (DHPLC, Underhill et al. (1997) Genome 
Res. 7: 996-1005), infrared matrix-assisted laser desorption/ 
ionization (IR-MALDI) mass spectrometry (WO99/57318), 
and combinations of Such methods. 
0079 Genomic DNA generally is used in the analysis of 
NPPA nucleotide sequence variants, although mRNA also 
can be used. Genomic DNA is typically extracted from a 
biological sample Such as a peripheral blood sample, but can 
be extracted from other biological samples, including tissues 
(e.g., mucosal Scrapings of the lining of the mouth or from 
renal or hepatic tissue). Routine methods can be used to 
extract genomic DNA from a blood or tissue sample, includ 
ing, for example, phenol extraction. Alternatively, genomic 
DNA can be extracted with kits such as the QIAAMPR. Tissue 
Kit (Qiagen, Chatsworth, Calif.), WIZARDR Genomic DNA 
purification kit (Promega) and the A.S.A.P.TM Genomic DNA 
isolation kit (Boehringer Mannheim, Indianapolis, Ind.). 
0080 Typically, an amplification step is performed before 
proceeding with the detection method. For example, exons of 
the NPPA gene can be amplified and then directly sequenced. 
Dye primer sequencing can be used to increase the accuracy 
of detecting heterozygous samples. 
I0081) Nucleic acid molecules provided herein can be used 
to detect variant PPNA sequences. For example, allele spe 
cific hybridization also can be used to detect sequence vari 
ants, including complete haplotypes of a subject (e.g., a mam 
mal such as a human). See, Stoneking et al. (1991) Am. J. 
Hum. Genet. 48:370-382; and Prince et al. (2001) Genome 
Res. 11:152-162. In practice, samples of DNA or RNA from 
one or more mammals can be amplified using pairs of primers 
and the resulting amplification products can be immobilized 
on a Substrate (e.g., in discrete regions). Hybridization con 
ditions are selected Such that a nucleic acid probe can specifi 
cally bind to the sequence of interest, e.g., the variant nucleic 
acid sequence. Such hybridizations typically are performed 
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under high Stringency conditions as defined herein, although 
moderately stringent conditions also may be useful. Hybrid 
ization conditions can be adjusted to account for unique fea 
tures of the nucleic acid molecule, including length and 
sequence composition. Probes can be labeled (e.g., fluores 
cently) to facilitate detection. In some embodiments, one of 
the primers used in the amplification reaction is biotinylated 
(e.g., 5' end of reverse primer) and the resulting biotinylated 
amplification product is immobilized on an avidin or strepta 
vidin coated substrate. 
0082 Allele-specific restriction digests can be performed 
in the following manner. For nucleotide sequence variants 
that introduce a restriction site, restriction digest with the 
particular restriction enzyme can differentiate the alleles. For 
PPNA sequence variants that do not alter a common restric 
tion site, mutagenic primers can be designed that introduce a 
restriction site when the variant allele is present or when the 
wildtype allele is present. A portion of PPNA nucleic acid can 
be amplified using the mutagenic primer and a wild type 
primer, followed by digest with the appropriate restriction 
endonuclease. 

0083. PCR conditions and primers can be developed that 
amplify a product only when the variant allele is present or 
only when the wild type allele is present (MSPCR or allele 
specific PCR). For example, patient DNA and a control can be 
amplified separately using either a wild type primer or a 
primer specific for the variant allele. Each set of reactions is 
then examined for the presence of amplification products 
using standard methods to visualize the DNA. For example, 
the reactions can be electrophoresed through an agarose gel 
and the DNA visualized by staining with ethidium bromide or 
other DNA intercalating dye. In DNA samples from heterozy 
gous patients, reaction products would be detected in each 
reaction. Patient samples containing Solely the wild type 
allele would have amplification products only in the reaction 
using the wild type primer. Similarly, patient samples con 
taining solely the variant allele would have amplification 
products only in the reaction using the variant primer. Allele 
specific PCR also can be performed using allele-specific 
primers that introduce priming sites for two universal energy 
transfer-labeled primers (e.g., one primer labeled with agreen 
dye such as fluorescein and one primer labeled with a red dye 
Such as Sulforhodamine). Amplification products can be ana 
lyzed for green and red fluorescence in a plate reader. See, 
Myakishev et al. (2001) Genome 11:163-169. 
0084 Mismatch cleavage methods also can be used to 
detect differing sequences by PCR amplification, followed by 
hybridization with the wild type sequence and cleavage at 
points of mismatch. Chemical reagents, such as carbodiimide 
or hydroxylamine and osmium tetroxide can be used to 
modify mismatched nucleotides to facilitate cleavage. 
0085 Methods for determining diagnosis of or predispo 
sition to cardiac arrhythmia also can include assisting medi 
cal or research professionals in determining whether or not a 
mammal has or is predisposed to develop cardiac arrhythmia 
(e.g., atrial fibrillation). Medical professionals can be, for 
example, doctors, nurses, medical laboratory technologists, 
and pharmacists. Research professionals can be, for example, 
principle investigators, research technicians, postdoctoral 
trainees, and graduate students. A professional can be assisted 
by (1) determining whether a biological sample from a mam 
mal contains a polypeptide that includes the amino acid 
sequence of SEQ ID NO:13 (or a polypeptide having a 
sequence with less than five amino acid amino acid additions, 
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subtractions, and substitutions relative to SEQID NO:13), or 
a nucleic acid encoding Such a polypeptide, and (2) commu 
nicating information about the polypeptide to that profes 
sional. 
I0086. After information regarding the presence or absence 
of a polypeptide as described above is reported, a medical 
professional can take one or more actions that can affect 
patient care. For example, a medical professional can record 
the level of a polypeptide in a patient's medical record. In 
Some cases, a medical professional can record a diagnosis of 
or predisposition to arrhythmia or fibrillation, or otherwise 
transform the patient's medical record, to reflect the patient’s 
medical condition. In some cases, a medical professional can 
review and evaluate a patient's entire medical record, and 
assess multiple treatment strategies, for clinical intervention 
of a patient's condition. 
I0087. A medical professional can initiate or modify treat 
ment for arrhythmia after receiving information regarding a 
patient's polypeptide levels. In some cases, a medical profes 
sional can compare previous reports of polypeptide levels 
with the recently communicated polypeptide level, and rec 
ommend a change in therapy. In some cases, a medical pro 
fessional can enroll a patient in a clinical trial for novel 
therapeutic intervention of cardiac arrhythmia. In some cases, 
a medical professional can elect waiting to begin therapy until 
the patient's symptoms require clinical intervention. 
I0088 A medical professional can communicate the levels 
of a polypeptide to a patient or a patient's family. In some 
cases, a medical professional can provide a patient and/or a 
patient's family with information regarding arrhythmias, 
including treatment options, prognosis, and referrals to spe 
cialists, e.g., cardiologists. In some cases, a medical profes 
sional can provide a copy of a patient's medical records to 
communicate the levels of a polypeptide to a specialist. 
I0089. A research professional can apply information 
regarding a subject's polypeptide levels to advance research 
into cardiac arrhythmias. For example, a researcher can com 
pile data on polypeptide levels with information regarding the 
efficacy of a drug for treatment of atrial fibrillation to identify 
an effective treatment. In some cases, a research professional 
can obtain a Subject's polypeptide levels to evaluate a Sub 
ject's enrollment, or continued participation in a research 
study or clinical trial. In some cases, a research professional 
can classify the severity of a Subject's condition, based on the 
levels of a polypeptide. In some cases, a research professional 
can communicate a subject's polypeptide level to a medical 
professional. In some cases, a research professional can refer 
a Subject to a medical professional for clinical assessment and 
treatment of arrhythmia symptoms. 
0090 Any appropriate method can be used to communi 
cate information to another person (e.g., a professional). For 
example, information can be given directly or indirectly to a 
professional. For example, a laboratory technician can input 
polypeptide levels into a computer-based record. In some 
cases, information is communicated by making an physical 
alteration to medical or research records. For example, a 
medical professional can make a permanent notation or flag a 
medical record for communicating a diagnosis to other medi 
cal professionals reviewing the record. In addition, any type 
of communication can be used to communicate the informa 
tion. For example, mail, e-mail, telephone, and face-to-face 
interactions can be used. The information also can be com 
municated to a professional by making that information elec 
tronically available to the professional. For example, the 
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information can be communicated to a professional by plac 
ing the information on a computer database such that the 
professional can access the information. In addition, the 
information can be communicated to a hospital, clinic, or 
research facility serving as an agent for the professional. 

Compositions and Methods for Administration 

0091. The compounds described herein (e.g., native matri 
uretic polypeptides, as well as chimeric and variant natri 
uretic polypeptides), or nucleic acids encoding the polypep 
tides described herein, can be incorporated into compositions 
for administration to a Subject (e.g., a subject Suffering from 
or at risk for an arrhythmia, such as fibrillation). Methods for 
formulating and Subsequently administering therapeutic 
compositions are well known to those in the art. Dosages 
typically are dependent on the responsiveness of the Subject 
to the compound, with the course of treatment lasting from 
several days to several months, or until a suitable response is 
achieved. Persons of ordinary skill in the art routinely deter 
mine optimum dosages, dosing methodologies and repetition 
rates. Optimum dosages can vary depending on the relative 
potency of an antibody, and generally can be estimated based 
on the ECs found to be effective in in vitro and/or in vivo 
animal models. Compositions containing the compounds 
(e.g., natriuretic polypeptides) and nucleic acids provided 
herein may be given once or more daily, weekly, monthly, or 
even less often, or can be administered continuously for a 
period of time (e.g., hours, days, or weeks). For example, a 
natriuretic polypeptide or a composition containing a natri 
uretic polypeptide can be administered to a patientata dose of 
at least about 0.01 ng natriuretic polypeptide/kg to about 100 
mg natriuretic polypeptide/kg of body mass at or about the 
time of reperfusion, or can be administered continuously as 
an infusion beginning at or about the time of reperfusion and 
continuing for one to seven days (e.g., at a dose of about 0.01 
ng natriuretic polypeptide/kg/minute to about 0.5 ug natri 
uretic polypeptide/kg/minute). 
0092. The natriuretic polypeptides and nucleic acids can 
be admixed, encapsulated, conjugated or otherwise associ 
ated with other molecules, molecular structures, or mixtures 
of compounds such as, for example, liposomes, receptor or 
cell targeted molecules, or oral, topical or other formulations 
for assisting in uptake, distribution and/or absorption. 
0093. In some embodiments, a composition can contain a 
natriuretic polypeptide as provided herein in combination 
with a pharmaceutically acceptable carrier. Pharmaceutically 
acceptable carriers include, for example, pharmaceutically 
acceptable solvents, Suspending agents, or any other pharma 
cologically inert vehicles for delivering antibodies to a sub 
ject. Pharmaceutically acceptable carriers can be liquid or 
Solid, and can be selected with the planned manner of admin 
istration in mind so as to provide for the desired bulk, consis 
tency, and other pertinent transport and chemical properties, 
when combined with one or more therapeutic compounds and 
any other components of a given pharmaceutical composi 
tion. Typical pharmaceutically acceptable carriers include, 
without limitation: water; Saline Solution; binding agents 
(e.g., polyvinylpyrrolidone or hydroxypropyl methylcellu 
lose); fillers (e.g., lactose or dextrose and other Sugars, gela 
tin, or calcium sulfate); lubricants (e.g., starch, polyethylene 
glycol, or Sodium acetate); disintegrates (e.g., starch or 
Sodium starch glycolate); and wetting agents (e.g., sodium 
lauryl sulfate). 
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0094 Pharmaceutical compositions containing molecules 
described herein can be administered by a number of meth 
ods, depending upon whether local or systemic treatment is 
desired. Administration can be, for example, parenteral (e.g., 
by Subcutaneous, intrathecal, intraventricular, intramuscular, 
or intraperitoneal injection, or by intravenous (i.v.) drip); 
oral; topical (e.g., transdermal, Sublingual, ophthalmic, or 
intranasal); or pulmonary (e.g., by inhalation or insufflation 
of powders or aerosols), or can occur by a combination of 
Such methods. Administration can be rapid (e.g., by injection) 
or can occur over a period of time (e.g., by slow infusion or 
administration of slow release formulations). 
0.095 Compositions and formulations for parenteral, 
intrathecal or intraventricular administration include sterile 
aqueous solutions (e.g., Sterile physiological Saline), which 
also can contain buffers, diluents and other suitable additives 
(e.g., penetration enhancers, carrier compounds and other 
pharmaceutically acceptable carriers). 
0096 Compositions and formulations for oral administra 
tion include, for example, powders or granules, Suspensions 
or solutions in water or non-aqueous media, capsules, 
Sachets, or tablets. Such compositions also can incorporate 
thickeners, flavoring agents, diluents, emulsifiers, dispersing 
aids, or binders. 
0097. Formulations for topical administration include, for 
example, Sterile and non-sterile aqueous Solutions, non-aque 
ous solutions in common solvents such as alcohols, or solu 
tions in liquid or solid oil bases. Such solutions also can 
contain buffers, diluents and other suitable additives. Phar 
maceutical compositions and formulations for topical admin 
istration can include transdermal patches, ointments, lotions, 
creams, gels, drops, suppositories, sprays, liquids, and pow 
ders. Conventional pharmaceutical carriers, aqueous, powder 
or oily bases, thickeners and the like may be useful. In some 
embodiments, transdermal delivery of natriuretic polypep 
tides as provided herein can be particularly useful. Methods 
and compositions for transdermal delivery include those 
described in the art (e.g., in Wermeling et al. (2008) Proc. 
Natl. Acad. Sci. USA 105:2058-2063; Goebel and Neubert 
(2008) Skin Pharmacol. Physiol. 21:3-9: Banga (2007) 
Pharm. Res. 24:1357-1359; Malik et al. (2007) Curr. Drug 
Deliv. 4:141-151; and Prausnitz (2006) Nat. Biotechnol. 
24:416-417). 
0.098 Nasal preparations can be presented in a liquid form 
or as a dry product. Nebulized aqueous Suspensions or solu 
tions can include carriers or excipients to adjust pH and/or 
tonicity. 
0099 Pharmaceutical compositions include, but are not 
limited to, Solutions, emulsions, aqueous Suspensions, and 
liposome-containing formulations. These compositions can 
be generated from a variety of components that include, for 
example, preformed liquids, self-emulsifying solids and self 
emulsifying semisolids. Emulsion formulations are particu 
larly useful for oral delivery of therapeutic compositions due 
to their ease of formulation and efficacy of solubilization, 
absorption, and bioavailability. Liposomes can be particu 
larly useful due to their specificity and the duration of action 
they offer from the standpoint of drug delivery. 
0100 Compositions provided herein can contain any 
pharmaceutically acceptable salts, esters, or salts of Such 
esters, or any other compound which, upon administration to 
a Subject, is capable of providing (directly or indirectly) the 
biologically active metabolite or residue thereof for the rel 
evant compound (e.g., natriuretic polypeptide). Accordingly, 
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for example, this document describes pharmaceutically 
acceptable salts of natriuretic polypeptides, prodrugs and 
pharmaceutically acceptable salts of such prodrugs, and other 
bioeduivalents. A prodrug is a therapeutic agent that is pre 
pared in an inactive form and is converted to an active form 
(i.e., drug) within the body or cells thereof by the action of 
endogenous enzymes or other chemicals and/or conditions. 
The term “pharmaceutically acceptable salts' refers to physi 
ologically and pharmaceutically acceptable salts of the natri 
uretic polypeptides useful in methods provided herein (i.e., 
salts that retain the desired biological activity of the parent 
natriuretic polypeptides without imparting undesired toxico 
logical effects). Examples of pharmaceutically acceptable 
salts include, but are not limited to, salts formed with cations 
(e.g., Sodium, potassium, calcium, or polyamines such as 
spermine); acid addition salts formed with inorganic acids 
(e.g., hydrochloric acid, hydrobromic acid, Sulfuric acid, 
phosphoric acid, or nitric acid); salts formed with organic 
acids (e.g., acetic acid, citric acid, oxalic acid, palmitic acid, 
or fumaric acid); and salts formed with elemental anions (e.g., 
bromine, iodine, or chlorine). 
0101 Compositions additionally can contain other 
adjunct components conventionally found in pharmaceutical 
compositions. Thus, the compositions also can include com 
patible, pharmaceutically active materials such as, for 
example, antipruritics, astringents, local anesthetics or anti 
inflammatory agents, or additional materials useful in physi 
cally formulating various dosage forms of the compositions, 
Such as dyes, flavoring agents, preservatives, antioxidants, 
opacifiers, thickening agents, and stabilizers. Furthermore, 
the composition can be mixed with auxiliary agents, e.g., 
lubricants, preservatives, stabilizers, wetting agents, emulsi 
fiers, salts for influencing osmotic pressure, buffers, color 
ings, flavorings, penetration enhancers, and aromatic Sub 
stances. When added, however, such materials should not 
unduly interfere with the biological activities of the other 
components within the compositions. 
0102. In some cases, a polypeptide provided herein can be 
formulated as a Sustained release dosage form. For example, 
a natriuretic polypeptide can be formulated into a controlled 
release formulation. In some cases, coatings, envelopes, or 
protective matrices can be formulated to contain one or more 
of the polypeptides provided herein. Such coatings, enve 
lopes, and protective matrices can be used to coat indwelling 
devices such as Stents, catheters, and peritoneal dialysis tub 
ing. In some cases, a polypeptide provided herein can incor 
porated into a polymeric Substances, liposomes, microemul 
sions, microparticles, nanoparticles, or waxes. 
0103 Pharmaceutical formulations as disclosed herein, 
which can be presented conveniently in unit dosage form, can 
be prepared according to conventional techniques well 
known in the pharmaceutical industry. Such techniques 
include the step of bringing into association the active ingre 
dients (i.e., the antibodies) with the desired pharmaceutical 
carrier(s). Typically, the formulations can be prepared by 
uniformly and intimately bringing the active ingredients into 
association with liquid carriers or finely divided solid carriers 
or both, and then, if necessary, shaping the product. Formu 
lations can be sterilized if desired, provided that the method 
of sterilization does not interfere with the effectiveness of the 
molecules(s) contained in the formulation. 
Methods for Treating Cardiac Arrhythmias 
0104. This document also provides methods for using 
compounds (e.g., natriuretic polypeptides) as disclosed 
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herein for cardiac arrhythmias. In some embodiments, for 
example, the compounds and nucleic acid molecules 
described herein can be administered to a mammal (e.g., a 
human or a non-human mammal) to treat cardiovascular con 
ditions such as atrial fibrillation. The composition or natri 
uretic polypeptide can be administered at any Suitable dose, 
depending on various factors including, without limitation, 
the agent chosen and the patient characteristics. Administra 
tion can be local or systemic. 
0105. In some embodiments, a natriuretic polypeptide or a 
composition containing a natriuretic polypeptide can be 
administered at a dose of at least about 0.01 ng natriuretic 
polypeptide/kg to about 100 mg natriuretic polypeptide/kg of 
body mass (e.g., about 10 ng matriuretic polypeptide/kg to 
about 50 mg natriuretic polypeptide/kg, about 20 ng natri 
uretic polypeptide/kg to about 10 mg natriuretic polypeptide? 
kg, about 0.1 ng natriuretic polypeptide/kg to about 20 ng 
natriuretic polypeptide/kg, about 3 ng natriuretic polypep 
tide/kg to about 10 ng natriuretic polypeptide/kg, or about 50 
ng natriuretic polypeptide/kg to about 100 ug/kg) of body 
mass, although other dosages also may provide beneficial 
results. A composition can be administered at a dose of, for 
example, about 0.1 ng matriuretic polypeptide/kg/minute to 
about 500 ng matriuretic polypeptide/kg/minute (e.g., about 
0.5 ng matriuretic polypeptide/kg/minute, about 1 ng natri 
uretic polypeptide/kg/minute, about 2ng natriuretic polypep 
tide/kg/minute, about 3 ng matriuretic polypeptide/kg/minute, 
about 5 ng matriuretic polypeptide/kg/minute, about 7.5 ng 
natriuretic polypeptide/kg/minute, about 10 ng natriuretic 
polypeptide/kg/minute, about 12.5 ng natriuretic polypep 
tide/kg/minute, about 15 ng matriuretic polypeptide/kg/ 
minute, about 20 ng natriuretic polypeptide/kg/minute, about 
25 ng natriuretic polypeptide/kg/minute, about 30 ng natri 
uretic polypeptide/kg/minute, about 50 ng matriuretic 
polypeptide/kg/minute, about 100ng natriuretic polypeptide? 
kg/minute, or about 300 ng matriuretic polypeptide/kg/ 
minute). 
0106. In some embodiments, a natriuretic polypeptide or a 
composition containing a natriuretic polypeptide can be 
administered via a first route (e.g., intravenously) for a first 
period of time, and then can be administered via another route 
(e.g., topically or Subcutaneously) for a second period of 
time. For example, a composition containing a natriuretic 
polypeptide can be intravenously administered to a mammal 
(e.g., a human) at a dose of about 0.1 ng matriuretic polypep 
tide/kg/minute to about 300 ng natriuretic polypeptide/kg/ 
minute (e.g., about 1 ng matriuretic polypeptide/kg/minute to 
about 15 ng natriuretic polypeptide/kg/minute, about 3 ng 
natriuretic polypeptide/kg/minute to about 10 ng matriuretic 
polypeptide/kg/minute, or about 10 ng matriuretic polypep 
tide/kg/minute to about 30 ng natriuretic polypeptide/kg/ 
minute) for one to seven days (e.g., one, two, three, four, five, 
six, or seven days), and Subsequently can be subcutaneously 
administered to the mammal at a dose of about 10 ng natri 
uretic polypeptide/kg/day to about 100 ng matriuretic 
polypeptide/kg/day (e.g., about 10ng natriuretic polypeptide? 
kg/day, about 20 ng matriuretic polypeptide/kg/day, about 25 
ng natriuretic polypeptide/kg/day, about 30 ng matriuretic 
polypeptide/kg/day, about 50 ng matriuretic polypeptide/kg/ 
day, or about 100 ng natriuretic polypeptide/kg/day) for five 
to 30 days (e.g., seven, 10, 14, 18, 21, 24, or 27 days). 
0107 The methods provided herein can include adminis 
tering to a mammal an effective amount of a natriuretic 
polypeptide (e.g., a native, chimeric, or variant natriuretic 
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polypeptide) or a nucleic acid encoding a natriuretic polypep 
tide, or an effective amount of a composition containing Such 
a molecule. As used herein, the term “effective amount' is an 
amount of a molecule or composition that is Sufficient to alter 
the desired parameter by at least 10%. For example, in some 
embodiments, an “effective amount of a natriuretic polypep 
tide can be an amount of the natriuretic polypeptide that is 
Sufficient to increase natriuresis and/or diuresis (or a charac 
teristic of natriuresis and/or diuresis such as plasma coMP 
levels, urinary c0MP excretion, net renal c(3MP generation, 
urine flow, urinary Sodium excretion, urinary potassium 
excretion, hematocrit, plasma BNP immunoreactivity, renal 
blood flow, plasma ANP immunoreactivity, renal vascular 
resistance, proximal and distal fractional reabsorption of 
Sodium, mean arterial pressure, pulmonary capillary wedge 
pressure, right atrial pressure, pulmonary arterial pressure, 
plasma renin activity, plasma angiotensin II levels, plasma 
aldosterone levels, renal perfusion pressure, and systemic 
vascular resistance) by at least 10% (e.g., 10%, 15%, 20%, 
25%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 
95%, 99%, or 100%). For example, an “effective amount” of 
a natriuretic polypeptide can be an amount that increases 
sodium excretion in a treated mammal by at least 10% as 
compared to the level of Sodium excretion in the mammal 
prior to administration of the natriuretic polypeptide, or as 
compared to the level of Sodium excretion in a control, 
untreated mammal. 

0108. In some embodiments, an “effective amount of a 
natriuretic polypeptide can be an amount of the natriuretic 
polypeptide that is sufficient to reduce the occurrence of 
fibrillation in a mammalian recipient by at least 10% (e.g., 
10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 75%, 
80%, 85%, 90%, 95%, 99%, or 100%). In some cases, for 
example, an “effective amount of a natriuretic polypeptide 
as provided herein can be an amount that reduces atrial fibril 
lation in a treated mammal by at least 10% as compared to the 
level of atrial fibrillation in the mammal prior to administra 
tion of the natriuretic polypeptide or without administration 
of the natriuretic polypeptide, or as compared to the level of 
atrial fibrillation in a control, untreated mammal. The pres 
ence or extent of atrial fibrillation can be evaluated using 
methods known in the art, including, for example, electrocar 
diography. 
0109 Before administering a composition provided 
herein to a mammal, the mammal can be assessed to deter 
mine whether or not the mammal has a need for treatment of 
an arrhythmia (e.g., a patient having atrial fibrillation). After 
identifying a mammal as having an arrhythmia, the mammal 
can be treated with a composition provided herein. For 
example, a composition containing one or more polypeptides 
having a natriuretic polypeptide activity can be administered 
to a mammal in any amount, at any frequency, and for any 
duration effective to achieve a desired outcome (e.g., to 
reduce atrial fibrillation). 
0110. In some embodiments, the amount and frequency of 
natriuretic polypeptide administered to a mammal can be 
titrated in order to, for example, identify a dosage that is most 
effective to correct an arrhythmia while having the least 
amount of adverse effects. For example, an effective amount 
of a composition can be any amount that reduces fibrillation 
within a mammal without having significant toxicity in the 
mammal. If a particular mammal fails to respond to a particu 
laramount, then the amount can be increased by, for example, 
ten fold. After receiving this higher concentration, the mam 
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mal can be monitored for both responsiveness to the treatment 
and toxicity symptoms, and adjustments in the dosage can be 
made accordingly. The effective amount can remain constant 
or can be adjusted as a sliding scale or variable dose depend 
ing on the mammal’s response to treatment. 
0111. The frequency of administration can be any fre 
quency that reduces arrhythmia within a mammal without 
producing significant toxicity in the mammal. For example, 
the frequency of administration can be from about four times 
a day to about once every other month, or from about once a 
day to about once a month, or from about once every other day 
to about once a week. In addition, the frequency of adminis 
tration can remain constant or can be variable during the 
duration of treatment. As with the effective amount, various 
factors can influence the actual frequency of administration 
used for a particular application. For example, the effective 
amount, duration of treatment, route of administration, and 
severity of renal condition may require an increase or 
decrease in administration frequency. 
0112 An effective duration of administration can be any 
duration that reduces arrhythmia within a mammal without 
producing significant toxicity in the mammal. The effective 
duration can vary from several days to several weeks, months, 
or years. In general, the effective duration for can range in 
duration from several days to several months. For example, an 
effective duration can range from about one to two weeks to 
about 36 months. Prophylactic treatments can be typically 
longer in duration and can last throughout an individual mam 
mal's lifetime. Multiple factors can influence the actual effec 
tive duration used for a particular treatment or prevention 
regimen. For example, an effective duration can vary with the 
frequency of administration, amount administered, route of 
administration, and severity of a renal condition. 
0113. After administering a composition provided herein 
to a mammal, the mammal can be monitored to determine 
whether cardiac rhythm has been improved. For example, a 
mammal can be assessed after treatment to determine 
whether or not arrhythmia has been reduced. As described 
herein, any method can be used to assess improvements in 
cardiac rhythm. 
0114. The invention will be further described in the fol 
lowing examples, which do not limit the scope of the inven 
tion described in the claims. 

EXAMPLES 

Example 1 

mANP and Clinical Effects 

Methods 

0115 Study subjects: A Caucasian family of northern 
European ancestry with atrial fibrillation segregating as an 
autosomal dominant trait was studied (FIG. 2). In addition, a 
group of normal control individuals was randomly selected 
from a population-based cohort of northern European Cau 
casians with normal electrocardiograms and echocardio 
grams. 
0116. Medical records for all of the study participants 
were reviewed. Phenotypic classification as “affected 
required documentation of atrial fibrillation on an electrocar 
diographic tracing and absence of clinical risk factors for 
arrhythmia, Such as uncontrolled hypertension or primary 
structural heart disease. Individuals with a normal electrocar 
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diogram who lacked symptoms of frequent palpitations, rac 
ing heart rate, dizziness, or syncope were classified as “unaf 
fected 
0117 For genetic analysis, genomic DNA was isolated 
from peripheral white blood cells. For protein studies, three 
family members consented to procurement of an additional 
blood sample: samples were collected in EDTA tubes and 
centrifuged at 2500 rpm (4°C.) for 10 minutes. 
0118 Linkage analysis and mapping: The ABI PRISM 
Linkage Mapping Set-V2.5MD10 (Applied Biosystems, Fos 
ter City, Calif.) was utilized for primary genome scanning, 
which included fluorescently labeled PCR primer pairs for 
400 tandem repeat markers with an average spacing of 10 
centiMorgans. Following PCR amplification of genomic 
DNA samples, amplified fragments were resolved on an ABI 
PRISM 3100 Genetic Analyzer and analyzed with GeneScan 
Analysis and Genotyper Software. Two-point and multipoint 
linkage analyses were performed using the FASTLINK pro 
gram, specifying the following parameters: disease allele fre 
quency 0.001, phenocopy rate 0.001, equal marker allele 
frequencies, and dichotomous liability classes (“affected 
and “unaffected'). Lod scores were determined for affecteds 
only, 80%, and 100% penetrance models at recombination 
frequencies of 0.0 to 0.4. 
0119 Fine mapping utilized additional closely spaced 
microsatellite markers localized on genetic and physical 
maps accessible at the NCBI website (World Wide Web at 
incbi.nlm.nih.gov). Genotyping was accomplished by PCR 
amplification of genomic DNA radiolabeled with alpha 
(P)-dCTP resolution of alleles by polyacrylamide gel elec 
trophoresis, and visualization by autoradiography. Scored 
genotypes were assembled as haplotypes to define the critical 
region of complete linkage, based on recombination events in 
affected individuals. 
0120 Mutation detection: Primer pairs for exon-specific 
PCR amplification of the three translated exons of the gene 
encoding ANP were designed using OLIGO V6.51 Primer 
Analysis Software (National Biosciences, Plymouth, Minn.). 
Sequences for the primer pairs were as follows: 

(SEQ ID NO: 25) 
NPPA exon 1F: 5 " - GGAGACAGGGACAGACGTAG-3 

(SEQ ID NO: 26) 
NPPA exon 1R: s' - CCCAGACTGCACCCGCTTTC-3' 

(SEO ID NO: 27) 
NPPA exon 2F: 5 " - GCCAGGAAAGCGGGTGCAG-3 

(SEQ ID NO: 28) 
NPPA exon 2R: 5 - GGGCACTCTGGGTGTTGGG-3 

(SEQ ID NO: 29) 
NPPA exon 3F: 5 " - GTGGGAAGCAGGTGGTCAGTA-3' 

(SEQ ID NO: 30) 
5'-AGCTTAGATGGGATGATCACA-3' NPPA exon 3R: 

Amplified products were treated with the PCR Product Pre 
sequencing Kit (USB Corporation) and sequenced by the 
dye-terminator method using an ABI PRISM3730 XL DNA 
Analyzer (Applied Biosystems). DNA sequences were 
viewed and analyzed using the Sequencher computer pro 
gram (Gene Codes Corporation, Ann Arbor, Mich.), and a 
mutation was identified that segregated with atrial fibrillation. 
For single-allele sequencing of DNA from heterozygotes, the 
mutant allele was separated from the wild-type allele by 
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polyacrylamide gel electrophoresis. Normal control samples 
were screened for the mutation by denaturing high-perfor 
mance liquid chromatography heteroduplex analysis, using 
the WAVE DNA Fragment Analysis System (Transgenomic, 
Omaha, Nebr.). 
I0121 Mutant ANP peptide and antibody: A custom-de 
signed polyclonal antibody against the mutant form of ANP 
(mANP) was manufactured commercially (21 Century Bio 
chemicals, Marlboro, Mass.). The peptide Ac-CYRITARED 
KQGWA-OH (SEQID NO:31), corresponding to the anoma 
lous residues of mutant ANP, was synthesized, HPLC 
purified to 96%, and Verified by peptide sequencing and mass 
spectroscopy. Conjugated peptide was injected into rabbits, 
serving as an epitope for the generation of affinity-purified 
polyclonal antibody. Full-length (40-amino acid) mANP was 
synthesized in a core facility for use in developing the maNP 
radioimmunoassay and for the isolated heart experiments. 
0.122 Radioimmunoassay: Radioimmunoassays were 
developed for both mANP (using the polyclonal antibody 
described above) and for wild-type ANP (using commercially 
available antibody, Phoenix Pharmaceuticals, Burlingame, 
Calif.; Cat. #005-06). Both antibodies were labeled with 1'. 
C-18 Bond Elution cartridges were pre-washed with 4 ml 
100% methanol and 4 ml water, after which 1 ml of plasma 
was applied. Cartridges with adsorbed peptides were then 
washed with 2 ml saline, 6 ml water, and 1 ml 100% methanol. 
ANP and mANP were eluted with 2 ml 75% methanol and 1% 
TFA. Eluates were dried and concentrated overnight on a 
Savant speed vacuum and re-suspended in 300 ulassay buffer. 
100 ul of samples and standards were incubated with 100 ul 
diluted (1:150,000) anti-human ANP or anti-mANP at 4°C. 
After 18 hours, 100 ul (10,000 counts) I'-labelled ANP or 
mANP was added and incubated at 4° C. for 18 hours. A 
secondary antibody was then added to each sample, followed 
by centrifugation to separate free and bound fractions. The 
free fraction was aspirated and the bound fraction was 
counted on a gamma counter. 
I0123 Binding specificity of anti-mANP antibody was 
demonstrated by first generating standard curves with varying 
amounts of synthetic mANP, then performing measurements 
of patient samples at several dilutions to assess cross-reactiv 
ity. Standard curves were generated for calculating the ANP 
and mANP concentrations in pg/ml for both the patient and 
control samples. The range of the standard curve was 2 to 500 
pg/ml for both ANP and mANP. All peptide measurements 
were made in duplicate and values were reported as the aver 
age of the two. The normal range for ANP using this assay 
was determined to be 25+11 pg/ml (n=100). 
0.124. A commercially available immuno-radiometric 
assay was used to measure BNP concentrations (Shionogi 
and Co., Ltd., Osaka, Japan). For BNP assays, standard solu 
tions or patient plasma samples (100 ul) were incubated with 
a monoclonal antibody that was specific for the carboxyl 
terminal region of BNP and bound to solid beads. A second 
I'-labeled monoclonal antibody (200 ul) specific for the 
ring structure of BNP was added to form a sandwich complex. 
After 14-18 hours of incubation at 4° C., the beads were 
washed to remove the unbound radio-iodinated antibody and 
the bound fraction was counted on a gamma counter. 
0.125. A calibration curve (range 0 to 2000 pg/ml) was 
constructed from standard BNP solutions to estimate BNP 
concentrations of the samples. The normal range for BNP 
using this assay was determined to be 12-4pg/ml (n=100). 
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0126 Isolated heart model: Atrial monophasic action 
potentials and effective refractory periods were measured in 
isolated perfused hearts obtained from male rats. Rapid 
cardiectomy was performed in male rats weighing 300-350g, 
under general anesthesia with pentobarbital. The hearts were 
retrogradely perfused via the aorta at constant pressure and 
temperature (100 mmHg and 37°C.) with Krebs-Henseleit 
buffer filtered at 0.22 um and bubbled with 95% O/5% CO, 
at 37°C. and pH 7.4. Coronary perfusion flow was monitored 
constantly (T402, Transonic Systems, Ithaca, N.Y.) and 
remained >10 ml/min. 
0127. After establishment of a stable perfused heart prepa 
ration, the posterior atria were cut away to expose the left and 
right atrial endocardium and the atrioventricular (AV) node 
was mechanically crushed, resulting in AV dissociation. The 
right atrium was paced (Bloom Electrophysiology, via Fis 
cher Imaging, Denver, Colo.) at a cycle length of 150 msec 
with a 0.1 msec pulse width using a bipolar platinum-tipped 
electrode (NuMED, Inc., Hopkinton, N.Y.), while the right 
ventricle was paced at a cycle length of 500 m.sec. A 
monophasic action potential (MAP) probe (Harvard Appara 
tus, Holliston, Mass.) was maintained in a single position on 
the anterior left atrial endocardium. Amplified signals 
(Isolam, World Precision Instruments, Sarasota, Fla.) were 
digitally acquired at 2 kHz (USB-6210 and LabVIEW 8.2, 
National Instruments, Austin, Tex.). The MAP duration was 
measured at 90% repolarization on atrial beats without far 
field ventricular interference. The effective refractory period 
(ERP) was measured by delivering extrastimuli via the pacing 
catheter at decremental coupling intervals following at least 8 
beats of a 150 ms cycle-length drive train. The ERP was 
determined as the longest extrastimulus coupling interval that 
failed to result in a propagated response as measured by the 
left atrial MAP probe. In separate heart preparations, the 
perfusion buffer was Supplemented after baseline data acqui 
sition with 100 nM of either ANP or mANP to assess the 
effect of both the wild-type and mutant hormones on MAP 
duration and ERP. 
0128. A two-sided t-test was used for comparison of data, 
assuming equal variance. Data are expressed as meantS.E., 
and results were considered significant at p-0.05. 

Results 

0129 Clinical data were collected on 16 members of the 
study family (FIG. 2 and Table 2). Eleven affected family 
members were diagnosed at a mean age of 40 years, three 
during pregnancy. Transition from paroxysmal to chronic 
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atrial fibrillation (n-3) or to arrest of atrial activation (n=4) 
Suggested progressive electrical remodeling. Five family 
members presented with tachycardia-induced cardiomyopa 
thy, which improved or resolved with effective pharmaco 
logical rate control. Subsequent echocardiography excluded 
cardiac hypertrophy and contractile dysfunction, but demon 
strated dilation of left atrial (n=7) and ventricular (n=4) 
chambers. 
0.130 Genome-wide linkage analyses excluded known 
loci for atrial fibrillation and identified peak two-point lod 
scores at marker D1 S2667, ranging from 2.32 (affecteds 
only analysis) to 3.56 (100% penetrance) at a recombination 
frequency of 0%. Fine mapping defined a disease-associated 
haplotype on chromosome 1 p36-p35, a region spanning 24 
Mb, inherited by all affected individuals (peak multi-point 
lod scores=2.66 for affecteds-only and 3.90 for 100% pen 
etrance: FIG.2). A recombination event within this interval in 
a 38 year-old asymptomatic male (III.9), if he was assumed to 
be unaffected, further narrowed the critical region to 11 Mb. 
I0131 The gene encoding ANP (NPPA) was selected as a 
candidate gene based on its localization in the mapped inter 
val, its expression in theatria of the heart and its established 
role in cardiovascular physiology (Burnett et al. (1986) Sci 
ence 231:1145-1147; and Levin et al. (1998) N. Engl.J.Med. 
339:321-328). Seven other genes were excluded, including 
two (SLC9A1 and CLIC4) with direct roles in ion regulation. 
Genomic DNA sequencing of NPPA identified a 2-base-pair 
deletion (456-457delAA) in exon 3 that causes a frameshift, 
which abolishes the stop codon and extends the reading 
frame. Translation of the mutant gene would generate a fusion 
protein comprising the normal 28-amino acid mature peptide 
plus an anomalous carboxyl-terminus of 12 residues (FIGS. 
1B and 5B). Each of the 11 clinically affected family mem 
bers was heterozygous for the mutation; the mutation was 
absent in the other 5 family members and in 560 normal 
Caucasian controls. 
I0132) Radioimmunoassay demonstrated that the mutant 
peptide was present in the plasma of heterozygotes in con 
centrations 5- to 10-fold higher than wild-type ANP (FIG.3). 
Anti-ANP was found to be specific for wild-type ANP, as the 
aberrant carboxyl-tail of mANP apparently prevented bind 
ing of this antibody. BNP levels were normal, consistent with 
lack of overt ventricular pathology (Levin et al., Supra). To 
determine the integrative electrophysiological effects of cir 
culating maNP on the heart, an isolated whole-heart model 
was studied. Compared to wild-type ANP mANP caused 
significant shortening of the MAP duration and the ERP 
(FIGS. 4A-4D). 

TABLE 2 

Phenotypic data for family with autosomal dominant atrial fibrillation 

Pedigree Age Age Tachy Echocardiographic measurements 

number Diag Eval 

II.2 58 69 
II.4 42 67 
II.S 51 66 
III.1 43 44 
III.2 45 41% 
III.3 38 43 
III.4 35 
III.S 36 
III.6 30 45 

Rhythm HTN CMO LVH LAE, LVDD LVSD 90 EF 

PAF c SBR -- ++ 54(48) 36(32) 60 
PAF c SBR -- 49(50) 28(34) 65 
PAF c SBR -- -- +++ 66(53) 40(36) 50 
PAF -- n n 60 

Chronic AF -- -- 54(56) 34(38) 65 
PAF ++ 50(54) 35(36) 60 
NSR 58(56) 35(40) 65 
NSR 44(56) 26(40) 60 
PAF na na na na na na 
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Phenotypic data for family with autosomal dominant atrial fibrillation 

Pedigree Age Age 

number Diag Eval Rhythm HTN CMO LVH LAE 

II.7 44 NSR na na 
II.8 37 38 PAF > SBJR** -- -- 
II.9 38 NSR na na 
II.10 28 38 Chronic AF -- -- 
II.11 38 NSR 
II.1.2 35 36 Chronic AF - +++ 
II.13 34 34 PAF -- 

present, 
*echocardiogram obtained prior to onset of atrial fibrillation. 

ventricular pacemaker implanted. Diag, diagnosis; 
Eval, evaluation; 
-, not applicable or not present; 
PAF, paroxysmal atrial fibrillation; 
SB, sinus bradycardia; 
JR, junctional escape rhythm; 
NSR, documented normal sinus rhythm; 
“NSR, NSR by history; 
HTN, hypertension requiring treatment; 
Tachy CMO, tachycardia-induced cardiomyopathy at initial diagnosis; 
nia, data unavailable; 
LVH, left ventricular hypertrophy; 
LAE, left atrial enlargement (+, mild; ++, moderate; +++, severe); 

Tachy Echocardiographic measurements 

LVDD LVSD 90 EF 

na na na 
64(57) 40(38) 55 
na na na 

56(57) 39(38) 50 
40(56) 28(39) 60 
54(53) 38(36) 55 
46(53) 30(36) 60 

Echocardiographic measurements in affected individuals were made during effective wentricular rate control when AF was 

LVDDLVSD, left ventricular diastolic systolic dimension in mm (upper limits of normal for body surface area); 
% EF, LV ejection fraction (normal250). 

Example 2 

mANP Shortens Ventricular Refractory Period and 
Increases Ventricular Tachycardia Score 

0.133 Programmed electrical stimulation of the ventricles 
was performed across the diaphragm via bipolar electrode 
catheter placed through an abdominal incision in 10 week old 
male FVB mice anesthetized with inhaled isoflurane, and was 
continuously monitored by electrocardiogram. Electrophysi 
ologic parameters were analyzed at baseline and after a 30 
minute peritoneal infusion of saline vs. 33 pmol/kg/min ANP 
or mANP, following a 330 pmol/kg bolus. Summary data are 
presented in Table 3. The effective refractory period (ERP) 
was significantly shorter for the 30 minute maNP treatment 
group vs. the 30 minute saline group (ANOVA, p<0.05), 
while there was not a significant difference in ERP between 
the 30 minute ANP treatment group and the saline group. The 
ventricular tachycardia (VT) score was obtained by scoring 1 
point for induction of sustained VT with a single extrastimu 
lus, 2 points for induction with double extrastimuli, and 3 
points for failure to induce with single or double extrastimuli. 
Nonsustained VT (less than 1 second) was not scored. The 
score for each of three mice in a group was added. A higher 
score indicates greater resistance to arrhythmia induction. 

TABLE 3 

Electrophysiologic parameters in anesthetized mice at baseline 
and in response to infusion of saline, ANP or nANP 

QRST 
Heart rate PR interval interval ERP VT 

n = 3 each group (min) (mSec) (msec) (mSec) SCOe 

Saline baseline 345 - 33 47 - 7 16 + 1 34 + 1 3 
30 min. Saline 245 - 10 73 - 6 24 + 2 34 + 1 4 
ANP baseline 359 - 22 44 - 1 16 + 1 30 + 2 4 

TABLE 3-continued 

Electrophysiologic parameters in anesthetized mice at baseline 
and in response to infusion of Saline, ANP or mANP 

QRST 
Heart rate PR interval interval ERP VT 

n = 3 each group (min) (mSec) (msec) (mSec) SCOe 

30 min. ANP 2SS - 8 73 - 4 23 + 1 28 + 2 3 
mANP baseline 341 - 36 47 - 7 17 - 1 30 - O 3 
30 min. mANP 243 - 16 76 - 4 26 + 1, 19+ 4* 5 

0.134 PR and QRST intervals derived from a non-paced 
electrocardiogram in sinus rhythm 30 minutes post ANP infu 
sion are shown in FIG. 6A, and the ERP at baseline is shown 
in FIG. 6B. A train of 10 stimuli (S1) at 100 msec cycle length 
was followed by a single extrastimulus (S2) at progressively 
shorter coupling intervals. The S2 in the top panel of FIG.6B 
provoked a Ventricular response, whereas the slightly shorter 
S2 coupling interval in the lower panel of FIG. 6B did not. 
The ERP shown is 30 msec. Induction of VT in a mouse at 
baseline by a 10 beat pacing train at 100 msec cycle length 
(S1) followed by two extrastimuli (S2 and S3) each at 30msec 
coupling interval is shown in FIG. 6C. 

Other Embodiments 

0.135. It is to be understood that while the invention has 
been described in conjunction with the detailed description 
thereof, the foregoing description is intended to illustrate and 
not limit the scope of the invention, which is defined by the 
Scope of the appended claims. Other aspects, advantages, and 
modifications are within the scope of the following claims. 
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SEQUENCE LISTING 

<16O is NUMBER OF SEO ID NOS: 31 

<210s, SEQ ID NO 1 
&211s LENGTH: 16 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 1 

agtaccgaag atalaca 

<210s, SEQ ID NO 2 
&211s LENGTH: 16 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 2 

agtactgaag atalaca 

<210s, SEQ ID NO 3 
&211s LENGTH: 13 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 3 

Tyr Arg Ile Thr Ala Arg Glu Asp Lys Glin Gly Trp Ala 
1. 5 1O 

<210s, SEQ ID NO 4 
&211s LENGTH: 46 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 4 

agtaccggat a acagcCagg gagga cacgc agggctgggc ctaggg 

<210s, SEQ ID NO 5 
&211s LENGTH: 28 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 5 

Ser Lieu. Arg Arg Ser Ser Cys Phe Gly Gly Arg Met Asp Arg Ile Gly 
1. 5 1O 15 

Ala Glin Ser Gly Lieu. Gly Cys Asn. Ser Phe Arg Tyr 
2O 25 

<210s, SEQ ID NO 6 
&211s LENGTH: 4 O 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 6 

Ser Lieu. Arg Arg Ser Ser Cys Phe Gly Gly Arg Met Asp Arg Ile Gly 
1. 5 1O 15 

Ala Glin Ser Gly Lieu. Gly Cys Asn. Ser Phe Arg Tyr Arg Ile Thir Ala 
2O 25 3O 

Arg Glu Asp Llys Glin Gly Trp Ala 
35 4 O 

May 3, 2012 



US 2012/01 08514 A1 

<210s, SEQ ID NO 7 
&211s LENGTH: 28 
212. TYPE: PRT 

<213> ORGANISM: Oryctolagus 

<4 OO > SEQUENCE: 7 

Ser Lieu. Arg Arg Ser Ser Cys 
1. 5 

Ala Glin Ser Gly Lieu. Gly Cys 
2O 

<210s, SEQ ID NO 8 
&211s LENGTH: 28 
212. TYPE: PRT 

<213> ORGANISM: Danilo rerio 

<4 OOs, SEQUENCE: 8 

Ser Lys Ser Lieu. Ser Gly Cys 
1. 5 

Ser Ser Ser Thr Lieu. Gly Cys 
2O 

19 

- Continued 

cuniculus 

Phe Gly Gly Arg Ile Asp Arg Ile Gly 
1O 15 

Asn Ser Phe Arg Tyr 
25 

Phe Gly Gly Arg Lieu. Asp Arg Ile Gly 
1O 15 

Asn Ser Lys Lys Gly 
25 

<210s, SEQ ID NO 9 
&211s LENGTH: 32 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 9 

Ser Pro Llys Met Val Glin Gly Ser Gly Cys Phe Gly Arg Llys Met Asp 
1. 5 1O 15 

Arg Ile Ser Ser Ser Ser Gly Lieu. Gly Cys Llys Val Lieu. Arg Arg His 
2O 25 3O 

<210s, SEQ ID NO 10 
&211s LENGTH: 22 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 10 

Gly Lieu. Ser Lys Gly Cys Phe Gly Lieu Lys Lieu. Asp Arg Ile Gly Ser 
1. 5 1O 15 

Met Ser Gly Lieu. Gly Cys 
2O 

<210s, SEQ ID NO 11 
&211s LENGTH: 38 
212. TYPE: PRT 

<213> ORGANISM: Dendroaspis anguisticeps 

<4 OOs, SEQUENCE: 11 

Glu Val Lys Tyr Asp Pro Cys Phe Gly. His Lys Ile Asp Arg Ile Asn 
1. 5 1O 15 

His Val Ser Asn Lieu. Gly Cys Pro Ser Lieu. Arg Asp Pro Arg Pro Asn 
2O 25 3O 

Ala Pro Ser Thir Ser Ala 
35 

<210s, SEQ ID NO 12 
&211s LENGTH: 32 
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- Continued 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 12 

Thir Ala Pro Arg Ser Lieu. Arg Arg Ser Ser Cys Phe Gly Gly Arg Met 
1. 5 1O 15 

Asp Arg Ile Gly Ala Glin Ser Gly Lieu. Gly Cys Asn. Ser Phe Arg Tyr 
2O 25 3O 

<210s, SEQ ID NO 13 
&211s LENGTH: 12 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 13 

Arg Ile Thir Ala Arg Glu Asp Llys Glin Gly Trp Ala 
1. 5 1O 

<210s, SEQ ID NO 14 
&211s LENGTH: 17 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

&223s OTHER INFORMATION: consensus 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
&222s. LOCATION: 4 

<223> OTHER INFORMATION: Xaa- Gly, Arg, Leu, or His 
22 Os. FEATURE 

<221s NAME/KEY: VARIANT 
&222s. LOCATION: 5 

<223> OTHER INFORMATION: Xaa- Arg or Lys 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
&222s. LOCATION: 6 

<223> OTHER INFORMATION: Xaa-. Met, Leu, or Ile 
22 Os. FEATURE 

<221s NAME/KEY: VARIANT 
&222s. LOCATION: 10 

<223> OTHER INFORMATION: Xaa- Gly, Ser, or Asn 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
&222s. LOCATION: 11 

<223> OTHER INFORMATION: Xaa-. Ala, Ser, or His 
22 Os. FEATURE 

<221s NAME/KEY: VARIANT 
&222s. LOCATION: 12 

<223> OTHER INFORMATION: Xaa-Gln, Ser, Met, or Wall 
22 Os. FEATURE 

<221s NAME/KEY: VARIANT 
&222s. LOCATION: 14 

<223> OTHER INFORMATION: Xaa- Gly, Thr, or Asn 

<4 OOs, SEQUENCE: 14 

Cys Phe Gly Xaa Xaa Xaa Asp Arg Ile Xaa Xaa Xaa Ser Xaa Lieu. Gly 
1. 5 1O 15 

Cys 

<210s, SEQ ID NO 15 
&211s LENGTH: 4 O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic 

<4 OOs, SEQUENCE: 15 

Thir Lieu. Arg Arg Ser Ser Cys Phe Gly Gly Arg Met Asp Arg Ile Gly 
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- Continued 

1. 5 1O 15 

Ala Glin Ser Gly Lieu. Gly Cys Asn. Ser Phe Arg Tyr Arg Ile Thir Ala 
2O 25 3O 

Arg Glu Asp Llys Glin Gly Trp Ala 
35 4 O 

<210s, SEQ ID NO 16 
&211s LENGTH: 4 O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic 

<4 OOs, SEQUENCE: 16 

Ser Ile Arg Arg Ser Ser Cys Phe Gly Gly Arg Met Asp Arg Ile Gly 
1. 5 1O 15 

Ala Glin Ser Gly Lieu. Gly Cys Asn. Ser Phe Arg Tyr Arg Ile Thir Ala 
2O 25 3O 

Arg Glu Asp Llys Glin Gly Trp Ala 
35 4 O 

<210s, SEQ ID NO 17 
&211s LENGTH: 4 O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic 

<4 OOs, SEQUENCE: 17 

Ser Lieu Lys Arg Ser Ser Cys Phe Gly Gly Arg Met Asp Arg Ile Gly 
1. 5 1O 15 

Ala Glin Ser Gly Lieu. Gly Cys Asn. Ser Phe Arg Tyr Arg Ile Thir Ala 
2O 25 3O 

Arg Glu Asp Llys Glin Gly Trp Ala 
35 4 O 

<210s, SEQ ID NO 18 
&211s LENGTH: 4 O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic 

<4 OOs, SEQUENCE: 18 

Ser Lieu. Arg Llys Ser Ser Cys Phe Gly Gly Arg Met Asp Arg Ile Gly 
1. 5 1O 15 

Ala Glin Ser Gly Lieu. Gly Cys Asn. Ser Phe Arg Tyr Arg Ile Thir Ala 
2O 25 3O 

Arg Glu Asp Llys Glin Gly Trp Ala 
35 4 O 

<210s, SEQ ID NO 19 
&211s LENGTH: 4 O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic 

<4 OOs, SEQUENCE: 19 

Ser Lieu. Arg Arg Thr Ser Cys Phe Gly Gly Arg Met Asp Arg Ile Gly 
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- Continued 

1. 5 1O 15 

Ala Glin Ser Gly Lieu. Gly Cys Asn. Ser Phe Arg Tyr Arg Ile Thir Ala 
2O 25 3O 

Arg Glu Asp Llys Glin Gly Trp Ala 
35 4 O 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 4 O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic 

<4 OOs, SEQUENCE: 2O 

Ser Lieu. Arg Arg Ser Ser Cys Phe Gly Gly Arg Met Asp Arg Ile Gly 
1. 5 1O 15 

Ala Glin Ser Gly Lieu. Gly Cys Asn. Ser Phe Arg Tyr Arg Ile Thir Ala 
2O 25 3O 

Arg Glu Asp Arg Glin Gly Trp Ala 
35 4 O 

<210s, SEQ ID NO 21 
&211s LENGTH: 4 O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic 

<4 OOs, SEQUENCE: 21 

Ser Lieu. Arg Arg Ser Ser Cys Phe Gly Gly Arg Met Asp Arg Ile Gly 
1. 5 1O 15 

Ala Glin Ser Gly Lieu. Gly Cys Asn. Ser Phe Arg Tyr Arg Ile Thir Ala 
2O 25 3O 

Arg Glu Asp Lys Asn Gly Trp Ala 
35 4 O 

<210s, SEQ ID NO 22 
&211s LENGTH: 4 O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic 

<4 OOs, SEQUENCE: 22 

Ser Lieu. Arg Arg Ser Ser Cys Phe Gly Gly Arg Met Asp Arg Ile Gly 
1. 5 1O 15 

Ala Glin Ser Gly Lieu. Gly Cys Asn. Ser Phe Arg Tyr Arg Ile Thir Ala 
2O 25 3O 

Arg Glu Asp Llys Glin Pro Trp Ala 
35 4 O 

<210s, SEQ ID NO 23 
&211s LENGTH: 4 O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic 

<4 OOs, SEQUENCE: 23 

Ser Lieu. Arg Arg Ser Ser Cys Phe Gly Gly Arg Met Asp Arg Ile Gly 
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- Continued 

1. 5 1O 15 

Ala Glin Ser Gly Lieu. Gly Cys Asn. Ser Phe Arg Tyr Arg Ile Thir Ala 
2O 25 3O 

Arg Glu Asp Llys Glin Gly Tyr Ala 
35 4 O 

<210s, SEQ ID NO 24 
&211s LENGTH: 4 O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic 

<4 OOs, SEQUENCE: 24 

Ser Lieu. Arg Arg Ser Ser Cys Phe Gly Gly Arg Met Asp Arg Ile Gly 
1. 5 1O 15 

Ala Glin Ser Gly Lieu. Gly Cys Asn. Ser Phe Arg Tyr Arg Ile Thir Ala 
2O 25 3O 

Arg Glu Asp Llys Glin Gly Trp Val 
35 4 O 

<210s, SEQ ID NO 25 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 25 

ggaga Caggg acagacgtag 2O 

<210s, SEQ ID NO 26 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 26 

cc.ca.gactgc accc.gctitt c 2O 

<210s, SEQ ID NO 27 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 27 

gcCaggaaag C9ggtgcag 19 

<210s, SEQ ID NO 28 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 28 

gggCactctg. g.gtgttggg 19 
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- Continued 

<210s, SEQ ID NO 29 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 29 

gtgggalagca gatggit Cagt a 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 30 

agcttagatg ggatgat cac a 

<210s, SEQ ID NO 31 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 31 

Cys Tyr Arg Ile Thr Ala Arg Glu Asp Llys Glin Gly Trp Ala 
1. 5 1O 

1. A method for treating a cardiac arrhythmia in a mammal 
in need thereof, comprising administering to the mammal a 
polypeptide comprising the amino acid sequence set forth in 
SEQID NO:13, or the amino acid sequence set forth in SEQ 
ID NO:13 having less than five amino acid additions, sub 
tractions, and Substitutions. 

2. The method of claim 1, wherein the polypeptide com 
prises an amino acid sequence present in an ANP polypeptide. 

3. The method of claim 1, wherein the polypeptide com 
prises an amino acid sequence present in a BNP polypeptide. 

4. The method of claim 1, wherein the polypeptide com 
prises an amino acid sequence presentinan CNP polypeptide. 

5. The method of claim 1, wherein the polypeptide com 
prises an amino acid sequence present in an DNP polypep 
tide. 

6. The method of claim 1, wherein the polypeptide com 
prises the amino acid sequence set forth in SEQID NO:13. 

7. The method of claim 1, wherein the polypeptide com 
prises the amino acid sequence set forth in SEQ ID NO:13 
having less than five amino acid additions, Subtractions, and 
Substitutions. 

8. The method of claim 1, wherein the polypeptide com 
prises the amino acid sequence set forth in SEQ ID NO:13 
having less than four amino acid additions, Subtractions, and 
Substitutions. 

9. A method for treating a cardiac arrhythmia in a mammal 
in need thereof, comprising administering to the mammal a 
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nucleic acid encoding a polypeptide that comprises the amino 
acid sequence set forth in SEQID NO:13, or the amino acid 
sequence set forth in SEQ ID NO:13 having less than five 
amino acid additions, Subtractions, and Substitutions. 

10. A method for diagnosing a cardiac arrhythmia in a 
mammal, comprising providing a biological sample from the 
mammal and assessing the biological sample to determine 
whether the biological sample comprises a polypeptide com 
prising the amino acid sequence set forth in SEQID NO:13 
and, if the biological sample comprises the polypeptide, diag 
nosing the mammal as having a cardiac arrhythmia. 

11. A method for determining whether a mammal is pre 
disposed to develop a cardiac arrhythmia in a mammal, com 
prising providing a biological sample from the mammal and 
assessing the biological sample to determine whether the 
biological sample comprises (a) a polypeptide comprising the 
amino acid sequence set forth in SEQ ID NO:13 or (b) a 
nucleic acid encoding the polypeptide, and, if the biological 
sample comprises the polypeptide or nucleic acid, classifying 
the mammal as being predisposed to develop a cardiac 
arrhythmia or, if the biological sample does not comprise the 
polypeptide or nucleic acid, classifying the mammal as not 
being predisposed to develop a cardiac arrhythmia. 

12-19. (canceled) 


