pnalyti
L3 oy, A

Biochemistry &
Analytical Biochemistry

£ LA 3
g s P
g s §

! a
% Twald 5

ISSN: 2161-1009

Szabo, Biochem Anal Biochem 2012, 1:8
DOI: 10.4172/2161-1009.1000e129

Editorial Open Access

Biology of the B-Type Natriuretic Peptide: Structure, Synthesis and

Processing
Gabor Szab6*

Department of Obstetrics and Gynecology, Semmelweis University, Baross u. 27, Budapest, Hungary

Abstract

and clinical relevance of natriuretic peptides.

In 1988, a new member of the natriuretic peptide family was isolated. BNP is a circulating hormone playing key
role, together with the sympathetic nervous system and other hormones like an endogeneous system in the regulation
of the body fluid homeostasis and blood pressure. The function and physiological role of B type natriuretic peptide is
pleiotropic. BNP is synthesized from polypeptide precursors. BNP and N-terminal proBNP are the products of pro BNP
processing. In many cardiovascular diseases natriuretic peptides serve not only as marker for diagnosis and prognosis
but they have therapeutic importance. In the last years the potential use of the elevated BNP levels for diagnosis of
pre-eclampsia was examined. In our review, we discuss the current understanding of molecular biology, biochemistry
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Introduction

Brain natriuretic peptide (BNP) is a member of natriuretic
peptide family [1-3]. The molecules of this family have a common ring
structure, which consists of 17 amino acids. This structure is thought to
be essential for mediating receptor binding and the biological activity
of natiuretic peptides [4,5]. In 1988, Sudoh et al. [6] purified BNP first
time from porcine brain extracts. The highest concentrations of BNP
were measured however in the heart, where it acts as a cardiac hormone
[7]. It is regulated by increased wall stress, causing significant decrease
in blood pressure. The half-life of the BNP is about 20 minutes. It
has been isolated and a variety of species of BNP peptides and cDNA
clones are sequenced. Although the structure of ANP is relatively well
conserved among species, the structure of BNP differs. The predominant
circulating form of BNP is a 26-, 45- and 32-amino acid peptide in pig,
rat and human, respectively. BNP exerts its physiological actions by
binding to natriuretic peptide receptor A (NPR-A) on the surface of the
target cells [8]. This receptor contains an intracellular guanylyl-cyclase
domain. Activation of NPR-A leads to elevation of cyclic GMP (cGMP)
levels, which mediates biological effects: vasodilatation, natriuresis,
diuresis, inhibtion of the aldosterone synthesis and lipolysis. The BNP
and its mRNA concentrations are much higher in the human cardiac
atrium than in the ventricles. However, given the great ventricular
mass which is 70% of the total content, all cardiac BNP and its mRNA
derives from the ventricles [5]. Plasma BNP levels in the anterior
interventricular vein and in the coronary sinus are higher than in the
aortic root. The tissue distribution of BNP differs among species. In
humans, extracardiac sources of BNP have been found in the lungs,
kidneys, brain, aorta, adrenal glands and in fetal membranes (both
in amnion and chorion) in much smaller concentrations than in the
atrias. Levels of myocardial BNP mRNA and circulating BNP as well
as NT-proBNP-76 are increased as compared with those of ANP in
patients with congestive heart failure, which suggests BNP functions
as an emergency defense against ventricular overload in disease states.

Structure of the NPPB gene and Molecular Forms of
BNP

The BNP gene (Natriuretic Peptid Precursor B gene, NPPB gene)

is positioned on the short arm of the human chromosome 1 [9,10].
The BNP gene contains three exons. Exon 1 encodes a 26-amino acid
signal peptide and the first 15 amino acids of proBNP. Exon 2 encodes
most of the proBNP sequence, and exon 3 encodes the terminal
histidine and the 3’-untranslated region. BNP mRNA is translated
to 134-amino acid preproBNP, after which the 26-amino acid signal
peptide is removed, yielding 108-amino acid proBNP-108. In contrast
to ANP, atrial and ventricular tissue contain two molecular forms of
BNP: proBNP-108 and BNP-32. BNP-32 is dominant (60%) in atrial
tissue, while proBNP-108 is dominant (60%) in ventricular tissue [11].
The cleavage of proBNP into BNP-32 and N-terminal proBNP-76
occurs in the trans-Golgi network by furin, which is a subtilisine-
like prohormone convertase [12]. The biological function of NT-pro
BNP is still unknown. BNP-32 and N-terminal pro-BNP are then
released into the circulation via a constitutive pathway. Recent studies
have shown that proBNP-108 is also present in human plasma and
the proBNP-108/BNP-32 ratio is increased in cases of severe heart
failure [13]. Among the important fragments of BNP that circulate is
BNP 3-32, which results from the cleveage of BNP1-32 by dipeptidyl
peptidase IV. It does not change the resistance of human BNP to
further degradation by human neutral endopeptidase. Recently, it was
reported that BNP 1-32 is cleaved by the metalloprotease meprin A
to BNP 8-32, which has a lower bioactivity in the kidneys [14]. There
is an alternative spliced transcript for proBNP, which has an intronic
retention. This transcript contains the first and second exons and the
second intron. It encodes and alters BNP. It has an additional 34 amino
acid from the second intron, but missing 5 amino acid from exon3 [15].
This 61 aminoacid BNP cannot stimulate cGMP production and has no
vasorelaxing effect.
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Transcriptional Regulation of the NPPB Gene
Expression and Post-translational Modification of
proBNP

The 5'-flanking region of the human NPPB gene was subcloned
in 1996 to evaluate gene expression. It has been studied to understand
the mechanisms regulating the gene's cardiac-specific and inducible
expression. Several single nucleotide polymorhisms and complex
mutations were identified, some of which were shown to be associated
with cardiovascular physiopathology. By the single nucleotide
polymorphism rs198389 (T-381C) in the promoter region of the
NPPB gene, the homozygotes for C allele show a higher prevalence
for atherosclerotic renovascular hypertension [16]. Kosuge et al. [17]
found association with the (TTTC)_ microsatellite polymorphism in
the 5'-flanking region of the NPPB gene and essential hypertension.
This polymorphism is connected with elevated BNP levels in pre-
eclampsia [18]. Another complex mutation in this region was reported
to have impact on the antihypertensive effects of sodium nitroprusside
in patients with hypertension [19].

Unlike ANP, proBNP gene expression must be upregulated before
it can be released into the blood. Transcription of the NPPB gene is
activated in response to increased stretching of the myocardium
caused by pressure and volume overload. Cytokines, neurohormones,
endothelin-1, angiotensin II were shown to activate transcription. A
study using transgenic mice carrying a 5’-FR segment of the human
BNP gene extending from -1818 to +100, or from -408 to +100,
coupled to a luciferase gene (-1818hBNPluc and -400hBNPluc,
respectively) showed that the proximal region of the human BNP
promoter is sufficient to mediate ventricle-specific expression [20].
The luciferase activity of -1818hBNPluc was also greater in ventricular
myocytes than in atrial myocytes [21]. Deletion analysis showed that
the region extending from -127 to -40 of the human BNP 5’-flanking
region confers cardiac-specific expression. This proximal region of the
human BNP promoter contains potential GATA, M-CAT and AP-1/
CRE-like elements, which are conserved among humans, rats and
mice [22]. All of this elements are known to regulate cardiac-specific
gene expression, and have been shown to mediate both basal and
inducible BNP gene expression. Other sites located in relatively distal
regions of the human BNP 5’-flanking region, including NRSE (-552),
shear stress-responsive elements [SSRE] (-652, -641 and 161), thyroid
hormone-responsive element (TRE) (-1000) and the nuclear factor of
activated T-cells (NF-AT) binding site (-927), have also been shown to
participate in inducible activation of the human BNP promoter [23].
Among these elements, the transcriptional repressor element NRSE,
which is located at -552 in the human BNP promoter represses basal
BNP promoter activity and mediates hypertrophic signaling evoked
with extracellular matrix [24]. A transcriptional repressor, neuron
restrictive-silencer factor (NRSF), binds to NRSE repressing promoter
activity. NRSE is located in the 3" untranslated region of the ANP gene
andisinvolved in basal and endothelin-1-inducible activation of human
ANP transcription [25]. Recently, it was identified as a conserved and
functional CArG box in the BNP 5’-flanking region, and showed that
Rho- and actin dynamics-dependent signaling activates BNP gene
expression through this element by inducing translocation of a novel
SRF co-factor, myocardin-related transcription factor (MRTF)-A (also
named as MAL or MKL1) [26].

Regulation of BNP gene expression also occurs at post-
transcriptional level. There is a characteristic sequence in the BNP
mRNA that makes a difference from ANP mRNA. It is a conserved
sequence consisting of repeated AUUUA units in the 3" untranslated

region). The presence of this sequence accelerates the degradation of
BNP mRNA similar to that seen with lymphokine genes and oncogenes
[27]. BNP gene expression is regulated dynamically, depending on the
physiological and pathophysiological conditions, differently from ANP
gene expression.

Post-translational modifications of proBNP have connections with
the O-glycosylation. There are seven identified sites of O-glycosylation
in recombinant proBNP. It appears that the level of endogenous
Nt-proBNP and proBNP gylcosylation in humans depend on high
interindividual variability.

References

1. de Bold AJ, Borenstein HB, Veress AT, Sonnenberg H (1981) A rapid and potent
natriuretic response to intravenous injection of atrial myocardial extract in rats.
Life Sciences 28: 89-94.

2. Kangawa K, Fukuda A, Kubota I, Hayashi Y, Minamitake Y, et al. (1984) Human
atrial natriuretic polypeptides (hANP): purification, structure synthesis and
biological activity. J Hypertens Suppl 2: $S321-S323.

3. Schweitz H, Vigne P, Moinier D, Frelin C, Lazdunski M (1992) A new member
of the natriuretic peptide family is present in the venom of the green mamba
(Dendroaspis angusticeps). J Biol Chem 267: 13928-13932.

4. Akashi YJ, Springer J, Lainscak M, Anker SD (2007) Atrial natriuretic peptide
and related peptides. Clin Chem Lab Med 45: 1259-1267.

5. Mukoyama M, Nakao K, Hosoda K, Suga S, Saito Y, et al. (1991) Brain
natriuretic peptide as a novel cardiac hormone in humans. Evidence for an
exquisite dual natriuretic peptide system, atrial natriuretic peptide and brain
natriuretic peptide. J Clin Invest 87: 1402-1412.

6. Sudoh T, Minamino N, Kangawa K, Matsuo H (1990) C-type natriuretic peptide
(CNP): a new member of natriuretic peptide family identified in porcine brain.
Biochem Biophys Res Commun 168: 863-870.

7. Mukoyama M, Nakao K, Saito Y, Ogawa Y, Hosoda K et al. (1990) Human brain
natriuretic peptide, a novel cardiac hormone. Lancet 335: 801-802

8. Kuhn M (2004) Molecular physiology of natriuretic peptide signalling. Basic Res
Cardiol 99: 76-82.

9. Yang-Feng TL, Floyd-Smith G, Nemer M, Drouin J, Francke U (1985) The
pronatriodilatin gene is located on the distal short arm of human chromosome 1
and on mouse chromosome 4. Am J Hum Genet 37: 1117-1128.

10. Arden KC, Viars CS, Weiss S, Argentin S, Nemer M (1995) Localization of the
human B-type natriuretic peptide precursor (NPPB) gene to chromosome 1p36.
Genomics 26: 385-389.

11. Nishikimi T, Minamino N, lkeda M, Takeda Y, Tadokoro K, et al. (2010) Diversity
of molecular forms of plasma brain natriuretic peptide in heart failure-different
proBNP-108 to BNP-32 ratios in atrial and ventricular overload. Heart 96: 432-
439.

12. Rouillé Y, Duguay SJ, Lund K, Furuta M, Gong Q, et al. (1995) Proteolytic
processing mechanisms in the biosynthesis of neuroendocrine peptides: the
subtilisin-like proprotein convertases. Front Neuroendocrinol 16: 322-361.

13. Yandle TG, Richards AM, Gilbert A, Fisher S, Holmes S, et al. (1993) Assay of
brain natriuretic peptide (BNP) in human plasma: evidence for high molecular
weight BNP as a major plasma component in heart failure. J Clin Endocrinol
Metab 76: 832-838.

14. Boerrigter G, Costello-Boerrigter LC, Harty GJ, Huntley BK, Cataliotti A, et al.
(2009) B-type natriuretic peptide 8-32, which is produced from mature BNP
1-32 by the metalloprotease meprin A, has reduced bioactivity. Am J Physiol
Regul Integr Comp Physiol 296: R1744-1750.

15. Pan S, Chen HH, Dickey DM, Boerrigter G, Lee C, et al. (2009) Biodesign of
a renal-protective peptide based on alternative splicing of B-type natriuretic
peptide. Proc Natl Acad Sci U S A 106: 11282-11287.

16. Poreba R, Poczatek K, Gac P, Poreba M, Gonerska M, et al. (2009) SNP
rs198389 (T-381 C) polymorphism in the B-type natriuretic peptide gene
promoter in patients with atherosclerotic renovascular hypertension. Pol Arch
Med Wewn 119: 219-224.

17. Kosuge K, Soma M, Nakayama T, Aoi N, Sato M, et al. (2007) A novel variable

Biochem Anal Biochem
ISSN:2161-1009 Biochem, an open access journal

Volume 1 ¢ Issue 8 + 1000e129


http://www.sciencedirect.com/science/article/pii/0024320581903702
http://www.ncbi.nlm.nih.gov/pubmed/6242560
http://www.ncbi.nlm.nih.gov/pubmed/6242560
http://www.ncbi.nlm.nih.gov/pubmed/17663625
http://www.ncbi.nlm.nih.gov/pubmed/1849149
http://www.ncbi.nlm.nih.gov/pubmed/2139780
http://www.thelancet.com/journals/lancet/article/PII0140-6736%2890%2990925-U/fulltext
http://www.ncbi.nlm.nih.gov/pubmed/14963665
http://www.ncbi.nlm.nih.gov/pubmed/2934979
http://www.ncbi.nlm.nih.gov/pubmed/7601467
http://heart.bmj.com/content/96/6/432.short
http://www.ncbi.nlm.nih.gov/pubmed/8557169
http://www.ncbi.nlm.nih.gov/pubmed/8473392
http://www.ncbi.nlm.nih.gov/pubmed/19386989
http://www.ncbi.nlm.nih.gov/pubmed/19541613
http://www.ncbi.nlm.nih.gov/pubmed/19413180
http://www.ncbi.nlm.nih.gov/pubmed/17554401

Citation: Szab6é G (2012) Biology of the B-Type Natriuretic Peptide: Structure, Synthesis and Processing. Biochem Anal Biochem 1:e129.

doi:10.4172/2161-1009.1000e129

Page 3 of 3

20.

2

22.

number of tandem repeat of the natriuretic peptide precursor B gene's
5'-flanking region is associated with essential hypertension among Japanese
females. Int J Med Sci 4: 146-152.

. Szabé G, Molvarec A, Stenczer B, Rigé J Jr, Nagy B (2011) Natriuretic peptide
precursor B gene (TTTC)n microsatellite polymorphism in pre-eclampsia. Clin
Chim Acta 412: 1371-1375.

Zeng K, Wu XD, Liu QC, Gao F, Lin CZ (2012) Impact of a novel mutation in the
5'-flanking region of natriuretic peptide precursor B gene on the antihypertensive
effects of sodium nitroprusside in patients with hypertension. J Hum Hypertens.

He Q, Wang D, Yang XP, Carretero OA, LaPointe MC (2001) Inducible
regulation of human brain natriuretic peptide promoter in transgenic mice.
American Journal of Physiology 280: H368-H376.

=

. Kuwahara K, Nakao K (2010) Regulation and significance of atrial and brain
natriuretic peptides as cardiac hormones. Endocr J 57: 555-565.

LaPointe MC, Wu G, Garami M, Yang XP, Gardner DG (1996) Tissue-specific
expression of the human brain natriuretic peptide gene in cardiac myocytes.
Hypertension 27: 715-722.

23.

24,

25.

26.

27.

Ogawa E, Saito Y, Harada M, Kamitani S, Kuwahara K, et al. (2000) Outside-
in signalling of fibronectin stimulates cardiomyocyte hypertrophy in cultured
neonatal rat ventricular myocytes. J Mol Cell Cardiol 32: 765-776.

Ogawa E, Saito Y, Kuwahara K, Harada M, Miyamoto Y, et al. (2002) Fibronectin
signaling stimulates BNP gene transcription by inhibiting neuron-restrictive
silencer element-dependent repression. Cardiovasc Res 53: 451-459.

Kuwahara K, Saito Y, Ogawa E, Takahashi N, Nakagawa Y, et al. (2001) The
neuron-restrictive silencer element-neuron-restrictive silencer factor system
regulates basal and endothelin 1-inducible atrial natriuretic peptide gene
expression in ventricular myocytes. Mol Cell Biol 21: 2085-2097.

Kuwahara K, Kinoshita H, Kuwabara Y, Nakagawa Y, Usami S, et al. (2010)
Myocardin-related transcription factor A is a common mediator of mechanical
stress- and neurohumoral stimulation-induced cardiac hypertrophic signaling
leading to activation of brain natriuretic peptide gene expression. Mol Cell Biol
30: 4134-4148.

Wilson T, Treisman R (1988) Removal of poly(A) and consequent degradation
of c-fos MRNA facilitated by 3' AU-rich sequences. Nature 336: 396-399.

Biochem Anal Biochem
ISSN:2161-1009 Biochem, an open access journal

Volume 1 ¢ Issue 8 + 1000e129


http://www.ncbi.nlm.nih.gov/pubmed/17554401
http://www.sciencedirect.com/science/article/pii/S0009898111002063
http://www.ncbi.nlm.nih.gov/pubmed/22695938
http://ajpheart.physiology.org/content/280/1/H368.short
http://www.ncbi.nlm.nih.gov/pubmed/20571250
http://www.ncbi.nlm.nih.gov/pubmed/8613230
http://www.ncbi.nlm.nih.gov/pubmed/10775482
http://www.ncbi.nlm.nih.gov/pubmed/11827696
http://www.ncbi.nlm.nih.gov/pubmed/11238943
http://mcb.asm.org/content/30/17/4134.short
http://www.ncbi.nlm.nih.gov/pubmed/3194021

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Structure of the NPPB gene and Molecular Forms ofBNP
	Transcriptional Regulation of the NPPB GeneExpression and Post-translational Modification ofproBNP
	References



