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Abstract

Atrial natriuretic factor (ANF) is a cardiac horm® that helps maintain
cardiovascular homeostasis. ANF secretion is linked to the constitutive, regulated and
constitutivelike pathways. Presence of a monensensitive pool that may follow
constitutivelike secretion has previously been identified inisolated atrial perfusion
study. The intracellular ANF storage pools linked to each secretory pathway have not
been identified.In this study, ANF storage and secretion was characterized-ih &itial
cardiomyocytes through the use of pharmacologicehtsy density gradient and RP
HPLC analysis. Treatment of HL cells with monensin followed by cell fractionation
was unsuccessfuin identifying the monensisensitive pool. RPHPLC analysis
identified presence of low molecular weight ANF in low densiigdgent fractions that
were defined by the presence of organelle markers of Golgi, early endosome, clathrin and
corin. Since thenonensirsensitive pool was thought to be of a constitutike nature,
targeting this pathway with pharmacological inhibitafsclathrin coat vesicle (CCV)
formation and endosomal trafking failed to prevent stimulndependent secretion.
Based on an inability to prevent ANF secretion by targdtiegonstitutivelike pathway
andthe presence of low molecular weight ANF mw density gradient fractions, stimuli

independent ANF secretion seems to be through a constitutive pathway.
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Introduction

Cardiovascular Endocrinology

Electron microscopyased, morphological evidence exhibited presence of dense
granules in th atrial myocytes(Kisch, 1956) Jamieson and Palade named these
ultrastructures  Ospecific granuleg@amieson and Palade, 1964)Subsequent
histochemical studies determined the composition of these electron dense granules to be
of a potein or polypeptide natur@e Bold et al.,, 1978)A relationship betweeatrial
granularity and fluid-electrolyte balancevas identified(de Bold, 1979)and rats were
injected wth crude atrial extractswhich resulted ina potent natriuretic and diuretic
responséde Bold et al., 1981)'his natriuretic activity was localized to the atrial specific
granules(ASGs) as intravenous iniion of purified rat atrial granules had the same
natriuretic effect as seen in the crude atrial extract; the component responsible for these
natriuretic and diuretic properties came to be known as atrial natriuretic factor (ANF) and
thus started the fieldf cardiovascular endocrinology revealing the heart as an endocrine
organ in additional to being a mechanical pu(dp Bold, 1982; Garcia et al., 1982)
Today; the field of cardiovascular endocrinology includeappeptidegBarran, 1999)
cardiac adrenomedulligNishikimi and Matsuoka, 2005¢ardiotrophinl (Calabro et al.,

2009)and mineralocorticoid@Vhite, 2003)



Natriuretic Peptide System

The ratriuretic peptide system includes the nagtic peptides (NPs) and tinP
receptors(NPRs) in vertebrates anthvertebratesthus highlighting the importae of
these peptides in water and electrolyte homeostaalsei, 2001) After the discovery of
ANF, additional members of tHeP family with physiological ativities similar to ANF
were discovered. TheecondNP memberwas isolated from grcine brain, thus named
brain natriuretic peptide (BNP) and later alsownas Btype natriuretic peptidé€Sudoh
et al., 1988) Thethird member was also isolated from porcine brain extmadtue to its
analogous natriuretic and diuretic activitlas named Gtype natriuretic peptide (CNP)
(Sudoh et al., 1990)Two additional NPs homologous to ANFvieabeen identified as
urodilatin and dendroaspis natriuretic peptide (DNP). Urodilatin is produced by renal
cells after alternative processing of proANF with 4 amino acid extension at-the N
terminus to yield proAN§s.126 (Schulz-Knappe et al., 1988PNP was isolated from the
green mamba snake venom as a 38 residue peptide with functional and structural
properties similar to the other NRSchweitz et al., 1992)An additional NP naed
ventricular natriuretic peptidevas isolated from eel cardiac ventricl€Bakei et al.,
1991)

The second component of the NP system are the two guanylyl cyclase (GC)
receptor subtypes NRR (GC-A or NPR1) and NPRB (GC-B) through which the NPs
exert treir physiological effectsand the peptides areedred from circulation via the
clearance receptor NPR (Tremblay et al., 2002NPRA andEB are charaetrized by a
N-terminus extracellular NP binding domain, a transmembrane dpmaihterminus

intracellular kinase homology domain an&& catalytic domain, which upon binding of



NP results in an increased intracellular cyclic guanosine-8@rphosphatécGMP)
(Chinkers et al., 1989; Lowe et al., 198%he two receptors have different affinities for
the NPs as the extracellular domains in rats are only 43% identical at the amino acid level
(Schulz et al., 1989)rheclearance receptor or NPRlacks the intracellular kinase and

GC catalytic domain(Fuller et al., 1988)andfunctions to remove NPs from circulation

via receptoiigand endocytic internalization and lysosomal hydrolysis of NPs
(Nussenzveig et al., 1990) ANF is also removed from circulation byeutral
endopeptidase (NEP) 24.11, a zinc metalloprotease¢inactivates ANF by proteolytic
cleavagdgErdos and Skidgel, 1989NPR-A binds to ANF and BNP with greater affinity
than CNP and NP has greater affinity for CNP than ANF or BNP, while NEmas
greater affinity for ANF than either BNP or CNBennett et al., 1991)he differential
binding affinities of the three receptors to their NP ligands mediates the varied biological

effects during physiological and pathological st§kstter et al., 2006)

Structure and Function

Natriuretic peptide precurs@k (Nppa)and B(Nppb) genes for ANF and BNR
respectivelyare found in tandem in the human genome on chromosome 1 atAtpda6
et al., 1995; Yangreng et al., 1985and on chromosome 4 in mou&teinhelper, 1993;
YangFeng et al., 1985CNP geneNppc,is located on chromosome 2 at g@4human
and ctwromosome 1 in the mouse genof@gawa et al., 1994bEvolutionary linkage
studies have indicated that CNP is the ancestral gene with ANF and BNP being evolved

through gene duplicatioavents (Inoue et al., 2003)Both ANF and BNP are mainly



expressedn the atria thus considered cardidaPs while CNP is distributed throughout
the central nervous systefdeda et al., 19913s well as synthesized and secreted by the
vascular endotheliurfSuga et al., 19927 distinct structural feature dfiP family is the
presence of a disulfideond linking 17 amino acidsith varyingC- and N terminus tail
lengths in addition toamino acid and nucleic acid homolo@osenzweig and Seidman,
1991) Comparative analysis diPsrevealsthat ANF and CNP prohormone sequences
are conserved within mammals but highly variable at tkierhinus across species, and
the proBNP sequence is highly variable even within mamr(ibdkei, 2001) DNP
immunoreactivity has been identified in human plasmaand myocardium(Schirger

et al., 1999)and inrabbit atria, ventricle, kidney, liver and bra{iKim et al., 2010)
Authenticity of DNP as part of thdP family has been questioned the gene dr DNP
has not been identified and functional studiesnammalshave been performed using
peptide an@ntibody specific for Green Maml§Richards et al., 2002)

NPsgained clinical importance as cardiac markers wdwmrgestive heart faire
paients showed elevated levels oirculating ANF (Burnett et al., 1986and BNP
(Mukoyama et al., 1990NPs have been linked tonaus physiobgical and pathological
rolesin terms ofblood pressure and volume homeostasis, cardiac remodelling, vascular
remodelling, metabolism, fibrosis and inflammatiqRubattu et al., 2008) During a
pathdogical state, ANF and BNP gene expression increasasria and ventricleqyut
circulating BNP levet show a higher fold change as compared to ANF quality
attributed to a longer plasma half liif BNP (Mukoyama et al., 1991)Cytokine
mediated selectivapregulation of BNP and not ANF has shown a distinct role of BNP

during inflammation (Ma et al., 2004; Meirovich et al., 2008This discoordinate



increase in BNP wasBrst observed in acute allograft rejection patiefMasters et al.,
1999) andin vitro studies have showan immunomodulatory role for BNP agéduces
the number of monocyte8 cellsand natural killer cell§Shaw et al., 2009BNP and
andits receptor NPFA are expressed in undifferentiateselfrenewingembryonic stem
cells to maintain a proliferative phenotyp@Abdelalim and Tooyama, 20Q9A
cardioprotective ale of BNP as a locally actingantifibrotic factor has also den
established in Npplnockout mice(Ogawa et al., 2001; Tamura et al., 200@jtial
studies established CNP a®w member of the NP family as it displayed similar
pharma&ological diurgic and natriuretic dwvities (Sudoh et al., 1990)however,
additional reports showed thplasmaCNP concemttions reflective of a diseasestate
fails to exert any changes systemic hemodynamiax renalfunction (Barletta et al.,
1998) An unexpected phenotype of Nppc knockout mice is dwartisi to impaired

regulation of endochondral ossificati@@husho et al., 2001)



Atrial Natriuretic Factor

The content o0ASGswas purified and sequenced to ravihat a 28 amino acid
peptide,with aninternal disulfide bondndicative of secretory hormonés accountable
for the diuretic and natriuretic activitgbserved inin vivo experimentgFlynn et al.,
1983) This peptide came to be known as ANF among a multitude of names satdhalas
natriuretic peptide atriopeptin, Atype natriuretic peptide, aaulin, cardionatrin, or
atrin; o improve communication and reduce ambiguitga nomenclature and
standardization committee established Oatrial natriuretic factorO as the trivial name and

amino acid numbering from-t&rminus (excluding signal peptid@zau et al., 1987)

Synthesis

Human ANF is synthesized as a 151 amino acid preprohormone, which undergoes
cleavage of the 25 amino acidtBrminus leader segment to form proANEs (Oikawa
et al., 1984) HumanNppa genecodes for three exons and two intrptise first exon
contains the signal peptide and 16 amino acids of proAiFsecond exon contairtbe
remaining codons for propeptide except floe last residueywhich is found on the last
exonin addition to the stop coddiNemer et al., 1984Mouse preproANF is composed
of 152 residues ahterminates with TyArg-Arg tripeptide sequence instead of Tyr as in
the human sequence; however, thigdptide sequere is not found in circulatio(Bovy,
1990; Vlasuk et al., 1986and as such leaves tineature Gterminus ANF sequence
highly conserved between mouse and human with the only difference of residue 110

being isoleugiein mouse, and methionine in humgfeidman et al., 1984)



Processing and secretion

After cleavage ofthe signal peptide of preproANF in eoplasmic reticulum
(ER), proANF undergoes vectorial transport through the Golgi complex and specific
atrial granules have been shown to contain the propeptim&NF;. 1,6 (Flynn et al.,
1985; Nemer et al., 1984; Tault et al., 1987)Figure 1). The prohormone is further
processed to yield ANks and ANRg 126 through cesecretional maturation that has been
associated with coriffYan et al., 200Q)and ANF secretion has ke linked to the
classical constitutie, regulated and constitutihi&e pathway(McGrath and de Bold,
2005) (Figure 1). Furthermore RP-HPLC profile of atrial extracts showetthe proANF
form being predominant with approximat&hi 0% intracellular peptide of the processed
nature corresponding to the Abdf2s (Vuolteenaho et al.,, 1985)n contrast BNP is
stored mainly as the mature form of 32 amino acids as mBN7.105 (Hino et al.,
1990) and 45 amino acids as mouse BNR1 (Ogawa et al., 1994apNF structure is
defined by a disulfide bond between cysteine 105 anqRIgtn et al., 1983)which has
been demonstrated to be critical for the natriuretic and diuretic properties of the peptide
(Chartier et al., 1984; Misono et al., 198&urthemore, a linear analogue of ANF
lacking the disulfide bond elicits a slight cGMP response as compared to native ANF in
rat aortic smooth muscle derived cell lifidapier et al., 1986)Additional studies with
linear ANF have concluded that the disulfide bond is necessary for the active
conformation of the pege when bound to its receptor but it is not a prerequisite for its
biological activity as the linear peptidshowedsmooth muscle relaxant activignd
inhibited aldosterone release from bovine adrenal zona glomerulosahumiever the

potency of thelinear peptide is much lower thahe disulfidebond containing ANF



peptide (Schiller et al., 1985)To date, the only postanslational modification is shown
to be Nterminal phosphorylation gbroANF with appraimately 1525% of SG of the

phosphorylated fornwildey et al., 1990Q)
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Figure 1. ANF processing and secretioin atrial cardiocytes.

The current model of ANF processing and sionein atrial cardiocytesdescribes
secretion through a regulated, constitutive, and constitlikgepathway PreproANF is
processed by removal of signal peptide and proANF is translocated to the Golgi
apparatus followed by storage in ASGs. In the curwew of literature, proANE; 6 is
processed via corin at the plasma membrane to yiéltNF; 9sand ANFgg 126 Immature
granules are defined by the presence of clathBarly endosomes represent the
intermediate compartment for constitutilee secetion. The organelles of the ANF
secretory pathway are labelled. MSGs, mature secretory granules; ISGs, immature
secretory granules; CCVs, clathrin coated vesicles; TGN, -Gafgd network;
RER/SER, Rough endoplasmic reticulum/smooth endoplasmic reticulin early
endosome.



Corin, a type Il transmembrane serine protease with a cytoplas#t@orus
and an extracellular @rminus trypsirdike protease domainvas identified from a
human heart cDNA librarYan et al.,1999) RT-PCR analysis in rats have shown
notable expression of corin in atria, ventricle, septum and dgbasagenickel et al.,
2004) Corin resides on the plasma membr@§A®) of cardiomyocytes as anactive
enzyme precursoand in a catalytically active forrfGladysheva et al., 200&lthough a
sduble corin form has been detected in human plg$takeg et al., 2009)In transécted
HEK?293 cells, corin has been shown to process proANF as well as proBNP due to
sequence similarity at the cleavage éitan et al., 2000)Recombinant proANF has been
shown to be processed in a sequence ipecanner at Ardf by the endogenous corin in
the HL-5 cardiac cell ling(Wu et al., 2002) Sitedirected mutagenesis studies have
demonstrated that proANF interacts with frizzled 1 domainlenddensity lipopratin
receptorrepeats ¥4 of corin thus allowing efficient processing of proANF by the
protease domai(Knappe et al., 2004)

Increased corin expression hdaseen observed in phenylephrimeluced
hypertrophy in pmary cultures of neonatal rat cardiomyocytes and imanvo model
of heart failure(Tran et al., 2004)A cain gene allele with two missense mutations
(Q568P and T555I) in the second cystaiioh frizzledlike domain (Fz2) has been
identified in United Stateblack population and linked with higher blood pressure and an
increased risk for hypertensi@Dries et al., 2005)Mutant corin lacking Fz2 retains only
30% ofproANF processing activity and variants Q568P and T555I individually have no
effect onproANF processing, but T555I/Q568P variaihiave about 38% of actity as

compared to wildtypéWang et al., 2008)Iin corin knockout mice, the authors reported
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2.6 fold highercontent of intracellular proANBnd undetectable ANF levels as compared

to wildtype(Chan et al., 2005)

Physiological Actions

ANF acts as a potent vasorelaxant to decrease blood pr¢Bsllrest al., 1987,
Breuhaus et al., 1985; Granger et al., 1988\F has a suppressive effect on the
sympathetic baroreceptors by activation of vagal affer€rteren et al., 1986)ANF
causes an increase in glomerular filtration rate and filtratictibn while inhibiting the
reabsorption of Nafrom the collecting duafCamargo et al., 1984; Cogan, 1985; Huang
et al., 1985)ANF inhibits aldosterone synthesis and secretion as well as decreasing renin
secreton, which has an impact in decreasing angiotensin Il and aldosi@tamashi et
al., 1985; Atarashi et al., 1984; Burnett et al., 1984; Henrich et al., .18RF) inhibits
endothelinl (ET-1) synthesis and seci@t from aortic endothelial cell§Hu et al.,
1992) furthermore, ANF also inhibits thrombinduced ET1 synthesis in a cGMP
dependent manndKohno et al.,, 1992)ANF infusions havebeenshown to increase
hematocrit either by an increase in capillary permealolitgapillary pressure gradients
(Almeida et al.,, 1986; Fluckiger et al., 1986)n addition to thewell known
cardiovascular and renfainctions of ANF recentresearctshows involvement of ANk
innate and adaptive immune systéwollmar, 2005) cancer(Saba and Vesely, 20Q6)

andlipolysis (Lafontan et al., 2008)
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Genetic Variants

A 2009 review of literature analyzed 29 studies relating to 10 Nppa gene
polymorphisms and their role in cardiovascular pathology; even though several studies
linked the allelic variants to hypertension and cardiovascular disease, the overall linkage
of the variants to a diseased state was found to be incongdisyercth et al., 2009)
Among the various polymorphisms that have been identibetly the T2238C (also
called Scal ad T1766C) polymorphism results in modification of thieF peptide at the
C-terminus as Artf-Arg'?® (Kato et al., 2000; Masharani et al., 1988)heterozygous
frameshift mutation in the Nppa gene, which resuttgshe extension of ANF at the-C
terminus by 12 residues, has been linked with familiahlafibrillation (AF), and an
isolated rat heart model showed that feahift ANF (fSANF) shortens monophasic
action potentials as compared to the wildtypdgsonZingman et al., 2008)This
fSANF has greater affinity foNPR-B and it is resistant to pteolytic degradation by
NEP thus elevatingits plasma levels(Dickey et al.,, 2009) Single nucleotide
polymorphism rs5063 a nonsynonymous mutation Val32Men Nppa has been
evaluated in two different populations and found to be linked to AF in the Chinese Han
population (Ren et al., 201Q)however no correlation has been fodi in the North

American population of European ancegiRpberts et al., 2010)
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Atrial Granule Biogenesis

Atrial Specific Granules

ASGsare the storage site of proANF in cardiac myocyidsbault et al., 1987)
Characteristics of these granules are similarséaretory granules (SGdpund in
endocrine cell§Cantin et al., 1979)ASGs have a high calcium content, low pH and an
ability to sustain anion gradien{Somlyo et al., 1988)RPRHPLC analysis of atrial
granule content also shows the presence of mature BNP and minor quantity of proBNP
(Thibault et al., 1992)The ASGs are between @% 500 nm in diameter and their size
and number in cardiocytesd natriuretic activitys inversely proportional to the size of
the animal(Chang and Bencosme, 1969; de Bold and Salerno, 1983; Jamieson and
Palade 1964; Tomisawa, 1969Proteomic analysis of isolated ASGs identified 61
distinct proteins related to vesicular trafficking, signal transduction, scaffolding, calcium
association and peptide processing in addition to highly abundant proANF and
peptidyldycine !-amidating monooxygenase (PAMMuth et al., 2004) In the
proteomic studyproteinsidentified in vesicular trafficking included members of the rab
guanosine triphosphatasé&T{Pas¢ family (rab2, rab3b, rab6a, rab7, rabl4) and
membrane fusion (annexin I, -&hylmaleimide sensitive factpr rabaptin5,
synaptoagmin VII, syntaxin 6 Syntaxinbinding protein ); however, the proANF

protease corin was not identified in the ASGs.
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Granule Biogenesis: Sorting and Maturation

Appropriate signalshat segregate proANF from constitutively secreted proteins
are requied to target the propeptidewardsthe regulated secretory pathway as this is a
prerequisite for the fonation of dense cor&Gs in endocrine cell§Dikeakos and
Reudelhuber, 2007)Two malels based on the location pifotein segregatio destined
for secredry granules have been propos&te Osorting byentryO model describes the
use of a sorting receptor to segregate cargo atdahe Golgi networKTGN) towards the
constitutive, regulad or endosomal/lysosomal pathw@auerfeind and Huttner, 1993;
Kuliawat and Arvan, 1994)in the Osorting byetentionO modelmmature secretory
granules ISG9 are formed at the TGN containing unsorted carga the granule
matures by the removal of lysosomal or constitutively secreted proteins while regulated
secretory proteins are retain€¢uliawat and Arvan, 1992, 1994Different protein
categorieghat lead to théormation ofSGs have been describegtese include proteins
tetheed to TGMgranule membrane, soluble proteins that associate and interact with
these membrangethered proteingnd high molecular weight proteins that lead to the
formation of aggregatg®ikeakos and Reudelhuber, 2007)

In ASGs proANF and PAM constitutemore than95% of total granular
membrane proteingnd they are present in a molar ratio of 30 (proANF):1 (PAM)
(O'Donnell et al., 2003)importance b proANF sequence as a requirement for ASG
biogenesis is highlighted as targeted disruption of Nppa gene in mice leads to loss of
ASGs(John et al., 1995Mutations or deletion of Merminal proANF changethe size
and shape of granulesd prevents their docking at tR& (Baertschi et al., 2001PAM

I -amidates @erminal residas of many bioactive peptides aturonal or endocrine
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origin (Eipper and Mains, 1988however, n ASGs PAM is suggested to provide a
structural instead of an enmgatic role in the packaging of proANF due to lack of its
substrate in the granules and tight association of proANF and PAM witlS@e
membrang(O'Donnell et al., 2003)Presence of both PAM and proANF is required to
create the round shape of secretoryalesi however PAM is not involved in vesicular
docking(Labrador et al., 2004) A novel function for the cytosolic domain of PAM has
been established as a granule to nuclear signalling molecule to upregulate gene
expression upon secretagogue dependent granule exo¢lasisone et al., 2010)

Sorting towards the regulated secretory pathway is amsidrproperty of! -
helices as shown by the routing of synthétieelical peptides in the absence of any other
sorting signals; this requires presence of an hydrophobic face segregated from charged
amino acids(Dikeakos et al., 2007)The Nteminus of proANF contains a leucine
zipperlike coiledcoil motif of !-helices (amino acids 12 to 26) capable of
oligomerisation(Seidler et al., 1999)The region corresponding tohelicespromotes
proANF aggregabn in the presence of calciunfThibault and Doubell, 1992)
aggregation is also promoted by members of the chroamarg(Chr) and secretogranin
family (Taupenot et al., 2003among whichChrA and ChiB have been localized with
proANF in ASGg(Steiner et al., 1990)

Granule maturation is defined by retention of proteins destinethdéoregulated
secretory pathway to allow quantal release of petglin excess of biosynthesipon a
stimuli (Arvan and Castle, 1998As granule maturation progresses, the core becomes
electron dense withmiultaneous loss of volume, surface area, and membrane proteins as

vesicles are pinched offesso et al., 1980)SGs are defined by the presence of clathrin
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coats that are removed in the form of clathrin coated vesicles (CCVs) to transport cargo
towards the endosomal/lysosomal compartments (Fishman and Fine, 1987; Kuliawat et
al., 1997). ANF and proANF containing CCVs have been isolated from atrial cardiocytes
(Klein et al., 1993), indicating involvement of clathrin in the ANF secretory pathway.
The atrial granule proteome also identified components of clathrin coat formation
(dynamin 1 & 2), and uncoating machinery (Hsc70, Hop/p60 protein, mortalin); however
no clathrin was identified (Muth et al., 2004), and this is in agreement with observations
that mature granules are devoid of clathrin (Tooze, 1991).

Heterotrimeric and monomeric G proteins and their effector proteins are
important regulators of SG biogenesis and secretion (Kowluru, 2010; Williams et al.,
2009). The Rho, Ras and Rab family of small GTPases have been implicated in insulin
granule exocytosis (Wang and Thurmond, 2009). Ras-related protein 17 (RRP17), a
member of the Ras family of G proteins has been shown to interact with calcium-
activated protein for secretion-1 and regulate ANF storage and secretion; RRP17
increases ANF secretion independent of an increase in mRNA expression, suggesting it
functions at the level of stored granules (Rybkin et al., 2007). Through immunoblot and
immunogold labelling, rab12p (Ilida et al., 1996) and rab6p (lida et al., 1997) have been
found to be associated with ASGs at the periphery. G, is found to be localized to about
60% of SGs in cardiomyocytes (Wolf et al., 1998). Stretch stimulated ANF secretion is
mediated via a Gy, pathway, while ET-1 stimulated ANF secretion follows a G4 pathway

(Bensimon et al., 2004).
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Constitutive Secretion

Newly synthesized proteins follow vectorial transport from ©RPM through
multiple and parallel pathways in a stimuhdependent and constitutive manner
(Ponnambalam and Baldwin, 2008)arious models for TGN to PM trafficking esifor
passive protein transporthe vesicle shuttle motelescribes movement of transport
vesicles through the biosynthetic pathway in a formatexmd fusiordependent mode
(Rothman and Wieland, 1996lhe vesialar transport is mediated by-A00 nm vesicles
destined for the PMBuccione et al., 1996 Constitutive vesicle formation at the TGN
requires phospholipidependent, serine/threonine protein kinases (PKSs), IpafteD
(Bossard et al., 200/PKC (Westermann et al., 199@nhd PKA(Muniz et al., 1997)
Presence of phospholipase! @ (Diaz Anel, 2007)and interaction of four phosphate
adaptor protein 1/2 with small GTPase ADBosylation factor (ARF) and
phosphatidylinositol 4biphosphate (Ptdins(4/) is also necessary for vesicle
formation(Godi et al., 2004)

Basal secretion is represented by the turnover of mature secretory granules
(MSGs) in the absence of stimuli and contributes towards the passive seapétion
proteins alongside constitutigecretionMatsuuchi and Kelly, 1991; Varro et al., 1996)

In the literature it is more common to find the term ObasalO as representing the non
regulated secretion, which includegbe constitutive (vesicle formation at TGN),
constitutivelike (vesicle formation aitSG9 and exocytosis oMSGs (Halban and
Irminger, 2003) Howeve, sorting of secretory products towards the regulated pathway
has been suggested to be a-m@quisite for basal secretid®iblin et al., 2008) True

basal exocytosis has been shown to have a half life of ap@tetinb0 hours with the
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peak period of unstimulated granule exocytosis occurring around 9 to 10 hours after
chase in pancreatic lobulgsrvan and Castle1987)

In the absence of stimulihe main circulating form of ANF in plasma is the 28
residue peptide; howevepresence of minute quantities of proANF has also been
observed in human plasn{dacaulay Hunter etl., 1998; Yamaji et al.,, 1985)at
plasma(Miyata et al., 1985)dog plasmgCernacek et al., 198&8nd isolated rat heart
perfusate(de Bold and d Bold, 1989; Thibault et al., 198§)ossibly corresponding to
basal release from mature granules. Plasma Ai#den healthy young adults are found
to be dependent on gendevith circulating ANF almost twdold higher in
premenopausal women as compared with,mdmle in the elderly the values are higher
with no signficant difference between men and won{@ark et al., 1990)Plasma haif
life of ANFgg126 has beemletermined to be 2.5 minutes for 100 pg of peptitendle et

al., 1986)or 5.65 minutes for 32 ug of pepti@ippner et al., 198&) humans.
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Regulated Secretion

Regulated secretion is a distinctive feature of endocringe cefitainingSGsthat
undergosynthesiandependent and energiependengxocytosis upon an external stimuli
(Burgess and Kelly, 1987)Granule biogenesis and sorting of proteins destined for
secretory granules is a majamgponent of the regulated secretory pathway (discussed in
the preceding sections). Exocytosis of ANF under stimulated conditions via secretory
granules makes this peptideOs secretion fall in the category of regulated s@imetion
et al.,, 1986) Both mechanical and neuroendocrine stimuli regulate ANF secrtgion

maintain water and electrolyte homeostgsis Bold et al., 1996)

Neuroendocrine Stimuli

Endocrine or neurohumoral dependeregulated ANF secretion is mediated by
several factors of whicleT-1 is the most poten{Schiebinger and Gome&zanchez,
1990) Additional neuroendocrine stimuli for ANF secretion include glucocorticoids
(Shields et al., 1988pcetylcholingHayashi et al., 1988; Inoue et al., 1988) and -
adrenergic agonistgSchiebinger et al., 1987; Shieldand Glembotski, 1989)
prostaglandins(Gardner and Schultz, 19903}hyroid hormone(Mori et al., 1990)
angiotensin Il(Focaccio et al.,, 1993)and vasopressinZongazo et al., 1991)ANF
secretory kinetics vary in terms of stimuli and concentratitmsrein illustrating the
presence of distinchiracellular ANF poolsin anex vivorat atria model Schiebingand
colleagueshowed that phenylephrinan a-adrenergic agonigesuls in ANF secretion
in a monophasic mode, while isoproterenolf-adrenergic agonist increases ANF

secretion in a biplsc mode(Schiebinger et al., 1987ET-1 also shows concentration
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dependent kinetics on ANF secretion; 10 nM ET-1 results in monophasic ANF increase
while 100 nM ET-1 shows a biphasic response (Uusimaa et al., 1992). Pathway-specific
ANF release is further supported by stretch secretion being augmented by ET-1 and not
by norepinephrine or vasopressin (Schiebinger and Greening, 1992).

ET-1, a 21-residue peptide, was first isolated from conditioned medium of porcine
aortic endothelial cells and shown to be a potent vasoconstrictor (Yanagisawa et al.,
1988). ET-1 functions via G protein coupled receptors ET4 and ETg (Arai et al., 1990;
Sakurai et al., 1990) to activate at least three different signalling pathways (Bouallegue et
al., 2007). ET-1 transduces its signal via Gg, which initiates the phosphoinositide cascade
to activate PKC (Resink et al., 1988; Smrcka et al., 1991). Mitogen-activated protein
kinase and Ras/c-Raf-1 pathway is also activated by ET-1 to activate further downstream
effectors ERK1/2, p38, p44/42, JNK to regulate transcription (Wheeler-Jones, 2005; Yue
et al,, 2000). ET-1 has also been shown to activate phosphatidylinositol-3 kinases
(PI3Ks) through p21™ (Foschi et al., 1997). PKC, another downstream product of ET-1
stimulation has also been shown to be a regulator of SG exocytosis; PKC phosphorylates
Ser'® of Synaptosomal-associated protein-25 (SNAP-25) and this phosphorylated form
as well as presence of PKC itself is required for vesicle pool refilling for subsequent

granule exocytosis (Nagy et al., 2002).
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Mechanical Stimuli

ANF secretion in response to a mechanical stimuli has beerde@stretch
secretion coupling{Kuroskirde Bold and de Bold, 1991s it occurs in response to
volumeinduced atrial stretckEdwards et al., 1988p release newly synthesized ANF
from ISGs (Mangat and de Bold, 1993Ftreth-stimulated ANF poolconsiss of a
rapidly depletingpool since in the presence of continuous stimydeptide secretion
returns to basal levels within three hours without upregulation of ANF ggmession
(Bruneau and de Bold, 1994)The distinct nature of stretch stimuli has been
demonstrated by pertusis toxin, g @rotein inhbitor, which abolishes stretestimulated
but not ET1-stimulatedsecretion which signals through the Gathway furthermore,
immunocytochemistry showed thag Gvas partially colocalized with ANBensimon et
al.,, 2003. Gy is found to be abundantly expressed in the atria as compart to
ventricles and it is localized to about 60%S3$bsin atrial cardiomyocyteg§Wolf et al.,

1998)

Monensin Sensitive Secretory Pathway

Monensin § a monovalent, sodium ionophore capable of collapsing intracellular
proton gradients; thus increasing the pH of intracellular compartments such aSG&N,
lysosomes and endosomes in a concentration and time dependent (hetleahauer et
al., 1990) Monensin concentrations in the micromolar range inhibit protein processing
and transport in the Golgi in addition to neutralizing intracellular acidic compartments
including the SGs (Devault et al., 1984)while nanomolar concentrations prevent

formation ofISGsat he TGN (Orci et al., 1984)In the myeloid leukemia HI60 cell
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line, 1 uM monensin resulted in vacuolization of the trans Golgi within 30 minutes and
after 3 hours the vacuolization disseminated to the cis cisternae; additional monensin
induced effects included expanded granules withcent periphery and residual electron
dense cordParmley et al., 1988Monensin inhibitedcorticotropinreleasing hormone
stimulated adrenocorticotropic hormosecetion from anterior pituitary glands in a dose

and time dependent manner indicating that monensin has a inhibitory effect on stimulated
storage granule exocytos{Sobel and Shakir, 1988)n pancreatic! cells, Orci and
colleaguesbserved that clathrin coated vesicle formation was inhibited at the TGN with
low nanomolar concentrations of monen@rci et al., 1984)

Primary cultures of rat atrial myocytes when treated with 0.5iM5monensin
showed redistribution AASGsfrom the perinuclear region to the cell periphery within 30
minutes; this study further reported that incubation wiftMbmonensin for more than 3
hours changes granule morphology and kinetic studies on ANF secrbabared a
decrease in rate of ANF secretion during a 4.5 hour incubation withN.Bhonensin
from 0.15 to 0.11 fmol/(hr.myocytd)ida et al., 1988)In an solated perfused rat atrial
treatment with UM monensinsecretagogue stimulatédNF secretiorwas inhibitedand
basal ANF secretiowas decreasesuggestinghatthe monensisensitive pathway to be

derived froma constitutivelike pool (Ogawa et al., 1999
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Constitutive -like Secretion

Constitutivelike pathway was first observed in parotid acinar cells as a distinct
secretory pathway that initiates frd@Gswith dissimilarcomposition than the regulated
secetory pathway hence termed earlyhase secretion as opposed to-f#tase basal
secretion from mature granulégn Zastrow and Castle, 198TSGs are distinguished
based on the presence of partial clathrin c(@tsi et al., 1985; Tooze and Tooze, 1986)
and the only vesicles that have been shown to bud off from ISGs are (CGd=e and
Tooze, 1986)This novel pathway was termed constitutide pathway to distinguish it
from the regulated pathway and constitutivéhpay (Arvan et al., 1991)Constitutive
like pathway has been observed in isolated pancreatic islefediitle, insulin,
proinsulin, p80)rat pheochromocytomBC12 cell line (proteoglycanspnouse anterior
pituitary cell line AtT20 (solublePAM, calnug, parotid acinar cells (salivary protein 1
and! -amylase) and ANF in atrial cardiocytegCastle and Castle, 1996; De Lisle and
Ziemer, 2000; Grimes and Kelly, 1992a; Kuliawat and Arvan, 1992; Lavoie et al., 2002,
Milgram et al., 1994; Ogawa et al., 1999)

The newly synthesized products in tHeGs compartment are the first to be
secreted in response to stimuliCastle et al., 1997)however,the constitutivdike
pathway corresponds to unstimulated secrgii@astle, 1998)In parotid acinar cells the
resting secretion has been attributed to the constitlikieeand the minor regulated
pathway(Huang et al., 2001)The sorting mechanism for this pathwayttributed to the
inability of polypeptides to be condensed and retained in the mature granules, as a result
the products are removed via vesicular budding fromiSkss (Arvan ard Castle, 1987)

Evidence of this Onegative selectionO has been illustrated by interrupting the
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condensation process in maturing granules by ammonium chloride that enhances the
secretion via constitutiveke pathway with secretory content reflecting tlditstored
granulegCastle, 1998; von Zastrow et al., 1989)

Constitutivelike vesicles proceedo the endosome due to the presence of
lysosomal hydrolases in tH8Gs andfollow a prolongedand indirect route @ the PM
from TGN as compared to constitutive secretf@aste, 1998) The route of secretory
products in the constitutivike pathway is segregated into the Ofirst limbO from TGN to
endosome mediated adaptor proteirl (AP-1) and CCVswhile the Osecond limbO is
the endosome to the PM trafficking, which is anted byBrefeldin A BFA) as shown
for procathepsin B (ProB), a marker for ARCCV trafficking (Kuliawat et al., 1997,
Turner and Arvan, 2000)In perfused isolated right atria, BFA treatment caused
enhanced ANFsecretion with the effect being independent of stimulation; furthermore,
monensin treatment inhibited stretcand ETF1-stimulated ANF release without a
decrease in basal secretion levelggesting that the monensensitive pathway is

derived from the @nstitutivelike pool(Ogawa et al., 1999

Wortmannin Sensitive Secretory Path  way

Wortmannin, aungal metabolite is an irreversibleand poteninhibitor of PI3K
that actsby bindng to its p110 catalytic subunit and covalently modifying Ly&?
residue which is located in close proximity to the substrate aehosine triphosalte
(ATP) binding site(Powis et al., 1994; Wymann et al., 1996; Yano et al., 1993K is
categorized into three classes based on structural domains @imasjthorylates the 30

position of the inositol ringin phosphatidylinositols (Ptdins) Ptdins(4)P, and
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PtdIins(4,5)R (Domin and Waterfield, 1997Both class | and llenzymesare sensitive
to wortmannin in low nanomolar range, while @CV associatedclass Il enzyme
PtdIins3KIIC2 is sensitiveat low micromolar rangéDomin et al., 1997; Gaidarov et al.,
2001)

Wortmannin has been implicated in missortirend hypersecretionof
procathepsin Dn the TGN to lysosomal pathwawith the possible siteof mistargetingat
TGN to anearly endosome comparemt (Davidson, 1995)This enhanced secretion
effect hasalso beenobservedin apancreatic' cell line wherewortmanninpotentiates
glucosestimulated insulin secretiofEto et al., 2002; Hagiwara et al., 19995 possible
explanation for the wgymented secretion of insulin in the presencehefinhibitor is
described abeing due to the inhibition of phosphodiesteras® subsequeimcrease in
CcAMP content(Nunoi et al., 2000)Wortmannin prevents the recruitmentrodnnose 6
phosphate receptoMEPR) receptors into CCVs and as a result cathepsia ligand for
M6PR receptor does not gedrtedinto CCVs andgetssecretedn its preenzyme form
(Gaffet et al., 1997; Karlsson and Carlsson, 199Bhilar effects have been observed for
the processing and maturation of procathepsin Bhe presence of wortmannjfurner
and Arvan, 2000)

Mis-routing of cargo from TGN to endosomalig®mal compartment could also
be due to lack of early endosome fusion, which is inhibited in the presence of
wortmannin and requires an activated p110 subunit oKPlBones et al., 1998; Li et al.,
1995) Additionally a role for wortmannin in inhibiting trafficking in the late endocytic
pathwayhasalso been proposd&eaves et al., 1996)\Vortmannin inducegndosomal

specificmorphological changdsy trangorming a vesiclar phenotype to the one where

25



endosomes are enlarged with a tubular network (Shpetner et al., 1996). Wortmannin
prevents early endosome antigen 1 (EEA1) from binding to endosomal membranes, an
activity that requires functional PI3-K and Rab5 for early endosome fusion (Kjeken et al.,
2001; Simonsen et al., 1998).

Role of PI3Ks in granule exocytosis has been implicated in insulin secretion,
where the p110! catalytic subunit of type 1B PI3Ks acts to regulate SG translocation and
localization to the PM by decreasing cortical F-actin polymerization (Pigeau et al., 2009).
Recently another isoform of PI3Ks, C2", has been shown to regulate insulin secretion by
functioning at the level of granule fusion by negatively regulating proteolysis of
SNAP-25 (Dominguez et al., 2010). In chromaffin cells, PI3K-C2" was found to be
associated with SGs and partially colocalized with CCVs suggesting a dual role in
granule biogenesis and ATP-dependent priming for granule exocytosis (Meunier et al.,

2005).

Clathrin -Dependent Secretory Pathway

The first limb of constitutive-like secretion is mediated via CCVs budding off
from ISGs to carry cargo destined for endosomes or lysosomes (Dittie et al., 1996; Turner
and Arvan, 2000). Cellular trafficking utilizes CCVs during TGN to endosome and PM to
endosome transport; CCVs formed at TGN or PM can be distinguished based on the
regulatory proteins associated with each region (Brodsky et al., 2001). In primary rat
pancreatic beta-cells, use of a dominant-negative clathrin heavy chain mutant showed that
clathrin was not involved in regulated secretion of proinsulin or insulin; however,

presence of clathrin was implicated in the removal of proteases from the ISGs (Molinete
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et al., 2001)Presence of clathrinoated vesiclepredominantlycontaining proANF has
been reportechirat atrial cardiomyocytes; transmission electron osicopestudies have
shown presence of a partial clathrin coat on dense core grékldaset al.,1993)

Clathrin, the major coat protemf CCVs,is a triskelion that forms polyhedral
lattice backbongCrowther and Pearse, 1981; Pearse, 1901athrin coatself assembke
in the presence of factors such A$-1, ARF1, secretory carrier membrane proteins
(SCAMPs), !-synergin and Golgi-localizedgammaearcontaining ARFbinding
proteins(GGA) to form a polyhedral lattic€Brodsky et al., 2001)AP-1, an adaptor or
assembly protein (AP) at the TGN triggers clathrin lattice formation and integrates
transmembrane molecules sua$ cargo or receptors into the lattitee et al., 2008;
Traub et al., 1993)Cargo recognition is achieved through sortingfifa or AR-1 binding
partners; &r examplepl subunit ofAP-1 recognizesyrosine basdYXX" motifs where
X is any amino acid andl is a hydrophobic residugMarks et al., 1997)Additionally,
AP-1 binding partners such ghosphofurin acidic cluster sorting protein(RACSJ)
recruit furin and M6PRs at the TGWan et al., 1998)During the CCV budding
process, dynamin interacts with the bilayer membtaneduce scission of the elongated
vesicle neckHinshaw and Schmid, 1999)ynamin Il has been localized to TGN, where
it interacts with G proteis#! subunitto regulate vesicle formatiofyang et al., 2001)
Targeting removal of CCVs from ISGs is expected to prevent initiation of constitutive
like secretory pathwayKuliawat et al., 1997) Two recently identified inhibitors of
clathrirmediatedvesicle trafficking nclude membrane traffic inhibitor ARAS) that
targets a TGN tthe endosomspecific pathwayDuncan et al., 2007and dynasore that

inhibits the GTPase activity of dynamiMacia et al., 2006)
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Rationale for the Study

ANF plays an important role in maintaining cardiovascul@ameostasi¢de Bold
et al., 2001) In the current view ofhe literature, proANk.126 is the intracellular storage
form in atrial cardiocytes, which is processedsearetionally at the plaanmembrane
through the extracellular protease activity of cqf@ei et al., 1992; Yan et al., 2000)
However, atrial extracts also show presence of intracellularly processedsANF
(Vuolteenaho et al., 1985Monensin, an ionophore that disrupts protein sorting and
transport inthe TGN, inhibits stretchand ET-1-stimulated ANF release without a
decrease in basal secretion levels; this demonstrates that this pathway is distinct from
both constitutive and regulated pathwaysh the monensksensitive pool to be derived
from the constitutivdike pool (Ogawa et al., 1999 The objective othis study is to
determine the cell compartments involiadnonensirsensitive storage and secretion in
HL-1 atrial cardiomyocytes using cell fractionati@chniques based on differential and
density gradient ultracentrifugatiodn additional aim of ths study is to identify the
molecular forms of ANF (ANfg126 Or proANFR.126) in the different cellular pools.
Ancillary approaches will make use of pharmacological agents that &mgesomes
(wortmannin)and clathrin vesicle formation (dynasore and memertraffic inhibitor

A5) to further definghe role of constitutivéike pathway in ANF secretion.
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Figure 2: Targeting of secretory pathways withpharmacological agents

The site of action of monensiniSGy, wortmannin (endeomes), dynasoreand
membrane traffic inhibitor ARCCVs) are shownThe organelles of the ANF secretory
pathway are labelled. MSGs, mature secretory granules; ISGs, immature secretory
granules; CCVs, clathrin coated vesicles; TGN, t@ofgi network; RERSER, Rough
endoplasmic reticulum/smooth endoplasmic reticulum; EE, early endosome.
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Hypothesis

Thereis a monenshsensitive storage pool of ANF in atrial cardiocytesich

maybethrough aconstitutivelike pathway.
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Materials and Methods

Cell Culture

HL-1 cells (obtained from Dr. William Claycomb, LouisiaGsate University
Medical Center, New Orleans, LA, U.S.Agere cultured aB37 iC in a humidibed
atmosphere of 5% CQOin air in Claycomb medium 51800C, SAFC Biosciences)
according to theublishedprotocol(Claycomb et al., 1998upplemented with 10%tkd
bovine serum K2442 Sigma Aldrich), 100 pg/mL penicillin/streptomycin(1514Q
Gibco), 100 uM norepinephring10 mM norepinephrine stock solutioA@937, Sigma
Aldrich) dissolved in30 mmol/literL-ascorbic acidA7631, SigmaAldrich)] and 2 mM
L-glutamine (25030, Gibgo HL-1 cells were seeded onto greated 0.02%gelatin
(214340,BD Difco Gelatin and 5pug/mL Pbronectin(F1141, Sigma Aldrich T-75
culture flasksHL-1 cells at passage 63 were kept as a frozen stodlonce thawed, the
cells werecultured in supplemented Claycomb medimathe absence of norepinephrine.

All the experimentsvereperformed on passage 64.
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Pharmacological Agents

Endothelin-1
Endothelinl (H-6995, Bachemwas reconstituted in 5% acetic acid and 95%

degassed MillQ water at a concentration of 1 mg/mL.-EWwas stored &s pL aliquots

at-20 iC.

Monensin

Monensin(M5273 Sigmg was dissolved in absolute ethanol as arB@ stock

solution and stored 4t C.

Wortmannin
Wortmannin YW1628, Sigmawas dissolved in DMSO aslang/mlstock solution

and stored a$0 pL aliquotsat-20 jC.

Dynasore, Dynamin Inhibitor |
Dynasore, Dynamin Inhibitor (324410, Calbiochejhwas dissolved in DMSO as

a 100 mM stock solution and stored gsl 5aliquotsat-20 C.

Membrane Traffic Inhibitor A5
Membrane Inhibitor A§444805,Calbioclem) was dissolved in degassed M

wateras a 30 mM stock stolution and stored aglll&@liquotsat-20 jC.

DecRVKR-CMK

DecRVKR-CMK (Enzo Life SciencesALX -260-022) was disslved in degassed

Milli -Q wateras a D mM stock stolution and stored agib aliquotsat-20 jC.
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Treatment of HL -1 cells

ANF secretion assays

HL-1 cells wereplated at a density of 1.25 x “i€ells/cnfin a 24 well precoated
with gelatin/fibronecth and allowed to culture for 24 im norepinephrindree, fully
supplemented Claycdmmedia Cells were rinsedwice with DMEM/F12 (D6421,
Sigmg and incubated for another 2din DMEM/F12 supplemented witli00 pg/mL
penicillin/streptomycin 5 mM L-glutamineand [1X] ITS (insulin, transferrin sodium
selenite)supplement 11884, Sigma After a 24 hserum starvation period, cells were
rinsed three timeswith DMEM/F12 and incubated with 500 pL dfupplemented
DMEM/F12 containing theequiredagent.All experiments were performed after a 24
period of serum starvation, unless otherwise staAéer the required incubation time,
mediawas collected anonmediately placed on ice. Medigas concentrated two folay
freeze drying 45QuL of media and reconstiting in 225uL of RIA buffer, unless

otherwise stated.
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Ultracentrifugation

Cell Fractionation

The methodology for cell fractionation performed on HL-1 cells was adapted
from a previous study (Bensimon et al., 2004). HL-1 cells were plated at a density of 1.25
x 10" cells/cm” in a T-75 flask pre-coated with gelatin/fibronectin and allowed to culture
for 24 h in norepinephrine-free, fully supplemented Claycomb media. Cells were rinsed
twice with DMEM/F12 and incubated for another 24 hours in supplemented DMEM/F12.
After a 24 h serum starvation period the flasks were rinsed three times with ice cold
homogenization medium (0.25 M sucrose, | mM EDTA, 10 mM Tris-HCI, pH 7.4).
HL-1 cells were homogenized in 10 mL of homogenization medium containing 50 pL of
protease inhibitor cocktail (1:200 dilution, P8340, Sigma-Aldrich) with four strokes in a
Potter Elvehjem homogenizer. The cell homogenates were centrifuged at 1,900 x gpax for
10 min at 4 °C using a J20.1 rotor to obtain a nuclear and postnuclear fraction. To 4 mL
of working density gradient solution consisting of 2 mL diluent solution (0.25 M
sucrose, 10 mM EDTA, 60 mM Tris-HCI, pH 7.4), 60 uL of protease inhibitor cocktail
(1:200 dilution, P8340, Sigma-Aldrich) and 10 mL Optiprep (D1556, Sigma), 7.4 mL of
the postnuclear fraction were added (final OptiPrep concentration of 17.5%). This
mixture was then transferred to tubes fitting the NVT-65 rotor (Beckman Coulter,
Fullerton, CA) and centrifuged for 12 h at 341,650 g,. At the completion of
ultracentrifugation, 25 fractions of approximately 0.44 mL each were collected by
upward displacement using fluorinert FC-40 (F9755, Sigma-Aldrich) as the displacement
medium and a fraction recovery system (Beckman Fraction Recovery System) connected

to a syringe pump (975 Harvard Apparatus Compact Infusion Pump) set at a flow rate of
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0.59 mL/min and a fraction collect{@®io-Rad Model 2110fraction collectoy set at 0.75
min./fraction.

For ANF quantification, 125 uL of each fraction was mixed with an equal volume
of 1M acetic acid, placed in boiling water bath for 10 min, froze8@tjC, and freeze
dried followed by reconstitution in 250 pL of RIA buffer. An additional 27.5 pL of each
fraction was taken for refractive index (RI) measurement followed by protein
guantification. Rl was measured using a digital handheld refractometer (Kruss,-DR201
95). The RI ) was converted to density)(using the following equation (OptiPrep
application shees01, AxisShield):! = 3.4713 - 3.6393 Protein concentration was
determinedusing BCA protein assay Ki23225 Piercg. The absorbance was read at 562

nm ona BioTek microplate reader and data analysed using Gen5 software.

Tissue Fractionation

Mouseatria ultracentrifugation was performed according to the cell fractionation
protocol above except for the following changatia were obtained from male GD
mice (Average weight 30 @) aftedecapitation. One atria was used for one
ultracentrifugation gadient. The tissue was placed in 10 mLlicgfcold homogenization
medium anchomogenized first with a PT38b homogenizer fitted with a 7 mm probe for
15 seconds at 70% power and then with four strokes in a Potter Elvehjem homogenizer.

The protease inhitor cocktail was used at a dilution of 1:1GBB40 Sigma Aldricl).
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Reverse Phase -High Performance Liquid Chromatography (RP  -HPLC)

HL-1 extract

HL-1 cells wereplated at a density of 1.25 x “l€ells/cnf in a T-75 flask pre
coated with gelatin/fibroretin and allowed to culture for 24 in norepinephrindree,
fully supplemented Claycomb media. Cells were rinsed twice with DMEM/F12 and
incubated for another Z4in supplemented DMEM/F12inless otherwise stateffter a
24 h serum starvation period tHaskswere rinsed three times with ice cold PBS and
scraped from the cell culture flask in the preseoic&0 mL ice coldlX extrad¢ant (1%
NaCl, 0.1N HCI, 1.0 M eetic acid) The cells werehomogenizedwith a PT3035
homogenizer fitted with a 7 mm prober 15 seconds at 70% powefrhe cell
homogenate wasentrifuged at 1,900 x.gx for 10 min at 4£°C using a J20.1 rotoiThe
supernatant was immediately passed through avpteSepPak, frozen at80 °C and

later freeze dried.

HL-1 media extract

The T-75 cell culture flask was incubated fohin fresh mediaincubation media
was removed and immediately centrifuged 800 X ghax for 10 min at 4°C using a
J20.1 rotorto pellet any cellular debris and dead cells. Equivalent volume of ice cold 2X
extradant (2% NaCl, 0.2N HCI, 2.0 Mcatic acid) was added to the media and

immediately passed through a pvet SepPak, frozen at80°C and later freeze dried.

36



Tissue extract

Two atria and three ventricle tissue were obtained from malel @iice and
extracted in 10 mL of 1X extractant ( 1% NaCl, 0.1 N HCI, 1.0 M Acetic aditg
tissue was homogenized using a Polytron fitted with a RB853probe. The atrial and
ventricular homogenates wecentrifuged afl,900 gmax for 10 min at £C using a J20.1
rotor. The supernatant was immediately passed through-agir&epPak, frozen at

80°C and later freeze dried.

Density gradient fraction extract

Density gradient fractions 18 to 23 were abfrom nine gradient runs. To 3.15
mL of pooled density gradientaction, 3.15mL of icecold 2X extractant (2% NaCl,
0.2N HCI,2.0 M acetic acid) was added and incubated on ice for 30 min. To this solution
10 mL of0.1% of TFA was added, drithe sample was centrifuged at 1,2Q0for 5 min
at 4 jC using a H6B rotorto pellet any debris. Theample was loaded onto the column
througha three way valve connected pamp A which wasset at a flow rate of 0.85

ml/min andpump B with 80% ACN, 0.1% TFA set at a flow rate of 0.15 ml/min.

RP-HPLC

The RRHPLC system consistieof Waters 1525 binary HPLC pumps, 2489
UV/Visible detector, and fraction collector Il controlled by Breeze 2 softwaraté\s,
Milford, MA). The freezedried sample was reconstituted with 1 mL of 0.1% TFA
Separation was achieved on a Jup@gs columm (300x 7.8 nm, 5 um, 300 ¢) using a

linear gradient of 155% ACN in 0.1% TFA at a flowate of 1.5 mL/min over an 80 min
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period. Threemilliliter fractions were collected and 100 yL of 1Img/mL BSA wdded

to each fraction. The fractions were frozer88PC and lateifreeze dried for ANF RIA.

Radioimmunoassay

ANF concentration was measured by RIA using a double antibody method as
previously describedSarda et al., 1989ANF standard curve was generateging rat
ANFgg126 peptides(Advanced ChemTeghPX8895 with concentration ranging from
31.25, 62.50, 125.0, 250.0, 500.0 and 1000.0 pg/mL in RIA buffer (0.1 M sodium
phosphate; 0.05 M NaCl; 0.01% sodium azide; 0.1% TritebOB; 0.1% heat treated
BSA). All reagents, standards and samples were diluted in RIA buffer. Reactions were
carried out in 12 x 75 mm polystyrene tub&arged). In each tube, 100 pL of ANF
standard or sample was mixed with 100 pL of Aiiffiserum at a dilution of 12,000
(RAB 005-24, PhoenixPharmaceuticalsand incubated in the dark at°@ for 4 hours.
Following the incubation, 100 pL of iodinated A2 (10,000 counts/minute) was
added to the standards or samples and incubated in the darRCafo4 24 hours.
Following this second incubation, 100 pL each of goat -gattbit gamma globulin
(GAR-500, Phoenix Pharmaceuticaénd normal rabbit serui6126107, Gibc9 were
added to the tubes and imated at room temperature f@& h 1.5 mL of 6.25%
polyethyleneglycol (SigmaAldrich, P2139 was added and thtabes were centrifuged at
865 gay (2700 rpm)on Beckman -b M centrifuge at 4 jC for 45 min. The supernatant
was discarded and the pellets were counted using a gaouméger (1272 CliniGamma,

LKB Wallac). Quality control vas carried out using the 125.0 pg/mL and 250.0 pg/mL

concentration of ANby.126.
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Immunoblotting

To 40 pL of gradient fraction, 40Lpof 2X SDS loading buffer (Cell Signaling
Technology) containing 2X extractant (2% Tritor1&0, 2% sodium deoxycholate, 300
mM NaCl, 2 mM EDTA) and protease inhibitor cocktail (1:200 dilution, P8340, Sigma)
was added anishcubated for 30 minutes at 4 iC in a tube rota&@mples were boiled at
95 |C for five minutes and 40 pbf each fraction watbaded onto 6% and 12% SDS
PAGE. Proteins were electrotransferred onpolyvinylidene difluoride membrane
(Immun-Blot 0.2 pm,Bio-Rad) for30 min at 100 V using Criterion Blotter (BRad)in
transfer loiffer containing 25 mM Tris, 19&1M Glycine and 10% methandlembranes
were blockedor 1 hin blocking buffer (5% low fat milkn TBS, 0.1% Twee20) and
then incubated in primgrantibody diluted in blocking buffer overnight at 4 jQAll
antibodies were purchased from Santa Cruz Biotechnology, Santa Cruz, CA, T45A.
characterize the gradient fractions antibodies for organelle proteins calbes®,6¢
6465R), GR8 (1:500, s¢30096), EEAL 1:250, sc6414), tathrin (1:500, s¢6579),
corin (1:500, s&67179),ChrA (1:500, s€13090) andChB (1:500, se20135) were used.
Membrane was washed in TBS containing 0.1% Tw&rollowed by incubation for
1 h in either goat antiakbit IgG HRP (1:5000, s2004) or donkey antjoat IgG HRP
(1:5000, se2020) diluted in blocking bufferProteins were visualized by enhanced
chemiluminescence (ECL, Roche) and exposure taayX film (Santa Cruz

Biotechnology).
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Statistical Analysis

Data is reported as mean * standard error of the mean (SEM). An unpaired
StudentOs-tést, with two tailed distribution was performed to determine statistical

significance between mean pairs. A value!dd. 05 was considered significant.
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Results

Molecular forms of Intracellular and secreted ANF

As part ofestablising the validity ofHL-1 atrial cardiomyocyteell line to study
ANF processing and secretion, we compared the intracellular molecular forrtige of
HL-1 cell line with the mouse a#i and ventricle extracRP-HPLC profile of mouse
atria (Figure 3A) and mouse ventricleF{gure 3B) extract show presence of both
processedbw molecular weighANF andhigh molecular weighproANF, with the latter
being in much higher quantitie®s a comparisonRP-HPLC profile of HL-1 atrial
cardiomyocytes alsshows theresence of both the gmessed and the pro form of ANF.
HL-1 cells cultured in fully supplemented Claycomb media show both matefarins
in almost an equivalent ratio due to a decrease in intracellular quantities of proANF
(Figure 4A). The RRHPLC profile of HL-1 cells that had been serum starved for 24
hours had a similar profile as compared to mousa, attith the predominant intracellular
molecular form of proANF Kigure 4B). The RPHPLC profile of media from cells
cultured in fully supplemented Claycomb medlzows presence of small quantities of
proANF in addition to the maisecretory form ofow molecular weightANF (Figure
5A). However, HL:-1 cells that had been serum starved foh@drs showthatthe only
secretory form of ANF is the processed formaf molecular weighANF (Figure5B).
In summary, RFHPLC analysis on Hil1 atrial extracts identified two RRPLC peaks,
one of low molecular weight ANF and another of high molecular weight proANFL HL
atrial cardiomyocytes secreted both the processed form of low mole@itdgrt ANFand

high molecular weight proANF depending on the cell culture conditions.
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Figure 3: Molecular forms of intracellular ANF in mouse atria and ventricle.

RP-HPLC profiles of intracellular ANF in(A) mouse atrialand (B) ventricle extract.
Arrows indicate theelution position for ANEg.126 and proANF.126.
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Figure 4: Molecular forms of intracellular ANF in HL-1 atrial cardiomyocytes.

RP-HPLC profiles of intracellular ANF ir{A) HL-1 cardiomyocytes cultured in fully
supplemented Claycomb med{B) HL-1 cardiomyocytes serum starved for B4in
supplemented DMEM/F12Arrows indicate the elution position for ANg2s and
proANF;.126 Data is representative of two independent erpents.
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Figure 5: Molecular forms of secreted ANF in HL-1 atrial cardiomyocytes.

RP-HPLC profiles of secreted ANF in HL-1 cardiomyocytes. (A) 1 h incubation media
from cells cultured in fully supplemented Claycomb media. (B) 1 h incubation media
from cells serum starved in DMEM/F12 media for 24 h. Arrows indicate the elution
position for ANFogo.126 and proANF;.;»6 Data is representative two independent
experiments.
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Cell fractionation of HL -1 atrial cardiomyocytes

Gradient Optimization

In order to isolate the different pools of ANF in Hlatrial cardiomyocytes, these
cells were serum starved for 24 h asdbjected toself generatediensity gradient
ultracentrifugationto separate subcellular organellgstial runs at290,000 g, for 5h
showed ANF being distributed throughout the gradient fract{biggire 6A), while the
total protein distribution profile showed protepredominantlyin the higher density
fractions Figure6B). As the centrifugal force and time were increased to 340,90¢nd
7 h, both the ANF and protein distribution shifted towards the higher density fractions
corresponding to the steep density curve from fraction 22 td-igbire 7 A&B). Even
though a slight shift in ANF quantities towards the higher density fractions was seen, the
gradient profile did not showdistinct localization of intracellular ANF pools.
Ultracentrifugation conditions were furthertensified to 12h & 340,000 g, and as a
result the gradient profile shifted towards higher density fractiit majority of ANF
being accumulated at the higher density fractifiigure 8A). Under these conditions
there was a steep change imsigy between fractions 19 to 25. The total protein profile
also shifted towards higher density fractigkgyure 8B). Ultracentrifugation perfomed
on cells cultured in fully supplemented Claycomb media showed a decrease imANF i
the higher density fractions 22 to 25iqure9). To confirm whether the ANF gradient
profile seen in HEL cells was reproducible in tissue, ultracentrifugation on mouse atria
showed similar results to cell fractionation on-H#lcells that had been serum starved
(Figure10). In conclusion, selfjenerated density gradient conditiomsre establishedt

340,000 g,for 12 handused in future experiments to isolate intracellular ANF pools.
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Figure 6: HL -1 cell fractionation at 290,000 g, for 5 h.

HL-1 cell fractionation was performed at 290,QQ0for 5 h. (A) ANF distribution and
density of each gradient fraction is shown &) showsprotein distribution in gradient
fractions Data is represented as mean + Sidh anexperiment done in triplicate
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Figure 7: HL -1 cell fractionation at 340,000 g, for 7 h.

HL-1 cell fractionation was performed at 340,Q@0for 7 h. (A) ANF distribution and
density of each gradient fraction is shown and (B) shows protein distribution in gradient
fractions. Data is represented as mean = SEM from an experiment done in triplicate.
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Figure 8: HL -1 cell fractionation at 340,000 g, for 12 h.

HL-1 cell fractionation was performed at 340,Q@0for 12 h. (A) ANF distribution and
density of each gradient fraction is shown and (B) shows protein distribution in gradient
fractions. Data is represented as mean + SEM from thdependent experiments done

in triplicate.
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HL-1 atrial cardiomyocytes were cultured in fully supplemented Claycomb media. Cell
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Figure 10: Tissue fractionation an mouse atria

Tissue fractionation of mouse atria was performed at 3404Q00for 12 h. ANF
distribution in each gradient fraction is shown. Data is represented as mean = SEM from
an experiment done in duplicate.
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Gradient Characterization

Densiy gradient fractions were characterized with organelle markers for ER
(calnexin), Golgi apparatus (GS28arly endosomes (EEA1)SGs (clathrin), PM
localized proANF protease (corin), aB&s(ChrA and ChrB) igure11). Calnexinwas
localized in fractions 18 and 19 with GS28 being also present in fraction 19. EEA1 was
identified in fraction 20, which also show@desence of corin anchinute quantities of
clathrin; however, clathrin was predominantly presenfraction 21 Both ChrA and
ChrB, markers folSGs were localized in low density and high density fractiddesed
on the profile of organelle markers and the presence of ANF in each fraction as
determined by RIAKigure 8), fractions 18 to 23vere pooled individually from nine
different gradientand taken for RIMPLC analysis to determine the molecular forms of
ANFgg126and proANF;.126 in eachof thesdractiors (Figure 12)Low molecular weight
ANF was found predominantlynifractions 18 19 am 20. High molecular weight
proANF was identified in all the fractiontaken for RPHPLC analysis except for
fraction 19, which showed the presence of only the lowlecular weight ANF.
Furthermorefractions 22 and 23 contained proANF in high quantaesompared with
the otherfractions that were analyzeth summary, low molecular weight ANF was
identified in fractions 18, 1and 20,which are characterized by the presence of Golgi,
early endosome and clathrin, while high molecular weight proANF wdestified in
fractions 22 and 23, that also showed the presence of ChrA and ChrB, corresponding to

mature granules.
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Figure 11: Distribution profile of organelle markersin HL -1 density gradient.

HL-1 cells were fractionedat 340,00Qa for 12 h and equal volume aliquots of each
fraction was taken foBDSPAGE and immunoblotting with antibodies against calnexin
(ER), GS28 (Golgapparatus EEA1 (early endosomes), clathri®Gs, corin (proANF
protease), ChrAand ChrB §Gg. Fractions 1 to 13 and 14 to 25 were run on different
gels but transferred and probed on the same membrane.
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Figure 12: RP-HPLC profile of gradient fractions.

HL-1 cells were fractioned at 340,0Q0for 12 h and 36 pL of each gradient fraction
from nine gradients was pooled and taken forHRR.C analysisLow molecular weight
ANF was found predominantly in fractions 18, 19 and 20.
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ET-1 induced ANF secretion

To distinguish regulated secretion froeteetagogue independent secretion; HL
cells were stimulated with ET to observe stimuldependent increase of ANF in cell
culture media Among the various secretagogues known to stimulate ANF secretion,
ET-1 is the most poter(Schiebinger and Gomezanchez, 1990)Prior o stimulation,
cells were serumstarved for 24h in DMEM/F12 supplemented with-Glut and ITS
(insulin, transferring,sodium selenite) and incubated for 1 with ET-1 in the same
media. The establised protocol for culturing H1 cells in Claycomb media calls for
cells to be cultured in highly stimulating conditior@ne of the constituents of fully
supplemented Claycomb media is 104 norepinephrine, which is included to maintain
the differentiated andbeating phenotype of HLL cells(Claycomb et al., 1998however,
norepinephrinas a stimulant of ANF secretio(Schiebinger et al., 1987As a result
HL-1 cells were cultured in norepinephriiee Claycomb m@ia starting from one
passage prior to ET stimulation.ET-1-stimulated ANF secretion in @osedependent
manner(Figure 13). The most potent concentration was determined to be 20AN
secretion increased from 38.86 + 2@l in controlto 69.68 + 6.22 pg/mh 20 nM
ET-1-stimulated secretion, an approximate increase of 1.8 Eolell concentration as
high as 100 nM was also evaluated, however the ANF secretory response arah&ow
10 nM (data not shown). All further exir@ents used 20 nM E1 to stimulate ANF
secretion. These results demonstrate thatlHiells can be stimulated by HTafter a
serumstarvationperiod, and 20 nM ET resultsin the most potent response for ANF

secretion.
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Figure 13: Effect of ET-1 on ANF secretion

Concentration-dependent effect of ET-1 on ANF secretion in HL-1 atrial cardiomyocytes.
Cells were incubated for 1 h with the specified concentration of ET-1. Data is represented
as mean + SEM from three independent experiments done in triplicate.*indicates p<0.01
for control versus ET-1.
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Monensin sensitive secretory pathway

In anex vivostudy of rat atrial perfusion with monensin, a decrease in basal ANF
secretbn was observed in diion to a loss of swetgoguedependent ANF secretion
suggesting that the monensansitive pathways derived from a constitutivike pool
(Ogawva et al., 1999 Initial trial studies on the effect of monensin on ANF secretion in
HL-1 cells used the same concentration of monensin that was previously used in the
perfusion study. Incubation afionserum starvedHL-1 cells wth 5 pM monensin
showed a tim@lependent increase in ANF secretiéiig(re 14). Thereafter, nanomolar
concentrations of monensin were used to treatlHtells that were cultured in fully
supplemented Claycombedia or that had been serum starved fon.Z2ells cultured in
fully supplemented Claycomb showed an increase in ANF secretion for concentration as
low as 5nM (approximatelyl.18fold ) (Figure15A). Low nanomolar concentratis of
monensin showed dosedependent effect on increasing ANF secretion, with ANF
secretion rising to ~1£&for 50nM and ~1.21 nM for 100 nMnonensinHoweve, in
cells that had been sertstarved for 24 h, no change in ANF secretion was observed
(Figure15B).

To determine whethemonensin prevents secretagogiependent ANF release,
HL-1 cells were pretreated forfRwith 10 nM monensin, followed bg 1 h incubation
with ET-1 (Figure16). Monensin preented ET1-dependent ANF secretion; there was a
slight increase in ANF secretion (~1.21 fold), however not statistically significant.
Furthemore, to determine the monens@nsitive secretagogue compartment in
intracellular ANF pools, monensineated cks were subjected to cell fractionation

(Figure 17); however,no significantchanges in the gdient fractions were observdd.
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conclusion, a monensin-sensitive, secretagogue dependent ANF secretory pathway was
identified in HL-1 cells; however, the monensin-sensitive pool could not be identified

through a cell fractionation technique.
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Figure 14: Time-dependent response of AM monensin

HL-1 atrial cardiomyoytes were cultured in fully supplemented Claycomb media. Cells were incubated,f6h3and 12h
with 500 L of supplemente@€laycombcontainingds uM monensin andontrols containing 0.01% EtOMledia was collected
at specified time points and immediately placed on med 100 pL of media in duplicate was taken for RDMata is
represented as mean £ SEM from an experiment done in triplidaticates p<0.01 for control versus monensi
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Figure 15: Concentration dependent effect of mnensinon ANF secretion

HL-1 atrial cardiomyocytes were treated with monensin fon @ith the specified
concentrabns. The concentration of EtOH the assay wals 0.0002%. (A) Cells were
cultured in fully supplemented Claycomb media and treated with the specified
concentration of monensin diluted in fully supplemented Claycomb medjaCéBs
were serum starved 2 prior to monensin treatment and treated with monensitedilu

in supplemented DHEM/F12. Data is represented as mean * SEM from three
independent experiments done in triplicate.indicates p<0.01 for control versus
monensinaindicates p<0.05 for control versus monensin
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Figure 16: Monensin seniive secretory pathway

HL-1 atrial cardiomyocytes were pretreated fdr @ith monensin10 nM)only for the
monensin and monensin + HTset After 2 h, the media was removed and cells were
incubated for 1h in media containing ET (20 nM), monensin (18M) and monensin
(10 nM) + ET1 (20 nM). The control and ET set received.0002%EtOH during
pretreatment and the finalhlincubationData is represented as mean = SEM from three
independent experiments done in triplicatedicates p€9.01 for contrbversus ET1.
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Figure 17: Ultracentrifugation gradient profile of HL -1 cells in the presence of monensin and ET

HL-1 atrial cardiomyocytes were pretreated fdr ®ith monensin (10 nM) only for the monensin and erein + ET1 set. After 2h,
the media was removed and cells were incubated forirll media containin@0 nM ET-1 (! ), 20 nM monensin /() and10 nM
monensin 20 nMET-1 (! ). The control(! ) and ETF1 set receive®.0002% EtOH during pretreatment and the finath Incubation.
HL-1 cell fractionation was performed at 340,000 for 12 h. Data is represented as mean EMsfrom three independent
experimentsNo significant changes were observed among the treatnmethis gradient fractions.



Effect of wortmannin on ANF secretion

Since no evident results were obtained frima treatment of HEL cells with
monensinin deermining whether the constitutil&ke pathway is involved in ANF
secretion, HEL cels were treated with wortmannin, an inhibitor of endosomal traffic
(Davidson, 1995)Wortmannin caused an increase in ANF searetthe highest increase
being observed with 100 nM wortmannini41 fold) Eigurel18A). Wortmannin had an
effect on ANF secretion ithe nanomolar range. Concentration as high as 1 pM was
tested; however, no additional increaseANF secretion was observed as compared to
100 nM (data not shown)urthermore, the effect of wortmannin on secretagogue
dependent ANF secretion was also evaluated:1EStimulation in the presence of
wortmannin was inhibiteds no further increase ANF secretion was observéBigure
18B). In summary, wortmannin had an effect on both stinddpendent and independent

ANF secretory pathwain nanomolar concentration.
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Figure 18: Effect of Wortmannin on ANF secretion

(A) Dose dependent effect of wortmannin on ANF secretionr1Hitrial cardiomyocytes
were incubated for B in the presence of wortmannin with the specified concentrations.
The concentrabin of DMSQin the assay wals 0.006%. (B) HL:1 atrial cardiomyocytes
were pretreated for h with wortmannin (100 nM) only for the wortmannin and
wortmannin + ET1 set. After 1h, the media was removed and cells were incubated for
1 h in media containing ET (20nM), wortmannin (100 nM) and wortmannin (100 nM)

+ ET-1 (20 nM). The cotmol and ETF1 set received 0.004 DMSO during pretreatment
and the final 1h incubationData is represented as mean + SEM from three independent
experiments done in triplicateindicates p<0.05 for control verstreatment* indicates
p<0.@5 for control versugreatment
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Effect of dynasore on ANF secretion

Dynasore an inhibitor of the GTPase activity of dynamin, that is required for
scission of CCVg¢Hinshaw and Schmid, 1995)he constitutivdike pathwayis initiated
by CCVs budding off from ISGstherefore, targeting CCV formation would prevent
transport of cargo towards the endosommed the initiation of constitutivike secretion
(Kuliawat et al., 1997)Dynasore had a dogkependent effect on ANF getion (Figure
19A). Dynasore at 80 uM caused the highest increase in #dd¢Fetion at approximately
1.52fold. Effect of dynasore on ANF secretion was also examined fopoflincubation
with HL-1 cells and during this period amcrease in ANF secretion was observed (data
not down), suggesting dynasore hamh immediate effect on ANF secretion.
Furthermore, HEL cells were pretreated with dynasore forhlfollowed by 1h
incubation with ET1 in the presence of dynasoffeigure 19B). No additional ET1-
induced ANF secretion was observed in the presence of dynasstenmary, dynasore
had an immediate effect on both stimuliependent and independent ANF secretory

pathways in HE1 atrial cardiomyocytes.
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Figure 19: Effect of Dynasore on ANF secretion

(A) Dose dependent effect of dynasore on ANF secretionl Hitrial cardiomyocytes
were incubated for B in the presence of dynasore with the specified coratents. The
concentration of DMS(On the assay wals 0.16%. (B) HL-1 atrial cardiomyocytes were
pretreated for h with dynasore (80 M) only for thedynasoreanddynasore+ ET-1 set.
After 1 h, the media was removed and cells were incubated fiomlmedia containing
ET-1 (20 nM),dyna®re (80 uM) anddynasorg80 pM) + ET-1 (20 nM. The conrol and
ET-1 set received 0.08 DMSO during pretreatemt and the final b incubationData is
represented as mean + SEM from thiedependent experiments done in triplicate.
a indicatesp! 0.05 for control versusreatment.* indicates p<0.05 for control versus
treatment.
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Effect of membrane traffic inhibitor A5 on ANF secretion

AP-1 is an adaptor protein localized at TGN, that initiates clathrin lattice
formation and integrates cargmd receptors into the newly forming CGlee et al.,
2008; Traub et al.,, 1993A recently synthesized small molecule called A5 has been
shown to prevent translocation of APfrom the TGNto specifically target GN to
endosome traffickingDuncan et al., 2007)ncubation of HL:1 cells withA5 for 1 h
caused no change in ANF secretion (data not shown). A5 resulted in an increase in ANF
secretionafter 2h of incubation wih HL-1 cellsin a dose dependent mann&iglre
20A). Pretreatment of Hi1 cells followed by stimulation with ET did not result in
additional secretion as compared to-ETor A5 alone Figure 20B). In summary,
membrane traffic inhibitor A5 had an effect on both stimdépendent and independent

ANF secretory pathways in HL atrial cardiomyocytes.
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Figure 20: Effect of membrane traffic inhibitor A5 on ANF secretion

(A) Dose dependent effect of membrane traffic inhibitor A5 on ANF secretionl HL
atrial cardiomyocytes were incubated forh2in the presence of membrane traffic
inhibitor A5 with the specified concentrations. (B) HLatrial ardiomyocytes were
pretreated for h with A5 (75 puM) only for theA5 andA5 + ET-1 set. After 1h, the
media was removed and cells were incubated foirlmedia containing ET (20 nM),
A5 (75 uM) andA5 (75 uM) + ET-1 (20 nM).Data isrepresented as mean + SEM from
three independengxperimerg donein triplicatea indicates p<0.05 for control versus
treatment* indicates p<0.01 for control verstreatment.
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Effect of proprotein convertase inhibitor on ANF secretion

Under serunstarved conditions, Hil cellssecreted only the processed form of
low molecular weighANF as compared to the secretion of blatlv and high molecular
weight ANF in cells that had been cultured in fully supplemented Claycomb media
(Figure 5). The currently known protease for proANF processingasn, which is
localized to thePM with an extacellular catalytic domainQladysheva et al., 2008) o
determine whethdhe secreted form ddw molecular weighANF in serumstarved cells
was processed intracellularly before being secratedpposedotthe currery accepted
model of cosecretimal maturation(Sei et al., 1992)HL-1 cells were treated with a non
specific proprotein convertase inhibitdecanoyArg-Val-Lys-Arg-chloromethylketone
(decRVKR-cmk), commonly known as furin convertase intohi The proprotein
convertase inhibitoabolished ANF secretion in a timand dose dependent manner
(Figure21). For all theconcentrations testg®0 nM to 500 nM)no ANF secretion was
observed during the fourth hour as the RIA ANF values were in the isaige as non
specific binding ofthe mediaitself. Inhibitor concentratiorat 500 nMprevented any
further ANF secretion #ier the first hour andgubsequentourly incubations showed low
RIA ANF values corregpnding to norspecific binding ofthe medialn summary, dec
RVKR-cmk, a norspecific proprotein convertase inhibitor, abolished ANF secretion in

HL-1 cells in a dose atime dependent manner.
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Figure 21: Effect of proprotein convertase inhibitor on ANF secretion

Dose and time dependent effect of proprotein convertase inhibiteR\AER-cmk on
ANF secretion. HEL atrial cardiomyocytes we incubated with the specified
concentrations of the inhibitor forll Media was removed every hour and replaced with
fresh media containing the inhibitor for uptdi4The time points are represented ds 1
("), 2h(),3h( ),4h( ). Datais represged as mean + SEM from three independent
experiments done in triplicat&é.indicates p<0.01 for control versughibitor; a indicates
p<0.05 for control versushibitor.
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Discussion

Intracellular and secreted forms of ANF

ANF storage pools

In the curent view ofthe literature proANF..126 is the intracellular storage form
thatis processed esecretionally at th€M through the extracellular protease activity of
corin (Sei et al., 1992; Thibault et al., 1987an et al., 2000)RP-HPLC profile of atrial
extracts shoed thatproANF was the predominant form stored in the atria, while
approximately 510% of the intracellular peptidevas processedcorresponding tdow
molecular weightANF. (Vuolteenaho et al., 1985)n this study,the presence of
processed ANF in both mouse atrial extract and in thel HEls was identified HL-1
cells that were cultured inully supplemented Clayymb mediashowed diminished
guantities of proANF as asssed by RFHPLC. In contrast, serurstarved HL1 cells and
mouse atrial @ract had comparableP-HPLC profiles due to th@redominanpresence
of proANF. Fully supplemented Claycomb mediantains norepinephmnretinoic &id,
insulin-like growth factorand epidermal growth factor in addition to 10% fetal bovine
serum(White et al.,2004) all these factors contribute to highly stimulating cell culture
conditions, whichwould resultin enhanced secretioRat pituitary GH3 cedl cultured in
serumfree conditionshavebeen shown to hawehighempresence o8Gsas compared to
cells cultured in serumsupplemented mediéBrunetde Carvalho et al., 1989Pulse
labelling studies on primary cultures of rat atrial myocytesve shown that

approximately 40% of newly synthesized ANB immediately secreted while
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approximately60% is retaine@s an intracellular storage pddda and Shibata, 1994)
Stretchsecretion coupling has been shown to asewly synthesized ANF podhat is
readily releasable andapidly depleted (Mangat and de Bold, 1993while ET-1
dependent ANF secretion is through newly synthesized as well anstttage pool;
therefore, these intracellular pools determine ANF secretory kin@figawa et al.,
1999). In pancreatic! -cells, secretagme-dependent insulin secretion uses a readily
releasable pool in the first phase of secret@mmg a reserve pool contributes to the
sustained second phase secre{Bratanovalochkova et al., 2002) It would appear
that several storage pools exist in endocrine cells, hBfedPLC analysis on Hil
atrial extracts identifiettivo HPLC peaks, onef low molecular weight ANF andnother

of high molecular weight proANF.

HL-1 cells were fractioned on a sejénerated density gradient to separate
intracellular ANF poolsAs the HL-1 cell fractionabn conditions were intensified by
increasing centrifugal force and tim@more ANF wasfound in higher density fractions
(Figures 4, 5, 6)Cell fractionation of HEL cells that were cultured in fully supplemented
Claycomb media shows decreased quantities of ANF in higher density fractions; since
HL-1 cells cultured under these conditioravé defeted quantities of proANF, thiess
of ANF in higher density fractions would represent loss of proANS§sue fractionation
of the mouse atria was also pemieed, and the gradient profile wasimilar to cell
fractionation of HL-1 cells that had beeserursstarved for 24 hGradient fractions were
characterized with organelle markdos ER (calnexin), Golgi (GS28), early endosome
(EEAL), ISGs(clathrin), proANF protease (corin) asds markers (ChrA and ChrB). In

the constitutivelike pathway, endosoes represent the inteediate compartment for the

71



trafficking between TGN an®M (Castle, 1998)therefore, the gradient fractions were
also probed for EEAlwhich waslocatedin fraction 2Q with some tracesf clathrin.
Clathrin was predominantly present in fraction 21, which was abse8tGararker ChrB
and slowed minor quantities of ChrAn addition to the presence of ChrA and ChrB in
higher density fractions, these marker were &sod in low density fractionsBoth
ChrA and ChrB have been localized in AS(&einer et al., 1990)Gradient fractions
were also probed for corithe proANF processig proteas€éWu et al., 2002; Yan et al.,
2000) which was localized in fraction 20 with EEADrganelle marker analysis of
density gradients identified EEAL, clathrin, and corin in low density fractions in@uditi
to the ER and Golgi markers.

Gradient fractions 18 to 23 were taken for-RPLC analysis to determine the
molecular forms of ANFound in these fractiondased on th&ANF RP-HPLC elution
profile. Low molecular weight ANF as foundpredominantlyin fracions 18, 19nd 20,
while high molecular weight rpANF was also present in fractiod8 and 20 Golgi
marker GS28 wakund in fraction 19; therefor¢he processed ANF found in this region
could represent processed ANFumal in the Golgi. Additionallysince the gradient
fractions do not represent homogenous population of subcellular orgareiles,
molecular weightANF could also be localized inow density vesiclesn this fraction
The density of fraction 19 is ~12 g/ml and the density rises to ~@&d/ml for fraction
20. In human keratinocyte HaCaT cells, ErbB1 has been shown sedreted via the
constitutive pathway iexosomes with density of 14611 g/ml(Sanderson et al., 2008)
Heparan sulfate probglycan, a constitutively secreted protein in hepatocytes, is secreted

via low density vesicles with density of 1-0%6 g/ml(Nickel et al., 1994)In CHO
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cells, dycosaminoglycan chaingere found in posGolgi low density vesicles (~ 1.12
g/ml), that are secreatievia the constitutive pathwaiChavez et al., 1996Fraction 20
showed the presence of EEAdlathrin and corin in addition to the presence of low
molecular wejht ANF, as identified by RMPLC analysis In density gradients
endosomes have been identified at various densitiels as irS. cerevisiaat~1.121.14

g/ml (SingerKruger et al., 1993)n mouse liver cells at 1.12 g/rfChen A., 201Q)in rat

liver at 1.05D 1.09 g/ml(Sako et al., 1990)and in HelLa cells at 1.06404 g/ml
(ProikasCezanne et al., 2006Additionally, since corin is a transmembrane protease
localized at thePM (Gladysheva et al., 2008t would be expected to find corin in a
plasma membrane fraction; plasmambranes have been identified in sucrose gradients
at a density of 1.28.17 g/ml(Atkinson, 1978)and at 1.03L.08 g/ml in an iodixaol
gradient(Neves et al., 2009)n HL-1 cell fractionation, can was identified at a density

of ~ 1.16 g/ml in fraction 20; therefore, fraction 20 could also com®nFurthermore,
presence of corin in fraction 20 with the early endosomal marker can also represent the
possibility that corinis recycled through earlendosome Based on the RPIPLC
elution profile of gradient fractions, proANF was identified predominantly in fractions 22
and 23 in addition to minor quantities in fractions 28 and21. Fraction 22 has a
density of ~ 1.27 g/ml and the density riseslt33 g/ml for fraction 23These density
fractions demonstrate that proANF is located in mature granules. InM&Es have
been identified in density gradients at densities.B0Z g/ml(Grimes and Kelly, 1992b)
and1.178 g/ml in PC12 celléTooze et al., 1991)n parotid acinar cell]sSGshave been
isolated as low density (1.1155125 g/ml), medium density (1.1:2514 g/ml), and high

density (1.141.16 g/ml) SGs (Fujita-Yoshigaki et al., 2006; von Zastrow and Castle,
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1987) Thibault and colleagues isolated ASGs from rat atria at a density range of 1.11
1.15 g/ml(Thibaultet al., 1987)ISGs contain partial clathrin coai§ooze and Tooze,
1986) andclathrin was identified in fraction 20 ad; therefore, clathrin was localized
at a density range of 1.16 g/@l1.21 g/ml.CCVs isolated from bovine brain and rabbit
lactating mammary gland have density of ~ 1.23 dPaluloin et al., 1999CCVs have
also been identified at densities of 1.196 g{@ilbert et al., 1997)and at a density range
of 1.201.25 g/ml (Daiss and Roth, 1983he differences in density for organelle
markers among the various studesuld bedue to varying density profilethat are
dependent orentrifugal force, time and density matei{atora & al., 1973; Rickwood
et al., 1982)In summary, low molecular weight ANF was identified in fractia8s19
and 20,which are characterized by the presence ofgG@aarly endosome and clathrin,
while high molecular weighproANF was identified in fractins 22 and 23that also

showed the presence @thrA and ChrBgcorresponding to mature granules

ANF processing and secretion revisited

HL-1 atrial cardiomyocytes secreted both the processed fordmwomolecular
weight ANF andhigh molecular weighproANF depending on the cell culture conditions.
Under stimulating conditionsigh molecular weighproANF wasfound to be secreteth
addition to themature and processéarm of the peptide. Studies on ANF processing and
secretion in primary cultures haveven a conflicting view of ANF processing and
secretion as compareditovivo studiegDube et al., 1993 Ratatrial cardiocyteprimary
cultureshave been found to stoead secrie proANF (Bloch et al., 1985; Zisfein et al.,

1987) Rat atrial primary culturethat had been cultured in serdrae media were also
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found to secrete proANflembotski and Gibson, 1983)owever the serurfree media
was supplemented with thyroxine, a stimulantAdfF synthesis and secretigiori et
al., 1990) which can cause proANF secretidm.contrast, feshly isolated atrial primary
cultures show predominant secretiona# molecular weighANF; however with time
the ratio of proANF tomature ANF bdang secreted increaséBube et al., 1993)Iin
isolated atrial perfusatesmd plasmaANF is predominantly founds the mature hormone
ANFgg126 (de Bold and d Bold, 1989Miyata et al., 1985; Thibault et al., 1986)

The poposed model for proANF processing suggests that proANF is processed
extracellularly as the granules are being secreted since the catalytic domain of corin is
extracellular(Knappe et al., 2004)A soluble corin has also been identified in human
plasma(Peleg et al., 2009)ndicating importance of corsproteolytic activity beyond
atrial cardiocytesln a recent study aforin knockout mice, the authors reported 2.6 fold
higher content of intracellular proANF and undetectdble molecular weightANF
levels as compared to wildtyg€han et al., 2005}he lack of intracellulalow molecular
weight ANF is questionable since corin has been localized to RNe with an
extracellular protease domaas described albe. Furthermore, thistudy showed that
the natriuretic activity of ANFn these corin knockout mice was recovered by infusion of
a recombinant soluble corin and as a result there was an increase in plasma ANF, which
was able to induce cGMP activity maby hamster kidney cellddowever, the authors
concluded that corin converted proANF to ANF, which produced an increase in cGMP
activity. Theinitial properties of atrial extractsroducingnatriureticand diureticactivity
was determined bitOsntravenousnjectioninto rats(de Bold et al., 1981)These atrial

extracts contain the predominant molecular form of (NBA(Vuolteenaho et al., 1985)
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therefore the presence oproANF in plasmaseemso be sufficient toinduce the same
biological effects that afenown to be produced by ANF.

While characterization the ANF density gradient fractions, corin was localized to
fraction 20 with clathrin and the early endosome marker EHAls swggests a possible
role for corin inrecycling between TGN, endosomes &id, a quality attributed to the
endoprotease furiiTeuchert et al., 1999) Sei andcolleaguesproposed that proANF
processing occurs cosecretionddigsed on the observatitimat the intracellular pool was
composed of proANE 2 While ANRg126 Was released; however, the secretion studies
were carried out in primary cultures that had beerumstarved(Sei et al., 1992)Since
corin is thought toprocessproANF atthe PM, incubation ofexogenousproANF with
cardiocyte culturesdlid not praluce processed ANF in the med&ei et al., 1992)This
raises the possibility whether an intracelllyigsrocessed ANF poat being secreted in
secretagoguedependent conditionsUnder serunstarved conditions, Hil cells
secreted only the low molecular weight ANF as compared to the secretion of both the low
molecular weight ANFand the high molecular eight proANFin cells that had been
cultured in tilly supplemented Claycomb mediBo determine whether the intracellularly
processed ANF was respdrle for secretion during serustarved conditions, H{l
cells were teated with an irreversible, napecfic and potent proprotein convertase
called decRVKR-cmk (Basak et al., 2008 The proprotein convertase inhibitor
abolished ANF secretion iHL-1 cells in a dose and time dependent manfeehighest
concentration of the inhibitarsed was 500 nM, whiak far below what has been used to
inhibit proBNP (2550 puM) (Sawada et al., 199 9nd proCNP (20 pM) (Wu et al.,

2003) processingEven though this inhibitor is also known as furin convertase inhibitor,
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its additional targets include PC6B, PC3, PC2, PACE-4, PC7 and PC4, all of which are
inhibited in the nanomolar range (Basak et al., 2008; Jean et al., 1998); therefore, the
identity of proprotein convertase responsible for abolishing ANF secretion could not be
determined. However, it still needs to be determined through RP-HPLC analysis whether
dec-RVKR-cmk prevented intracellular proANF processing, or whether the loss of

secretion was due to the inhibition of secretory pathway machinery.

ET-1-induced ANF secretion in HL -1 atrial cardiomyocytes

Among the neurohumoral secretagogues known to stimulate regulated ANF
secretion, ET-1, which binds to ETx receptor and signals through the G4 pathway has
been determined to be the most potent (Schiebinger and Gomez-Sanchez, 1990). In AT-1
atrial cardiomyocytes, the precursor for the HL-1 cell line, 10 nM ET-1 induced a 5.77-
fold increase in ANF secretion (Lanson et al., 1992). As demonstrated in Figure 13,
20 nM ET-1 increased ANF secretion by approximately 1.8 fold in HL-1 cells.
Concentration as high as 100 nM was tested in HL-1 cells, however the ANF secretory
response was lower than stimulation with 10 nM ET-1. This dose-dependent discrepancy
could be due to ANF secretory kinetics and distinct intracellular storage pools. Uusimaa
and colleagues demonstrated that ANF secretory kinetics in rat atrial cardiomyocytes is
biphasic in the presence of 100 nM ET-1, where an almost 2-fold rise in ANF secretion
within the first ten minutes is followed by decline to 1.4-fold in the next 30 min; in the
same study 10 nM ET-1 caused a gradual increase in ANF secretion that was sustained at
the same level for the next 30 min (Uusimaa et al., 1992). ETx receptor desensitization

has also been shown to prevent any subsequent ANF secretion post 60 min ET-1

77



stimulation(Leite et al., 1994)In summay, HL-1 cells were mulated by ET1 after a
serumstarvation period, and 20 nM E resulted in the most potent response for ANF

secretion.

Monensin -sensitive ANF secretory pathway

Treatment of HEL cells with monesin under serurstarved caditions did not
inhibit ANF secretion, while monensin treatment of-HIcells cultured under stimulating
conditions increased ANF secretion by approximately 1.2 fdldnensin disrupts
intracellular proton gradient® increasethe pH of intracellular copartments such as
TGN, SGs lysosomes and endosomes in a concentratiod timedependent manner
(Mollenhauer et al., 1990WVarious monensimduced effects in the secretory pathway
have been reported depending on the concentration and incubation period used in the
study; some of the studiésive been summarised in TableAlgereral trend that can be
observed fromthesereportsis that monensin concentration the micromolar range
inhibit pratein processing and transport #te Golgi in addition to neutralizing
intracellular acidic compartments including tl&Gs (Devault et al., 1984)while
nanomolar concentrations prevefdgrmation ofclathrin coatedSGsat the TGNOrci et
al., 1984) In primary cultures of rat atriadardianyocytes monensin decreasailF
secretion even thouglhranslocation ofSGstowards thePM was increasedlida et al.,
1988) Isolated perfused rat atrimeatment with UM monensin inhibited secretagogue
stimulated secretion and decreased basal ANF sec{@umwa et al., 1999Treatment
of HL-1 cells with 5puM monensinresulted ina timedepadent increase in ANF

secretion; these cells were cultured inlyfuisupplemented Claycomb medand the
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observed increase in ANF secretion coulddie to nonexocytic release of ANfFom
vacuolizationor swelling of SGs Monensin induced secretidras been observed fbr
endorphin secretion in melanotrop@ack et al., 200Q)catecholamine secretion in
adrenal medulla celland pheochromocytoma ce(lgumi et al., 1986; Takahashi et al.,
1986) and acetylcholine release from rat cerebrocortical synaptosdi@atoh and
Nakazato, 1991)Schiebingerand colleagas found that monensin increasédNF
secretion in isolated tratrial perfusionwith 5 UM monensin causing an increase of 2.1
fold (Schiebinger et al.,, 1994)n HL-1 secretion assays, monensin inhibited-IEET
stimulated ANFsecretion as previously observed in an isolated rat atrial prejparati
(Ogawa et al., 1999 The monensirsensitive pool was deemed to be of a aartste-

like nature (Ogawa et al., 1999 therebre, to determine the monensensitive
intracellular pool, HE1 cells were treated with monensin and -ETfollowed by cell
fractionation. Neither monensin nor ET were able to induce observable changes in
density gradient ANF nofile; therefore, the monenssensitive pool could notebfound
through a cell fractionation techniqué conclusion, a monenssensitive, secretagogue
dependent ANF secretory pathyvavas identified in HEL cells; however, monensin
sensitive pool could not be identified as density gradient centrifugatiomatadyave the
necessary resolution to identify changes in sedimentation profile with and without

treatment.
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Table 1: Concentration, time and celltype effects of monensin.

Cell Line/Origin Monensin Inducedtffect

Golgi:
10 uM 2h Baby hamster ¥ inhibition of trafficking (Griffiths et al.,
kidney cells from medial to trans 1983)
Golgi
Golgi:
¥ 1 hbdisorganized Glgi
with dilated va&uoles
Secretion:
¥ 30 minBinhibition of
. Rat prolactin cell basal prolactin (PRL) (Tougard et al.,
0 various line (GH3 cells) secretion 1983)
¥ thyrotropinreleasing
hormonestimulated PRL
secretioris not inhibited;
suggested to be due to
Golgi-derived vesicles
and not granules
Golgi:
¥ dilated Golgi cisternae
ISGs
¥ inhibition of clathrin
50 nM 1D2.5h Pancreati¢ cells coated vesicle formation  (Orci et al., 1984)
at the TGN
Secretion
¥ inhibition of proinsulin
processing and release
Golgi:
Neurointermediate ¥ pro—opio_mdanocortin ,
100 uM 3h lobe cells processing and transport (Devault et al., 1984
halted at RER/Golgi
compartments
" 25nM
¥ Low monensin
concentration did not
prevent intracellular
transport of proteins
various 0.5h PC12 (Kuhn et al., 1986)
#100 nM
¥ Dilated Golgi cisternae
and appearance of
cytoplasmic vacuoles ant
swollenSGs
Secretion:
Anterior pituitary ¥ time and dosdependent  (Sobel and Shakir,
LS [T o<k glands inhibition of secretgogue 1988)

stimulated secretion
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Role of constitutive-like pathway in ANF secretion

To determine the presence of constitidike pathway in ANF secretion,
pharmacologicainhibitors of endosomal pathway and clathrin coat vesicle formation
were used. Wortmannin, dynasore and membrane traffic inhibitor A5 caused an increase
in ANF secretion under secretagogndependent conditions, while in the presence of
ET-1 no further ANF increase wasbserved. Increase in ANF secretion with these
trafficking inhibitors could be due to missorting of proANF from the regulated secretory
pathway or missorting of ANF from TGN towardV instead of endosomes. In the
presence of wortmannin, mistargeting athepsin B and D towards tiRM instead of
the lysosomal/endosomal pathway resulted in augmented secretion of these lysosomal
enzymes(Davidson, 1995)Membrane traffic inhibitor A5 has been shown to prevent
transbcation of AP-1 from TGN (Duncan et al.,, 2007)AP-1 is required for CCV
formation at TGN and formation ¢6Gs(Burgess et al., 2011).ee et al., 2008; Traub et
al., 1993) Treatment of HEL cells with dynasore and membramibitor A5 also
prevented ETl-dependent ANF secretion, suggesting-E§ecretion is dependent on
newly synthesized ANF found i$Gs Loss of ARL or its efectors has been shown to
induce increased constitutive secretion and loss of the regulated phenotype in the
secretion of von Willebrand factdLui-Roberts et al., 2005; LiRoberts et al., 2008)
Targeting of CCVformation by dynasore and membrane inhibitor A5 or trafficking
through endosome with wortmannin did not prevent secretagogue independent ANF
secretion; therefore, stimuli independent ANF secretioes not seernto bedependent

on clathrin or endosome methd pathways.
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Conclusion

In this study, ANF storage and secretion was characterized Hi Hitrial
cardiomyocytes through the use giiarmacological agentslensity gradientand RP
HPLC analysisTreatment of HEL cells with monensin followed by cell fitonéion to
identify the monenshsensitive pool was unsuccessful as no significant changes in ANF
gradient profile wer@bserved. Since the monensiensitive pool was thought to be of a
constitutivelike nature,targeting this pathway witpharmacologial inhibitors of CCV
formation and endosomal trafficking failed to prevent stimuli independent secretion;
however, in the presence of BTno further increasin ANF secretion was observed.
This suggesta possible role of these inhibitors in the formataf ISGS as EF1 has
been previously shown to be a stimuli for newly synthesized @&\fawa et al., 1999

ANF secretion studieand RPHPLC analysiddertified the presence of proANF
in the media from HL1 cells cultured in fully supplemented Claycomb mediae
secretion of proANF from primary atrial cultures gavecanflicting view of ANF
processing and secretigPube et al., 1993).ack of processing athis high molecular
weight proANFquestions the ality and efficiency of corinOs proteolytic activiec
RVKR-cmk, a nomspecific proprotein convertase inhibitorabolished stimuii
independent ANF secretiom ia dose and time dependent manneindicating the

importance of an intracellular proprotein convertase in the ANF secretory pathway.
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Organelle marker analysis of density gradients identified EEAI, clathrin, and
corin in low density fractions in addition to the ER and Golgi markers. RP-HPLC
analysis identified the presence of low molecular weight ANF in low density gradient
fractions defined by the presence of Golgi, early endosome, clathrin and corin. Since
endosomes are the intermediate compartment for constitutive-like secretion, presence of
processed ANF with the EEA1 marker is of interest. Furthermore, the density of low
molecular weight ANF containing gradient fractions is comparable to the density of
constitutive vesicles. Based on an inability to prevent ANF secretion by targeting the
constitutive-like pathway and the presence of low molecular weight ANF in low density
gradient fractions, stimuli-independent ANF secretion seems to be through a constitutive

pathway.

83



Future Directions

A distinctive feature thasegregates constitutive secretion from constittkes
secretion is the halftime of secretory release of 2.5 h for constitutike pathway and
1 h for constitutive pathwayArvan and Castle, 1987Pulsechase labellingpf HL-1
atrial cardiomyocytes with tritiateceticine,followed by cell fractionationmmediately
postpulse, at 5 min, 10 min and02min of chasewould determinewhether the
intracellularly processed ANF pofidund in low density fractiongirns over rapidly and
follows the kinetics of the constitutive pathwayhe low density fractions can also be
taken for electron microscopautoradiographicanalysis to deterime the size and
morphology ofcompartment(s) that contaiow molecular weighANF. Furthermore, the
low molecular weight ANF found in these fractions can be taken for mass spectrometry
analysis to confirm the presence of AfEsin this pool.

Presencef an intracelluldy processed ANF pool and secretion of proANF under
stimulating cell culture conditionsequires further investigatioof corinOs function and
activity through siRNA knockdown of corin in HL cells Identification of corin as a
solubleprotein in plasmdAb et al., 2010; Peleg et al., 200&)dthe presence of corin
activity in the agouti pathwaywhich is involved in hair folliclepigmentation(Enshelt
Seijffers et al., 2008)ndicates that corin may have a gredi@logical role than just
being a proANF proteas®ecRVKR-cmk inhibited ANF secretion undenstimulated
conditions however, it still needs to be determintadough RPHPLC analysisvhether
loss of ANF secretion was due to lack of proANF processing that was eventually targeted

towards the storage poads proANFor the proprotein convertase intidy was acting
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upon machinery required for the secretory pathwiay.identify intracellular proANF
protease,lte proANF amino acids involved in propeptide processing can be synthesized
as afluorogenic substrate, which can be taken for a high throughpt¢gse screen to
identify proprotein convertase candidatdsat can be further evaluated through siRNA
knockdown (Gosalia et al., 2005; Harris et al.,, 2000)herefore, identification of
intracellular proANF pratase would be of interest to determine its role in cardiovascular

endocrinology.
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