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A new matriuretic peplide, which exhibits the entire spectrum of actions kKnown (o be uhuruu\crmiﬁ of atrial and Brain natriuretic peptides (ANP
and BNP), was isolated from el curdiac veniricles and hus been nanied ventrisular natrivretic paplide (VYNP). The primary strugture of el VNP
" i chiracterized by it umquely long C- erminad “wil’ that extends fram the second hall-cysting. Thus, eel VNP Appeurs to be 5 novel natriuretic
peptide of B type not Tound in mammals, With respect to natrivretie (rut) and vasodepressar (et and-eel) activitiex, eel VNP ix mueh more potent
thnn humiin ANPin eels and almc:t equipalent in ratx. Strang wehyphylaxis is observed for the visodepressor efeet in both rais and eels, whereas

‘ {tisnot ahsewed far the natrinreie efect in rifls.

Atrin} natriuretic peptide; Curdiue ventricle: Nutriuresis: Hypotension; 'T’achyphy!n:is; Bel: dnguilla japaniea

1. INTRODUCTION

Euryhaline fish are capable of osmaregulation by
changing their drinking rate, rate of intestinal absorp-
tion, gill permeability, and rate of renal excretion, of
water and electrolytes {1]. Among the euryhaline
species, eels are one of the few that can survive a direct
transfer from fresh water to seawater or vice versa. The
ways that they cope with the drastic changes in en-

vironmental osmaotic pressure have been studied in

~ some detail, and data arc accumulating that implicate

ANP in fish osmoregulation [2-5]. However, mam-
malian ANP has been used.in such studics in fishes, and

immunoreactive fish ANP has been measured only by
‘heterologous radicimmunoassays (RIA) for marm-
malian ANP [6]. ‘

We previously reported that mammahan ANP had
little biological effect in ¢els, and that an RIA for
human ANP did not measure levels of eel ANP correct-
Iy [7]. Therefore, we isolated eel ANP from atria, deter-
mined its amino acid sequence [8], and established a
specific RIA for eel ANP [9]. The homologous RIA
measured 700-fold higher values for ANP levels in eel
atria than did the heterologous RIA for human ANP.
‘Unexpectedly, however, levels of ANP in eel cardiac
ventricles were only a few-fold dif{erent between the 2
measurements (unpublished data). Thus, it is iikely that
a different type of ANP is present in the eel ventricle, as
was the case in the brain [10].
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2. MATERIALS AND METHODS

The hearts of cultured Japanese eels, Anguilta japonicu, were
isalated immedintaly after decapiiation and placed on ise. The ven-
tricles were isolatéd from the still-beating hearts, and frozen:im-
mediately on dry jce, They were stored at -25°C until use, N

2.1, Exiractlon and purificarion
The ANP-like peptide, Inter named eel ventricular natriureuc pep-

tide (VINP), was extracted from 2500 el cardiac ventricles (325 g) as
reported previously (B). In brief, the pulverized frozen tissues were
boiled in water, acidified with AcOH, homogenized, and centrifuged.
The supernatant was treated with 87% and 98.5% acetone (o remove:
high-tnolecular-weight proteins and lipids, respectively. The crude ex-
ract was subjected to gel-filtration chiromatography on'a column of
Sephadex G-25 (Fig. 1a), cation-exchange chromatography on a col- |
umn of SP-Sephadex €25 {1.6 X 15 ¢m), cation-cxchange HPLC on
an IEC.CM colump (Fig. ib), and reverse.phase HPLC on an
ODS-120T column (Fig. 1c). The activity of YNP was assayec at each -
step by measuring relaxant activity in the chick rectum [11): Semi-
purified material was reduced and S-carboxymethylated, as describad

previously [8], and wag finatly punfned by reverse-phase HPCL (Fig.

14).

2.2, Analysis of amino ecid sequence

The amino acid sequence of the purified and carboxymethylated eel
VMNP was determined with an automated gas-phase proiein sequencer
(Applied Blosystems, Model 470A/120A). The COrTEct Sequence was
verified by amino acid analysis with a PICQ TAG Work Station
(Waters), and by co-cliromatography. of the purified and synthetic
peptide by reverse-phase HPLC with 2 different solvent systems [10], -
The eel VNP was synthesized with a peptide synthesizer (Applied .
Biosystems, Model 430A), and its amino acid sequence was confirmed
by the amino acid analyzer, sequencer and mass spectrometer {10],

2.3, Relative bioacrivity of esl VNP ‘

Procedures for the measurement of arterial pressure in eels, and *
arteriat pressure and renal sodium excretion in rats have beendeserib-
ed previously [8]. Eels (1_99 + 7 g, n=28) were anesthetized and the
ventral -and dorsal aoriae were cannulated for injections. and
measurements of blood pressure, respectively. Since cels became
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. Fig. 1. (a) Gel- ﬁltrauon chromatography on & column ol‘SenImdch 25 fing (5 % 82 em), Sample, acid extract of ect vemru.lu. flow rale, 96ml/h,‘
eluent, £ M AcOH; fraction size, 8.5 ml/tube; Vg, vold volume; V), total bed volume. Black bars represent activities equivalent to eel ANP inthe
chick-rectur relaxant assay. Ee) VMNP was recoverad from the peak 1. (b) Cation-exchange high-performance liquid chromatography (HPLC) on
an [EC.CM column (7.5 X 75 mm, Jasco, Tokyo). Sample, a fraction eluted with pyridine-AcOH from a column of SP-Sephadex. C-25; flow rate,

1 mi/min; solvent system, linear-gradient elution from solvent A (10 mM NH.OAc, pH 6.8, plus CHyCNata ratio of 1) 1o salvent B (1 M
NH,OAc, pH 6.8, plus CHLCN at a ratio-of 9:1}: fraction size, 2 ml/wube. Each bioactive fraction was subjected to reverse-phase HPLC ona
ODS-120T column (4.6 X 250 mra, Tosoh, Tokyo}, Ee! VNP was recovered from the marked fractions. () Reverse-phase HPLC on an ODS- 120T
colurnn. Sample, bioactive fractions obtained from the first reverse-phase HPLC of the miarked fractions in (b); flow rate, | ml/min; solvent
system, linear-gradient elution from CH,CN at a cancentration of 20% to 40% in 0.1% trifluoroacetic acid for 40 min. (d) Reverse-phase HPLC
on an-ODS-120T column. Sample, carboxyimethylated materials in a bloactive fraction in (). Other conditions are identical 1o those described in:

: {¢). Fractlons are collected by each peak. An arrow shows the peak of carboxymethylaled VNP,

unresponsive after the injection of high doses of eel VNP because of

tachyphylaxis, the injections wgre starigd from the lowest dose, and

intervals between injections of mote than | h were introduced at high

doses, Sprague-Dawley rais (286 = 3 g, n=7) were anesthetized and

the femoral vein was canilated for injections and continuous infu-

sions of a Ringer solution; the femoral artery was cannulated for
~ measurement of blood pressure; and the urinary bladder was can-
" nulated for collection of urine. Urine volume, and urinary corcentra-
" tions of sodium, potassium and chloride were measured.

3. RESULTS AND DISCUSSION

We have isclated, from eel cardiac ventricles,
highly basic peptide that exhibits a relaxant activity in
the chick = rectum after reduciion and 8-
carboxymethylation of the semi-purified peptide (Fig.
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1). The yield was B ug 'eqinivalen‘[ to eél ANP by absor-

. bance at 220 nm. One half and one fifth of the carbox-

ymethylated peptide were used, respectively, for the se~
quence analysis and amino acid analysis. 1 he remainder
was used for the purity check and comparison of the se-
quence with the synthetic peptide. The complete amino
acid sequence of the carboxymcethylated peptide was
determined by the sequencer (Fig. 2). The result of
amino acid analysis supports the sequence; Asp, 4.7 5
CM-Cys, 2.4 (2); Ser, 4.6 (5); Gly, 6.9 (6); Arg, 2.1(2);
Thr, 2.0 (2); Met, 0.9 (1); Ile, 1.9(2); Leu, 2.2 (2); Phe,
2.5 (3); Lys, 5.0 (3); Trp, undetectable (1). The values
in- perentheses are those obtained by the sequence
analysis. Thus, this peptide consists of 36 amino acid
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residues, including a tryptophane residue. The sequence
thus  deduced was  finally confirmed: by co-
‘chromatography of the isolated and synthetic peptides
in reverse-phase HPLC with different solvent systems.
Since this peptide is a new type of natriuretic peptide
which has long C-terminal ‘rail’ sequence (Fig. 3), and
since this peptide was isolated from eel ventricles, we
have named it venticular natriuretic peptide (VNP).
Eel VNP caused hypotension in conscious eels and
natriuresis and hypotension in _‘ane‘smetized rats (Fig.

Eel VNP

Mwmm&w

Eel ANP
Bullfrog ANP
Human ANP

Rat ANP

wm
Fowl ANP
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~4). Inthe hamolagous eel, eel VNP i, like cel ANP and

BNF, 100-fold mare potent than human ANP. Unlike.
the ¢ase with ¢el ANP and BNP, however, ‘strong
twchyphylaxis was observed after injection of VNP, and
this reaction lasted for several hours at high do:cs‘
Since the dose given at ench injection was increased
gradually, the effect became smaller at higher doses
(Fig- 4a). Tachyphylazis was also noted in association

with the vasodepressor effect in rats after injection of

YNP (data ‘not shown), The natriuretic effect of eel
VNP in rats was much stronger than the effects of cel

- ANP and BNP (Fig. 4b). Eel VNP ulso caused diuresis
‘and chloridouresis, ns well as antikaliuresis at high

doses. It is noteworthy that tachyphylaxis. was ‘not
observed in association with the natriuretic effect.

The natriuretic peptides identified 10 date have been
classified into 3 groups based on structural similarities
and sites of production (Fig. 3). All members of che first
group are isolated from atria and each is calied ANP
[8,12]. The members of the second group are mostly

~ called BNP because the first such peptide was isolated

from the porcine brain [3], even though all the other
peptides and their messenger RNAS of this group were
isolated from the heart [14~17]. Fowl ANP. isolated =

from the heart [18) and bovine aklosterone secretionin-

hibitory factor (ASIF), isolated from cultural adrenal
chromaffin cells [19], also belong to this group. The
members of the third group are all isolated from the
brain and are called by various names. However, we

shall call the members of this group C-type natriuretic

peptide (CNP), because this name is used most fre-
quently (Fig. 3). :
Three species of natriurétic peptides are found in

KSFNsS- CFGTRMDRIGSHSGLGCNSL—KNGTKKKIFGN

SKSSSPCE‘GGKLDRIGSYSGLGCNS RK
SSDCFGSRIDRIGAQSGMGC-G-RRE

SLRRS8S- CFEGCRMDRIGAQSGLGCNSFR~Y

SLRRSS CFGGRIDRIGAQSGLGCNSFR T

MMRDSG=-CFG RRIDRI GSLE8G MGCNGS RKN

Porcine BNP
Canine BNP
Bovine ASIF*
Human BNP
Rat BNP*

SPKTM-RD8G~- CFGRRLDRI GSL 8¢ LGCNVLRRY
SPK-MMHKS8G- CPGRRLDRI GSL 8G LGCNVLRKY
PK-MMRDBG~ CFGRRLDRI GSL 8C LGCNVLRRY

. SPK-MVQGBG= CFGRKMDRI $SS 8G LACKVLRRE -

S-K~MAHS85- CFGQKIDRI GAV SR LGCDGLRLF

Eel BNE:
Killifish brain ANP
Porcine "CNP :

Fig. 3. Comparisot of amino acid (single-letter code) sequences of eel VNP and other natriuretic peptides sequenced to date. Identical amino geid

residues within the same group are prmted in bold face. *These peptides have longer N-terminal amino-acid regions [19,22]. Gaps have been |n~
troduced to optimize matchmg

GUNRG-CFGLKLDRIGSL SGLGC
CWNRE~- CPGLELDRIGSM SGLEC
GLSKG-CFGLKLDRIGSM SGLGC

219
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Flg. 4. Dose-response reladonships for the vasodepressar effeet Inthe ¢l {a) and for the patrivretic effect in the rat (b} of cel VNP (@), eel ANP
(Dl. cal BNP (&), and humian ANT (2), Bight eels and 6-8 ras were used in each assay, The data (or sel ANP and BNP were obiained from
the previous studics [8,10) after correction for the rcxpenm 1o human ANP, Vilues are means: x SEM. ‘

ecls, and 2 of them (ec:l ANE, and eel BNP or CNP)are
classified ' as belonging to the A-type and C-type
natriuretic peptides (Fig. 3). Thus, it is possible that ecl
VINP belongs to the B-type natriuretic peptide. Com-
paring the amino acid sequences, however, no B-type
natriuretic peptides have more than 6 amino acids at the
C-terminus which extend from the second half-cystine.
Furthermore, similarities in terms of amino acid se-
quences: (present results) and of cDINA sequences (un-
published results) between eel VNP and the B-type

natriuretic peptides are no greater than such similarities.

“to the A-type and C-type natriuretic peptides. Thus, eel
VNP may be a new type of natriuretic peptide. How-

ever, we have to identify B-type natriuretic peptide in

the eel, and the fourth peptide of a VNP type in mam-
mals, to verify this assumption. -
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