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Effect of phosphoramidon on big endothelin-2 conversion into
endothelin-2 in human renal adenocarcinoma (ACHN) cells

Analysis of endothelin-2 biosynthetic pathway
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The biasynthetic pathway of endothelin (ET)-2 wus analyzad in cultured ACHM cells. In the supernatant, we detesied three ET-2-related peptides,

ET-2, big ET-2(1-38} and big ET-2(22-38). Phasplioramidoen decressed the amount of ET-2anrd inereased that of big ET-2(1-38) dose-dependently.

The amount of big ET-2(1-37) did not significantly change. These results suggest that big ET-2 is composed of 38 and not 37 amino acid residues,

and that a putative ET-2-converting enzyme (ECE-2) should be classified us o phosphoramidon.sensitive neutral metalloprotease, bearing o
resemblance to the putative ET-1-converting enzyme (ECE-1} in endothelial cells.

Endothelin-2; Big endothelin-2; Endothelin-converting enzyme; Phosphoramidon; Human renal adenocarcinoma (ACHM} cell

1. INTRODUCTION

Endothelin-2 (ET-2), originally predicted from its nu-
cleotide sequence, belongs to the endothelin peptide
family [1-3]. Pharmacological studies revealed that ET-
2 has similar biological activities, including vasocon-
strictor activity, to ET-1, although its physiological
roles are not thoroughly clarificd [4]. Later, massive
production of ET-2 by ACHN, a human renal
adenocarcinoma cell line, was pointed out by isolation,
amino acid sequence analysis and Northern blot analy-
sis [5,6]. With respect to the biosynthetic pathway of
ET-1, we have proposed that ET-1 is produced from a
39 (porcine) or 38 (human) intermediate form, big ET-1,
through unusual proteolytic cleavage at Trp*'-Val® by
an ET-converting enzyme (ECE) [1,2]. The biosynthetic
pathway was confirmed by finding of the related pep-
tides, ET-1, big ET-1(1-39) and big ET-1(22-39) in the
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culture supernatant [7]. We have shown that the physio-
logical importance of the conversion of big ET-1 is to
increase the vasoconstrictor activity by 140-fold on
cleavage to ET-1 [8). Furthermore, we and others have
shown that the intracellular conversion from big ET-1
to ET-1 in endothelial cells is markedly inhibited by a
metalloprotease inhibitor, phosphoramidon, suggesting
that ET-1-converting enzyme (ECE-1) is a phospho-
ramidon-sensitive neutral metalloprotease [9,10].

In contrast to ET-1, the native biosynthetic pathway
of ET-2 in ET-2-preducting cells has not been reported
yet, although Kosaka et al. analyzed the biosynthetic
pathway using CHO-K1 cells transfected with an ex-
pression vector containing human prepro-ET-2 cDNA
[11]. They suggested that ET-2 is produced from big
ET-2(1-38) and not from big ET-2(1-37), although the
latter has been proposed as the intermediate form from
the nucleotide sequence of cDNA encoding ET-2 [5].
Therefore, we conducted our study to clarify the native
biosynthetic pathway of ET-2 and the phosphoramiden
sensitivity of ET-2-converiing enzyme (ECE-2) using
ACHN cells. This is the first demoustration reporting
the characteristic of ECE-2.

2. MATERIALS AND METHODS

2.1. Peptides and antisera

Murnan ET.1, ET-2, ET-3 and big ET-2(1-37) were ohtained from
Peptide Institute Inc. (Osaka, Japan). Human big ET-2(22-37) was
obtained from Peninsula Luboratories Inc. (Belmont. CA). Human
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big ET-2(1-38), big ET-2(22-38) and big ET-2(31-38) were synthe-
sized by an aulomated peptide synthesizer (Applied Biosystems,
Model 430A). Anti-ET-2(15-21) antiserum (As-ETC) was obtzined
from IBL (Tochigi, Japan). Anli-big ET-2(31-38) (As-bET2C) and
anli-ET-2-(1-21) (As-ETL) untiscra were produced with a similar
method reported previously [12]. Briefly, big ET-2(31-38) or ET-2(1-
21) was conjugated with keyhole limpet hemocyanin using the glu-
taraldehyde coupling procedure. As-bET2C or As-ETL was obtained
by immunizing New Zealand white rabbits 5 times with the conjugaltes
every 2 weeks, ACHN, a human renal adenocarcinoma cell line, was
oblained from American Type Culture Collection.

2.2, Analysis of cufture supernatant

ACHN cells were cultured to confluence on 90 mm diam, dishes in
minimum essential medium supplemented with Earle’s salts, glutamic
acid, non-cssential amino acids (MEM, Gibco, Grand Island, NY),
10% fetal calf serum, penicillin G (100 U/ml}, and streptoemycin (100
ug/ml) at 37°C in a CO, incubator (95% air-5% CQO,). Then, the
culture medium was changed (o a serum-free medium and further
incubated for 24 h, The supernatants were collected and loaded onto
a Sep-Pak C18 cartridge (Waters, Milford, MA). ET-2-related pep-
tides were elied with 50% aczetonitril (AcCN) in 0.1% trifluoroacetic
acid (TFA) and separated by a reverse-phase column (Cosmosil 5C18-
AR, 4.6 x 250 mm, Nacalai (esque, Kyolo, Japan) with a 37.5 min
linear gradient of AcCN (12.5-50%) on 0.1% TFA at a flow rate of
1 mi/min &t 40°C, Aliguots of fractions were assayed by radioimmu-
noassay (RIA) with three antisera (As-ETC., As-ETL, As-bET2C).

2.3, Effect of phosphoramidon on conversion from big ET-2 to ET-2

ACHN cells were cultured to confluence in 90 mm diam. dishes as
described above. Then, the medium was changed to a seruin-free
medium with phosphoramidon (1074, 1075, 1079, 1077, and 107* M) and
further incubated for 24 h. The supernatanis Irom three dishes at each
concentration were combined and loaded onto a Sep-Pak C18 car-
tridge and the eluates were separated on a reverse-phase column (Cos-
mosil 5C18-AR, 4.6 % 250 mm) with the same conditions as described
above. Aliquots of fractions were submitied to RIA with the three
antisera.

24, RiAs for ET relaied peptides
RIAs were performed similarly as described previously [12), ET-1
and big ET-2(22-38) were radioiodinated by the chloramin T method
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Fig. 1. Typical standard curves of big ET-2(1-38) (-@-), big ET-2(1-
37) (-m-), big ET-2(22-38) (-0-), big ET-2(22-37) (3, ET-1 (-A=)
ET-2 (--A~)and ET-3 (--0-) in the RIA with the antiserurn As-bET2C,
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and the monoiodinated peptides were purified by reverse-phase
HPLC. Labeled ET-1 was used as a radioactive ligand for measuring
ET-2 using cold ET-2 as standard. EC,s of the antisera 1o ET-2-
related peptides were as follows: ECygs of As-bET2C 10 big ET-2(1-
38) and big ET-2(22-38) were 295.3 und 198.0 fmol/tube, respectively;
those of As-ETC to ET-1, ET-2, ET-3 were 310.3, 379.5, 255.7 fmol/
tube, respectively; and those of As-ETL to ET-2, big ET-2(1-38), big
ET-2(1-37) were 36.8, 66.2, 37.0 fmolitube, respectively.

3. RESULTS AND DISCUSSION

3.1. Cross-reactivities of antisera

Typical standard curves for RIA with As-bET2C are
shown in Fig. 1. As-bET2C recognized big ET-2(1-38)
and big ET-2(22-38), but not big ET-2(1-37), big ET-
2(22-37), ET-1, ET-2 and ET-3 (ihe cross-reactivity was
less than 0.1%) The recognition site for As-ETL was
considered to exist in the loop portion of ET-2, because
As-ETL had almost equal ECs values for ET-2, big

(E)
200—1 @ o ¥
2 460 - ©)|
£ |
E 1201 Unknown Jl
= g0- I
&
40..
0 .“‘x e § T 3
20 25 30 35 40 45 5 5 60 6 70
200
| © )
_ W }
2
& 120 4
l‘ll
R e
1
40—
P VA .'.’:,.—‘.‘;...-:f;"‘....,.-.?.?‘.f‘:.,:l. S PO L

25 3 35 A4 45 S 55 60 65 T
300
2 © A
2 250 - 1
‘E ¥
= 200 -
= )
& 150 4 ¢
A C
& 100 (o))
w J 1
£ =
R
0 Tetresffrrrr TR 3o e S0 Rt e 0t 8 0P8 T T Yt R en s P o v an ety

20 25 30 3B 40 45 50 55 € 65 70

Fraction No.
Fig. 2. Analysis of ir-ET-2-related peptides in the culture supernatunt
of ACHN cells. The supernatant was separated by reverse-phase
HPLC as described in section 2. Ir-ET-2-related peptides were moni-
tored by As-ETL (a), As-ETC (b) and As-bET2C (c). Arrows indicuie
the elution positions of synthetic standards of big ET 2{22-38) (A), big
ET-2(22-37) (B), big ET-2(1-38) (C), big ET-2(1-37) iD) and ET-2(1-
21) (E).
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Fig. 3. Dose dependence of the eflects of phosphorimidon on big ET-2
conversion., ET-2(1-21) (-@-), big ET-2(1-38) (-®-), big ET-2(22-38)
(-o-), big ET-2(1-37) (-4-) and unknown (-O-).

ET-2(1-37) and big ET-2(1-38). As-ETC recognized the
C-terminal Trp moiety of ET-1, ET-2 and ET-3, and
cross-reacted with big ET-2(1-38), -(1-37), -(22-38) and
-(22-37) less than 0.1% (data not shown).

3.2. ET-2 related peptides in culture supernatant of
ACHN cells

Fig. 2 showed the elution pattern of immunoreactive
(ir)-ET-2-related peptides after the HPLC., Two major
ir-peaks (Fraction 58 and 29) and three minor ir-peaks
(Fraction 52, 54 and 44) were detected. Except Fraction
44, the retention times of Fraction 58, 29, 52 and 54
corresponded to those of synthetic peptides, ET-2(1-
213, big ET-2(22-38), big ET-2(1-38) and big ET-2(i-
37), respectively, agreeing with the cross-reactivities of
the three antisera mentioned above. As an example,
Fraction 58 (ET-2) was recognized with As-ETL and
As-ETC. No ir-peak could be seen with Fraction 58
with As-bET2C, because As-bET2C cross-reacted with
ET-2 less than 0.1% (Fig. 1). ACHN cells produced
almost equal quantities of big ET-2(22-38) and ET-2{1-
21) simultaneously into the culture media. Fraction 44
did not correspond chromatographically to any one of
the ET-2-related peptides mentioned above, and seerned
to be a fragment of ET-2 or big ET-2 with an N-termi-
nal loop but not with a free COOH group of C-terminal
Trp.

3.3. Effect aof phasphoramidon on FET-2 production in
ACHN cells
The ir-patterns of ET-2-related peptides in the super-
natant of ACHN cells incubated with phosphoramiden
were observed to be similar to those in Fig, 2. Amounts
of ET-2(1-21) and big ET-2(22-38) were decreased, and
that of big ET-2(1-38) was increased by phosphorami-
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don in a dose-dependent manner (Fig. 3). This metal-
loprotease inhibitor reversed the ratio of ET-2/big ET-
2(1-38) at a concentration of 107°~10~* M. The amount
of ir-big ET-2(1-37), which has been proposed as an
intermediate form from the nucleotide sequence of
cDNA encoding ET-2, did not change significantly in
the presence of phosphoramidon. These results clearly
suggest that the intermediate form, big ET-2, is com-
posed of 38 amino acid residues with a C-terminal
arginine, and that phosphoramidon inhibits the activity
of a putative ECE-2 which produces mature ET-2 from
big ET-2(1-38). Although the physiological role of ET-
2 has not been throughly clarified, it should be noted
that ECE-2 possesses the same enzymatic characteristic
as ECE-1 with regard to phosphoramidon sensitivity
[10]. Recently, as with the physiologically relevant ECE-
1 in endothelial cells, a phosphoramidon-sensitive neu-
tral metalloprotease has been proposed [13]. Further-
more, it was suggested that ECE-1 can convert also big
ET-3 to ET-3 [14]. It is of great interest to reveal
whether or not these enzymes (ECE-1 and ECE-2) have
the same characteristics with respect to substrate speci-
ficity to big ETs, and whether or not these enzymes are
identical. These studies are now in progress.

Acknowledgements: This work was in part supported by grants for
Scientific Research on Priority Areas: *Yascular Endothelium-Smooth
Muscle Coupling’ from the Ministry of Education, Science and Cul-
ture of Japan, from National Cardiovascular Center for Reseuarch
Institute, Uehara Memorial Foundation and Hamaguchi Biochemical
Foundation.

REFERENCES

[1] Yanugisawa, M.. Kurihara, H., Kimura, 8., Tomobe, Y.,
Kobayashi, M., Mitsui, Y., Yazaki, Y., Goto, K. and Masaki, T.
(1988) Nature 322, 411-415,

[2] Inoue, A., Yanagisawa, M., Kimura, S., Kasuya, Y., Miyauchi,
T., Goto, K. and Masuki, T. (1989} Proc. Nall. Acad. Sci. USA
86, 2363-2867.

[3] ltoh, Y., Yanagisawa, M., Ohkube, S., Kimura, C., Kosaka, T.,
Inoue, A., Ishida, N., Mitsui, Y., Onda, H., Fujino, M. and
Masaki, T. (1988) FEBS Leit. 231, 440-444,

[4] Doherty, A.M. (1992) J. Med. Chem. 35, 1493-1508.

[5] Ohkubo, S.. QOgi, K., Hosoya, M., Maisumoto, H., Suzuki, N.,
Kimura, C., Onda, H. and Fujino, M. (1990) FEBS Leit. 274,
136-140.

[6] Kosaka, T., Ishibashi, Y., Matsumoto, H., Kubo, K., Kilada,C.,
Suzuki, N., Yasuhara, T., Onda, H. and Fujino, M. (1991} in:
Peptide Chemistry 1990 (Shimonishi, Y. ed.), pp. 135-138, Pro-
tein Research Foundation, Osuka, Japan.

[7] Sawamura, T., Kimura, S., Shinmi, O., Sugita, Y., Yanagisawa,
M. and Masaki. T. (1989) Biochem. Biophys. Res. Commun. 162,
1287-1294,

[8] Kimura, S., Kasuya, Y., Sawamura, T., Shinmi, O., Sugita, Y.,
Yauagisawa, M., Goto. K. and Masaki, T. (1989) J. Cardiovase.
Pharmacol. 13 (Suppl. 5), 85-88.

[9] ikegawa, R., Matsumura, Y., Tsukahara. Y., Takaoka, M. and
Maorimoto, S. (1990) Biochem. Biophys, Res. Commun. 171, 669-
675,

[10] Sawamura, T., Kasuya, Y.. Matsushita, Y., Suzuki. N., Shinmi.
0., Kishi, N., Sugila, Y., Yanagisawa, M., Goto, K., Masaki, T.

397



Volume 314, number 3 FEBS LETTERS December 1992

and Kimura, S. (1991) Biochem. Biophys. Res. Commun. 174, and Masaki, T. (1989) Biochem. Biophys. Res, Commun. 162,
779-784,

340-346.

{11] Kosaka, T., Ishibashi, ¥., Suzuki, N., Matsumoto, H., Ohkubo, [13] Okada, K., Miyazaki, Y., Takada, J., Matsuyama, K., Yamaki,
S.. Kitada, C., Onda, H. and Fujino, M. (1992) in: Peplide Chem- T. and Yano, M. (1990) Biochem. Biophys. Res. Commun. 171,
istry 1991 (Suzuki, A. ed.), pp. 19-24. Protein Research Founda- 1192-1198.

tion, Osuka, Japan. [14] Matsumura, Y., Tsukahara, Y., Kuninobu, K., Takaoka, M. and

[12] Shinmi, O., Kimura, S., Yoshizawa, T., Sawamura, T., Uchi- Morimoto, 8. (1992) FEBS Lett. 305, 86-90.
yama, Y., Sugita, Y., Kanazawa, 1., Yanagisawa, M., Goto, K.

398



