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Endothelin 1 hydrolysis by rat kidney membranes
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Hydeolysis of endothelin | by rat kidney membranes was investigated using a reverse-phase HPLC and a0 automated gus-phase protein sequencer.
Endathelin | was hydrolyzed into lour major fragments which were detected by HPLC, Phosphoramidon, an inhibitor of neulral endopeptidase
24,11, almost completely suppressed she praduction of three frugments, but one fragmeni was not affested by the inhibitor, Analysis of N-terminal
sequences of the degradation producis reveuled thut the phosphoramidon-sensitive frugments were gensrated by cleavage at the Ser*~-Leu® bond
of endothelin | that was identicul with its cleavage site by purified rat endopeplidase 24,11, reparted previously, The phosphoramiden-insensitive
fragment wax produced by cleavage ut Leu'"-Asp™, which wus distinet [rom the sites by endapeptidase 24,11, but corresponded to that by o
phesphoramidon-insensitive metallo-endopeplidase recently isolsted Mrom rut kidney membranes by us [(1992) Eur. J. Biochem, 204, 547-852].
Kinetic determination of endothelin | hydrolysis by the isoluted cnzyme yiclded values of K,=71.5 uM and k,,=!.49 5™, giving a ratio of
KoK= 206 3 10 M ™), The Ky, value was miush higher and the &, /Ka vatlus was mush lower than thase for rat endopeptidase 24,11 reported
previously, Thus, endopeptiduse 24,11 uppears (o hydralyze endothslin 1 more efficiently than the isclated anzyme does. Both enzymes may play
physiological rales in the metabolism of endothelin | by rat kidney membranes in vive,
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. INTRODUCTION

Recent evidence hus revealed the importance of kid-
ney membrane metallo-endopeptidases in the metabo-
lism of biologically active peptides. Neutral endopepti-
dase 24.11 is one of the well-characterized renal en-
zymes and is known o participate in the metabolism of
some peptide hormones [1.2]. For instance, this enzyme
efficiently hiydrolyzes atrial natriuretic peptide (ANP) in
vitra [3-5], and the physiclogical importance of ¢n-
dopeptidase 24,11 in ANP metatolism has been further
shown by in vivo studies in animals and man [6-8] in
which administration of specific inhibitors of the en.
zyme caused increuses in circulating ANP concentration
with a concomitant augmentation in its physiological
astions such as diuresis and natriuresis.

In contrast, very little is known about the metabolism
of endathelin 1, 4 2l-gminoa acid peplide with a power-
ful vasoconstricting activity (9], Several recent studies,
however, suggest that renal endopeptidase 24,11 is also
involved in the metabolism of endathelin 1 [10-12)].
Membrane fractions from kidney homogenates con-
tained a potent hydrolytic activity for endothelin |
which was strangly inhibited by phosphoramidon, an
inhibitor of endopeptidase 24,11 [10]. Purified rat and
bovine endopeptidase 24,11 were shown to cleave endo-
thelin 1 initially at the Ser*-Leu® bond, followed by
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cleavage at Asp'-11e'®. in a fashion inactivating the
peptide [11,12]. As there have been few studies on the
mechanisms involved in endothelin 1 degradation by
kidney membranes, however, it is still unclear whether
endopeptidase 24,11 is the only degrading enzyme inte-
grated in kidney membranes to act on the metabolism
of endothelin 1 molecules, Indesd. a metallo-endopepti-
dase recently purified 10 hemeogeneity frem rat kidney
membranes by us [13] has the ability to hydrolyze vari-
ous peptide hormones such as endothelin 1, ANP and
parathyroid hormone in vitro [14)], and seems to have
the potentinl to metabolize endothelin 1 and other bio-
logically active peptides in kidneys in vive. The enzyme
hydrolyzed endothelin 1 in a limited fashion at the
Leu'’~Asp'™ bond in vitro [14], which was clearly dis-
tinct from the sites cleaved by endopeptidase 24,11. In
addition to the cleavage site of endathelin 1, this iso-
lated metallo-enzyme was also distinguished from en-
dopeptidase 24.11 by being insensitive to phosphorami-
don and in having an oligometric structure with a mo-
lecular weight of the native form of 250 kDa and of its
subunits of 88 kDa [13].

In this work, to further ¢larify the mechanism of en-
dothelin 1 degradation by kidney membranes, we analy-
sed the degraded fragments using a reverse-phase
HPLC and an automated gas-phase protein sequencer,
and found that besides endopeptidase 24,11 a new en-
zyme, isolated by us from the kidnsy membrane fraction
[13,14], was involved in the metabolism of endothelin 1.
Both enzymes may be physiclogically important in the
renal metabolism of endothelin 1 in vive,
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2. MATERIALS AND METHODS

2.1, Muterinly

Endathelin 1, phoyphorumidon and wmastalin were obiuined from
the Peptide Institute, Qsaka, Japan. All ather chemicals were of the
highest grude commereially uvailuble.

2.2, Brepuration af rar kidney membranes

Rut Kidney membrunes were preparcd uccording to the methad of
Swephenson und Kenny [15).

2.3, MHydrolysis af enduthetin ] and pepiide-sequonce anulyses

30 M epdothelin 1, § ug rat kidney membranes and 100 #M
amustatin, un inaclivator of aminopeptiduse, were dissolved in 30 mM
Tris-HCl buffer, pH 80, in a tatal velume of 250 pl. Samples were
incubated a1 37*C for 16 b and renctions were terminated by adding
12.5 4l 100% (by vol.) aeetiz ucid. The mixtures were then fractionuied
by HPLC on un ODS 120T reverse-phuse column (C,,: 4.6 % 250 mm:
Toyo Sodu, Tokyo, Jupan) with s linear gradiens of 0-458% ucctonitrile
in 0.1% (rifluoroucctic usid for 40 min at a flow rate of | ml/min.
Elution wax monltered by absarbance at 218 an. Degrudation prod-
usts were ¢ollected in test tubes and freeze-dricd. The amine acid
sequences ol these sumples were determined with an Applied Biosys.
tems mode! 4704 gus-phitse sequencer nnd madel 1204 HPLC anu-
lyeer system.

24. Kinenie deteraringrion far eidatheltn 1 fvdralvsic by o meratlos
andopeptitiuse isufuted frun rat Kideey membreanes

Kinetics for endathelin | hydrolysis by o meinllo-sndopeptidase
recently isoluted fram rt kidney membranes [13) were meusured by
quantitative HPLC unulysis of reaction mixtutes, The incubation wix-
ture (volume 250 22) conlaingd 2,17 nM (48 ng) rat enzynie und 5-80
#M endothelin | in 20 mM Tris-HCI bufler, pH 8.0. Sumples were
incubated at 37*C for 2 h and the reactions were siopped by udding
125l 100% Chy vel.) ueetic acid. The samples were then unalyzed by
HBLC us deseribed above. Product peak areds were converted to
concentrution by defining the ureds measured after complete hydroly-
%i¥ #% cquul to the initial substrate concentration. Mydrolysis ruates
were ussessed by the appearunse of the produstsfunit time. Kinetic
conslunis were calsulated using che Michaclis-Menten equation and
the linsar transform methods of Lineweuver-Burk, The values far &,
were caleulated by nssuming a calalytic subunit of B8 kDa, Three
separate Rinetle studies were performed using different cnzyme prepui-
rations.

3. RESULTS AND DISCUSSION

Fig. 1A shows the HPLC pattern of endothelin | and
its fragments after 16 h incubation with rat kidney mem-
brancs. Endothelin | was hydrolyzed by the membranes
to four major degradation preducts (designated peaks
1-4) which were detected by their ultraviolet absorb-
ance at 215 nm. In the presence of 100 uM phospho-
ramidon, peaks 2-4 disappeared on the HPLC profle,
whereas peak 1| was unaffecied and clearly eluted as
peak 1’ at the corresponding retention time (Fig. 1B).
The individual peak fractiens shown in Fig. 1A and B
were collected and their amino acid sequences were de-
termined in an automated gas-phase sequencer (Tahle
I). The sites of hydrolysis predicted from these analyses
are shown in Fig. 2. The results showed that peak 1 and
peak i’ both insensitive to phosphoramiden, were iden-
ticnl and consisted of a mixture of Asp-[le-Ile-Trp and
the M-terniinal fragment of endothelin 1, indicating that
these fragments were generated by cleavage at the
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Fig. 1. HPLC analysis of peptide preducts formed by incubation of
endothelin | with rut kiduey membranes. Endothelin | (20 pM) was
incubated with § g kidney membranes in 20 mM Tris-HCl, pH 8.0,
for 16 h ai 37°C in the absence and presence of 100 M phosplioramis
don (A and B, respectively). Then, each sample was fractionated by
HPLC as deseribed in Materials and Methods. The praduct peaks are
numaered in order of yicld, and numbers correspand (o those in Table
I and Fig. 2. Arrows indisnte the retention times of intast endothelin

Leu'’-Asp'* bond. Peaks 2-4, ull sensitive to phospho-
ramidon, were the N-terminal fragment of andothelin 1
(peak 2) or the products by cleavage at the Ser*~Leu®
bond (peaks 3 and 4).

A metallo-endopeptidase recently isolated from rat
kidney membranes by us [13] is insensitive to phospho-
ramidon and cleaves endothelin 1 in a limited fashion
at the Leu'’~Asp' bond [14]. In contrast, another met-
alla-endopeptidase from rat kidney membranes, en-
dopeptidase 24,11, is knawn to be sensitive to phospho-
ramiden [1,2] and to cleave the hormone at the Ser’-~
Leu® and Asp'-Ile' bonds {11}, Therefore, the results
presented above strongly suggest thut peaks 1 and 1
were generated by our newly isolated metalle-endopep-
fidase, whersas peénks 2-4 were praduced by endopepii-
dase 24,11.

Endothelin | is supposed to be an important physic-
logical substrate for rat endepeptidase 24,11 since the
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Fig. 2. Identities of the products farmed by ineubatian of endothelin

i with rut kidney membranes. The numbered paptides corresponding

tathe HPLC peaks in Fig. | were identifled by determining umino asid

sequences in 4n sutemuted gasphase sequenser. Arrows indicate the
bonds attacked by the enzyme.

K value for endothelin | is amongst the lowest re-
ported for this enzyme (Kn=2.3 4M, A.,=2.19 57\ ko/
K,=9.52 x 10" s"*M™) {11]. To assess the potency of
our isolated enzyme in endothelin | hydrolysis. we de-
termined kinetie parameters for endothelin 1 hydralysis
by our enzyme and compared the obtained values with
these by endopeptidase 24.11. As shown in Fig. 3. ki-
netic constants were culsulated using the Michaelis-
Menten equation and the linear transform methods of
Lineweaver~Burk. Graphic unalysis yiclded values of
Ko=T5 uM, ko =149 87 (V,,,=3.23 aMs™; [en-
zyme]=2.17 aM at the subunit molecular muss of 88
kDa), giving a ratio of ,/K,=2.08 x 10* 5"'-M". This
K, value by our enzyme for endothelin 1 is about 30-
fold higher and the £_,/K., is about 50-fold lower than
those for endopeptidase 24,11, respectively. Thus, taken
together with the findings that three of the four peaks
shawn in Fig. 1A were the preducts by endopeptidase
24,11, this enzyme scems to metabolize endothelin |
more officiently than does our isolated enzyme from rat
kidney membranes.

In conelusion, this study indicates that endopeptidase

Tuble 1
Amine acid sequences of degradation progducts of endoltielin |
Peak Amino acid sequence Cleavage site
i Aspelle-Tle-Trp Leu'™-Asp'™
Cyx-Ser-Cys.8er-Ser-Leu-Met-Asp.Lys-Glu Nsterminal
2 Cys-Ser-Cys:-Ser-Ser-Leu-Met-AspsLys-Glu=  N-terminal
3 Leu-Met-Asp-Lys-Glu-Cys-Val-Tyr-fhe- Ser'-Lau®
4  Lou-Mel-Asp-Lys-Glu-Cys-Vul-Tyr-Fhe- Ser'-Lou*
1° Asp-lle-lle-Tep Leu-Asp'™
Cys-Ser-CyveSop-Sor-Lon-Met-Asp-Lye-Glu-  Nelerminal

The individual peuk fractions, ax designnted in Fig, 1, were collected
and their amino acld sequence determined in an automated gas-phase
protein sequencer as described in Materials and Methods.
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Fig. 3. Dependence of velogity of hydrolysis by a resently isolated

raetallo-endopeptidase an endathelin 1 concentration. Velocities for

hydrolysis of various concentrations of endothelin 1 by a recently

isalated rut metallo-endopepiidase were determined By quantitative

HPLC anulysis as deseribed in Maoteduls and Methads, A Line-

weaver-Burk double reciprocal plot of the same data is shown in the
insat,

24,11 and our isolated rat metailo-endopeptidase, both
as integrated membrane proteins, participate in the me-
tubolism of endothelin 1 by rat kidney membranes.
Thus, both enzymes may be physiologically important,
and further studies are needed to clucidate their roles in
the renal metabolism of endothelin 1 in vive.
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