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ABSTRACT. We have investigated enzymatic processing of big ET-1 in sections of human renal cortex by 
examining selected binding characteristics of the radiolabelled precursor and cleaved peptide. Sections of 
histologically normal human kidney obtained from patients undergoing nephrectomy for hypernephroma (50-74 
years, N = 10, male or female) were incubated with 0.1 nM [1251]-ET-1, [1251]-Tyr13 big ET-1 or [‘251]-Tyr31 
big ET-1 in culture media at 37” to facilitate enzymatic activity. Specific binding measured from sections 
incubated with [1251]-Try’3 big ET-l (which would yield [1251]-ET-l on enzymatic cleavage) was 39.7 ? 2.5%. 

This was significantly reduced to 19.0 ? 2.0% foll owing co-incubation with 10 FM thiorphan, an inhibitor of 

neutral endopeptidase (NEP) but not the putative endothelin converting enzymes (ECE). No further reduction 
in specific binding was obtained with 100 p_M thiorphan, indicating that this is a maximal effect. However 
phosphoramidon (100 FM), an inhibitor of ECE and NEP, almost abolished specific binding, indicating that 

both NEP and ECE cleave big ET-l in the kidney. No specific binding was detected when sections were labelled 

with [ 1251]-Tyr” big ET-l (which would be expected to yield [1251] labelled C-terminal fragment). Binding of 

the product of processed [1251]-Tyr’3 big ET-l was inhibited mainly by the ET, selective antagonist (BQ788 = 
75.1 2 2.1% inhibition; FR139317 = 9.7 + 7.3% inhibition), consistent with the predominance of this subtype 
in human kidney. We conclude that big ET-1 is processed by NEP and ECE in human kidney and that the 
cleaved product binds predominantly to the ETa receptor subtype. ECE may be a therapeutic target in the 
attenuation of renal diseases in which ET-1 has been implicated. BlOCHEM PHARMACOL %;5:697-701, 1998. 
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Endothelin (ET-1 )t is a potent 2 1 amino acid vasoconstric- 
tor peptide that is generated following proteolytic cleavage 
of its immediate precursor, big ET-1 by the putative 
endothelin converting enzymes (ECE-1 and ECE-2). Mo- 
lecular studies have predicted that two isoforms of ECE-1 
exist that differ only in their N-terminal sequence; ECE-la 
and ECE-1 p [I], also called ECE-lb and ECE-la, respec- 
tively [2]. Neutral endopeptidase 24.11 (NEP) can also 
cleave big ET-l, but efficiently degrades ET-l to produce 
small peptide fragments [3, 41. ET receptors have low 
affinity for other peptide fragments, including ET-1 (I-20) 
[5], indicating a requirement for specific cleavage between 
the Trp 21-Va122 bond of big ET-1 for biological activity. 

ET-l regulates fluid and electrolyte levels in the kidney 
by activation of ET receptors located in tubules, collecting 
ducts and blood vessels [6]. NEP is highly expressed in the 
kidney and biochemical evidence in renal tubular epithelial 
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cell lines suggests that this tissue may also express ECE [7]. 
Infusion of big ET- 1 in humans produces a marked increase 
in the formation of ET-l in the kidney [8,9], indicating the 
importance of this tissue in the processing of the precursor. 

The aim of this study was to exploit the requirement for 
the precise synthesis of the 21 amino acid peptide, ET-1 to 
characterise enzymatic processing of big ET-l. Human big 
ET-l (l-38) contains two residues that are suitable for 
radio-iodination; Tyr13 and Tyr31. Cleavage of [1251]-Tyr13 
big ET-l at the Trp21-Va122 bond will produce [‘251]-ET-1. 
ET receptors have high affinity for [‘251]-ET-1 and so 
binding of the radioligand can be used as a measure of ECE 
activity. In contrast, conversion of [1251]-Tyr31 big ET-1 
will produce an inactive radiolabelled C-terminal fragment. 

MATERIALS AND METHODS 
Materials 

[‘251]-ET-1 (2200 Ci/mmol), [1251]-Tyr13 big ET-l (2200 
Ci/mmol) and [1251]-Tyr31 big ET-l (2200 Ci/mmol) were 
from Amersham International Plc. FR139317 ((hJ-[(hexa- 
hydro-1-azepinyl)carbonyl)L-Leu-( 1-Me)D-Trp-3-(2-pyri- 
dyl)D-Ala) and BQ788 (N-cis-2,6-dimethyl piperidino- 
carbonyl L-y-MeLeu-D-Trp(COOCH,)-D-Nle) were sup- 
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plied by Dr. A. M. Doherty, Parke-Davis Pharmaceutical 
Research Division. ET-l and big ET-1 (human l-38) were 
from Peptide Institute Inc. SB209670 [( +)-( lS,2R,3S)-3- 
(2 - carboxymethoxy - 4 - methoxyphenyl) - 1 e (3,4 - methyl- 
enedioxy _ phenyl) - 5 - (prop _ 1 - yloxy)indane + 2 - carboxylic 
acid] was from Glaxo-Wellcome. Synthetic culture media, 
Ml99 was obtained from Life Technologies. 

Tissue Collection 

Histologically normal areas of human renal tissue were 
obtained from patients with blood pressure <160/100 
undergoing nephrectomy for hypernephroma at Adden- 
brooke’s Hospital, Cambridge, U.K. (50-74 years, N = 10, 
male or female). Tissues were immersed in liquid N, within 
10 min of excision and stored at - 70”. Tissue sections were 
cut on a cryostat (Bright) at -22”. 

Enzymatic Actwitr in Kidney Sections 

Sections of human renal cortex (10 km) were preincubated 
with HEPES buffer (HEPES 50 mM, MgCl, 5 mM, BSA 
(fraction V) 0.3% (w/v); pH 7.4) for 15 min at 23” (N = 
10). Sections were incubated with [“‘I]-ET-l, [iZ51]-Tyri3 
big ET-l or [12’I]-Tyr31 big ET-1 (0.1 nM), in Ml99 culture 
media (2 hr, 37”) that has previously been shown to 
facilitate ECE activity [lo]. Neutral endopeptidase 24.11 
(NEP) activity was inhibited by co-incubation of sections 
with thiorphan (10 or 100 p,M) while the activity of both 
ECE and NEP was inhibited by co-incubation of sections 
with phosphoramidon (100 FM). Sections were washed in 
Tris buffer (Tris 0.05 M, pH 7.4 at 4”, 3 X 5 min) wiped 
from the slides and counted. 

The receptor subtype(s) to which processed [1251]-Tyr’3 
big ET-1 binds was determined by co-incubation of sections 
with ligands that have selectivity for either ET, 
(FR139317, 0.1 p,M) or ET, receptors (BQ788, 0.1 FM) 
and that are predicted to inhibit >99% of ET, and ~1% 
of ET, receptors and 91% of ETB and 9% of ET, receptors, 
respectively [ 11, 121. 

Competition Binding Experiments 

Renal sections were preincubated with HEPES buffer (15 
min, 23”) and then labelled with [1251]-ET-l (0.1-0.15 nM, 
2 hr, 23”) in the presence of increasing concentrations of 
big ET-l (10 pM-10 PM) and 100 FM phosphoramidon to 
minimise enzymatic processing (N = 3). Affinity (K,) of 
receptors for non-processed big ET-1 was determined using 
EBDA and LIGAND software [ 13, 141, in the KELL suite of 
programmes (Biosoft). Binding to one or more populations 
of sites was determined using the pseudo Hill coefficient and 
the F test [14]. Specific binding was expressed as a percent- 
age of total binding (mean ? SEM) and significance, 
defined by a P value less than 0.05, was determined using 
the Mann-Whitney U test. 

Immunocytochemistry 

Renal sections (30 Frn) were fixed in acetone (10 min, 4”) 
and blocked with swine serum (5%) in phosphate buffer 
solution (PBS; Na,HPO+, 0.1 M; NaCl, 0.16 M; pH 7.4) 
(30 min, 23”) (N = 5 ) . The sections were incubated with 
antisera raised against a portion of the N-terminus of the 
ECE-lo sequence or with preimmune serum ( 1: 100 fold 
dilution, 18 hr, 4”). The sections were washed (3 X 5 min, 
4”) and incubated with swine anti-rabbit serum (1:200, 1 
hr, 23”). After incubation of sections with rabbit peroxidase 
anti-peroxidase (1:400, 1 hr, 23”) sections were washed 
(3 X 5 min, 4”) and exposed to a diaminobenzidine 
solution (pH 7.4) for 5 min at 23”. 

RESULTS AND DISCUSSION 

We investigated enzymatic conversion of big ET-l to the 
active 21 amino acid peptide, ET-1 in sections of human 
kidney. Processing of [1251]-Tyr13 big ET-1 at the Trp21- 
ValZ2 bond will generate radiolabelled mature peptide that 
has affinity for ET receptors and will be detected by ligand 
binding and an unlabelled C-terminal fragment. Indeed, 
sections labelled with [1251]-Tyr1” big ET-1 produced 40% 
specific binding (expressed as a percentage of total bind- 
ing). Co-incubation of [ 1251]-Tyr’3 big ET-l with the NEP 
inhibitor, thiorphan (10 p,M), caused a significant reduc- 
tion (I’ = 0.00 1) in the level of specific binding indicating 
that NEP may, in part, convert big ET-l (Fig. 1A). No 
further reduction in specific binding was obtained with 100 
I.~M thiorphan (Fig. 2), indicating that this is a maximal 
effect of the inhibitor. However phosphoramidon (100 
I.LM), an inhibitor of NEP and ECE (IC+~ = 0.4 and 9.1 FM, 
respectively, Fig. 2), almost abolished specific binding (Fig. 
1 and 2), indicating that both NEP and ECE cleave big 
ET-1 in the kidney. 

A high concentration of unlabelled ET-1 (6,000-fold 
higher than the Kn) was used in binding experiments to 
determine non-specific binding. However, ET-1 is a sub- 
strate for NEP [3] and so we examined the possibility that 
ET receptor inhibition was reduced by degradation of the 
competing ligand. We used SB209670, a non-peptide 
antagonist [15] that is not a substrate for NEP as an 
independent measure of ET receptor inhibition. Compara- 
ble results were obtained with the two competing ligands 
(not shown) suggesting that receptor inhibition was not 
reduced by NEP activity. 

Cleavage of [1251]-Tyr31 big ET-1 would be expected to 
produce radiolabelled C-terminal fragment and unlabelled 
mature ET-l. ET receptors have low affinity for the 
C-terminal fragment, and so this peptide should not be 
detected under the conditions used in the ligand binding 
experiments. In agreement with this hypothesis, specific 
binding was not detected when [1251]-Tyr’1 big ET-l was 
used (Fig. 1B). 

To exclude the possibility that binding measured in our 
experiments is due to labelling of the unprocessed precur- 
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m No Inhibitor 

q Thiorphan (10 PM) 

0 Phosphoramidon (10 ,uM) 

q Phosphoramidon (100 FM) 

FIG. 1. Specific binding expressed as a percentage of total 
binding for the cleaved products of [1251]-Tyr’3 big ET-1 and 
[ 1251]-Tyr31 big ET-l. Human renal cortical sections were 
incubated with 0.1 nM [1Z51]-Tyr’3 big ET-l in the absence or 
in the presence of thiorphan (10 PM) or phosphoramidon (10 
and 100 PM) (A). Conversion of [1251]-Tyr’3 big ET-l to 
[1251]-ET-1 was inhibited by thiorphan (I’ = 0.001, N = 5). 
Further inhibition was obtained using 100 PM phosphoramidon 
(I’ = 0.005, N = 5). No specific binding was detected when 
sections were labelled with 0.1 nM [1251]-Tyr31 big ET-l, as 
expected (B, N = 7). Non-specific binding was determined in 
the presence of 1 PM ET-l. Values are expressed as mean + 
SEM. 

sor, we examined the ability of big ET-l to bind directly to 

ET receptors. Big ET- 1 (10 pM-IO FM) competed against 
[‘251]-ET-1 in the presence of 100 p,M phosphoramidon 
(used to minimise enzymatic activity by ECE and NEP) in 
a biphasic manner (K,, = 41.5 k 18.3 nM, N = 3 and 
K Dz = 0.73 5 0.43 FM, N = 3) (Fig. 2B). The binding 
sites were expressed in a ratio of 81:19%. These findings are 
consistent with binding of big ET-l to ET, and ET, 
receptors, respectively [ 16, 171. Big ET-l had 18 fold 
selectivity for ET, over ET, receptors and the affinity of 
ET, and ET, receptors for big ET-l was 244 and 4,300 fold 
lower than for ET-l (K, = 0.17 nM) [16]. This indicates 
that ET receptors have low affinity for big ET-1 and that 
the proportion of receptors directly labelled by [1251]-Tyr’3 
big ET-1 at the concentration used in the binding experi- 
ments (0.1 nM), is negligible (about 0.25% of ET, and 
0.02% of ET, receptors, calculated using the mass action 
equation). 

FIG. 2. Specific binding, expressed as a percentage of total 
binding, for the cleaved products of 0.1 nM [1Z51]-Tyr’3 big 
ET-1 when co-incubated with increasing concentrations of 
thiorphan (0, N = 5) or phosphoramidon (0, N = 4) (A). 
Thiorphan (10 PM) maximally inhibited NEP activity. B. 
Competition binding for human big ET-l (l-38) against [1251]- 
ET- 1 (0. l- 0.15 nM) in the presence of 100 FM phosphoram- 
idon in sections of human renal cortex (N = 3). The binding 
curve was biphasic with high affinity ET, receptors (KD = 41.5 
f 18.3 nM) and low affinity ET, receptors (K, 0.73 2 0.43 
PM). The proportion of ET, to ET, receptors was 81% to 
19%. All values are expressed as mean -C SEM. 

subtype(s) to which the cleaved product of big ET-1 binds. 
Binding was predominantly inhibited by BQ788 (BQ788 = 
75.1 + 2.1% inhibition; FR139317 = 9.7 t 7.3% inhibi- 
tion; N = 5; mean & SEM). This indicates that the 
product of processed [1251]-Tyr’3 big-ET-l labels mainly 
ET, receptors in the human renal cortex, consistent with 
the higher density and proportion of the ET, subtype in 
this tissue [16]. 

[1251]-Tyr13 Big-ET-l was co-incubated with either 0.1 Immunocytochemistry was used to determine the local- 
PM BQ788 or 0.1 PM FR139317 to delineate the receptor isation of ECE in the human kidney. ECE-la-like immu- 
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FIG. 3. Representative micrographs showing immunocytochemical localisation of antisera raised against a portion of the N-terminus 
of the ECE-la sequence in sections of human kidney. Positive immunoreactivity was detected over: A. glomeruli (G) and distal 
convoluted tubules (DCT), C. collecting ducts (CD), and E. endothelial cells lining renal blood vessels (En). Adjacent sections 
incubated with preimmune serum showed negligible staining (B, D, F). Scale bar = 200 Frn. 

noreactive staining was detected over glomeruli, epithelial 
cells of the distal convoluted tubules and collecting ducts 
(Fig. 3). Our findings are consistent with the reported phos- 
phoramidon-sensitive ECE activity determined in MDCK 
cells derived from distal tubules or collecting ducts [7]. Stain- 
ing was also apparent over endothelial cells lining renal blood 
vessels. Infusion of big ET-1 in humans produces vasocon- 
striction with a decrease in renal blood flow and a concom- 
itant increase in plasma ET levels [8, 91. These findings 
suggest an important role of vascular endothelial cell ECE 
in the conversion of big ET-l to the mature peptide. 

ET-l is thought to have a pathophysiological role in 
renal disorders such as ischaemic acute renal failure [18] 
and so ECE, located in renal epithelial cells and blood 
vessel endothelium, may be a therapeutic target in the 
attenuation of disease. Intravenous infusion of phosphor- 
amidon suppresses tubular sodium wasting, and it was 
suggested that ECE blockade protects the tubular epithe- 
lium against ischaemic injury [I9]. 

In conclusion, we have shown that big ET-l is processed 

in the human kidney by both neutral endopeptidase and 
endothelin converting enzyme activity. The product of big 
ET-1 processing binds predominantly to the ET, receptor 
subtype in this tissue. Big ET-l also binds directly to ET 
receptors, but the affinity of the receptors for this precursor 
is lower than it is for ET-l. ECE-la-like immunoreactivity 
was detected within tubule and collecting duct epithelial 
cells and blood vessel endothelium and so ECE may be 
involved in processing big ET-1 in these regions. 
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