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ABSTRACT: On the basis of the structure of TTA-386, a specific antagonist of the endothelin-A receptor
subtype (ER), photosensitive analogues were developed to investigate the binding domain of the receptor.
Among those, a derivative containing, in position 6, the photoreactive aminobaad L-p-benzoyl-
phenylalanine showed pharmacological properties very similar to those of TTA-386. Affinity of the probes
were also evaluated on transfected CHO cells overexpressing the humaadeptor. Data showed that
binding of the radiolabeled peptides were inhibited by ET-1 and BQ-610. Therefore, these photolabile
probes were used to label the Efieceptor found in CHO cells. Photolabeling produced a liggmatein
complex appearing on SBFAGE at around 66 kDa. An excess of ET-1 or BQ-610 completely abolished
the formation of the complex showing the selectivity of the photoprobes. Digestions df1R&fr®, b-

or L-Bpef]TTA-386—ETa complex were carried out, and receptor fragments were analyzed to define the
region of the receptor where the ligand interacted. Results showed that Endo Lys-C digestion gave a 4.8
kDa fragment corresponding to the A&p-Lys??° segment, whereas migration after V8 digestion revealed

a fragment of 2.9 kDa. Because the fragments of these two digestions must overlap, the latter would be
the Tr>"—Glu?8 stretch. A cleavage with CNBr confirmed the identity of the binding domain by giving

a fragment of 3.9 kDa corresponding to &f-Met?’8 Thus, the combined cleavage data strongly suggested
that the binding domain of Efincludes a portion of the fifth transmembrane domain, between residues
Trp?>” and Met’®

Endothelin (ET) is a polypeptide that was first isolated peptides include 21 residues and exhibit important sequence
from the culture medium of porcine aortic endothelial cells similarities. In particular, they all contain two intramolecular
(1). This hormone is primarily involved in the regulation of  disulfide bonds in positions-415 and 3-11. Effects of ET
the cardiovascular system where it acts as one of the mostare mediated via two different receptors designated as ET
potent vasoconstrictors known. Moreover, ET is also impli- and ET (4). These two subtypes of receptor were cloned
cated in other biological activities, such as neurotransmissionand pharmacologically characterizes).(The ET receptors
and modulation of cell processes including calcium transport, pelong to the seven transmembrane G-protein coupled
mitosis, and expression of many genék ( receptor superfamily, and their similarity at the amino acid

Analysis of the ET gene revealed the existence of three |evel is at around 68%. Activation of the ETeceptors found
distinct isoforms named ET-1, ET-2, and ET3}.(All those on vascular smooth muscle cells generates a sustained

tE . . . . vasoconstriction. On the other hand, the vasculas ET
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1 Abbreviations: ACN, acetonitrile; Aebsf, 4-(2-aminoethyl)-benzene- (7—10).

sulfonyl fluoride; Boc tert-butyloxycarbonyl; BOP, benzotriazol-1-yl- PP o -
oxy-tris(dimethylamino)phosphonium hexafluorophosphate; Bpa, The classification of ET receptors was initially established

benzoyl-phenyialanine; BSA, bovine serum albumine; CHO cells, On the different activity and binding profiles obtained with
Chinese hamster ovary cells; CNBr, cyanogen bromide; DIPEA, the ET peptide isoforms. To date, a few studies have been

diisopropylethylamine; DMF, dimethylformamide; ECL, enhanced ¢4pried out to elucidate which segments of the ET receptors
chemiluminescence; equiv, equivalent; ET, endothelin; Bid ET,

endothelin type A and type B receptors, respectively; GPCR, G protein- € F:rucial for Iiganq selectivity, aCtiVit}/: and affinite ).
coupled receptor; HF, hydrogen fluoride; MALDI-TOF, matrix-assisted For instance, site-directed mutagenesis showed that a large

laser desorption ionisation-time-of-flight; PAGE, polyacrylamide gel i i ithi 140
electrophoresis; PVDF, polyvinylidene fluoride; SDS, sodium dodecyl number of amino acids within BT such as GI¥, Lys™™,

sulfate; SEM, standard error of the mean; Suc, succinoyl; TFA, Lys{lsgv GIn'®, and Phé", |0cate(_j in transmembrane (TM)
trifluoroacetic acid; TM, transmembrane. regions 1, 2, 3, 3, and 6, respectively, influence ET-1 binding
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(12). In addition, molecular modeling and site-directed oxy-tris(dimethylamino)phosphonium hexafluorophosphate
mutagenesis studies identified a few nonconserved amino(BOP) was obtained from Albatross. Tetrahydrofuran, DI-
acids in ETa and ET receptors that could be implicated in  PEA, homopiperidine, and 4-nitrophenylchloroformate were
ligand selectivity. For instance, it was concluded that'¥®r  obtained from Sigma-Aldrich (Mississauga, ON). Chloram-
(13, 14) and Lys*° (15), in the second TM domain of BT ine-T, Nal, bovine serum albumin (BSA), protease inhibitor
receptors, and Ly&, in the third TM domain of Ef cocktail, anti-endothelin receptor A antibody, CNBr, Endo
receptors, play a crucial role in the ET bindirg). It was Lys-C, and V8 protease were also provided by Sigma-
also suggested that the ET receptors could be divided intoAldrich. The PNGase F kit was obtained from New England
two distinct parts, yet TM domains I, Il, Ill, and VIl would  BioLabs (Pickering, ON). The Western blot ECL revelation
be involved in the ligand selectivity, while TM domains IV,  kit, Na'?%, and “C molecular weight standards were
V, and VI would be responsible for the binding procekg ( purchased from Amersham Biosciences (Montreal, QC).
So far, chimeric ET and ET; receptors have been produced Ham-F12 culture medium, calf serum, and antibiotics were
for the elucidation of a specific domain that influences the obtained from Biomedia (Drummondville, QC). Recombinant
affinity of the receptor toward BQ-123, a selective £ET CHO-K1 cell line expressing the human ETeceptor was
antagonist. Thus, substitution of the first extracellular loop obtained from Euroscreen (Brussels, Belgium).

domain of the ET, receptor with the corresponding domain Peptide SynthesisTTA-386 and its analogues were
of the ETg receptor reduced drastically the inhibition by BQ- synthesized using the solid-phase strategy combined with the
123, while the replacements of other extracellular domains Boc chemistry methodology. Peptides were assembled on a
of ETa did not. These observations suggested that the first multireactor system, and chloromethylated resin was used
extracellular loop domain of the EkTreceptor is involved in ~ as the solid support. Becamino acid couplings were
ligand binding (8). performed inN,N-dimethylformamide (DMF) in the presence

All these studies, mainly using site-directed mutagenesis, Of diisopropylethylamine (DIEA) and BOP as a condensing
provided clues on some residues and their ability to modulatereagent. TTA-386 (hexamethyleneiminocarbonyl-loeTirp-
the ETh receptor-ligand complex formation and activation. D-Ala-BAla-Tyr-p-Phe) and six photosensitive analogues
However, to further characterize the amino acids involved were synthesized by substituting either leucine-1, tryp-
in these biological processes, other analytical methods hadtophane-2, or phenylalanine-6 withta or L-Bpa residue
to be explored. We then focused on photoaffinity labeling (Table 1). Bpa was incorporated into peptides during solid-
followed by fragmentation of the resulting photoligand ~ Phase synthesis following the same procedure as for the other
receptor complex for identifying sites of interaction between amino acid residues. The hexamethyleniminocarbonyl moiety
the ligand and the receptor. Benzoyl-phenylalanine (Bpa) Was attached to the free N-terminus of each peptide-resin
(19), a photosensitive amino acid employed successfully to using 10 equiv ofp-nitro-phenoxychloroformate diluted in
probe the substance P reCQM), angiotensin Il receptor tetrahydrofuran/dichloromethane, in the presence of 1 equiv
(21), and urotensin Il receptor (GPR1482), was exploited of DIEA. After 12 h at room temperature, under nitrogen
as a photolabile moiety. atmosphere, peptide-resins were washed with dichlo-

In this paper, we describe the development of photoreac- romethane_ and DMF. A solution'of 200./0 homopiperiding/
tive probes derived from TTA-386, an antagonist compound PMF was finally added to the peptide-resins, and the reaction
able to inhibit the aorta contractions as well as the calcium Was pursued for another 12 h in the same conditi@. (
release induced by ET-1 via ETeceptors 23). Therefore, Peptides were cleaved from their solid support with hydrogen

by applying a Bpascan stategy, we developed six photo- fluqride (HF) (10 mL g* resin) us!ngmcresol (.1 mL g*
sensitive probes derived from TTA-38%4). In fact, leucine- regm) as a scavenger. The reaction was carried ou.t for 60
1, tryptophane-2, and phenylalanine-6 were substituted Mn &t 0°C. HF was rapidly evaporated, and the resin was
successively with- or L-p-benzoyl-phenylalanine (Table 1). Washed with anhydrous diethyl ether. Crude synthetic
The results showed that the radioactive analogues Ay peptides were extracted with tnfl_uoroacetlc acid (TFA). After
p-Bpef|TTA-386 and [Tyr{2%)5, L-Bpaf|TTA-386 exhibited evaporation of TFA, the remaining product was precipitated
functional and binding properties useful for the efficient with diethyl ether. The collected material was dried under

covalent labeling of human ETreceptors expressed in Vvacuum and stored at20 °C until purification.

transfected CHO cells. This step followed by the fragmenta- PePtide Purification.Crude peptides were purified by
tion of the photoliganereceptor complex enabled us to means of preparative reverse-phase HPLC using a Jupiter

identify a site of the binding domain interacting with the Cis column (Phenomenex (CA), 14m, 300 A, 25 cmx
photoprobes. 2.12 cm) attached to a Waters Prep LC 500A system

equipped with a model 441 absorbance detector (Milford,
EXPERIMENTAL PROCEDURES MA). The material was purified wit a 3 hlinear gradient
from (A) 0.005% ammonium acetate in,®, pH 9, to (B)
Materials. Male Sprague Dawley rats and male Hartley = CH3;CN (80%) in 0.005% aqueous ammonium acetate, pH
guinea pigs were obtained from Charles River Canada (St-9. The flow rate was maintained at 20 mL min and
Constant, QC) and kept on a 12-h ligitdark cycle with detection was at 230 nm. The homogeneity of each fraction
laboratory chow and tap water ad libitum according to was assessed by analytical reverse-phase HPLC. Fractions
standards approved by the Canadian Committee on Animalcorresponding to the purified peptides were pooled, lyoph-
Care. Boct-Bpa and Bom-Bpa were purchased from ilized, and analyzed by mass spectrometry. Purification led
Advanced Chem Tech (Louisville, KY). All other amino to peptide purity equal or superior to 98%, and their
acids were obtained from Chemimpex International (Wood molecular mass was confirmed with MALDI-TOF mass
Dale, IL) or Albatross (St-Laurent, QC). Benzotriazol-1-yl- spectrometry (Voyager-DE, PerSeptive Biosystems, Foster
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City, CA; matrix was thex-cyano-4-hydroxycinnamic acid,

Tessier et al.

ImmunoblottingThe molecular weight of the Elreceptor

accelerating voltage at 20 kV, laser at 337 nm and 20 pulses/iwas determined by an immunoblot analysis. Recombinant

s). Peptides in a powder form were kept-a20 °C until
biological and biochemical characterizations.

Peptide lodination with “Cold” lodine.lodination of the

hETA-CHO cells were solubilized in a detergent buffer (50
mM Tris, pH 8, 150 mM NacCl, 0.5% (v/v) Igepal, 0.1%
(w/v) SDS, 0.1% (v/v) Triton, and 0.01% (v/v) protease

Tyr® residue of each photoprobe was carried out using inhibitor cocktail) and submitted to a gentle agitation for 45
chloramine-T. Peptides (10 mg) were incubated in a total Min at 4°C. The solubilized membrane solution was then
volume of 10 mL of 0.05 M phosphate buffer (pH 7.4), centrifuged at 16 0affor 45 min at 4°C, and proteins of
containing 1.2 equiv of Nal. To favor the production of the the supernatant were separated by 10% SBSGE. Pro-
monoiodinated or diiodinated peptides, we used 0.5 and 2.0teins were transferred on a PVDF (polyvinylidene fluoride)
equiv of chloramine-T, respectively. After 30 s at room Mmembrane by electrophoretic blotting, and the\Edceptor
temperature, the reaction was stopped by the addition of 400was revealed with an anti-&&ntibody and a goat-anti-rabbit
mg of sodium metabisulfite (N&,0s) dissolved in 3 mL of ~ antibody conjugated to horseradish peroxidase. The receptor
sodium phosphate buffer. Monoiodinated peptide was sepa-Was Visualized on an X-ray film (Universal X-ray Company
rated from unlabeled and diiodinated peptide by preparative 0f Canada Ltd, Dorval, QC) after an ECL revelation protocol
reverse-phase HPLC according to the procedure describedPerformed according to the procedure from the manufacturer

previously. Peptide purity was assessed with analytical

(Amersham Biosciences, Montreal, QC).

reverse-phase HPLC, and molecular weight was determined Radiolabeling of Peptidedodine-125 was incorporated

using MALDI-TOF mass spectrometry.

Biological Actwity Studies.The antagonistic activity of
the TTA-386 derivatives was assessed in two different
preparations: rat thoracic aorta rings and guinea pig lung
parenchyma strips. Male Spragti@awley rats weighing

250-300 g were anesthetized, and the thoracic aorta was
rapidly removed and cleaned of fat and connective tissues.

The endothelium was removed by gentle rubbing of the
intimal surface. Aortas were cut into 4-mm rings and were

suspended in 5-mL water-jacketed organ baths containing

gassed (95% @6% CQ) and warmed (37°C) Krebs-
Henseleit solution (120 mM NacCl, 25 mM NaHG@&.7 mM

KCI, 1.6 mM MgSQ, 1.17 mM KH,PQ,, 2.5 mM CaC},

and 11 mM glucose, at pH 7.4). Rings were stretched to a
resting force 61 g with a 60-min equilibration period. Rings
were incubated with various concentrationsx(3L0 8 to 1

x 1076 M) of TTA-386 or its derivatives. After 15 min,
cumulative concentrations ( 107°to 3 x 107" M) of ET
were added. Mechanical responses were recorded is
metrically on a Grass 7E polygraph with force-displacement
transducers (Quincy, MA). The contractile responses were

expressed as a percentage of the maximal contractile respons

produced by KCI (80 mM).
Male Hartley guinea pigs (368350 g) were anesthetized,

and lungs were removed. The parenchyma was dissected i

antagonistic activity of TTA-386 or its analogues was then

measured as above-mentioned. The biological activity was
expressed as a percentage of the effect produced after th
addition of histamine (10 M).

Noniodinated, monoiodinated, and diiodinated peptides
were tested, and concentratieresponse curves were ana-

into the tyrosine side chain of TTA-386;{Bp&f|TTA-386

and [L-Bp&]TTA-386, using a modified chloramine-T pro-
tocol of that described originally by Watakat6). Peptides

(3 nmol) were incubated in a total volume of 160 of 0.05

M phosphate buffer (pH 7.4), containing 1 mCiRfhand

1.5 ug of chloramine-T reagent (5 nmol). After 1 min at
room temperature, the reaction was stopped by the addition
of 20 uL of sodium metabisulfite (0.kg uL~1). The mono
[*29]-peptide was separated from unlabeled and diiodinated
peptides by analytical reverse-phase HPLC using a Waters
600E system and a JupitergZolumn (5um, 300 A, 250

mm x 4 mm) from Phenomenex. The radioactive material
was eluted with a 40-min linear gradient from (A) 30% £H
CN in 0.06% TFA/HO to (B) 70% CHCN in 0.06% TFA/
H,0. The flow rate was maintained at 1 mL minFractions
were collected at every 30 s, and the elution pattern was
established using a Packgretounter (Downers Grove, IL).
Radiolabeled peptides were diluted 1:10 in 50 mM sodium

Ophosphate buffer (pH 7.4) and stored-a20 °C. Specific

activity was assumed to be at 2200 Ci/mmol.

Binding AssaysThe day before the experiment, recom-
ginant hET-CHO cells were seeded in 12-well tissue culture
plates at a density of 2.5 10° cells/well. The next day,
cells at almost 90% confluency were rinsed twice with cold
washing buffer (50 mM Tris-HCI, pH 7.4, 5 mM Mggl

. . : 1 M NaCl). Cellsz£ 2 f protei Il
strips that were mounted in the system described above. Th(;hnd 00 m aCl). Cells= 20.g of proteins/well) were

ncubated at £C for 16 h with 1 nM of [Tyr{®)5TTA-
386, [Tyr(?3)%, p-Bpef]TTA-386, or [Tyr(*23)°, L-Bpdf]-
TTA-386 in the presence of increasing concentrations of five

@nlabeled competitors: ET-1, BQ-610, TTA-386;Bpdf]-

TTA-386, and [-Bpef|[TTA-386 in a final volume of 0.5
mL. Binding assays with whole attached cells were per-
formed in binding buffer (50 mM Tris-HCI, pH 7.4, 5 mM

lyzed using a nonlinear least-squares regression obtained withvigCl,, 100 mM NaCl, 0.001% (w/v) BSA, and 0.01% (v/

the Prism 3.02 software (PRISM, GraphPad Software Inc.,
San Diego, CA). Results are expressed as me&EM of

at least three different experiments, amglaried from 8 to

12 animals.

Cell Culture Chinese hamster ovary (CHO) cells stably
expressing the human K Treceptor were grown at 37C
with 5% CQ in Ham-F12 culture medium supplemented
with 10% fetal calf serum, 40@g mL™! of G418, 100 U
mL~* penicillin, 100ug mL™! streptomycin, and 2,6g mL™*
fungizone.

V) protease inhibitor cocktail containing AEBSF, aprotinin,
leupeptin, bestatin, pepstatin A ,and E-64. After incubation,
cells were washed twice with cold washing buffer and
solubilized n 1 N NaOH, and cell-bound radioactivity was
evaluated byy counting. The 1G values for the various
competitors were determined by using the GraphPad Prism
3.02 software. Results are expressed as me8&M of three
independent assays carried out in duplicate.

Photoaffinity Labeling.The day before the experiment,
recombinant hEAZ-CHO cells were seeded in 35 mm dishes
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at a density of 5x 10° cells/dish. The next day, cells at T pe 1- TTA-386 Synthetic Analogues
almost 90% confluency were rinsed twice with cold washing

buffer. Cells & 409 of proteins/well) were incubated at 4 — pszzﬁdes — C‘;ir:aryiequeire;l ——
o ; AT f - omopiperidinyl-CO-Lew-Trp-D-Ala-fAla-Tyr-p-Phe
c f01r2165 hin 75QuL of binding bulfgerscontammg 5nM of [d-Bpa]-TTA-386  homopiperidinyl-COBpa-b-Trp-p-Ala-fAla-Tyr-p-Phe
[Tyr(**1)®, o-Bpef] TTA-386 or [Tyr(*?4)5, L-Bpef] TTA-386, [L-Bpa]-TTA-386  homopiperidinyl-COBpa-b-Trp-p-Ala-pAla-Tyr-b-Phe
in the presence or absence of¥ ET-1 or 1M BQ-610, [D-Bpaf]-TTA-386  homopiperidinyl-CO-LeWBpa-p-Ala-ffAla-Tyr-b-Phe

: : : : [L-Bp&?]-TTA-386  homopiperidinyl-CO-LelBpa-p-Ala-SAla-Tyr-b-Phe
an ET, selective antagonist. Cells were washed twice with [D-Bpef]- TTA-386 homopiperidinyl-CO-Letw-Trp-p-Ala-BAla-Tyr-Bpa

washing buffer and then irradiated with UV (100 W lamp, [L-Bpa]-TTA-386 homopiperidinyl-CO-Lew-Trp-p-Ala-SAla-Tyr-Bpa

365 nm) for 1 h at 0°C, at a distance of 6 cm. Afterward, 2As described in Experimental Procedures, TTA-386 and its
750 uL of the detergent buffer was added, and cells were analogues were synthesized using a solid-phase peptide synthesis
gently scraped and solubilized. Cells were further submitted strategy combined with the Boc chemistry methodology. The urea
to a gentle agitation for 45 min. The solutions were then Moiety was introduced at the N-terminus of each peptide-resin using

: ; ° 10 equiv of p-nitro-phenylchloroformate in the presence of 1 equiv
centrifuged at 16 0Qfor 45 min at 4°C. The supernatants DIPEA. After 12 h of reaction at room temperature, under nitrogen, a

were st'o.red. at-20 °C until further analysis. ._ solution of 20% homopiperidine/DMF was added to the peptide-resins,
Identification of the Labeled CompleXhe solubilized and the reaction was pursued for another 12 h.

photolabeled receptors were diluted 1:2 with a loading buffer
(62.5 mM Tris-HCI, pH 6.8, 20% (v/v) glycerol, 2% (w/v)
SDS, 5% (v/v)B-mercaptoethanol, and 0.025% (w/v) bro-
mophenol blue) and incubatedrfd h at 37°C. A 10%
SDS-PAGE was performed usina 1 mm-thick gel. After
a migration at 175 V for 1 h, the gels were dried on filter
papers and exposed to X-ray film with an intensifying screen. ResyLTS
[**C]Methylated molecular standards 1220 kDa) were
used to determine the molecular mass of the radiolabeled Peptide Synthesis and Purificatioffable 1 shows the
complex. amino acid sequences of the specificaE@ceptor antagonist,
Partial Purification of the Photolabeled CompleXhe TTA-386, and six photosensitive analogues. The amino acids
solubilized photolabeled receptors were diluted 1:2 with the Leut, b-Trp?, andp-Phé were replaced successively with a
loading buffer described above and incubatedifd at 37 D- or L-Bpa residue. The photoprobes were assembled with
°C. A 10% SDS-PAGE electrophoresis was performed the so-called Boc chemistry protocol, using BOP as the
using a 1.5 mm-thick gel. The gel was then cut into slices, coupling reagent. As a final step, the addition of the urea
and their radioactive content was measured wighcaunter. cycle at the N-terminus of each peptide was then performed
The labeled receptor was electroeluted from the gel slicesby the incorporation of g-nitrophenoxycarbonyl moiety
into electroelution buffer (25 mM Tris base, 192 mM glycine, followed by an aminolysis using homopiperidine. The
and 0.1% SDS) for 3.5 h at room temperature as recom- reaction withp-nitrophenoxyde chloroformate was monitored
mended by the electroelution apparatus protocol of the with the Kaiser test, and it demonstrated the absence of
manufacturer (Bio-Rad, Mississauga, ON). The eluate was remaining free N-terminus in peptides. The extent of the first
concentrated to a final volume of 3 using Centricon-10 reaction withp-nitrophenyl chloroformate was also checked
and was stored at20 °C. by HPLC after cleaving an aliquot of peptide-resin. As shown
Endoglycosidase, Proteolytic, and Chemical Digestions. in Figure 1A,B, an overnight treatment gave a single peak,
Concentrated proteins from hETCHO cells were resus-  exhibiting a slightly more hydrophobic character than the
pended in a denaturing buffer and incubated with PNGase-Fparent compound (17 min versus 16.3 min). Furthermore, a
for 3 h at 37°C, as described by the manufacturer (New MALDI-TOF mass spectrometry analysis confirmed the
England BioLabs). For CNBr cleavage, the partially purified N-terminal introduction of th@-nitrophenoxycarbonyl group.
photolabeled receptors were resuspended in206f 50% Similarly, the aminolysis step was also monitored by HPLC
(v/v) TFA/H,0 before adding 20@L of ACN containing after cleaving a peptide-resin aliquot. As depicted in Figure
50 mg of CNBr. The samples were incubated at room 1C (the aminolysis product) and Figure 1D (coinjection of
temperature, in the dark for @8 h. The reaction was thep-nitrophenoxycarbonyl peptide and the homopiperidinyl
terminated by adding 3 mL of water. Samples were lyophy- derivative), the 12-h reaction of homopiperidine with the
lised twice to remove most of the salts. For proteolytic activatedp-nitrophenyl ester gave a single product different
digestions, partially purified photolabeled receptors were to the starting material. Mass spectrometry analysis con-
digested for 16-:20 h at 37°C with 1 ug of Endo Lys-C firmed the presence of the urea moiety at the N-terminus of
protease in 2L of digestion buffer containing 25 mM Tris-  the TTA-386 analogues. Purity of the final peptide98%)
HCI, pH 8, 1 mM EDTA, and 0.1% SDS. Partially purified was assessed by analytical HPLC.
receptors were also digested for 7 days at room temperature Pharmacological StudiesThe biological activity of the
with 8 ug of V8 protease in 2L of buffer containing 100 photoprobes was measured in the rat thoracic aorta and
mM ammonium carbonate, pH 8, and 0.1% SDS. All di- guinea pig lung parenchyma bioassays, two pharmacological
gestions were terminated by addition of an equal volume of preparations showing predominant populations of Bifd
loading buffer followed by an incubation at 3T for 1 h. ETg receptors, respectively. Figure 2 shows the concentra-
Analysis of Products of Proteolysis and Chemical Glea tion—response curves of ET-1 in the presence of growing
age.The products of proteolysis and chemical cleavage were concentrations of the photosensitive analogues. In isolated
analyzed by SDSPAGE using 16.5% Tris-Tricine gels. endothelium-denuded rat aortic rings, two of the photoprobes
After a migration at 80 V for 4 h, the gels were dried on synthesized,d-Bpef|[TTA-386 and [-Bp&]TTA-386, pro-

filter paper and exposed to X-ray film with an intensifying
screen!“C-Labeled low-molecular protein standards-@
kDa) were used to determine the molecular mass of the
photolabeled fragments.
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Ficure 2: Concentrationrresponse curves of ET-1 in the presence
of increasing concentrations af-Bpef|TTA-386 (A) or [D-Bpdf]-
TTA-386 (B) obtained in isolated endothelium-denuded rat aortic

rings (ETa preparation). Results are expressed as percentage of the
FicUrRE 1: Analytical HPLC chromatograms ob{Bpaf]TTA-386 contractile response induced with 80 mM KCI.
during its synthesis: (A) [des-homopiperidinylcarborydBpéef]-
TTA-386; (B) compound A after its reaction wifknitrophenoxy- nated [-Bpa]TTA-386 produced a parallel rightward shift
chloroformate; (C) compound B after treatment with homopiperi-  of the ET-1 concentrationresponse curve. Nevertheless, a
gK‘:s’eaﬂgL(g)ug?r:gjgc\t}%a?;&%ﬂ?ﬁ#r(]g;m? ggg /3(\: zogoamrr?];/erse- decrease in the antagonist activ?ty of the iodinated peptide
4 mm) with a 30-min linear gradient of acetonitrile (400%) in was observed when compared with the ET-1 concentration
0.06% aqueous TFA. response curve in the presence of the noniodinated peptide.
lodination of this peptide did not affect its selectivity toward
duced a parallel rightward shift of the ET-1 concentration  the ETa receptor because it remained inactive in the guinea
response curves in a concentration-dependent manner. Thesgig lung parenchyma paradigm. Surprisingly though, mono-
peptides did not show any agonistic effect and did not exhibit iodination of p-Bpaf|TTA-386 produced a weak agonist
any significant changes in the maximal responses. A activity on the rat thoracic aorta, while being inactive on
nonlinear regression yielded a similar p#alue on rat aortic ~ ETg receptors (Figure 3B). Furthermore, the addition of a
rings for TTA-386 (7.9) and its two antagonist analogues second iodine atom in this peptide led to the recovery of an
[D-Bpef]TTA-386 (7.5) and [-Bp&f]TTA-386 (7.7). How- antagonistic activity, slightly less potent than that of the
ever, the substitution with Bpa of Leand Trg of TTA- noniodinated counterpart (Figure 3C).
386 resulted in a complete loss of affinity on Efeceptors. Binding Assayslntact CHO cells expressing the human
In addition, none of the six photoprobes produced a potent ETa receptor (Figure 4) were used to assess the affinity
biological effect, neither agonist nor antagonist, in the lung potencies of the photoprobes showing pharmacological
parenchyma, suggesting that the active probes were stillproperties. Affinity assessment was carried out by competi-
highly selective for the EJ receptor. tive binding assays using?fl-Tyr®, p-Bpaf]TTA-386 and
Radioiodination of the probes is an essential step to [*23-Tyr®, L-Bp&f]TTA-386 as tracers. As shown in Figure
subsequently allow the visualization of the photolabeled 5, both analogues were able to bind to receptors and were
receptor. Hence, a second series of pharmacological activitydisplaced in the presence of either of the five competitors,
was evaluated with the probes after iodination with “cold” ET-1, BQ-610 (a specific EJ receptor antagonist), TTA-
iodine to confirm that the incorporation of this atom into 386, p-Bpef|TTA-386, and [-Bpf]TTA-386. The 1Gy
the phenolic ring of Tyrdid not abolish the affinity of the  values are given in Table 2. These data suggested that the
TTA-386 derivatives. Bioassays on rat aorta demonstratedtwo radioligands possess a good affinity for EEceptors
that the pharmacological properties of the new antagonistsand share the same binding site ofAg€ceptors. Unexpect-
[D-Bpef]TTA-386 and [-Bpaf]TTA-386 are modulated by  edly, ET-1 was the less efficient competitor for both
the presence of one or two iodine atoms on the tyrosine-5radioligands. Moreover, ET-1 was unable to completely
residue. As shown in Figure 3A, monoiodinated or diiodi- displace the tracers as demonstrated by the high percentage
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A = ET-1 TTA-386 and the receptor was completely abolished in the
250 - ° [LBpa®l TTA-386 1x10°M presence of ET-1 (lane 2) or BQ-610 (lane 3) demonstrating
v [monoiodinated LBpac] TTA-386 1x10°M the specificity of the labeling. In addition, the identity of
200 4 * [diiodinated LBpa?] TTA-386 1x10°M the ETx receptor was confirmed by immunoblotting experi-

ments that showed that the 680 kDa protein was recog-

nized by antibodies raised against thesE&ceptors (Figure

6B, lane 1). Thus, the 60 kDa photolabeled protein would

be the mass of the photosensitive ligands (1125 Da) linked

to the glycosylated EJ receptor (66-70 kDa) since a

PNGase F treatment (an enzyme that cleaves asparagine-
i linked carbohydrates) reduced the receptor mass to 48 kDa,
-10 9 8 7 a molecular mass consistent with that calculated from the

. ETa receptor sequence (Figure 6B, lane 2).
Endothelin-1 (log M) Analysis of Proteolytic Products and Chemical Glages.
To identify the binding domain, the ETreceptor photo-
labeled with either photoprobe was partially purified by
SDS-PAGE and submitted to Endo Lys-C digestion, an
enzyme cleaving at the C-terminal side of lysine residues.
This enzymatic cleavage produced on a 16.5% acrylamide
tris-tricine separating gel, a well-resolved fragment at 5.9
kDa (Figure 7A, lane 3) that would correspond to the smallest
digestion fragment of the receptor photolabeled with the
photoligands. Since the iodinated photoprobes have a mass
I of 1125 Da, then the photolabeled segment would possess a
molecular weight at around 4.8 kDa. A computerized analysis
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-10 9 8 7 6 with the Peptide Mass software, of the HEceptor sequence
Endothelin-1 (log M) and of its fragments produced after complete and partial
C Endo Lys-C digestion, identified four peptide segments
* ET-1 Cystio—Lys!®® (5.5 kDa), Asp®®—Lys?®® (5.3 kDa),
s =250 - * [DBpaf] TTA-386 1x10°M G|n300_|_ys338 (4.8 kDa), and ASﬁQ_LySSW (4_5 kDa)
‘é g ¥ [diiodinated DBpa®] TTA-386 1x10-°M corresponding to a possible segment of the binding domain
£ @200 7 of ETa. Except for the second suggestion, the other fragments
8 Qm | would be produced after an incomplete digestion by the
TS enzyme (Figure 7B).
E 5 100 4 To further define the labeled region, we proceeded to an
g9 alternative digestion step of the photolabeled complex with
58 50 V8, an enzyme that cleaves peptide bonds on the carboxylic
X 0° i side of aspartate and glutamate residues. Again, multiple
0 ¥ — T . bands were observed, thus, suggesting an incomplete diges-
-10 9 $ -7 6 tion (Figure 8A, lane 4). Nevertheless, the analysis of the
Endothelin-1 (log M) bands revealed that the shortest fragment exhibiting a mass
FIGURE 3: Concentratiorresponse curves of ET-1 in the presence Of 4 kDa corresponded to the sum of the photoprobe mass
of 1 uM of noniodinated, mono-, and diiodinated-Bpef] TTA- (1.1 kDa) and that of the photolabeled segment (2.9 kDa).

386 (A), concentrationresponse curves of ET-1 and monoiodinated - According to the analysis of the primary structure of the.ET

[0-Bpel]TTA-386 (B), and concentrationresponse curves of ET-1 receptor, five fragments could match these mass data, that
in the presence of &M of noniodinated and diiodinated{Bpa6]- s Led?—Asnl® (3.1 kD Ph&3_Aspl®? (3.3 kD
TTA-386 (C). All these concentratiofresponse curves were IS, Le sp'©2 (3. a), sp'®? (3. a),

obtained in isolated endothelium-denuded rat aortic ringss(ET 1€2%°—GIu?*° (2.8 kDa), GIF*—Asp?® (2.7 kDa), and
preparation). Results are expressed as percentage of the contractil@rp?>’—Glu?8! (3.1 kDa) (Figure 8B). Except for the last

response induced with 80 mM KCl. segment, the others would be produced after an incomplete
o ) o digestion by the enzyme. As mentioned above and demon-
of remaining radioactivity bound to the cells. Nevertheless, strated by the number of bands observed on the gel, even a
the binding experiments demonstrated that both radioligandspromnged V8 treatment (7 days) did not lead to a complete
exhibited an excellent affinity for EAlreceptors and probably digestion. However, by combining the Endo Lys-C and V8
shared the same binding site as ET-1. They were then favoredjigestion results, we can reject the possibility that the V8
for photoaffinity labeling. fragments 118°%—Glu?%° and GI#35—Asp?6 are parts of the
Photoaffinity Labeling of EA ReceptorsAs shown with binding domain because none of the expected proteolytic
a 10% SDS-PAGE analysis, photoactivation offi-Tyr®, fragments showed any overlaps. Similarly, the Endo Lys-C
D-Bpef]TTA-386 and [*3-Tyr®, L-Bpaf] TTA-386 bound to fragments GIH%—Lys%38 and Asi**—Lys3”” must also be
ETa receptors found at the surface of CHO cells resulted in rejected as parts of the binding domain. Thus, taking into
their covalent attachment (Figure 6A, lanes 1 and<Z0 account that the labeled sequences produced by the two
kDa complex). Furthermore, the formation of the complex different enzymatic digestions must overlap, two binding
between 124-Tyr®, b-Bpef|TTA-386 or [1?3-Tyr®, L-Bpe]- domains can be identified. The Ebinding domain then
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Ficure 4: Primary structure of the human ETeceptor.

>

1004 = ETA1 Table 2: 1Go Values Measured with Competition Binding Assays,
-8 + TTA-386 Using [Tyr@®), o-Bp&f]TTA-386 or [Tyr(*23), L-Bp&f]TTA-386 as
< ;

§ .‘i . [DBpas] TTA-386 Tracers argd Intact CHO Cells Expressing the Human ET
a8k Receptory
5 g o [LBpa¢] TTA-386

28 BQ 610 ICs5o values (nM)

‘% a competing [Tyr(223), [Tyr(2231),

g peptides D-Bpd|TTA-386 L-Bpef]TTA-386
&= ET-1 2148 29+ 8

0 BQ-610 3.0+ 05 5.2+ 0.7
1011 10‘»10 1(‘)—9 1(‘)-6 1(‘)—7 1‘0—6 [D'BpijTA'386 61:|: 06 38:‘: 07
Concentration (M) [L-Bpf]TTA-386 18+ 6 17+ 7

B TTA-386 45+0.7 6.9+ 0.8

B 100 5::_386 @ Recombinant hEZ-CHO cells were incubated at 4 for 12 h
S8 with 1 nM of [Tyr5(12%), p-Bp&]TTA-386 or [Tyr(139), L-Bpdf]-
3 * [DBpa®] TTA-386 . : ; . .

S TTA-386 in the presence of increasing concentrations of five un-
sE 78 ® [LBpa®] TTA-386 labeled competitors: ET-1, BQ-610, TTA-386:Bpaf|TTA-386, and
D x BQ610 [L-Bp&f]TTA-386. After incubation, cells were washed twice with cold
ca 507 N washing buffer and solubilizedni 1 N NaOH, and cell-bound
Sq radioactivity was evaluated with-counting as described in Experi-
0 — 254 mental Procedure$.The other monosubstituted TTA-386 derivatives

were devoid of affinity. Therefore, they were not included in the

0 T T T T Y competition studies.
10" 10" 10° 10% 107 10°

Concentration (M) side of methionine residues. The analysis of the fragment
FIGURES: Competitive displacement af{BpaTTA-386 (A) and appearing on the gel just before some residual free ligand
[L-Bp&f]TTA-386 (B) bound to CHO-ET cells using unlabeled ~ revealed a mass of 5 kDa that would be the sum of the
ET-1, TTA-386, BQ-610, -Bpef|TTA-386, and [-Bp&]- photoprobe mass (1.1 kDa; Figure 9A, lane 3) and that of

fA-s80 s Comge“ﬁ)rs- Thte) bevalues for the d(ijsmaceme“; of the photolabeled fragment (3.9 kDa) (Figure 9A, lane 4).
the radioiodinated photoprobes are summarized in Table 2. The . . ~
data are shown as a percentage of the specific control binding On the basis of this latter mass, only one stretch, corre

determined in the absence of competing ligands and are representasPonding to Glé**—Met® (3.7 kDa) can fulfill the entire
tive of three to five similar independent experiments carried out in data (Figure 9B). In addition, it also strongly suggests that

duplicate. the photocoupling to the receptor did not proceed through a
Met side chain because, in such a case, the CNBr cleavage
would be located either in the first extracellular loop between would have essentially produced a fragment exhibiting the
residues Letf” and Asp®? or in the fifth transmembrane  mass of the photoprobe. Finally, it can be pinpointed that a
domain between residues Frpand GIuy®. PNGase F treatment before the enzymatic and chemical
To further confirm the labeling site, we proceeded to a digestions of the receptor did not modify the mass of labeled
chemical treatment with CNBr that cleaves at the carboxylic fragments obtained.
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. - Ficure 7: Endo Lys-C digestion of EJ receptors photolabeled
FIGURE 6: ETa receptor analysis by SDPAGE. (A) Specific with [Tyr(229), D-B);/)aﬁ]TTA?-386 or [Tyr(125|),p|_-Bpa%]TTA-386
plhotolabellng of EISlreceptor; with Qgg{z?) D'Bpé]c-:rT(A)'SS% (both give the same SDSPAGE pattern). (A) Partially purified
(lane 1) and [Tyr*d), L-Bp#]TTA-386 (lane 4). CHO cells  joi6aheled ET receptors were incubated in the absence (lane 1)
transfected with EX receptors were photolabeled with these probes J.'in the presence of &g Endo Lys-C (lane 3) at 37C for 18 h.

as described in the experimental section. CHO cells expressing the 0 e trind .
ETa receptor were equilibrated with 5 nM of one of these ligands All samples were run on a 16.5% acrylamdes-tricine separating

; - ; . ' gel followed by autoradiography*C-Labeled protein standards
ml\/}hlgTdirkl at 42C forBlz gigltr;er alet,)neMor Irt]) the presence of 1 o6 ryn in parallel. These results are representative of at least
“ ubili éan((ej rz or QI- d( a'nheSl)a.BA%rg r%nel protelnzlwere three separate experiments. (B) Representation of tagécEptor

Zcr)] aljyls Iiéeofarl]z 'Kt rggea;)r;gr)ézeld ;Vrﬁification - -t(h e) ng:gQ:ptgrt showing, in black closed circles, five possible fragments that could
transfected in CHO cells before (lane 1) and after PNGase F be bound to the photolabile ligands after the Endo Lys-C digestion.

treatment (lane 2). Protein standards of the indicated molecular
masses (in kDa) were run in parallel. These results are representativep

roducing a reactive homopiperidine derivative able to couple

of at least three separate experiments. to the N-terminus of the peptide chain still linked to the solid
phase. So far, reactions of homopiperidine with disuccin-
DISCUSSION imidyl carbonate, phosgene, carbonyldiimidazole, par

nitrophenoxychloroformate were checked for their efficacy.

The identification of the molecular determinants involved However, none of the activated homopiperidine derivatives
in the affinity of a ligand to its receptor is an essential step were able to give a yield of incorporation of the hexameth-
to understand the activation process. To reach this goal,yleneiminocarbonyl group, in the peptide chain, as good as
photoaffinity labeling appears as a useful strategy for that obtained after N-terminal activation followed by a
exploring the binding area within a receptor. This approach homopiperidine treatment.
requires the development of radioactive photoligands able The synthetic peptides were then characterized for their
to form with the receptor protein a covalent conjugate that capacity to selectively recognize the ETeceptor. We
can be mapped subsequently. Hence, we prepared sixbserved, with ET and ETs paradigms, that the first and
photosensitive probes derived from the specifiqEfitago-  second residues of TTA-386 cannot be substituted with
nist TTA-386 in which the hydrophobic residuegeucine- or L-Bpa becausepf or L-Bpal]TTA-386 and p- or L-Bp&7]-
1, o-tryptophan-2 ana-phenylalanine-6 were successively TTA-386 were completely devoid of antagonistic activity.
substituted with @- or L-Bpa residue. The other hydrophobic  The reasons for that loss of affinity were not studied.
amino acid, L-tyrosine-5, was conserved because of its Nevertheless, it is clear that hydrophobicity is not the only
usefulness for radiolabeling. pharmacophoric parameter required by positions 1 and 2 to

The synthesis of TTA-386 and its analogues was carried confer affinity to TTA-386 toward the EJ receptor.
out using standard solid-phase procedures with BOP as arNonetheless, an antagonist activity was obtained with
activating reagent for the amino acid couplings. For the last analogues 4-Bp&f]TTA-386 and [-Bp&f]TTA-386, two
step consisting in the introduction of the urea moiety, analogues in which Bpa replaced thphenylalanine amino
activation of the free N-terminus was accomplished with acid. Their analogous structure is probably the key factor
p-nitrophenoxychloroformate. This reaction produced-a  explaining the maintenance of a potent antagonistic effect
nitrophenol-derived active ester that, after treatment with with these peptides. Furthermore, the stereochemistry of the
homopiperidine, generated the hexamethyleneiminocarbonylBpa residue did not affect the peptides activity, and as such,
group. This approach was successful and gave a singlepA; values of 7.5 and 7.7 were calculated forBpaf] TTA-
product. Other methodologies were explored for the incor- 386 and [-Bp&]TTA-386, respectively. Therefore, consider-
poration of the N-terminal cyclic urea. For instance, instead ing their antagonistic ability, we can postulate tha8pef]-
of activating the N-terminal amino group of the peptide TTA-386 and [-Bpef|]TTA-386 adopt a similar binding
linked to the solid phase, we verified the feasibility of conformation to that of TTA-386. Moreover, it also suggested
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A MW 1 213 4
30+
21.54
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6.5 127-152 249-278
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Ficure 9: CNBr cleavage of EJ receptors photolabeled with [Tyr-
(*#), b-BpP|TTA-386 or [Tyr(*33), L-Bpf|TTA-386. (A) Partially
purified photolabeled EJ receptors were incubated in the absence
(lane 1) or in the presence of CNBr (125 mg/mL) (lane 4) at room

FIGURE 8: V8 protease digestion of KTreceptors photolabeled ~ temperature for 18 h in the dark. The radiolabeled probes (lane 3)
with [Tyr(129), p-Bpaf]TTA-386 or [Tyr(*28), L-Bpaf]TTA-386 were also loaded on the gel. The samples were run on a 16.5%
(both give the same SDFPPAGE pattern). (A) Partially purified acrylamide-tris-tricine separating gel followed by autoradiography.
photolabeled ET receptors were incubated in the absence (lane 1) *“C-Labeled protein standards were run in parallel. These results
or in the presence of §g of V8 protease (lane 4) at room are representative of at least three. separate experiments. (B)
temperature for 7 days. The radiolabeled probes (lane 3) were alsoRepresentation of the &Teceptor showing, in black closed circles,
loaded on the gel. The samples were run on a 16.5% acrylamide ©ne possible fragment that could be bound to the photolabile ligands
tris-tricine separating gel followed by autoradiograpig-Labeled after the CNBr cleavage.

protein standards were run in parallel. These results are representa- . . " . .
tive of at least three separate experiments. (B) Representation ofVhY the introduction of one iodine atom into the tyrosine
the ETx receptor showing, in black closed circles, five possible Side chain gave rise to an agonist, while the incorporation
fragments that could be bound to the photolabile ligands after the of a second iodine atom brought back the antagonistic

V8 protease digestion. properties. This phenomenon cannot be related to the
) _ ) _ _ hydrophobicity or ionization state of the phenolic moiety of
that residue 6 of those molecules is localized in a region of Tyr-5, because the tyrosine side chain is more hydrophobic
the binding poc!(et_ where the amino acid side chain exhibits ith two iodine atoms than with only one and the decrease
some freedom in its movement. of the K, value is more pronounced in the former case.
Because the probes need to be radiolabeled for theirTherefore, it appears that monoiodination ofBpa] TTA-
detection on SDS gel after photoactivation, we verified if 386 would change the peptide structure and allow a key
the presence of one or two iodine atoms on the peptidesinteraction (or key interactions) leading to the F&ceptor
modified their pharmacological profile on the Efeceptor.  activation. It is however obvious thatBpa is an essential
The lactoperoxidase and iodogen techniques are frequentlyfeature for developing the agonistic effect because monoio-
used for peptides iodination. However, these two reagentsdination of TTA-386, in which position 6 is occupied with
are usually utilized to iodinate small amounts of peptides. p-Phe, did not behave as an agonist (data not shown).
Because the biological analyses that we had planned toTherefore, we postulated that the introduction of one meta-
perform would require about 2 mg of peptides, iodination jodine atom into the Tyr-5 residue, in combination with the
of the two antagonist photolabile peptides was carried out presence of a bulky benzoylphenyl group in the proper
using chloramine-T as an oxidizing reagent. Both iodinated configuration, probably modified the orientation of the
analogues (mono and di) were isolated by RP-HPLC, and tyrosine-5 side chain in such a way that the phenolate
their pharmacological studies in isolated endothelium- function can induce a biological response. This hypothesis
denuded rat aortic rings revealed that the photosensitive probes actually under evaluation.
[L-Bp&f]TTA-386 under its mono- or diiodinated form, was Competitive assays using radiolabeleddpef] TTA-386
still able to bind the ET receptor and block the effect of or [L-Bp&#]TTA-386 revealed a similar affinity for E¥
endothelin. In fact, the introduction of the iodine atoms had receptors. Also, both of them appeared selective because they
almost no effects on the affinity, and only a slight decrease can be displaced by five different ETigands. When used
of antagonistic activity was measured with both peptides. in photolabeling experiments performed in transfected CHO
The [p-Bpef]TTA-386 molecule also showed a similar cells, p-Bpef|[TTA-386 and [-Bpaf|TTA-386 specifically
antagonistic pattern after diiodination. However, instead of labeled a protein that migrated as a diffuse band spanning
giving an antagonist, monoiodination produced an analoguebetween 60 and 70 kDa on SB8AGE. The 66-70 kDa
with an agonistic activity on EJreceptors (apparent & band that was obtained, corresponding to a complex formed
at 3 x 107 M). To the best of our knowledge, this is the by a protein covalently attached to-Bpa]TTA-386 or
first case described in the literature where the activity of a [L-Bpef|[TTA-386, was shown to be superimposable to an
peptide is reversed by its monoiodination. It is yet unclear ET, receptor band identified by immunoblotting assays,
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Ficure 10: Schematic representation of the labeled domain of the
ETa receptor after covalent bonding with [T¥#), p-Bpdf]-
TTA-386 or [Tyr(?d), L-Bpef]TTA-386. According to the
CNBr cleavage, as well as the Endo Lys-C and V8 protease
digestions, the receptor residues 2278 would form the common
fragment.

using anti-ET. polyclonal antibodies. Moreover, excess of
ET-1 or BQ 610 abolished the photolabeling, demonstrating
that the two probes compete for the same binding site.
Although the theoretical molecular mass of thesE&ceptor

is 48 kDa, the visualization of the same band with an anti-
ETa receptor antibody suggested that the photosensitive
peptides labeled this receptor. As a matter of fact, a previous
PNGase F treatment of cell proteins before the revelation
with the antibody showed a protein migrating at around 48
kDa on SDS-PAGE. Thus, the diffuse appearance of the
60—70 kDa band, as well as its susceptibility to PNGase F
treatment, confirmed the glycosylated nature of the receptor,
a phenomenon frequently encounter@d, 27).

To better define the binding site af{Bp&]TTA-386 and
[L-Bpaf]TTA-386 on ET, receptors, the photolabeled com-
plexes were cleaved using either Endo Lys-C protease, V8
protease, or CNBr in the presence or in the absence of
PNgase F. According to the selectivity of these enzymatic
or chemical treatments and considering that radiolabeled
fragments produced by them must overlap, the 4.8 kDa
segment formed after Endo Lys-C treatment would be
composed of residues AZpH—-Lys?®, the 2.9 kDa fragment
of V8 protease would be Tfp—GIlu?8%, and CNBr would
have produced the fragment Git-Met?’® with a mass of
3.9 kDa. Fragments obtained after the cleavage were

unchanged even when the receptor was under its deglyco-

sylated form, demonstrating that the binding domain is not
glycosylated. Taken together, these data clearly identify a
common sequence of 2.7 kDa that would correspond to
residues Tr§’ and Met”® (Figure 10). Thus, this cell surface-
oriented segment of the fifth transmembrane domain of the
ETa receptor would play an important role in the binding of
the photoprobespfBp&]TTA-386 and [-Bpef|TTA-386.

Therefore, it appears that both would share the same binding

site. Moreover, these data are validated by the fact that an
excess of ET-1 or BQ-610 abolished the photolabeling of
the ETa receptor produced witfBpef| TTA-386 or [L-Bp&]-
TTA-386, respectively. Interestingly, a recent photolabeling
study of the ETE receptor, carried out with IRL-1620-derived

Biochemistry, Vol. 44, No. 21, 2005853

photoprobes specific for this receptor, also identified a stretch
of TM V as a key-feature for the interaction between the
ET receptor and its ligand2).

In conclusion, using the photoaffinity labeling technique,
we have identified a key segment of the JETeceptor
participating in the interaction with the ET-1 or TTA-386
ligands. This protocol had the advantage that an unaltered
form of the receptor, as obtained for instance with the site-
directed mutagenesis technique, was explored. Further
structural and binding data will however be required to
complete the molecular dissection of the,Einding pocket.
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