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W276 Mutation in the Endothelin Receptor Subtype B ImpaiggG8upling but Not
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ABSTRACT. The mutation of W276 to cysteine within the human endothelin receptor subtypedR}ET
associated with Hirschsprung's disease, a congenital intestinal disease. The sequence surrounding W276
is highly conserved between the endothelin receptor subtypes A and B. We have introduced sets of mutations
into W275 and W276 of the EsR gene, and the corresponding W257 and W258 of thgRegene, and

studied their coupling properties with,&,, and G in reconstituted phospholipid vesicles. The prepared

mutants all showed a similar affinity for endothelin-

1. The W276GERand W276A/EER mutants had

reduced activities in gcoupling but not in GG, coupling, while the W275A/EdR displayed reduced
activities in G/Gq coupling, with normal G coupling. On the other hand, W257A/ER and W258A/

ETaR exhibited wild-type activities in all examined G protein couplings. These results suggest that the
defects in the @signaling pathway by the R are connected with Hirschsprung’s disease and that the

two conserved tryptophans play distinct roles in
addition, W275 and W276, which are thought to be
helix 5, play important roles in forming the active

Endothelins (ETs),consisting of ET-1, ET-2, and ET-3,

signal transduction by the two receptor subtypes. In
located near the extracellular side of the transmembrane
structure ofzsRT

neural crest cell migratior8( 9). The ETgR gene has been

are 21 amino acid vasoconstrictive peptides that transmit aidentified as one of the susceptibility genes in HSCR along

number of signals via the ET receptor subtypes AAE)
and B (ERR) (1). ETAR and EER are G protein-coupled
receptors, distributed throughout the body, that couple to G
Go, Gs, and G, depending upon the tissue or cell ty.
ETaR is selective to ET-1 and ET-2, whereasgRTbinds
three isopeptides with similar affinities. While ETs send

with the RET proto-oncogene (receptor tyrosine kinase) and
the ET-3 genel(, 11). Various mutations in the three genes
were identified from naturally occurring HSCR patient§,(
12—-19). Puffenberger and co-workers were the first to show
that the W276C mutation in the BR was associated with
HSCR, resulting in an impaired ligand-dependent?Ca

regulatory signals to maintain homeostasis in the circulatory increase in transfected cell$2).

and endocrine system3<5), they also play noticeable roles
as mitogenic signals in many cell types {).

Hirschsprung's disease (HSCR) is a hereditary disease
characterized by the absence of intrinsic ganglion cells in
the submucosal and myenteric plexuses of the distal gas
trointestinal tract. HSCR is considered to be a multigenic
disorder and a developmental defect resulting from abnorma

T This work was supported by the Japan Society for the Promotion
of Science (JSPS-RFTF96L00502).

To dissect the complex signal transduction by theRT
and the EER, we have been studying the biochemical
properties of EXR and EER in a purified and reconstituted
system using Sf9-expressed protein. We have shown that the

ET-1-bound ERR and EER activate G to different extents

Iand exhibit different affinities to Gnevertheless, they are

highly homologous to each otheR@). In the secondary
structure model, W276 is located in the putative transmem-
brane helix 5 near the extracellular side, and the surrounding
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conserved. To reveal the structural properties of the subtypes
in the activated form, we have introduced a series of
mutations into W275 and W276 in ER and into W257
and W258 in ER and have studied their coupling efficien-
cies with G, G, and G, in the reconstituted system after
expression in Sf9 cells and purification. The W276GIRT
and W276A/EER mutants exhibited about 50% reduction
in Gq activation, with wild-type activation of Gand G,
suggesting the involvement of W276 not in the direct ET-1
binding, but in the conformational change of gRfollowing
ligand binding. These results suggest the importance of
signaling via the @pathway in neural crest cell development.
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Two Trps Play Distinct Roles in Receptor subtypes
EXPERIMENTAL PROCEDURES

Materials. The cyclic-peptide antagonist for B, RES701-

1, was generously provided by Dr. M. Yoshida (Kyowa
Hakko Kogyo Co. Ltd.). The cDNAs encoding humanART
and ETgR were kindly provided by Dr. T. Masaki (National
Cardiovascular Research Institute) and Dr. Y. Furuichi
(AGENE Research Institute), respectively. The cDNAs for
0q andy, were generously supplied by Drs. V. Mancino and
M. Simon (California Institute of Technology). The pQE60-
based expression plasmids for @t in Escherichia coli
strain BL21, and the recombinant virus of ref; for
expression in Sf9 cells, were generously provided by Drs.
H. Itoh and Y. Kaziro (Tokyo Institute of Technology). The
hybridoma producing the anti-bovine rhodopsin monoclonal
antibody 1D4 was from Dr. R. Molday (University of British
Columbia).

Construction of the Mutant ETR Gene in the Transfer
Plasmids.To achieve a simple purification, the tag-modified
ETAR was used as the wild-type receptor, with six histidines
in the N-terminal tail and with the epitope sequence,
KTETSQVAPA, for the anti-rhodopsin monoclonal antibody
1D4 at the C-terminus, as describ@@)( The modified ERR
mimicked the wild-type in its ligand binding and G protein
coupling activities. The wild-type EsR gene and the
modified wild-type ET.R gene were introduced into the
transfer vector pVL1393 (Invitrogen) and were replaced with
mutated fragments produced by PCR as described.

Purification of ETaR and EER. Cell culture, expression
of ETARs and EERs in Sf9 cells, preparation of Sf9 cell
membranes, and purification of the FRs by 1D4-immuno-
affinity chromatography were carried out as descrils). (
After the antibody-affinity chromatography, nickel affinity
column chromatography was performed for theaRS. For
ETgR, ligand-affinity purification using biotinylated ET-1
(21) gives better purity than 2A5-immunoaffinity purification
(unpublished work), while it requires the wild-type stability
in a detergent-solubilized solution because of using NaSCN.
The wild-type EERs purified either by ligand-affinity or
by immunoaffinity chromatography showed similar ef-
ficiency to each other in G protein couplin@1j. Since
W275F/ET:R was expressed well and stable enough, it was
purified by ligand-affinity chromatography. Other mutant
receptors were purified by immunoaffinity chromatography.

Expression and Purification of G Proteinghe ratai;
subunit expressed ifE. coli strain BL21, the bovinen,
subunit from bovine brain, and thgy, and theogS1y2
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100-fold molar excess, were coreconstituted into the isolated
receptor vesicles, as described previoud®)( Then, the
phospholipid vesicles were used for ligand-dependefitg]-
GTPyS binding assays. The/{**S]GTP/S binding rates in

the presence of ET-1 were analyzed according to the apparent
first-order kinetics.

Radioligand Binding AssaysSaturation binding assays,
competition binding assays, and determinations of the
dissociation constankg), the maximum ligand binding sites
(Bmay, and theK;, were performed using the LIGAND
program (Biosoft). The amounts of ETRs contained in the
reconstitution mixtures off-**S]GTP/S binding assays were
measured by théPIJET-1 binding assays as described).

RESULTS

Construction of the Mutant ETR&igure 1 shows the

secondary structure models of the humanEBnd EER.

The W257 and W258 residues of FH and the correspond-

ing W275 and W276 residues of ER are located near the
extracellular side in the putative transmembrane helix 5, in
which the amino acid sequence KDWW.LF is well conserved
between the subtypes and among species. The two conserved
tryptophans were mutated to alanine, phenylalanine, and
cysteine (only for W276), as listed in Table 1.

Expression in Sf9 Cells and Ligand-Binding Properties
of the Mutant ETRsThe constructed mutants were expressed
in Sf9 cells by means of a baculovirus-based system. The
cell membranes were examined for their ligand-binding
properties. Table 1 summarizes the apparent dissociation
constantskp) and the maximum bindingBax, calculated
from the Scatchard analysis. All of the mutants showed
affinities to ET-1 (70-150 pM) similar to those of the wild-
type receptors. However, the numbers of binding sites
differed. In particular, the binding sites of mutants substituted
with alanine or cysteine were largely reduced (mostly less
than one-fifth of those of the wild-type). The apparéht
values for the various ligands are summarized in Table 2.
While the W276A/EER and W275A/EER mutants showed
wild-type affinity to ET-3, the affinities of the W257A/E&R
and W258A/ERR mutants to ET-3 were reduced to less than
one-tenth. The affinity of E4R to the agonist BQ788 was
affected by the mutation of either W275 or W276, whereas
its affinity to the antagonist RES701-1 was affected only by
the mutation of W276.

The expressed mutant receptors were analyzed by immu-
noblotting, as shown in Figure 2. All of the ETRs showed

subunits coexpressed in Sf9 cells were prepared as describethajor bands at 4644 kDa. The ERRs displayed smeared

(20). The concentrations of th&y, andagByy2 subunits were
calculated from the protein concentrations after purification.
The aj; subunit was stored in 50 mM potassium phosphate
(pH 8.0) with 10uM GDP. Theo, £1y2, andayB1y2 subunits
were stored in a 0.6% (w/v) Chaps solution [20 mM Tris-
HCI, 1 mM DTT, 120 mM potassium phosphate (pH 8.0),
and 0.6% Chaps].

Reconstitution of Receptors and G Proteirf®urified
receptors (161000 pmol), in 108-350uL of 20 mM Tris-
HCI (pH 7.5), 0.1 M NaCl, and 0.1% digitonin, were

reconstituted into phospholipid vesicles as described previ-

ously 1), using an Ultrogel AcA34 gel filtration column.
The void fractions without detergent were collected, divided
into aliquots, and stored at70 °C. G proteins, at a 50

multiple bands around 40 kDa, due to glycosylation.

Purification and Reconstitution of ETRs into Phospholipid
Vesicles. The ETRs were purified by antibody-affinity
column chromatography as described previously, except for
W275F/ETsR, which was purified by ligand-affinity column
chromatography. The &Rs were further purified by nickel-
affinity column chromatography. The purified ETRs were
reconstituted into phospholipid vesicles as described in the
Experimental Procedures. A silver-stained analysis of the
isolated vesicles shows that the ETRs were purified to the
majority (Figure 3). However, the purities of the receptors
differed, depending on the amounts of expressed proteins
and the stabilities of mutant receptors in the solubilized
solutions.
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Ficure 1: (A) Secondary structure models of humanyRTand EER. The putative seven helices are boxed. To facilitate the purification,
residues 3843 of ETaAR were replaced with six histidines, and the 1D4 epitope sequence was attached to the C-termin&s Gfdaerved
residues in subtypes are shown in bold. The mutated tryptophan residues are marked with circles. The asterisks indicate the potential
N-linked glycosylation sites, and the arrows indicate the signal peptidase cleavage sites.

Table 1: Densities and Affinities of the Wild-Type and the Mutant ~ Table 2: Ligand Affinities for Wild-Type and Mutant ETRs
ETaRs and EERs Expressed in Sf9 Cetls

agonistK; (nM) antagonist«; (nM)

receptor Ko (PM) Bmax (pmol/mg protein) receptor ~ ET-1 ET-3 IRL1620 BQ123 BQ788 RES701-1
ETAR 78+8 25.0£ 14 ETAR 028 11 nd 16 nd nd
W257A/ETAR - 138+ 18 3.4+03 W257A/ETAR  0.25 263 nd 21 nd nd
W257F/ETaR 97+ 11 11.1+0.8 W258A/ETAR  0.16 106 nd 25 nd nd
W258A/ETAR 80+9 5.6+0.4 ETeR 020 034 17 nd 9.4 53
ETeR 149+ 23 (234 2)° 86.5+9.1 W275A/ETsR 016  0.18 4.6 nd 152 27
W275A/ETeR 97+ 14 6.6+ 0.6 W276A/ETsR 0.16  0.24 3.4 nd 89 799
W275F/E&R 159+ 14 435+ 2.7 - —— _
W276C/ERR 85+ 14 11.7+1.1 Compegtlve binding experiments betweé?_ﬂllET_—l (50 pM) ar_1d
W276A/ET:R 984+ 11 6.4+ 0.4 unlabeled ligands were performed as described in the Experimental
W276F/ERR (234 1) 9.7+ 05 Procedures. Sf9 cell membranes containing 2Gfmol of each receptor

" — were assayed. ThK; values were calculated from the gfCvalues
Sf9 cell membranes, containing about 5 fmol of ETRs, were used getermined from a nonlinear regression of the competition experiments
for the examination of binding parameters by a saturation isotherm of g4 are the averages of two to three experiments. The maximum range

[*4]ET-1 binding. Each experiment was done at least two times. of the K; value was+19% of the mean values. nd, not determined.
b Experiments were performed at another period of time.

due to the higher content of impurities in the vesicles.

Coreconstitution of ETRs with; G5, or G, Proteins.The Considering these points, a comparison of the coupling
ETRs in the phospholipid vesicles were coreconstituted with efficiencies of the mutant receptors to those of the wild-
purified G proteins to test the coupling efficiencies. Figure type receptors is summarized in Table 3.

4 shows the ET-1-dependent stimulation &iS|GTP/S Mutant ETaRs. None of the mutant EJRs showed
binding of G (ai1f1y2), Gq (0gB1y2), and G (oB1y2) by the significantly different G protein activations as compared to
ETRs. The assays in each panel were performed at similarthe wild-type; namely, they displayed 6-1.7-fold activities
receptor concentrations, indicated in the insets, with identical of those of the wild-type receptor in the stimulation &]-
amounts of G proteins. GTPyS binding of G proteins.

The W275F/EER always displayed slightly higher G Mutant ETsRs. Both W276C/EER and W276A/EER
protein stimulation in the presence of the antagonist, showed G stimulation reduced to 60 and 30% of the wild-
RES701-1, than the wild-type receptor. We observed that type activity, respectively, whereas they displayeda@d
the ligand-affinity-purified EER tended to give higher G, activations similar to those of the wild-type ER. The
ligand-independent G protein activation. We assume that anW275A/ETzR exhibited more severe defects, with énd
artificial receptor-activation occurred in the course of ligand- G; activations decreased to about 20 and 60% of the wild-
affinity purification by the use of the chaotropic reagent, type, respectively. On the other hand, the replacements of
NaSCN, as discussed previousBO). The W258A/ETR W275 and W276 with phenylalanine had no significant
mutant exhibited a wild-type ligand-dependent activation effects on G protein coupling. These mutants displayeet 0.8
with a high background in coupling with {Spresumably 1.4-fold activities as compared with the wild-type.
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the wild-type affinity for G, and G, and W276A/EER is
able to form activated & which has a wild-type affinity for
GTP.

DISCUSSION

Human ET.R and EER share approximately 76% homol-
ogy in the transmembrane and cytoplasmic domains, except
for the C-terminal 35 residues. We previously observed subtle
differences in the signal transduction of these ETR subtypes,
such that EXR activated G 2—3-fold more efficiently than
ETgR, and EER had a higher affinity for &than ETAR, in
the reconstituted system using Sf9-expressed proteins. The
purified and reconstituted system allows analyses of the direct
interactions of the ETRs and G proteins. Using this system,
we studied which parts of the receptor molecule are involved

expressed in Sf9 cells. Membranes prepared from Sf9 cells jn the conformational change accompanying the binding of

expressing each receptor and containingu@0of protein, were
resolved by 12.5% SDSPAGE, transferred to a nitrocellulose
membrane, and probed with the 1D4 mAb for theaRS and the
2A5 mAb for the EERs. (A) Lane 1, W258A/EAR; lane 2,
W257A/ETAR; lane 3, W257F/EAR; lane 4, ERR. (B) Lane 1,
ETgR; lane 2, W276C/EZR; lane 3, W276A/EgR; lane 4, W276F/

ETgR; lane 5, W275A/EER; lane 6, W275F/EgR.
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Ficure 3: The purified ERRs (A) and EERs (B) were analyzed
by 12.5% SDSPAGE visualized by silver staining. (A) Lane 1,
ETAR; lane 2, W258A/EXR; lane 3, W257A/EXR; lane 4,
W257F/ETAR. (B) Lane 1, EER; lane 2, W276C/EJR; lane 3,
W276A/ETgR; lane 4, W275A/EER; lane 5, W275F/EdR; lane

6, W276F/EER.

The defective mutants, W275A/ER and W276A/EER,
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a peptide ligand, ET-1, and how such homologous receptors
send refined signals.

Many mutations in the EgR genes were found to associate
with HSCR, a hereditary developmental disorder of the
autonomic innervation of the gut, such as C109R, which
leads to a translocation defective mutant, W276C and S390R,
which lead to mutants defective in intracellular signaling,
as well as the premature chain termination mutations at
W275, Y293L, and N378l, and so oi4—19). To obtain
insight from these natural mutations into the structural
changes that occur in the receptor molecule after binding to
ET, we focused on W276 and the neighboring W275
mutations and compared their properties in interactions with
G proteins with the corresponding R mutant receptors,
because W276C neither affects the affinity ofgdRTto ET-1
and ET-3 nor is directly involved in G protein interactions
(12).

The substitution of alanine for W276 and W275 did not
affect the affinities of EER for ET-1, ET-3, and IRL1620,
whereas the corresponding substitution of alanine for W257
or W258 of the ERR reduced the affinity for ET-3, while
retaining the wild-type affinity for ET-1. This suggests that
the binding pockets for ET-1 and ET-3 in the /R are not
identical. Likewise, the affinities for BQ788 of W275A/ER
and W276A/EER are decreased to less than one-tenth of
the wild-type value, and the affinity for the antagonist,
RES701-1, is only affected by the W276A mutation, and

were further examined with respect to their efficiencies of not by the W275A mutation. These data suggest that the
G protein activation. Figure 5A shows the effect of the ET-1 binding pockets in EdR for BQ788, RES701-1, and ETs

concentration on the3{S|GTPyS binding of G and G,
reconstituted with the B3Rs. TheKp values for ET-1 of
the wild-type and mutant EsRs are similar to each other

are different. The presence of two ligand-binding subdomains
(one consisting of transmembrane helices3land 7, and
the other consisting of helices4) has been shown within

and are not affected by the presence of G proteins. Thereforethe ETR molecules by using receptor subtype chimeras, and

the EGo values of ET-1 in the3fS]GTPyS binding of the

each subdomain displays specificities for the carboxy-

G protein reflect the affinities of the ligand-bound forms of terminal message domain and for the amino-terminal address

the ETgRs to the G proteins. For @&ctivation, W275A/
ETsR, W276A/ETR and the wild-type EFR exhibited EGg
values of 0.8+ 0.2, 1.2+ 0.1, and 0.6+ 0.1 nM,

domain of ET, respectively2@). The results suggest that
the side chains of the two conserved tryptophans in the
transmembrane helix 5 of the ETRs are not involved in the

respectively. For G activation, they also showed values direct binding to the address domain of ET-1.

similar to each other, namely 0# 0.1, 0.8+ 0.1, and 0.66

The observation that W276C/ER and W276A/EER are

+ 0.04 nM, respectively. Figure 5B shows the effect of the defective only in G coupling, but not in Gor G, coupling,

GDP concentration on théB]GTP/S binding of G. The
W276A/ETgR mutant displayed an Kgvalue similar to that
of the wild-type EER (0.54+ 0.03 and 0.77 0.05uM,

suggests impaired signal transduction via thgp@thway.
When W276C/EER was expressed in CHO cells, reduced
Ca&" responses were observeld). It is not clear from our

respectively). Thus, the defective mutant receptors retain studies whether the impaired, @ctivation or the low level
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FiGURE 4: ET-1-dependent stimulation o®B]GTP/'S binding to G Gg, and G by the wild-type and mutant ETRs. The receptors and the
G proteins in the reconstituted vesicles, prepared as described in the Experimental Procedures, were incubated #igjG T at
30°C for G and G, and at 25°C for G,. The open symbols represent assays in the presence gMLIBT-1, and the closed symbols
represent assays in the absence of ET-1 (fotFgTor in the presence of 16M RES701-1 (for EER). GDP, at a concentration of 1.0M,

was added to the assays for @d G. The amounts of the receptors in the isolated phospholipid vesicles were measutéd]|BY-[L
binding, and the amounts of tlesubunit added to the coreconstitution mixtures were measuretdS)s[TPyS binding as describe@J).

The concentrations of receptors in the vesicles are shown in the table of each panel. The following amounts of G proteins were contained
in the 20uL aliquots of the respective coreconstitution mixtures: in the assays withdB0 fmol ofai; (95 nM); in the assays with £
2100 fmol ofa, (105 nM). Together with each subunit, 1600 fmol of3y subunits was added. In assays of thesETmutants and the
W275-ETgR mutants with G, approximately 740 fmol of G(aq81y2) (~37 nM) was contained, as calculated from the amounts of protein
added. For the assays of the W276gRTmutants, approximately 1260 fmol of;&~63 nM) was used. Data are the means of duplicate
or triplicate determinations.

of expression of the mutant receptor is related to HSCR. GPCRs and protein tyrosine kinases appear to use many of
However, considering the expression of W276G/E &t the the same signal transduction proteins to activate MAP kinase
wild-type level in CHO cells 12), the impaired signaling  cascades7, 28). At the developmental stage of neural crest-
via the G pathway may be more significantly related to cell migration, the EFR-mediated @ activation may con-
HSCR. verge with a pathway mediated by the tyrosine-phosphory-
The other HSCR susceptibility genes are the ET-3 gene lated RET protein.
and the RET proto-oncogene, which encodes a growth factor The W276A, W276C/EZR, and W275A/EER mutants
receptor tyrosine kinase that is expressed mainly in neuralretain the wild-type affinity for ET-1 and ET-3, whereas they
crest-derived cells and is known to activate mitogen- fail to activate either Gor G with wild-type efficiency.
activating protein (MAP) kinase cascadez3{26). The These results suggest that W275 and W276 play important
knockout of the ET-3 gene in mice or mutations in the RET roles in the formation of the activated structure of theET
gene also lead to defects similar to HSCR, such as agangli-and that the large aromatic side chains are required to interact
onic megacolon or pigmentary disordé0(11). The ETzR properly with the neighboring residues. However, these
mediates mitogenic signals in part via MAP kinase activation residues are not essential for activating G proteins. In the
(6, 7). Although the mechanisms of MAP kinase activation cases of bovine rhodopsin and tigadrenergic receptor,
by G protein-coupled receptors (GPCRs) are not clear, movements of the transmembrane helices 3 and 6 during



Two Trps Play Distinct Roles in Receptor subtypes Biochemistry, Vol. 39, No. 4, 20006691

Table 3: GTR'S Binding of G Proteins Stimulated by the Mutant
ETRs, as Compared to Those of the Wild-Type ETRs

receptor G Gq Go 100 |
ETaR 1.0 1.0 1.0 80 |
W257A/ETAR 13 11 15 60
W257F/ETaR 1.2 1.7 0.9
W258A/ETAR 0.7 1.1 1.3 a0 |
ETsR 1.0 1.0 1.0 [
W275A/ETsR 0.4¢) 0.2¢) 1.2 20 |
W275F/ET:R 0.8 0.9 1. X
W276C/ETeR 0.9 0.6 ¢) 1.1 0 é‘/ =
W276A/ETsR 1.0 0.3¢) 1.0
W276F/ETER 14 0.9 13

2 The ETR-stimulated GT#S binding values at 5 min presented in 100 L

Figure 4 were calculated by nonlinear least-squares fitting to the first-

Fraction of maximal GTPyS binding (%)

order rate equation and were normalized by dividing by the receptor 80

concentrations. The values obtained in the absence of ET-1 or the 60 [

presence of RES701-1 were subtracted as backgrounds from the values

obtained in the presence of ET-1. The subtracted values are expressed 40 L

relative to that of the wild-type as 1.0. Downward arrows indicate

significantly lowered coupling efficiencies by the mutant receptors, as 20 ]
compared to those of the wild-typeBecause of the artificial activation, 0%/ A X " R
each value obtained from the assays ofgETin the presence of 0 001 01 1 10 100 1000
RES701-1 was subtracted as background. ET-1 (nM)

receptor activation have been reported using spectroscopic B

techniques9—33). In addition, studies of chimeric lutein-

izing hormone/follicle-stimulating hormone receptors sug- § 100[13,/

gested the importance of the interaction of transmembrane T s0f

helices 5 and 6 in stabilizing the inactive structuB)( § 60

Although we do not know the structural movements ogET 5 g

during the course of ligand binding, by analogy, transmem- E 40

brane helix 5, particularly the region near the extracellular g b

side including W275 and W276, may play roles in supporting s

the movements of transmembrane helices 3 and 6 or in £ OgAereeT U eT T e 100

stabilizing the activated structure of EH. We previously GDP (uM)
reported that RES701-1, an antagonist fogBTfunctioned _ )
as an inverse agonist to stabilize §K activated by a Ficure 5: Effect of ET-1 (A) and GDP (B) concentrations on the

. . . . [35S]GTPyS binding of G and G, to the ETgRs. (A) Each sample
denaturing reagent, in an inactive for@0). The resultthat |2 'incubated for 10 min at 3€. Data are the means of duplicate

the W276A/EER mutant showed only one-tenth of the determinations. Each 20L aliquot contained 1600 fmol ofy,

affinity for RES701-1 also suggests that W276 has a 1600 fmol of 8y subunits, and either 9.3 fmol of ER (O), 13.7

structural role in the course of ER activation. fmol of W275A/ETeR (), or 14.4 fmol of W276A/EER (O) in

. . the upper panel, and 1184 fmol of,@nd either 18.8 fmol of EJR

However, it is not clear why only gcoupling not GG, (0), 18.2 fmol of W275A/EER (), or 24.0 fmol of W276A/EER
coupling is affected by the W276 mutation. It may suggest (O) in the lower panel. (B) Each sample was incubated for 10 min
that the W276 mutation causes a local structural defect whichat 30°C. Data are the mea]lzns (l)f ;1upllcatghdetermlrf]atl(l)n?. Each 20

only affects interaction with @Gor that more strict receptor - aliquot contained 1600 fmol of &and either 11.8 fmol of ER

. . . L O 15.9 fmol of W276A/EER (O).
structure is required for optimumgq@ctivation. The D79N ©)or mot o RO

mutation of aya-adrenergic receptor has been reported to  While the W276A, W276C/E4R, and W275A/EER
exhibit a selective defect in coupling to potassium current mutants are defective in coupling with,@r G, they showed
but not in coupling to calcium current in AtT20 mouse wild-type affinity for G and G (Figure 5A), and the W276A/
pituitary cells 85). The R332Q mutation of prostaglandin ETgR-activated G exhibited wild-type affinity for GTP as

E receptor EP3D also caused a selective defect ooGpling well (Figure 5B). Activation of G proteins by ligand-activated
but not in G coupling in CHO cells§6). Compared to these ~ GPCRs involves the following four steps: (i) binding of a
mutated residues, which are very critical for ligand binding, G protein @Sy subunits) to an activated receptor, (ii)
located in the middle of the transmembrane helices, it is of structural changes in the G protein (mainly in theubunit)
interest that the W276 residue of EH located in the leading to the release of GDP from thesubunit, (iii) binding
transmembrane region very near the extracellular side in theof GTP to thea subunit, and (iv) release of the subunit
secondary structure model affects the structure of the and thefy subunits from the receptor. The results suggest
cytoplasmic region that interacts with G proteins. At least, that the defects observed in G protein coupling of mutant
these results suggest that the required receptor structure t@eceptors are due to inefficiencies in either step ii or iv.
perform optimum activation is different for respective G In contrast with the EJR mutants, the corresponding
proteins. Elucidation of the three-dimensional structure of ETAR mutants, W257A/EAR and W258A/E'RR, displayed
ETsR should facilitate further understanding of receptor-G wild-type properties in ET-1 binding and in G protein
protein interaction. coupling. Since EAR displays a clear specificity for the
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address domain of ET, the binding subdomain formed by 13.Hosoda, K., Hammer, R. E., Richardson, J. A., Baynash, A.
transmembrane helices 4, 5, and 6 ofyRTmay have a more % fﬁ'g?”f’é 7JE'3C” Giaid, A., and Yanagisawa, M. (190¢)
stable activated structure, which might be a reason for the o2 el .

wild-type efficiency in G coupling of the ERR mutants. 14. Attig, T., Till, M., Pelet, A., Amiel, J., Edery, P., Boutrand,

. ) o L., Munnich, A., and Lyonnet, S. (1995um. Mol. Genet. 4
This property could also be related to the higher efficiency 2407-24009. Y (199%)

of Gy activation by ERR as compared to ER. Thus, 15. Chakravarti, A. (1996Hum. Mol. Genet. 5303-307.
although ETR and EER are highly homologous to each  16. Kusafuka, T., Wang, Y., and Puri, P. (19%8)m. Mol. Genet.
other, and W275, W276 (W257 and W258 in AR, and 5, 347-349.

the surrounding sequences are conserved, these residues aré7- Auricchio, A,, Casari, G., Staiano, A., and Ballabio, A. (1996)
endowed with different roles in the conformational change Hum. Mol. Genet. 5351-354. _

process and, therefore, in G protein activation as well. Since & AMiel, J., Attie T, Jan, D., Pelet, A, Edery, P., Bidaud, C.,

e . . Lacombe, D., Tam, P., Simeoni, J., Flori, J., Flori, E., Nihoul-
the binding pockets for ET-1 are formed differently in AR Fekéte, C., Munnich, A., and Lyonnet, S. (1996um. Mol.

and in ETR, the structures of the ET-1-bound receptors Genet. 5355-357.
could differ. Such variety may contribute further to the 19. Tanaka, H., Moroi, K., lwai, J., Takahashi, H., Ohnuma, N.,

different recognition of G proteins by the receptors. Hori, S., Takimoto, M., Hishiyama, M., Masaki, T., Yanag-
isawa, M., Sekiya, S., and Kimura, S. (199B)Biol. Chem.
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