Engineering a G protein-coupled receptor
for structural studies: Stabilization of the
BLT1 receptor ground state
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Abstract: Structural characterization of membrane proteins is hampered by their instability in
detergent solutions. We modified here a G protein-coupled receptor, the BLT1 receptor of
leukotriene B,, to stabilize it in vitro. For this, we introduced a metal-binding site connecting the
third and sixth transmembrane domains of the receptor. This modification was intended to restrain
the activation-associated relative movement of these helices that results in a less stable packing in
the isolated receptor. The modified receptor binds its agonist with low-affinity and can no longer
trigger G protein activation, indicating that it is stabilized in its ground state conformation. Of
importance, the modified BLT1 receptor displays an increased temperature-, detergent-, and time-
dependent stability compared with the wild-type receptor. These data indicate that stabilizing the
ground state of this GPCR by limiting the activation-associated movements of the transmembrane
helices is a way to increase its stability in detergent solutions; this could represent a forward step
on the way of its crystallization.
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Introduction

G protein-coupled receptors are versatile biological
sensors that are responsible for the majority of cellular
responses to hormones and neurotransmitters as well
as for the senses of sight, smell and taste." A limited
number of GPCR crystal structures have been pub-
lished so far.®>™® Although these structures represent a
very important step in this way, more information is
still needed to assess the molecular mechanisms gov-
erning the function of this membrane protein family.

Abbreviations: CD, circular dichroism; cmc, critical micelle con-
centration; GPCR, G protein-coupled receptor; LTB,, leukotri-
ene By; PTH, parathyroid hormone; SCR, structurally conserved
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As recently emphasized,'® molecular analyses of
GPCRs involve overcoming several technical barriers,
among them the stabilization of the native fold out of
a membrane environment. Different approaches have
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been developed so far to stabilize membrane proteins
in solution. One possibility to alleviate protein unfold-
ing by classical detergents is to use less aggressive sur-
factants." ™' An alternative approach consists in
mutating the protein to increase its stability in a wide
range of conditions. This approach has been recently
applied to several GPCRs including rhodopsin,'® the
B;-adrenergic,’® and A,, adenosine receptors.””

Another problem associated with purified GPCRs
is that the receptors probably adopt a whole range of
different micro-conformations,’® and this conforma-
tional heterogeneity is certainly detrimental to crystal-
lization. Improving the stability of a purified receptor
therefore implies stabilizing it in essentially one con-
formation, preferably the inactive one that is probably
the most stable.’® Activation of GPCRs involves,
among others, relative movements of the TM3 and
TM6 segments (Ref. 18 and references therein). A pos-
sibility to block GPCR activation therefore is to block
such relative movements. This has been done by engi-
neering either disulfide bonds or cation-binding sites
connecting the cytoplasmic ends of TM3 and TM6
(Ref. 19 and references therein).

BLT1 is a membrane G protein-coupled receptor
for leukotriene B,.>° LTB, is a potent activator and
chemoattractant for leukocytes and is involved in sev-
eral inflammatory diseases as well as in proliferation
of transformed cells.** BLT1 therefore represents an
important target in the context of drug design. We
have produced BLT1 as a purified recombinant protein
in E. coli with yields allowing structural studies to be
carried out.*® However, as stated above, an analysis of
the structure of BLT1 requires the receptor to be stable
in detergent solutions under conditions compatible
with crystallization assays. We previously explored the
role of surfactants on BLT1 stability.”® To achieve the
highest stability of the purified BLT1 receptor in deter-
gent solutions, we explored here the complementary
approach that consists in producing a mutant of the
receptor stabilized in its ground state. This was done
by creating a cation-binding site connecting the cyto-
plasmic ends of TM3 and TM6. The mutant receptor is
no longer able to trigger G protein activation and
binds its agonist ligand with low affinity, indicating
that the conformation stabilized is indeed the ground
one. Of importance, the modified receptor displays a
significantly increased stability in detergent solutions,
making it a good candidate for further structural
characterization.

Results

Engineering the metal-ion binding site in BLT1

To connect the TM3 and TM6 segments of BLT1
through a metal-ion binding site, we first selected the
position of the residues to be modified on the basis of
a three-dimensional model of the receptor. The BLT1
model was elaborated using rhodopsin crystal struc-
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Figure 1. Location of the mutated residues. A: Alignment of
the TM3 and TM6 segments of rhodopsin, B,-adrenergic,
PTH and BLT1 receptors. The sequences of human BLT1,
bovine rhodopsin, human B,-adrenergic receptor, and
opossum PTHR were aligned using Clustal W.24, The
residues mutated in each receptor are underlined. The
residues in the TM6 segment of the B,-adrenergic and PTH
receptors directly involved in cation coordination are given
in bold."® B: Model of the 7TM helices showing the position
of the mutated residues in TM3 and TM6. The model is
presented from the cytoplasmic face. The residues in TM3
(V"9 and TM6 (R2'® and T2'°) that have been replaced by
histidines are indicated. The figure in (B) was prepared in
VMD.?%

ture as a template (see Discussion section). The a-car-
bons of the residues composing the high-affinity triads
are to be separated by less than 13 A to allow the cor-
responding imidazole side chains to coordinate a metal
ion.?® On this basis, we selected here three different
residues, V*°, R?®, and T?', to engineer the metal-
binding site in BLT1. V**? is located in TM3 whereas
R2® and T2 are both in TM6 (see Fig. 1). Based on
the three-dimensional model of BLT1, the distance
between the a-carbon of V9 and R**®) on the one
hand, and V**° and T*", on the other hand, are about
11 and 9 10&, respectively [Fig. 1(B)]. These residues
were replaced by histidines; the resulting mutant re-
ceptor was expressed, purified, and refolded in similar
conditions than the wild-type one.

Zn?*-binding properties of the modified

BLT1 receptor

We first analyzed if introducing the histidine residues
indeed created a divalent cation-binding site. For this,
Zn** titrations experiments were performed using a
fluorescence-based assay with the Zn>*-binding chro-
mophore mag-fura-2.2° As shown in Figure 2, the
wild-type receptor displayed no detectable Zn*"-bind-
ing. In contrast, BLT1' readily bound Zn* ions. In
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Figure 2. Zn?"-binding to the wild-type and mutant BLT1.
Mag-fura 2-monitored Zn®* binding to BLT1 (open
squares), BLT1V'"®H (open circles), BLT1R?"8H, T2'°H
(closed squares), and BLT1V'"°H, R2®H, T>'°H (closed
circles). The data are presented as the amount of Zn?*
bound per receptor molecule (molar Zn?*-to-BLT1 ratio) as
a function of Zn?" concentration. Data represent the mean
SE from three independent experiments.

this case, the titration plot indicates the occurrence of
a single cation-binding site per receptor with an affin-
ity of 8 uM for Zn**.

Blocking the relative movements of the TM3 and
TM6 segments requires the divalent cation to be coor-
dinated by histidine residues in these two helical
domains. The occurrence of a single cation-binding
site is compatible with the histidines both in TM3 and
in TM6 participating to Zn*" binding. To further
assess whether the cation-binding site in BLT1'
indeed involves the histidines in TM3 and TM6, we
compared the Zn**-binding properties of the triply
mutated V'H, R2®H, T>9H receptor to those of
mutants with histidines only in TM3 (BLT1 V*°H) or
in TM6 (BLT1R>'®H, T2'°H). As shown in Figure 2, no
Zn*"-binding was observed with BLT1V"°H. The
BLT1R*'®H, T?'H mutant bound Zn®>" but with an
affinity significantly lower (ca. 9o-fold), than that
measured for the triply mutated BLT1 protein (see
Fig. 2). All these data indicate that the His residues in
TM3 and TM6 in the BLT1" mutant both cooperate
in cation binding.

Ligand-binding properties of the

modified BLT1 receptor

We subsequently investigated the ligand binding prop-
erties of the mutant receptor. The ligand binding
assays were carried out in the presence of purified G
proteins. The latter are required to stabilize the high-
affinity agonist-binding state of BLT1 both in vitro®”
and in vivo.2873° As shown in Figure 3(A), very simi-
lar ligand-binding profiles were obtained for both the
wild-type receptor (in the absence and presence of
Zn>" ions) and BLT1™ in the absence of any divalent
cation. The affinity values inferred from these binding
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profiles were 1.63 + 0.3 nM (n = 3) and 1.68 + 0.2 nM
(n = 3) for the wild-type and mutant receptors, respec-
tively. These affinity values are within the same range
of the Ky previously reported for the high-affinity
state of BLT1, for example, 0.99 nM,*°, 1.5 nM,3° or
1.2 nM.?" The fact that both receptors display the
same affinity for LTB, indicates that the mutations do
not affect BLT1 three-dimensional fold. We then meas-
ured the affinity of BLT1' for its agonist in the pres-
ence of Zn*". As shown in Figure 3(A), under these
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Figure 3. Agonist binding and receptor-catalyzed G protein
activation. A: LTB,-binding to BLT1 (circles) or BLT1H®
(squares) in the absence (open symbols) or the presence
(closed symbols) of 1 mM Zn?*. The binding data are
presented as a plot of the amount of LTB4 bound per BLT1
receptor as a function of LTB,4 concentration. B: GDP/GTP
exchange on Go; catalyzed by BLT1 or BLT1"' in the
absence of Zn?* (BLT1 and BLT1"), in the presence of 1
mM Zn?* (BLT1 + Zn and BLT1"*® + Zn), or on successive
addition of 1 mM Zn?* and then 1 mM TPEN (BLT1"® + Zn
+ TPEN), and in the absence (—LTB,) or the presence of
25 uM LTB, (+LTBy). Data are expressed as the percent of
maximal binding GTPyS obtained for the wild-type BLT1
receptor. In all cases, data represent the mean SE from
three independent experiments.
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conditions, the mutant receptor bound its LTB, ago-
nist with about 10-fold decreased affinity compared
with either the wild-type receptor or BLT™S in the ab-
sence of Zn®" (Kq = 18.8 + 2.1 nM; n = 3). This was
not due to an indirect effect of Zn** on LTB, binding
to BLT1 since the presence of these divalent cations
did not affect the pharmacological profile of the wild-
type receptor, as expected on the basis of the lack of
Zn>* binding reported in Figure 2 [Fig. 3(A)]. Simi-
larly, about 10—20 fold difference in the Ky value for
LTB, has been observed between the high- and low-af-
finity states of BLT1 by different authors.2®2° This
suggests that introducing a metal-ion binding site
between TM3 and TM6 locks the receptor preferen-
tially in its ground state, low-affinity, conformation.

G protein-activation properties of the modified
BLT1 receptor

We then monitored receptor-catalyzed GTPyS binding
by the Go subunit of purified Goy,fy protein.®* Goy,
couples to BLT1 both in vivo*® and in vitro.?” As
shown in Figure 3(B), the wild-type receptor triggered
GDP/GTP exchange at the level of Gy, in the presence
of the LTB, agonist whether Zn** ions were present or
not. The same effect was observed for BLT1'® in the
absence of Zn*"*. In contrast, in the presence of Zn*",
the BLT1™® receptor was no longer able to trigger G
protein activation even in the presence of saturating
agonist concentrations, indicating that blocking the
relative movements of the TM3 and TM6 prevents re-
ceptor-catalyzed G protein activation. As expected if
the ground state specifically was to result from Zn>"
binding by the BLT1™ protein, the G-protein activa-
tion properties were fully restored when the high-affin-
ity Zn*"-specific chelator (TPEN) was added [Fig.
3(B)].

Stability of the modified BLT1 receptor

We subsequently investigated the stability of the iso-
lated BLT1™ protein. Purified receptor thermostability
was performed using an assay similar to that recently
described by Serrano-Vega et al.*® This assay consists
in heating the receptors at increasing temperatures,
quenching the reaction on ice, and then performing
the ligand-binding assay to determine the remaining
proportion of ligand-competent receptor. As shown in
Figure 4(A), a decrease in the amount in ligand-com-
petent receptor for temperatures above 25—27°C was
observed for both the wild-type receptor and BLT1
in the absence of divalent cations. In contrast, BLT1®
in the presence of Zn*" ions was stable up to 38—40°C
without any significant loss in activity.

We then monitored the time-dependent stability
of the modified BLT1 receptor by following the ligand-
competent receptor fraction as a function of time. Fig-
ure 4(B) shows the percent of active receptor as a
function of time. In the case of either the wild-type re-
ceptor (in the absence or presence of Zn*" ions) or
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Figure 4. Stability of BLT1 and BLT1"'S. A: Temperature-
dependent stability of BLT1 (circles) or BLT1" (squares) in
the absence (open symbols) or the presence (closed
symbols) of 1 mM Zn?*. BLT1 was refolded in either fos-
choline-16/asolectin mixed micelles (circles and squares) or
in DDM/asolectin mixed micelles receptor (BLT1: open
triangles; BLT™' in the presence of 1 mM Zn?*: closed
triangles). Data represent the mean SE from three
independent experiments. B: Time-dependent stability of
BLT1 (circles) or BLT1"® (squares) in the absence (open
symbols) or the presence (closed symbols) of 1 mM Zn?™,

BLT1" in the absence of Zn®", a significant decrease
in the functional fraction was observed after a 10 days
period. In contrast, BLT1'®® in the presence of Zn*"
was stable with no significant unfolding up to 15—
16 days.

We also investigated the stability of BLT1'® in
different detergents. The first detergent we tested was
dodecylmaltoside (DDM). This detergent was selected
since similar buffer conditions had been used for both
B,-adrenergic and A,, adenosine receptors after intro-
ducing stabilizing mutations, thus providing a direct
comparison between the three receptors. To achieve
detergent exchange, BLT1 refolded in fos-choline-16/
asoletin mixed micelles was bound to Ni-NTA agarose
and then extensively washed with the same buffer
where fos-choline-16 was replaced by DDM. As shown
in Figure 4(A), BLT1™ in the presence of Zn®* was
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Table 1. Detergent-Dependent Stability of BLT1 and BLT1™"*

fos16 fos12 DDM LDAO DM NG oG
BLT1 ) 100 42 100 92 50 — —
BLT1S 4 7Zn?* 100 96 100 98 95 89 73

Amount of ligand-competent receptor (expressed in % of total receptor) when BLT1 and BLT1™ (in the presence of 1 mM
Zn>") were reconstituted in different detergents (fosi6, fos-choline-16; fosi2, fos-choline-12; DDM, dodecylmaltoside; DM,
decylmaltoside; LDAO, lauryldimethylamine oxide; NG, nonylglucoside; OG, octylglucoside). Assays were all carried out at 20°C.

stable up to 35—-38°C when reconstituted in DDM/aso-
lectin mixed micelles in contrast to the wild-type re-
ceptor where unfolding was observed for temperatures
above 25°C. The gain of stability compared with the
wild-type receptor is in the same range than that
reported for the B,-adrenergic and A,, adenosine
receptors under similar buffer conditions.

We subsequently analyzed the stability of the mu-
tant receptor in other detergents. As described above
for DDM, the receptor refolded in fos-choline-16/aso-
letin was bound to Ni-NTA agarose and then exten-
sively washed with the same buffer where the deter-
gent had been replaced by either fos-choline-16
(fos16), fos-choline-12 (fos12), DDM (see the earlier
section), decylmaltoside (DM), lauryldimethylamine
oxide (LDAO), nonylglucoside (NG), or octylglucoside
(OG). The fraction of ligand-competent receptor at
20°C was then assessed as described above for the
thermostability assays. As shown in Table I, BLT1 was
stable only in fos 16, DDM or LDAO with some resid-
ual activity in fos 12 and DM; no ligand-competent
receptors were observed when the Ni-NTA resin was
washed with OG or NG. In contrast, BLT1"™ in the
presence of Zn>* was fully functional in all detergents
with the exception of OG where a reduced fraction of
active receptor was detected at the temperature used
in this stability assay (i.e. 20°C). This clearly indicates
that increasing the temperature- and time-dependent
stability of the BLT1 receptor also increased its toler-
ance to different detergents.

Discussion
Molecular analyses of GPCRs involve overcoming sev-
eral technical barriers, among them the stabilization of
the native fold out of a membrane environment.
Improving the stability of a purified receptor implies
stabilizing it in essentially one conformation, preferen-
tially that of the ground state that is considered as the
most stable one. For GPCRs, it is assumed that the
helical movements that occur on activation result in
a looser and less stable packing in the protein,
and therefore in a reduced stability in detergent
solutions.'®

It has been shown with different G protein-
coupled receptors, for example, rhodopsin,?® the M1
muscarinic receptor,* or the B,-adrenergic and PTH
receptors'® that introducing histidine residues at spe-
cific positions in the cytoplasmic end of helices 3 and
6 results in a metal binding site connecting both trans-
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membrane segments; introducing such a metal ion
binding site restrains the relative movements of these
helices that occur on agonist-induced activation. We
adopted here a similar approach to stabilize the
ground state of the purified recombinant BLT1
receptor.

The residues at the cytoplasmic end of TM3 and
TM6 to be mutated were selected on the basis of a
three-dimensional homology model of BLT1 based on
rhodopsin structure. As shown in Figure 1(A), the resi-
dues mutated here are closely related to those mutated
in the B,-adrenergic receptor, rhodopsin or the PTH
receptor.’® We selected the structure of the ground
state of rhodopsin as a template for our three-dimen-
sional model since the BLT1 conformation to stabilize
was that of the ground state, as is that of rhodopsin in
this crystal structure. Moreover, BLT1 is closer to rho-
dopsin in terms of both sequence and structural orga-
nization. Similar rhodopsin-based BLT1 models have
been previously published and validated through site-
directed mutagenesis.>*™2"3%> Our rhodopsin-based
model of BLT1 has also been experimentally validated
through a combination of site-directed mutagenesis
and photolabeling experiments (JLB, ML, and JP,
manuscript in preparation). Finally, the fact that the
residues selected on the basis of this model are indeed
properly located to coordinate the divalent cation fur-
ther validates our three-dimensional model for the
ground state of BLT1.

The mutant BLT1' receptor was expressed, puri-
fied and refolded in similar conditions than the wild-
type one. Moreover, we observed an invariance
between the ligand binding properties of BLT1'S in
the absence of Zn>* and those of the wild-type recep-
tor. The ligand binding properties of the receptor were
assessed here by measuring the changes in the
dichroic properties of LTB, induced by the binding to
BLT1. Free LTB, is characterized by a four-band CD
spectrum in the 240—290 nm region. As we previously
reported,® binding to the recombinant receptor
results in an increase in the intensity of all LTB,
dichroic bands that can be interpreted as a skewing of
the time-averaged planar triene in free LTB,. The
changes in the CD properties associated with the tri-
ene moiety of LTB, are therefore very sensitive to
subtle changes in the torsional features of this triene.
The similarity in the intensity of the LTB,-associated
CD bands obtained with BLT1 and BLT1™ (in the ab-
sence of Zn®") is thus direct evidence for a structural
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invariance of LTB, bound to both receptors. These
observations, associated with the invariance in the CD
(far- and near-UV regions) and Trp-fluorescence spec-
tra of the two receptors (data not shown), strongly
suggest that the mutations do not affect the overall
fold of the BLT1 receptor.

The modified BLT1 receptor in the presence of
Zn** bound its LTB, agonist with a significantly
decreased affinity. Moreover, in the presence of Zn*",
BLT1™ was no longer able to trigger G protein activa-
tion. All these data suggest that introducing a metal-
ion binding site between TM3 and TM6 locks BLT1 in
its ground state, in agreement with previous models
for GPCR activation (Ref. 18 and references therein).

Stabilizing membrane proteins in solution can be
required to assess their structure, as recently illus-
trated in the case of the B,-adrenergic receptor.®® The
data reported here clearly establish that creating a cat-
ion-binding site connecting TM3 and TM6 stabilizes
BLT1 in its ground state conformation; this leads to an
increase in its thermostability in detergent solutions,
with a shift in the apparent T, of about 10°C. More-
over, the modified receptor appears to be stable in a
variety of detergents, in contrast to the wild-type re-
ceptor. Such a conformational stabilization could be of
importance in the context of the crystallization of this
pharmacologically important receptor. Finally, the
interesting feature with this mutant is that the same
receptor protein can be readily turned from its inactive
to its native conformation simply by chelating the
divalent cation, with not other modification of the pro-
tein. All these features make the BLT1™® protein par-
ticularly well suited for crystallization and subsequent
structure determination.

Methods

Materials

LTB, was purchased from BIOMOL laboratories. All
detergents were from Anatrace; thrombin and TPEN
were from Sigma.

Computational methods

A full account of this simulated 3D-model will be pre-
sented elsewhere including a possible interaction of
LTB, with BLT1 within the ligand-binding pocket
(JLB, ML, and JP, manuscript in preparation). Briefly,
calculations were performed on an SGI Octane work-
station using Macromodel version 6.5 (Columbia Uni-
versity, New-York)3® or Insight II and Discover version
2000 (Accelrys Inc.). The homology building proce-
dure was performed within the Homology module of
Insight II. Alignment of sequences was performed
using the Homology multiple-sequence aligner soft-
ware via the PAM (120 or 250) matrices or the Clustal
W software as implemented within Homology module.
The starting template structure was the bovine rho-
dopsin X-ray structure (PDB code 1U19; Ref. 37). The
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coordinates for non-homologous loops were extracted
from a data-base generated (via an Insight II utility)
from o-carbon distances matrix arising from a 250
proteins set. The crude model was refined by several
cycles of splice repairs on the loops and relaxation on
the SCR’s sides using 100 steps of Steepest Descent
and 500 cycles of conjugate gradient. Then small 5 ps
molecular dynamics runs were performed on each
loop to relax the strains. Finally the entire backbone
was fixed and the whole side chains were fully mini-
mized with conjugate gradient method until a RMS of
0.1 keal A~* mol~" was reached. At this stage the disul-
fide bond was built. The minimization process was
then resumed with the helices backbone fixed but with
a tethering constraint applied on the backbone of all
loops. This constraint was slowly lowered (starting
with a 200 keal A~* mol ™" force constant) in a step-
wise manner. Then the helices backbone was unfixed
and a tethering constraint was applied on them and
the same stepwise minimization process was resumed
until the RMS is below 0.1 kcal A~ mol* and the
tethering force is 10 keal A~ mol .

Site-directed mutagenesis and

protein production

All mutations were introduced in the wild-type BLT1
receptor by PCR-mediated mutagenesis using the
QuickChange multisite-directed mutagenesis kit (Strata-
gene) and the wild-type BLT1 construct®* as a template.
Mutations were confirmed by nucleotide sequencing.
The unfolded wild-type receptor and the different
mutants were then expressed in Rosetta(DE3) E. coli
strain inclusion bodies and refolded in fos-choline-16/
asolectin mixed micelles in a buffer 12.5 mM Na-borate,
100 mM NaCl, pH 7.8 as described in Damian et al.*®

Ligand- and cation-binding measurements
Fluorescence-based Zn**-binding experiments were
carried out using the Zn*"-binding chromophore mag-
fura-2 as described by Eren et al.2® Protein concentra-
tions were in the 1077M range. All protein concentra-
tions were calculated from UV-absorptivity values
(Cary 400 spectrophotometer, Varian) using the
extinction coefficient calculated by the method of Gill
and von Hippel.3® Fluorescence measurements were
carried out with a Cary Eclipse fluorimeter (Varian).
Buffer contributions were subtracted under the same
experimental conditions. Circular dichroism (CD)-
monitored LTB, titration experiments were carried out
as previously described.”® The spectra were the average
of five scans using a bandwidth of 2 nm, a step-width
of 0.2 nm and a 0.5 s averaging time per point. The
cell path length was 1.00 + 0.01 mm. BLT1 concentra-
tions were determined by UV absorption. A molar
absorptivity of 5.0 x 10* L mol ' em ' at 270.5 nm3°
was adopted for LTB, without any correction for sol-
vent effects. All titration data were analyzed using the
PRISM software version 4.0 (Graphpad Inc.).
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G protein activation assays

GTPyS binding assays were carried out as described by
Oldham et al.*® Briefly, the basal rate of GTPyS bind-
ing was determined by monitoring the increase in the
intrinsic fluorescence (Aexy = 295 NM; Aey = 345 NM)
of Ga. (500 nM) reconstituted with GB,y, (500 nM) in
buffer containing 10 mM MOPS (pH 7.2), 130 mM
NaCl, and 2 mM MgCl, for 20 min at 20°C after the
addition of 10 mM GTPyS. Measurements were carried
out in the absence or presence of 100 nM BLT1. The
data were normalized to the baseline (0%) and the flu-
orescence maximum (100%). Data represent the aver-
ages from three experiments. The assays in the pres-
ence of TPEN were carried out by incubating the
BLT1' protein first in the presence of 1 mM ZnCl,
for 30 min and then in the presence 1 mM TPEN for
additional 30 min before measuring agonist-induced
GTPyS binding. The Gu;,By proteins were produced as
previously described.?”

Thermostability and time-dependent

stability assays

Thermostability was assayed by incubating different
receptor samples at the specified temperature for 30
min. The samples were then placed on ice. The
amount of active receptor was then determined by cir-
cular dichroism by recording the intensity of LTB,-
associated CD band centered at 270.5 nm and normal-
izing to the intensity obtained for the initial receptor
preparation before any heating. The intensity of this
band is directly related to the amount of LTB, bound
to the receptor.®* For the time-dependent stability, the
intensity of LTB,-associated CD band at 270.5 nm in
the presence of BLT1 was recorded after storage at 4°C
for the duration indicated and normalized to the in-
tensity obtained for the initial receptor preparation.
For the detergent-dependent stability, the receptor was
refolded in fos-choline-16/asolectin mixed micelles as
described above, bound to Ni-NTA superflow (Qiagen),
and then extensively washed with the same buffer
where fos-choline-16 was replaced by either fos-chol-
ine-12 (fos12), DDM, DM, LDAO, NG, or OG. The
detergents were used at a 1.5 times their cmc value.
After elution from the column with the same buffer
containing 200 mM imidazole, the protein was dia-
lyzed overnight in a buffer 25 mM Na-phosphate, 100
mM NaCl, pH 7.0 containing the corresponding deter-
gent/asolectin mixture. The amount of active receptor
was determined by measuring the intensity of the
LTB,-associated CD band at 270.5 nm in the presence
of BLT1 after 30 min incubation at 20°C.
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