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ABSTRACT: Leukotrienes are inflammatory mediators that bind to seven transmembrane, G-protein-coupled
receptors (GPCRs). Here we examine residues from transmembrane helices 3 and 5 of the leukotriene B
(LTB4) receptor BLT, to elucidate how these residues are involved in ligand binding. We have selected
these residues on the basis of (1) amino acid sequence analysis, (2) receptor binding and activation studies
with a variety of leukotriene-like ligands and recombinant BLf€ceptors, (3) previously published
recombinant BLT mutants, and (4) a computed model of the active structure of the Biceptor. We
propose that LTBbinds with the polar carboxylate group of LTBear the extracellular surface of BLT

and with the hydrophobic LTBtail pointing into the transmembrane regions of the receptor protein. The
carboxylate group and the two hydroxyls of LT Biteract with Arg178 and Glul85 in transmembrane
helix 5. Residues from transmembrane helix 3, Val105 and lle108, also line the pocket deeper inside the
receptor. LTB is becoming increasingly important as an immunomodulator during a number of pathologies,
including atherosclerosis. Detailed information about the JAiBding mechanism, and the receptor residues
involved, will hopefully aid in the design of new immunomodulatory drugs.

The leukotrienes are a family of eicosanoid lipid mediators an epitope-tagged chimeric protein consisting of the extra-
derived from the oxidative metabolism of arachidonic acid. cellular half of BLT; and the intracellular half of the purine
These proinflammatory substances are important for normalreceptor, P2Y2. These receptors were well expressed, bound
host defense, as well as the pathophysiology of a number ofLTB, at least as well as wild-type receptors, and were
inflammatory and allergic diseases, especially in the skin functionally similar to the wild-type BLT. This implies that
joints, circulatory system, and respiratory tract (e.g., refs the essential LTBbinding epitopes are located within the
1-4). The present work focuses on the heptahelical G- upper (extracellular) half of the protein or involve amino
protein-coupled receptor (GPCHBLT 1, the primary receptor  acids that are similar in both receptors. Finally, an elegant
for leukotriene B (LTB,). pair of studies published by Bares et al. T, 8) examined

There is relatively little mutational data available for the solubilized BLT; receptors produced usirigscherichia coli
portions of the BLT receptor that are likely to be involved  bacteria. These studies showed that each;Bedeptor binds
in ligand binding. Chiang et al5] studied chimeric receptors  one LTR, molecule and that both the ligand and the receptor
constructed by exchanging successive portions of Hbil undergo conformational changes during ligand binding.
the corresponding portions of the lipoxin feceptor ALXR. The purpose of the present work is to use point mutations
This studylndlca_ted that I._TB:)mdmg |s_affected by changes to elucidate which BLT residues are important for LT,B
mgde anywhere in BL{J .W'th the exception of the C-terminal binding. No crystallographic structure data exist for BLT
tail, but receptor protein expression at the cell surface was g, i grger to make informed decisions about which residues
not examined in this study. Gearing et &) bave produced to mutate, we began with the construction of a homology

T This study was financially supported by the AFA Health Founda- model of BLT; based on t,he StrUCt_ure of bovine rhodopsin,
tion, the Swedish Medical Research Council (03X-10350), Konung the only GPCR for which detailed structural data are
Gustav V:s 80 &rsfond, and EC FP6 funding (LSHM-CT-2004-005033). currently available). The implausible results obtained from

This publication reflects only the author’'s views. The European imi ; ; ; ;
Commission is not liable for any use that may be made of information preliminary docking experiments with this Bl Tmodel

herein. suggested that an active conformation of the receptor would
* Corresponding author. E-mail: Alan.Sabirsh@ki.se. Tel6 (0)8 be necessary for exploring the binding of agonists. We have
524 876 30. Fax:| 46 (0)8 736 04 39. therefore used an active, theoretical, rhodopsin conformation
arolinska Institutet. . .
s Adelard Institute and Magdalen College. as a modeling template for BLT10). A theoretical model
I Lund University. of an active rhodopsin conformation is not, however, an

! Abbreviations: GPCR, heptahelical G-protein-coupled receptor; LT, entirely appropriate template for Bl Because the activation

leukotriene; BLY and BLT, LTB, receptors 1 and 2, HETE,  of rhodopsin receptors probably induces protein conforma-
hydroxyeicosatetraenoic acid; TMx, receptor transmembeahelix,

where the “x” refers to helix 7; WT, wild type; EGFP, enhanced ~ tions that are unique to these receptors. To avoid this
green fluorescent protein. problem, we then docked LTBnto the active BLT, receptor
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model and identified several residues as candidates forturer's recommendations except that Platinum Pfx DNA
biochemical validation using point mutations, together with polymerase (Invitrogen) was used instead of Pfu Turbo DNA

binding and functional assays. Here we present the interactionpolymerase. The template for the generation of Binlitants

of residues from TMs 3 and 5 with LTBand several other

was the pEAK-BLT1-HFTE vector containing a human BLT

ligands. We have used these results, together with previouslyreceptor that has been C-terminally tagged with adiieg
published mutational data, to create the first proposal for (H), a FLAG tag (F), and the recognition site for the tobacco

LTB4 binding to its principal receptor, BLT
EXPERIMENTAL PROCEDURES

Chemicals and Reagent$-transLTB, (5S512R-dihy-
droxy-6,8,10trans-14-cis-eicosatetraenoic acid),tans-12-
epirLTB, (5S512Sdihydroxy-6,8,10trans 14-cis-eicosatet-
raenoic acid), and &ans8-cis-LTB, (5S,12R-dihydroxy-
6,104rans-8,14<cis-eicosatetraenoic acid) were biosynthesized
from incubations of recombinant mutated Tyr378Phe LTA
hydrolase {1) with synthetic LTA, prepared as described

(12). Each compound was purified and isolated on reverse-

phase HPLC, as described3j. After evaporation of the
HPLC mobile phase under,Nhe compounds were dissolved
in methanol and stored at80 °C in light-protected vials.

The following compounds were obtained from BIOMOL
Research Laboratories (Plymouth Meeting, PA): LTB
(leukotriene B, 5S12R-dihydroxy-6,14,17eis-8,104{rans
eicosatetraenoic acid), LERleukotriene B, 55 12R-dihy-
droxy-6-is-8,104rans-eicosatetraenoic acid), S3.25-di-
HETE (5512S-dihydroxy-6,10trans-8,14<¢is-eicosatetraenoic
acid), 155HETE (155-hydroxy-5,8,11eis-134rans-eicosatet-
raenoic acid), 20-COOH-LTB(20-carboxyleukotriene B,
20-OH-LTB, (20-hydroxyleukotriene B, 5SHETE (55
hydroxy-6<is-8,11,14trans-eicosatetraenoic acid),
HETE (12R-hydroxy-5,8,14eis-10+trans-eicosatetraenoic acid),
and 15HETE (12hydroxy-5,8,14eis-10trans-eicosa-
tetraenoic acid).

Quantification of all compounds was carried out by UV

etch virus (T) protease followed by EGFP (E). Two
complementary primers containing the desired base pair
changes in the middle of a minimum of 34 bases of wild-
type sequence were used as primers for each mutation. PCR
products were generated according to the manufacturer’s
recommendations, purified using G-50 gel filtration spin
columns (Amersham), and treated with 20 unitsDynl
(New England Biolabs) before they were used to transform
competentE. coli XL-1 Blue cells (Stratagene). Bacterial
colonies were screened using PCR and mutant-specific
primers. Plasmids, prepared from positive clones, were
purified using QIAspin Miniprep columns (Qiagen), and
plasmid integrity was confirmed using automated DNA
sequencing with BigDye (Applied Biosystems).

Flow Cytometry.Flow cytometric analysis of receptor
expression was performed as previously descrikéfl Red
fluorescent anti-BLT antibody (14F11) was obtained from
R and D Systems. This antibody does not activate Brid
has been shown to bind epitopes that are unrelated to the
LTB,4 binding site but which are dependent on the tertiary
structure of the receptor proteitg).

Membrane PreparationUsing methods previously de-
scribed (6), membranes were prepared from monoclonal
HF1 cell lines, each expressing one BlLdonstruct. Poly-
morphonuclear cells (PMNCs) were isolated from human
buffy coats, following red cell sedimentation with 0.6%
dextran, using a density gradient (Lymphoprep; Axis Shield,
Olsa, Norway) centrifugation. Essentially pure and viable

spectrophotometry using extinction coefficients of 23000 (at PMNCs (>95%, verified histologically using cellular mor-
236 nm) for hydroxyeicosatetraenoic acids (HETES), 40000 phology, >99% viable using trypan blue exclusion) were

(at 269 and 268 nm) for Gans8-cis-LTB, and 5125
diHETE, 50000 (at 270 nm) for LTB 20-OH-LTB,, 20-
COOH-LTB,, LTB3, and LTBs, and 50000 (at 268 nm) for
6-transLTB, and 6trans12-epiLTB,. The substances were
>99% pure, with the exception o8L2S-diIHETE (>90%),
6-transLTB, (>75%), and 6trans8-cis-LTB, (>94%).
Tritiated LTB, (195 Ci/mmol) was from NEN Life Science
Products (Boston, MA) or International Isotopes Clearing

obtained following washing, and these cells were homog-
enized as above.

Binding AssaysRadioligand binding assays were per-
formed using opaque white 96-well filter plates with FC glass
fiber filters (model MAFC-NOB, multiscreen assay system;
Millipore, Bedford, MA). The plates were presoaked with
binding buffer (0.02 M HEPES, 10 mM Ca£l10 mM
MgCl,-6H,0, pH 7.5), which was then exchanged for 75

House Inc. (Leawood, KS). All tissue culture media and ;| of pinding buffer containing 1.0 nMH-LTB, and, if

reagents were from Life Technologies pha Sweden).
Alexa Fluor 568 (Molecular Probes) was added to L TB

APA (LTB4 aminopropylamine; BIOMOL) according to

Sabirsh et al.X4) to produce fluorescent LTELTB-568).
Cell Culture. Cultures of HeLa HF1 luciferase reporter

necessary, 2.&M unlabeled LTB in order to determine
nonspecific binding. The binding reaction was started by
adding another 7L of binding buffer containing 1.0«g

of rehomogenized cell membrane and the appropriate
concentration of any test substance. For experiments with

cells were created and maintained according to Kotarsky etLTC, and LTD;, the binding buffer also contained a final

al. (15). HF1p sham cells and HF1 cells expressing wild-
type, untagged, BLireceptors (HF1pBL{), EGFP-tagged

concentration of 50 mM serineborate or 20 mML-
penicillamine, respectively. The membrafgand solution

BLT: (HF1pBLT;-EGFP), or one of nine point mutations was incubated fol h atroom temperature. The reaction was
of the wild-type receptor (e.g., Arg178Glu) were created by terminated by rapid filtration, and the filters were then
transfecting cells with plasmid DNAs using Lipofectamine washed three times with 2¢Q. volumes of ice-cold washing
PLUS (Invitrogen) as described by the manufacturer, and buffer (20 mM Tris base, 0.5 g/L BSA). Excess washing
stable receptor-expressing clones were selected using purobuffer was removed by blotting, and the plates were dried
mycin. in a vacuum oven at 40C for 30 min. Twenty-five
BLT; Point Mutations All of the mutations were generated microliters of Microscint-O (Packard) was then added to each
using QuickChange (Stratagene) according to the manufac-well, and®H-LTB, binding was evaluated using TopCount
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NXT (Packard) and Micro Beta (Wallac) scintillation [Van Gunsteren, W. F., and Berendsen, H. J. C. (1987)
counters. GROMOS: Groningen molecular simulation computer pro-
There was a linear correlation between the amount of gram package, University of Groningen, The Netherlands]
radioligand bound and the amount of membrane protein as implemented in the WHAT IF software package. The final
added to each well. Counting efficiency was approximately model was validated using the FULLCHK procedure in
20%. No specifiéH-LTB, binding to sham-transfected HF1 ~ WHAT IF.
cells was observed. Ligand Docking.The ligand docking position was selected
For each ligand, the concentration that inhibited half of using two parallel strategies. The first approach used an
the®H-LTB, binding (1Go) was determined from competitive  iterative procedure that placed small probe atoms into the
binding curves using nonlinear regression (Graph Pad, modeled active receptor in such a way as to minimize their
Prism), and this in turn was used to calcul&teaccording interaction energies with the receptor protein, using the
to Cheng and PrusoffLf). The results shown were obtained program PLIM [protein ligand interaction modelle2Qj].
from duplicate wells in three separate experiments unlessThese probe atoms were given chemical characteristics
otherwise stated. similar to the various atoms in the ligand. The 10 best-fitting
Functional Assays of BliTActizity Using a Luciferase  probes (lowest interaction energies) were selected within a
Reporter SystenmlThe assay for agonist-induced luciferase given volume. This volume initially encompassed the entire
production was performed according to Kotarsky et Hb) ( membrane-spanning portion of the receptor but was subse-
Briefly, this is an assay that was designed to funnel several quently reduced interactively.
GPCR signaling pathways (including calcium and MAP  The second approach utilized the program FlexX, version
kinase pathways) toward a luciferase gene by using a1.10.1 @1), and the BLT agonist, LTB. A virtual depro-
synthetic enhancer containing nine OZetradecanoylphor-  tonated LTB molecule created using Sybyl (version 6.7.2;
bol 13-acetate responsive elements fused to a minimal CMV Tripos Inc., St. Louis, MO) was inserted by FlexX into a
(cytomegalovirus) promoter. BliTproduces a large robust  complete rigid model of BLT in an active conformation.
signal using this system. Curve fitting and statistical analysis Free energy values were calculated for each of the FlexX-
were performed using Prism (GraphPad). To normalize the generated LTB conformations, and the lowest energy
responses obtained from the reporter system, the various celtonformations were selected for comparison with the PLIM
lines expressing receptor mutants were stimulated with 100probe atom positions.
nM phorbol myristate acetate to directly activate the lu- Following docking, the LTB conformation with the lowest
ciferase reporter system. o energy was energy minimized in the absence of the receptor
Receptor ModelingThe template used for model building  protein using the MMFF64s force field as implemented in
was an active conformation model of bovine rhodop4id) ( Syby! (version 6.7.2; Tripos Inc., St. Louis, MO), and this
determined by applying experimentally derived distance conformation was compared to the docked ligand structure.
restraints (from ligand binding, mutational, chemical labeling, This was done to determine whether the docked ligand
and spectroscopic data) to the crystal structure of inactive ;gnformation was close to a local energy minimum.
bovine rhodopsin (PDB ID 1f88)9). To construct a Independent calculations, designed to detect cavities and
theoretical model of BL7, the amino acid sequences forthe  .oves in the receptor model, were also performed using
transmembrane regions of BL.Were aligned to the corre-  \wu4AT IF in order to verify that the LTB molecule had
sponding regions in the template according to Frimurer et ;oo qocked into an accessible space large enough to
al. (18). accommodate it. This procedure was performed with the

Briefly, each transmembrane segment of the receptor Wasgy o cellular loops of the receptor in place and the same rigid
constructed using the template structure and the BLDPIR receptor conformation used for docking.

subroutine in WHAT IF £9). The_loop regions of t_he . Residues that could be important for ligand binding were
receptor were then constructed using the DGINS option in identified using bioinformatic methods (Table 1) and by

WHAT IF. This is a best-fit method that selects loops from using WHAT IF to calculate the solvent (water) accessibility
a database of crystal structures that match the sequence t9f the surface of the BLTmodel. This latter procedure was
eperformed with and without LTBpresent (using the lowest
energy conformation predicted by FlexX) in the proposed
roinding pocket to calculate the change in surface accessibility
for each residue.

fragments). Loop template fragments were also interactively

selected so that those residues overlapping the recepto

residues adjacent to the loop should have cahelical

conformation. The introduction of defined secondary struc-

ture (such as sheets and helices) within the loops wasResyLTS

avoided, and preference was given to loop fragments that

had a “turn” or “coil” type of structure. Finally, fragments Ligand Conformations, Receptor Binding, and Efficacy.

containing prolines were avoided unless there was a proline The efficacy of a series of substances structurally related to

at the same location in the BlLTsequence. A highly  LTBswas determined to explore structeiactivity relation-

conserved (within the GPCR superfamily) disulfide bond ships in the context of our experimental setup. For the

between Cys90 in the third transmembrane helix and Cys168following sections please refer to Figure 1 for molecular

in the second extracellular loop was also included. structures, which will be referred to below by the letters
The resulting structure was then subjected to energy A—N.

minimization “in vacuo”, with torsional constraints applied The affinity of many ligands for BLTis well documented.

to preserve the helices (to prevent helix unwinding and to Our results, presented below and as Supporting Information,

mimic the lipid bilayer environment) using GROMOS87 are in agreement with the bulk of the literature. The most
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Table 1: Bioinformatic Identification of Ligand Binding Residées c;:::ﬁ:" /Hg,?,r:::'
accessibility highly c /5:_5\ c12 Omega

BLT;  change conserved BLTY/BLT, BLT:  BLT: /@) (gn) Trene (o) end
residue  (A?? GPCR  conservetl conservetl uniqué (A) LTB, |\9_/ 3 N
Val105 21.1 ° ° oH oH
Glu185 17.2 ® ® ® (B) LTB; HO =
Met101 16.0 [ (] o] oH H
Leul53 15.0 [ ] [ ] (€) LTB; HO —
Argl78 125 ® o OH H
Trp234 73 ® o D 0 J\/\/\W%vi/-\/\/\lo"
Asn281 58 o o o SIS . ™
Gly189 5.5 (] g -
Pro193 5.5 ° ° ° 3 NCONLTRy W =
Tyr102 4.7 ° ° ° 'S
His181 3.8 [ ] [ (F) 55 125 dIHETE HO
Thr188 3.3 [ ) (] (] oH oH
Phe230 2.8 (] [ ) o . A=
Ser277 24 ® °® (G) &-trans 8-cis LTBy HO' )
His94 1.9 ° ° g
Leul82 1.9 PY ® ® (H) B-trans LTB; HO
Glyos 1.6 ° ° ° s o
Thr109 1.6 [ [ () 6-trans 12-epi LTBy HO'
1le108 0.7 (] (] " H
Tyr237 0.5 [ [ ) SSHETE HO. —_ =
Ala274 0.4 [ J [ J H
Thrl57 0.3 (K) 12R HETE HO. -
Vall58 0.3 ( ®
Ser278 0.3 (] (] L 12SHETE HO -

aWater accessibility to residues on the surface of Blwas OH
calculated before and after the addition of LiIsing the ACCESS (M) 15SHETE HO - -
subroutine in WHAT IF. BLT, residues with different accessibilities OH
following ligand docking are ranked from the largest to the smallest () LTB4-APA H H
change (in A). Residues shown iitalic type were subsequently P g _
mutated? Residues that are highly conserved within the rhodopsin HN N

receptor family £ LTB, binding residues identified by docking experi-
ments that are also conserved in both Blahd BLT,. For this step

BLT: (human, mouse, rat, guinea pig) and BL{human, mouse) Lo .
isoform sequences were also aligned with four genetically related SUPStances that were not active in functional assays were

receptor sequences (human fMLP, c5a, somatostatin 2, and somatostatifiOt tested using competition assays, with the exception of
4 receptors)? Residues involved in LTBbinding conserved in BLT capsaicin. LTB has been shown to bind to the capsaicin
isoforms.© The related receptor sequences (see footaptgut not receptor VR122), and so we determined whether there was
BLT: isoforms) were used to eliminate BLiesidues that also occurred 4 raciprocal interaction. Capsaicin was not, however, found
in genetically similar receptors and thus were probably conserved more "~ "\ . " S
generally. Most of the residues remaining after this procedure are also.to inhibit *H-LTB, binding to I-_leLa cell membranes express-
found in BLT,. ing BLT; even at concentrations up to 401.
The presence of the hydroxyl portion of the Ly&arboxyl
potent ligand was found to be LT,Byhich had a mean Bg group (which is deprotonated to produce the leukotriene’s
value of 7.4 (1.#12) nM (mean and 95% CI). Thi€, for negative charge) is not essential for agonistic activity because
LTB4 was determined to be 18 0.5 nM (results are the if this group is replaced with aminopropylamine [as with
mean + SEM using triplicate measurements from three LTB4,APA (N)], the ligand is still active. Furthermore, after
separate experiments). TBgax value calculated for receptor  attaching the bulky fluorophore Alexa Fluor 568 to the free
expression using data from the same experiments was 23Gamino group on this moleculelq), the resulting ligand,
+ 20 fmol/mg of membrane protein. Under similar condi- LTB,-568, could still bind to and activate the receptor.
tions, using membranes obtained from human granulocytes, Of the ligands we have studied, all of the most efficacious
LTB, competed foPH-LTB, membrane binding sites with  agonists had a C5 hydroxyl group in tieconformation.
aKgof 1.7+ 0.7 nM, and the calculateB,.x value was 19 Several ligands, RHETE (K), 12SHETE (L), and 1%
+ 2 fmol/mg of membrane protein, indicating that endog- HETE (M), lack a hydroxyl at this position. These ligands
enous receptor expression in blood cell membranes isbind very poorly and have very low efficacies, with the
somewhat lower than in our recombinant cells. exception of 1R-HETE, which is a weak agonist. Ligands
Substances that were functionally inactive included various such as @ransLTB, (H), 64rans-12-epiLTB, (1), 55125
HETESs and prostaglandins, the cysteinyl leukotrienesJ, TC diHETE (F), and, in particular, SHETE (J), which have
LTD,, and LTE, lipoxins A, and B, anandamide, arachi-  C5 hydroxyl groups in an appropriate conformation, also bind
donic acid, 1$%HODE, and capsaicin (data not shown). No poorly, however, and have low efficacy.
responses that were significantly different from experimental  Altering the configuration of the hydroxyl on the 12th
baselines were observed after administering these ligands tacarbon [as with Grans12-epiLTBy, (1) or 5S12S-diHETE
sham-transfected HF1 cells, with the exception of prostag- (F)] produces molecules that bind very poorly to BLT
landin Ra, which had a stimulatory effect due to the Similarly, 12R-HETE (K) binds to the receptor and retains
endogenous expression of TP receptors by Hela cells.some efficacy, whereas SHETE (L) does not bind.

Ficure 1: Leukotriene B and structurally related eicosanoids.
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Ficure 2: 3D computer models of BLitbound LTB,. (A) A defocused stereoview of PLIM probe atom positions is shown as multicolored
spheres (blue for water, green for aliphatic carbons, and magenta for carboxylates). The lowest engrgynifdration proposed by
FlexX is also shown as a ball and stick model (standard CPK colors). The C1 carboxyl is at the upper left,cacdhen C20 is at the
bottom. (B) A defocused stereoview showing the conformations of the receptor-boundrol®&ules with the lowest energies as determined
by FlexX, colored from purple to red (highest to lowest energy). The receptor protein has been deleted for clarity.

Molecules lacking the C12 hydroxyl, such &SHETE (J),
bind very poorly and cannot activate BLTf the hydroxyl
group is moved to carbon 15, as with@BHETE (M), then
binding is also reduced. Other substances, such & 13
HODE, which lack the C5 and C12 hydroxylations, are
completely inactive.

Adding a hydroxyl to the ligand at the carbon 20 (D)
had very little effect on either ligand affinity for the receptor
or ligand efficacy at the receptor. A more bulky and
hydrophilic carboxyl group in this position produces a ligand
[20-COOH-LTR, (E)] that binds to and activates the receptor
less well.

Homology Modeling of BLT There are several aspects

was constructed with this constraint. Prolines occurring in
the TM regions are also noteworthy because of the unusual
geometry they can induce. There are seven prolines within
the TM regions of BLT, and their locations are conserved
in all BLT; and BLT; receptor isotypes. Only one of these,
Pro72 in TM2, lacks representation in bovine rhodopsin. It
is unlikely that the kinking in TM2 of BLT resembles that

of rhodopsin, because the Gly89-Gly90 sequence, and its
position, in rhodopsin will cause the helix to kink differently
than the Tyr70-Ala71-Pro72 motif in BLT Most GPCRs

are in fact very different to bovine rhodopsin in this region
(23). A similar situation arises at the bottom of TM7 in BL,.T
where there are three glycines, and any deviation from

of the receptor model that warrant comment. There are two normal helical geometry that may be caused by these glycines
probable glycosylation sites, Asp2 and Asp164, but we chosein BLT; was not present in the template structure and is thus
not to glycosylate the receptor given the uncertainties not present in our model.

regarding the structure of possible glycosylations. In almost

Ligand DockingOnly the membrane-spanning regions will

all GPCRs there is a highly conserved disulfide bridge that be considered in detail with respect to ligand docking, and
in BLT; connects Cys168 in the second extracellular loop only those residues on TM3 and TM5 that we (or others)
and Cys90 in the third transmembrane helix, and our model have investigated using point mutations will be dealt with
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in detail. The extra- and intracellular loops may affect ligand
binding, and they were present during docking, but the loop
structures and their effect on the shape of the binding pocket

remain speculative (although loop structures are based on

conformations known to exist in crystallized proteins). The
effects that the extracellular Bl Tloops have on ligand
binding will, however, remain unclear until more biochemical
data emerge.

The BLT; agonist, LTB, was inserted in its deprotonated
form into the rigid model of the active BLiTreceptor using
the FlexX @1) and PLIM 0) programs together, by first
docking LTB, using FlexX and then comparing the resulting
ligand conformations and positions with probe atom positions
calculated using PLIM (Figure 2A). The two LT,Bydroxyl
groups were docked in the vicinity of water probes and the
carboxyl group near a carboxylate recognition site. Most
probe atom positions that did not colocate with ligand atoms
were in positions inaccessible to ligand atoms because of
steric hindrance from surrounding atoms or were too deep
down in the receptor to be accessible to ligands such as.LTB
Some of the water molecule probes could also be in the
ligand binding pocket even when the ligand is present. Taken
together, the PLIM results overlap the ligand binding
positions and conformations proposed by FlexX and support
the proposed docking position.

To examine the binding of an agonist molecule (LY ®
BLT;, we have used a computed model of the active
conformation for rhodopsin1Q) as a template for the
construction of the BLT model. Using FlexX, we initially
attempted to dock LTBinto an inactive conformation of
BLT; based on the rhodopsin crystal structug® (While
LTB, did bind, the lowest energy docking positions were
found to be near the top of the receptor in a biologically
implausible position, with the docked LTBointing out into
the surrounding membrane lipids.

In the model presented here, the three L€Bnformations
with the lowest energies covered a range of only 0.7 kcal/
mol. The more extreme docking conformations of the LTB
molecule (the two outliers in Figure 2B) had energies
differing by as much as 9.9 kcal/mol from the three lowest
energy conformations. The ligand energy in a vacuum, as
determined using the MMFF64s force field, was 8.4 kcal/
mol. Using the lowest energy docking conformation of L,TB
the ligand energy (when docked in the receptor) was
calculated to be 12.9 kcal/mol. When the docked ligand
conformation was energy minimized in the absence of the
receptor protein, its energy fell only slightly to 11.7 kcal/
mol. This indicates that this conformation corresponds to a
local minimum close to the global minimum in vacuo. When
bound to the receptor, this LLTRonformation is probably
at a global minimum in that context.

The double bond conformation we have used for the triene
portion of the docked ligand has been proposed following
nuclear magnetic resonance studies of an L pBtassium
salt in an aqueous solutior?4). Banees et al. 8) have
proposed that the triene may be skewed, although the exac
conformation is unknown. The triene portion of the lowest
energy LTB docking conformation in our active B, Tmodel
is twisted by only 0.6 deg between the first double bond
and the second ane3.1 deg between the second and the
third.

Sabirsh et al.
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Ficure 3: Ligand-receptor interactions. An overview of mutated
residues in the BLT binding cavity. For clarity, only part of
extracellular loop 2, TM3, and TM5 are shown. The cysteine bridge
between extracellular loop 2 (Cys168) and TM3 (Cys90) is visible
at the top right of the figure. Not shown is Tyr237 from TM6.

To further support the proposed ligand position and
structure within the receptor, we calculated the locations of
cavities within the BLT, receptor. There is one large pocket
in the receptor model; approximately 23 A deep and 8 A
wide, this pocket is located between TM helices 3, 5, 6, and
7, and both FlexX and PLIM docked LTBnto this volume.

Following virtual LTB, docking, changes in the solvent
accessibility (evaluated using water as a probe molecule) to
the receptor surface indicated a number of residues that may
be involved in ligand binding (Table 1). Almost all of the
identified residues are conserved in BLiEBoforms, the
exception being Arg178, which is represented by a similarly
charged lysine in all other species for which the BLT
sequence is known. Most of the residues identified in this
way are also conserved in Bi,Tand most are unique to the
BLT4/BLT, family if the amino acid sequences of genetically
similar receptors are used to eliminate residues that are
homologous in receptors that do not bind LiTB

BLT; Mutations: Effects on Receptor Function and Ligand
Binding.An overview of most of our BLT modifications is
shown in Figure 3. All of the mutant BLiTreceptors were
expressed on the cell surface in varying amounts (Table 2),
and almost all responded to LEBtimulation (Tables 37),
tvith the exception of the Vall05Asp, 1le108His, and
lle108Asn mutations, which were almost inactive. Wild-type
receptors C-terminally tagged with EGFP expressed well and
were just as sensitive to LTBsimilar EGg) as untagged
receptors but did not signal as well in response to a given
concentration (Table 3 and Figure 4). This attenuation of
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consisting of the extracellular half of BLTand the intra-

Table 2: Radioligand Binding and Receptor Expression Data ?
cellular half of the purine receptor, P2Y2, corroborates our

expression . . ;
Ko+ SEM pvallevs B (% of receptors proposed BLT mode!. Some qf the Il_garjd blndllng r¢3|dues

cell line ("M)2  WT EGFP (fmolimg)  on surfacé) that appeared to be involved in LEBinding during virtual
<ham ND ND ND 13 dockl_ng experiments are f(_)und within the BLEgions that
wild type 13405 NS 230 96 (3.5) Gearing et al. replaced with the P2Y2 sequence, but most
WTEGFP  2.14+0.4 ND 250 3 of these residues (Vall105, Ile108, Thr109, Phe230), with the
Argl78Glu 13+ 1.5 <0.05 130 52 exception of Asn281, are represented by the same or similar
ér|9178"e“ 45+ 3 <0.05 160 73 amino acids in the P2Y2 receptor (isoleucine, leucine,

ulssval 64+ 4 <0.05 175 81 . . . )
Glu1l85His 325 <0.05 105 55 threonine, and phenylalanine, respectively). The highly
lle108His  ND ND ND 18 conserved Asn281 (from the TM7 NPXXY motif) is present
llel08Asn  1.8:15 NS 160 58 in the proposed LTBbinding pocket, but this residue is
Vall05Asp 385 <0.05 105 39 probably not essential for ligand binding or receptor signaling
Vall05Thr 1.5+ 1.8 NS 90 40 S : A
Tyr237Phe  2.5:2.8 NS 170 71 because BLTP2Y2 chimeric receptors with an aspartic acid

aThe affinity constants fofH-LTB, were obtained from saturation at this point respond normally to LEE{6)' The cysteine
experiments using cell membrane fractions from cell lines expressing "€ BLT1 receptor, produced by Bares et al. §) by
WT BLT; and various BLT mutants. Data shown are the mean from ~mutating all receptor cysteines (except Cys90 and 168) to
duplicate wells in three separate experiments.=N8ot significant; serine, showed that cysteines are not involved in ligand

ND = not determined® Receptor expression examined using a mono- binding (although they are necessary for structural integrity).

clonal anti-BLT; antibody. EGFP-tagged receptors are detected any- : o
where in the cell, whereas the antibody detects only those on the ceIIWe have also shown that the receptor is not sensitive to the

surface. The results are presented as the ratio of the total receptorSUlfhydryl redox state of th? extracellular mediudd) Later
number (the geometric mean of the EGFP fluorescence) to the numberwork by Mesnier and Bames @6) demonstrated that a
of receptors detected on the cell surface (the geometric mean of theCys97Ser mutation did, however, have an effect on ligand

BLT; antibody fluorescence). 100% represents only surface expression;binding affinity, so the importance of the cysteines on the
0% represents only intracellular expression. Antibody binding to ' .

untagged wild-type BLTreceptors is shown as the absolute proportion exuacellu'?_r surface remaln.s _unclear. o )
of cells labeled (isotype control labeling is shown in parentheses). The Positie Charge at Arginine 178 he arginine residue

at position 178 in BLT (Figure 5) is important for ligand
receptor signaling was observed for all of the mutants, excepthbinding according to our mutational data and docking
Arg178Glu (Table 4), which produced signals similar in experiments. Reversing the Arg178 charge by inserting a
magnitude to the untagged wild-type BL&ven though this  glutamic acid did reduce LTBbinding affinity, as expected
mutant was less sensitive to LTB he effect of various point  from the virtual model (Table 4). Removing the charge by
mutations on the affinity of BLTfor LTB, and other ligands ~ mutating arginine 178 to a leucine further reduced the
was also investigated (Tables4), and in most cases affinity  receptor affinity for LTB, (Figure 5). This suggests that,
changes agree with the trends observed in the functionalrather than charge interactions, there is a hydrogen-bonding
experiments such that decreased ligand binding is associateghetwork with LTR, that is partially maintained by the
with decreased receptor activation. lle108Asn (Table 6) and Arg178GIlu mutant but not by the Arg178Leu mutant. There
Vall05Thr (Table 7) were exceptions. Membrane fractions is a degree of flexibility in terms of which arginine and LfB
expressing these mutants bound LTi@latively well, but  rotamers exist when LTBis bound, but given the angles
LTB, did not activate these mutants (using whole cells). The petween the atoms involved in possible hydrogen bonds, it
Tyr237Phe mutation on TM6 had no effect on ligand binding s possible that Arg178 can hydrogen bond to either the
or receptor activation. carboxyl group or the C5 hydroxyl of LTBOther residues

(notably the BLTW/BLT, conserved His181) could also
DISCUSSION participate, but this remains speculative.

Previously Described BLiI Mutations. The work of The relatively small change in ligand affinity when
Gearing et al. §) with an epitope-tagged chimeric protein changing the charge of Arg178 is reversed was unexpected,

Table 3: LTB, Displacement and Signaling Using Wild-Type and Tagged Receptors

ligand binding (competition assay) function (luciferase assédy)
Ki = SEM p-value vs EGCso + SEM p-value vs response rangé% WT)
cell line ligand (nM)P WT EGFPK; (nM)d WT EGFP EGo mean+ SEM
sham LTB NDf ND ND ND 42+04
wild type LTBa 1.7+0.6 NS 7.4+1.5 <0.05 100
WT EGFP LTB, 3.1+ 0.6 ND 13+ 3 ND 32+ 6

aThe affinity constants for various ligands obtained from competition experiments #4ih@B4 and cell membrane fractions from cell lines
expressing WT BLTand various BLT mutants.” TheK; values were determined by allowing test substances to compeld-forB 4 binding sites
(0.5 nM3H-LTB,). Data shown are the mean from duplicate wells in three separate experifiieata.obtained from luciferase reporter cell lines
expressing WT BLT and various BLT mutants following stimulation with LTBand various similar ligand$.ECs, values were determined
following curve fitting quadruplicate concentration response curves from four separate experiments.sb.ogli&s from each mutant were then
compared using one-way ANOVA (with Bartlett's test for equal variances), and individual mutants were subsequently compared with wild-type
EGFP-tagged receptors using Bonferroni’'s multiple comparison®@&sie response range (fold change in luciferase activity) for each mutant was
calculated as the response to the largest dose minus the response to the smallest dose using data from meivid)alurve fits. Response
ranges were then normalized using phorbol myristate acetate stimulation (see Experimental Procedures) and receptor expression levelsnThe maximu
response of WT BLT receptors was defined as 1009S = not significant; ND= not determined.
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Ficure 4: Competition binding and luciferase reporter gene expression for wild-type and EGFP-tagged®LOisplacement of 0.5 nM
SH-LTB, binding to cell membrane preparations using increasing concentrations of unlabelgdATad solid line) WT BLT; (@ and
dashed line) EGFP-tagged BLData are shown as the mearSEM from duplicate wells in three separate experiments. (B) Luminescence
following the expression of a luciferase reporter gene in response to increasing concentrationg. @iiiBols as in panel A plus(and

solid gray line) sham-transfected control cells. Data are shown as the-m8&M from quadruplicate wells in four separate experiments.

Table 4: LTB, Displacement and Signaling Using Arg178 Mutants and C1 Modified Ligands

ligand binding (competition assay) function (luciferase assay)
Ki = SEM p-value vs ECso + SEM p-value vs response range (% WT)
cell line ligand (nM) WT EGFPK; (nM) WT EGFP EGo meant SEM

WT EGFP LTB, 3.1+ 0.6 ND 13+ 3 ND 32+6

LTB4s-APA 70+ 4 ND 115+ 20 ND 30+ 7

LTB4-568 19+ 2 ND 70+ 13 ND 28+ 6
Arg178Glu LTB, 16+ 2 <0.05 40+ 7 <0.05 100+ 18

LTBs-APA 63+ 6 NS ND ND ND

LTB4-568 24+ 3 NS ND ND ND
Argl78Leu LTB, 41+ 6 <0.05 47+ 10 <0.05 47+ 5

LTB4sAPA 107+ 13 NS ND ND ND

LTB,-568 69+ 12 <0.05 ND ND ND

aFor an explanation of table headings see Table 3.

Table 5: LTB, Displacement and Signaling Using Glu185 Muténts

ligand binding (competition assay) function (luciferase assay)
Ki &+ SEM p-value vs EGCso + SEM p-value vs response range (% WT)
cell line ligand (nM) WT EGFPK; (nM) WT EGFP EGo mean+ SEM
WT EGFP LTB, 3.1+ 0.6 ND 13+ 3 ND 32+ 6
Glul85Vval LTB 58+7 <0.05 81+ 12 <0.001 24+ 3
Glu185His LTB, 30+5 <0.05 75+ 7 <0.001 23+ 3

aFor an explanation of table headings see Table 3.

Table 6: LTB, Displacement and Signaling Using Val105 Mutants and C12 Modified Ligands

ligand binding (competition assay) function (luciferase assay)
Ki = SEM p-value vs ECso+ SEM p-value vs response range (% WT)
cell line ligand (nM) WT EGFPK; (nM) WT EGFP EGo mean+ SEM

WT EGFP LTB: 3.1+ 0.6 ND 13+ 3 ND 32+ 6

12SHETE >1000 ND >1000 ND ND
Vall05Asp LTB: 42+5 <0.05 ND ND 0.3+ 0.15

12SHETE >1000 ND ND ND ND
Vall105Thr LTB, 16+15 NS 28+ 3 NS 21+ 3

12SHETE >1000 ND ND ND ND

aFor an explanation of table headings see Table 3.

but we propose that this can be explained by considering negative charge) is not essential for agonistic activity, and
the nature of the LTBligand and that there are precedents even bulky fluorophores can be attached to this end of the
from studies using similar ligands (see below). ligand without destroying efficacyl@). While this implies
The presence of the hydroxyl portion of the Li&rboxy! that this end of the ligand is at the top of the binding pocket
group (which is deprotonated to produce the leukotriene’s (because the bulky fluorophore is too large to bind further
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Table 7: LTB, Displacement and Signaling Using lle108 Mutants and C20 Modified Ligands

ligand binding (competition assay) function (luciferase assay)
Ki = SEM p-value vs EGCso += SEM p-value vs response range (% WT)
cell line ligand (nM) WT EGFPK; (nM) WT EGFP EGo meant+ SEM
WT EGFP LTB 3.1+ 0.6 ND 13+ 3 ND 32+ 6
20-OH-LTB; 89+ 2.1 ND 144+ 5 ND 23t+4
20-COOH-LTB: 16+ 2 ND 530+ 60 ND ND
lle108His LTB, ND ND ND ND 7.1+0.9
lle108Asn LTB, 17+21 NS ND ND 5.7£0.9
20-OH-LTB; 524+ 2.0 NS ND ND ND
20-COOH-LTB: 11+ 2 <0.05 ND ND ND

aFor an explanation of table headings see Table 3.
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FIGURES: Arg178 mutations. For clarity, only part of extracellular loop 2, TM3, and TM5 are shown. The cysteine bridge between extracellular
loop 2 (Cys168) and TM3 (Cys90) is visible at the top right in each frame of the figure. Distances are shown in angstroms but should be
considered to be approximate.

down in the receptor), it also means the negative charge andagonists had a C5 hydroxyl group in tiseconformation,
an intact hydroxyl group bound to the first carbon atom are and the Arg178Glu mutant would still be able to participate
not critical for receptor activation. Ligands lacking this in a hydrogen-bonding network with the C5 hydroxyl,
hydroxyl group do not, however, work as well as unmodified whereas this would not occur when using the Argl178Leu
LTB,, implying that at least part of the interaction occurs mutant. Given that IR-HETE (K) can also activate BLiJ
via this ligand epitope. To further investigate the nature of it seems that the Shydroxyl cannot by itself stabilize the
the receptorligand interaction, at this point we performed active receptor conformation and that activation of the
ligand binding experiments using LTB\PA and LTB-568 receptor likely depends on interactions with other parts of
as ligands for WT, Arg178Glu, and Argl78Leu receptors the LTB,agonist as well. The interpretation of ligand efficacy
(Table 4). We found that LTB and ligands lacking the  data is, however, complicated by the fact that receptor ligands
o-carbon hydroxyl, bound to these mutants in similar ways, may induce distinct receptor conformations that favor one
implying that interactions between Arg178 and these ligands signaling pathway over anothe2?).
do not depend exclusively on the presence of the hydroxyl  gegyits similar to ours have been reported using receptors
group on the first carbon and that hydrogen bonding rather ¢5. wvo other types of receptors for lipid ligands: the
than a salt bridge is likely responsible for ligand binding at 41nibinoid receptor, with the transmembrane 3 lysine
this site. mutated to glutamic acid, and the prostanoid receptors, with
The Arg178Glu mutant could also rescue the attenuatedthe highly conserved lysine from transmembrane 7 mutated
signal produced by EGFP-tagged BiSuch that this mutant  to glutamic acid 28, 29). Arginines are often utilized when
signaled as well as untagged wild-type receptors. The reasonginionic molecules must be docked into enzyn8s.(LTA,
for this are not clear, and our data do not provide any insight. hydrolase, the enzyme that synthesizes LTBom its
The Argl78 residue is on the extracellular surface of the precursor molecule, has an active site reminiscent of the
ligand binding pocket at the top of TM5, the GPCR BLT, binding pocket, where an arginine and a lysine occupy
transmembrane helix that is least conserved and most oftenthe top of the pocket immediately adjacent to the substrate
involved in ligand binding. Mutations in this helix could carboxyl group 81, 32). A comparable arrangement has also
conceivably affect the concerted motions of the other helices, been proposed for the binding of cysteinyl leukotrienes to
thus affecting the ability of the receptor to signal. The fact the CysLT1 receptor3d). Only two of the BLT; surface
that only 50% of these mutated receptors make it to the cell arginines are conserved in Bk, Tand there is an uncharged
surface also suggests that the receptor proteins might begjanine at the same position as Arg178 in BLThis may
missfolded and/or less stable, which might make it easier to explain the lower affinity of BLT, for LTB4 as well as other
shift them into an active state, but this is speculation. eicosanoid ligands. Of the remaining BLarginines, most
Our modeling and mutational data suggested that, in should not participate in ligand binding because they are
addition to the interaction with the ligand carboxyl group, positioned incorrectly, at least according to our data and
an interaction between Argl78 and th&Bydroxyl group computer model. An exception is Arg267, which is also
of LTB, is also important. All of the most efficacious BLT  conserved in BLTand points into the binding pocket. Given
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Ficure 6: Glul85 mutations. For clarity, only TM3 and TM5 are shown. Approximate distances are shown in angstroms.

that our mutational data support the location we have
proposed for LTB binding, Arg267 is too far up for any
interaction to occur with LTB assuming that our model is
correct for this part of TM7 (this is more likely than not,
but this has not been tested).

TM6 and Tyrosine 237t is also interesting to consider

Finally, we attempted to make the bottom of the binding
pocket more polar by mutating lle108 on TM3 (Figure 3) to
asparagine or histidine. The Ile108His mutant did not express
well (Table 7). The lower portions of the transmembrane
part of the receptor are hydrophobic and tightly packed, so
introducing this positively charged residue may disrupt

the Tyr237Phe mutation in the context of the discussion receptor function after misfolding during expression. The
concerning Arg178 because the Tyr237Phe mutation had nomore conservative lle108Asn mutation, which introduces a
effect on ligand binding or receptor signaling. Tyr237 is at polar side chain into the bottom of the binding pocket, bound
the top of TM6, and modeling work suggested that this LTB4normally and 20-COOH-LTB(E) slightly better than
residue might be near the ligand carboxyl group, and we WT BLT:. While 1le108 is probably not very exposed to
reasoned that it might also be important for stabilizing TM6 LTBa, this supports the hypothesis that thearbon of LTB
in an active conformation by participating in a hydrogen- probably extends down into this part of BLTThis mutant
bonding network involving the tyrosine hydroxyl group and receptor did not signal, however.
the ligand carboxyl. The lack of effect that the removal of = Two other ligands of interest in this context are LsI(E),
the tyrosine hydroxyl had on ligand binding suggests that which has a double bond in thes conformation between
this moiety is too distant to participate effectively in ligand C17 and C18, and LT8(B), which lacks double bonds in
binding. the tail portion of the molecule. The addition of a double
Ligand Interactions with Glutamic Acid 18%.ike the bond in LTBs reduces both ligand affinity and efficacy, and
ligand binding to Arg178, the interactions between the ligand We propose that the more rigid tail structure probably does
and Glu185 probably help to stabilize TM5 in its active not fit well into the constricted bottom of the binding pocket.
conformation. The LTB C12 hydroxyl group lies close to  LTBs, which has a completely saturated carbon tail, is almost
Glu185 in our model (Figure 6). Reversing the Glu185 a full agonist at BLT.
charge using the Glu185His mutant reduced ligand affinity = Mutational work by other groups also supports the binding
and efficacy (Table 5), and removing the possibilities for position proposed in the present work, with the ligand tall
hydrogen bonding by mutating Glu185 to Val caused further extending downward into this part of the receptor. Trp234,
reductions. Altering or removing the C12 hydroxyl (e.g., I, in TM®6, is positioned close to the LTRail in our model
F, K, L, J, M) produced molecules that bind very poorly to (near C15 to C18). This residue has been mutated byrBane
BLT,, so interactions between the ligand and the receptor atet al. @) to a leucine, which had no effect on LTBinding,
this point are also important. These interactions are not by or to an alanine, which reduced receptor affinity for LLTB
themselves sufficient for complete receptor activation, Maintaining a constricted hydrophobic environment in the
however, so interactions with several residues on TM5 seembottom half of the binding pocket may therefore be important.
to be necessary to stabilize the active receptor conformation.Cysteine scanning of the lower half of TM6 also indicated

The Lower Portions of the Bl TBinding Pocket.To
investigate how the tail portion of LTBpenetrated into the
ligand binding pocket of the receptor, we mutated Val105
on TM5 (Figure 3). Modeling suggested that a large part of

that the presence of LTBn the binding pocket would block
access to Phe23@®) which is also in agreement with our
model.

Why Is BLT More Selectie Than BLF? The second

this residue’s surface area was in contact with the receptor-leukotriene B receptor, BLE, binds a larger range of ligands,

bound LTB,, and mutation of this residue to the more
hydrophilic aspartic acid had a large effect on Blaffinity

for LTB,, and this mutant did not signal (Table 6). Mutation
of Val105 to the similarly sized but slightly more hydrophilic
threonine had almost no effect on L7Binding but did affect
receptor signaling. Replacing Val105 with the slightly larger

including eicosanoids with C12 hydroxyl groups in tBe
conformation 84). The interactions, between relevant BLT
residues and the C12 hydroxyl groups of some leukotriene-
like ligands, do not, however, help to explain why this would
be. The residues involved (such as Glul185 and Vall105 on
TM3, mentioned above) are present in both Blahd BLT,

but hydrophobic isoleucine has previously been shown to so it is not obvious from the present BLmodel or the BLTE

have no effect on ligand binding or efficad§)(These results
are consistent with the hydrophobic tail portion of the
leukotriene passing Vall05.

sequence information why $&icosanoids bind with higher
affinity to BLT,. We mutated Val105 to threonine, a residue
of similar size that has a hydroxyl group available for
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hydrogen bonding to 1Rligands, and this did not have any
effect on either BLT affinity for LTB,4 or the efficacy of
LTB, and did not enhance &binding (Table 6). Replacing

Vall05 with aspartic acid produced a receptor with much

lower affinity for LTB4 and no affinity for 1R-HETE or

12SHETE (even though this mutant was expressed on the

cell surface). So, the rejection of $#igands by BLT, does
not seem to involve Val105. Both R2and 15-HETE have
different triene conformations from LTBhowever, and this

may prevent interactions between the C12 hydroxyls and this

part of the receptor. It is also possible that BLAas a
significantly different binding mode from BLiTRecent work
by lizuka et al. 85) has revealed a BLJ¥specific agonist

that, because of the size and chemical properties of this

molecule, supports this idea.

CONCLUSIONS

We propose that LTBbinds in a pocket formed in the

BLT; receptor by helices 3, 5, 6, and 7, with the polar

carboxylate group of LTBnear the top of the pocket. The
carboxylate group and the two hydroxyls of L Biteract

with Argl78 and Glul85 from transmembrane helix 5.
Residues from transmembrane helix 3, Vall05 and lle108,
also line the pocket further down in the receptor. We hope
this work will be useful for the design of new more potent

and more selective BlyTantagonists, as well as additional
leukotriene receptor models.
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(1) One table of the PCR primers used to create the BLT1-

EGFP mutants. (2) Affinity and efficacy ranking of BLT

ligands. The competition constants for various leukotrienes
and leukotriene-like substances at the human WT BLT
receptor as expressed in HF1pBLT1 cells are listed, and the
ligands are ranked from highest to lowest affinity. The

ligands are also ranked using meansk@alues, obtained

using the HF1pBLT1 luciferase reporter assay to measure

WT BLT; activation following exposure to each ligand in

the context of our experimental system. This material is
available free of charge via the Internet at http://pubs.acs.org.
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