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Intermolecular interactions were determined between a synthetic peptide corresponding to the
third extracellular loop and several residues from the adjoining sixth and seventh transmem-
brane domains of the human cholecystokinin-1 receptor, CCK1-R(329-357), and the synthetic
agonists Ace-Trp-Lys[NHεCONH-o-(MePh)]-Asp-MePhe-NH2 (GI5269) and the C1 N-isopropyl-
N-(4-methoxyphenyl)acetamide derivative of 3-(1H-Indazol-3ylmethyl)-3-methyl-5-pyridin-3-
yl-1,5-benzodiazepine (GI0122), using high-resolution nuclear magnetic resonance spectroscopy
and computer simulations. Addition of the ligands to CCK1-R(329-357) in an aqueous solution
of DPC micelles produced a number of intermolecular nuclear Overhauser enhancements
(NOEs) to residues in TMs 6 and 7 of the receptor fragment. NOE-restrained molecular models
of the GI5269 and GI0122/CCK1-R complexes provide evidence for overlapping ligand-binding
sites for peptidic and nonpeptidic agonists. The proposed binding modes of GI5269 and GI0122
are supported by the structure-activity relationship of analogues and mutagenesis data for
the CCK1-R selective antagonist L-364,718.

Introduction

The cholecystokinin-1 (CCK1-R) and -2 (CCK2-R)
guanine nucleotide binding regulatory protein-coupled
receptors (GPCRs) are pharmaceutical targets for meta-
bolic diseases, such as obesity and central nervous
system maladies, including anxiety and panic attacks.1,2

The receptors share approximately 50% sequence iden-
tity and are activated by a series of C-terminal car-
boxyamidated peptides, derived from a 115-amino acid
preprohormone (e.g., CCK-58, CCK-33, and CCK-8).3
The sulfated C-terminal octapeptide of CCK is the
minimal sequence necessary for full activation of the
CCK1-R, whereas for the CCK2-R only the C-terminal
tetrapeptide is required. The differential affinity of
endogenous and exogenous ligands has been used to
ensconce subtype-distinct ligand-binding sites.

The rational design of potent and selective ligands for
the CCK1-R has focused on peptidic derivatives of CCK
and polycyclic derivatives of the natural product asper-
licin,4 a CCK1-R antagonist identified through random
screening (Scheme 1). Replacement of Met31 in the
C-terminal tetrapeptide of CCK with Lys(NHεCONHR)31

reversed subtype selectivity and led to the discovery of
highly potent CCK1-R agonists (1).5-9 The vast majority
of nonpeptidic CCK1-R antagonists incorporate a ben-
zodiazepine core with varied substituents in the 1, 3,
and 5 positions (e.g., L-364,718).10-14 Nominal changes
in the N-phenylacetamide of 2 modulated the pharma-
cological effect, converting antagonists to agonists.15-18

The molecular basis for altering subtype selectivity and
potentiation in analogues of 1 and 2, respectively, is of

considerable interest, since knowledge of these salient
ligand-receptor interactions will facilitate development
of the next generation of ligands.

As with other GPCRs, high-resolution structural
studies of the CCK receptors have been hampered by
the inability to form crystals suitable for X-ray diffrac-
tion. In lieu of determining the structure of the intact
receptor, X-ray crystallography and nuclear magnetic
resonance spectroscopy (NMR) have been used to char-
acterize the structure of synthetic peptides correspond-
ing to complete or partial domains of GPCRs.19-22 Using
this approach, intermolecular contacts between CCK-8
and receptor fragments corresponding to the N-terminal
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(NT) domain of the human CCK1-R(1-47)23 and the
third extracellular loop (EC3) domains of the human
CCK1-R(329-357)24 and CCK2-R(352-379)25 have been
determined by NMR. Molecular models of the ligand-
receptor complexes, incorporating the experimentally
determined structures of the ligands and receptor
domains, produced binding orientations in agreement
with mutagenesis and photoaffinity labeling studies.24-26

In this study, the conformational features of the
synthetic agonists Ace-Trp-Lys[NHεCONH-o-(MePh)]-
Asp-MePhe-NH2 (GI5269) and the C1 N-isopropyl-N-
(4-methoxyphenyl)acetamide derivative of 3-(1H-indazol-
3ylmethyl)-3-methyl-5-pyridin-3-yl-1,5-benzodiazepine
(GI0122) were determined by NMR in a biphasic solvent
system composed of dodecylphosphocholine (DPC) mi-
celles. Addition of the ligands to a synthetic peptide
corresponding to the third extracellular loop and several
residues from the adjoining sixth and seventh trans-
membrane domains of the human CCK1-R, CCK1-
R(329-357), produced a number of intermolecular
nuclear Overhauser enhancements (NOEs). The inter-
molecular NOEs were used to manually dock the ligands
to a molecular model of the CCK1-R. The binding
orientations and intermolecular interactions in the
ligand-receptor complexes are rationalized in terms of
the available structure activity relationships (SAR) for
analogues of GI5269 and GI0122 and mutagenesis data
for the CCK1-R selective antagonist L-364,718.

Results
Structure of GI5269. The NMR spectra of GI5269

displayed two sets of proton resonances corresponding
to the cis and trans isomers of the N-methylated amide
bond (Nmf33). The NOE intensities observed for the cis
configuration were insufficient for structural calcula-
tions (1:10, cis:trans), so the structural analysis of
GI5269 was restricted to the all-trans configuration. The
3JHNR coupling constants, amide 1H temperature coef-
ficients, and many of the structurally informative NOEs
are provided in Table 1. The 3JHNR and NOEs were
converted to dihedral angle and distance restraints,

respectively. The temperature coefficient of Asp32, being
less than 2.0 ppb/K, is consistent with an amide proton
in a solvent-shielded environment.27,28 In accordance
with the NOEs and coupling constants, which suggest
a turn conformation, a hydrogen bond restraint was
added between the acetyl oxygen and the amide proton
of Asp32. While the amide proton temperature coefficient
of Asp32, by itself, is insufficient to determine the
existence and location of an intramolecular hydrogen
bond, the values obtained are in excellent agreement
with those obtained for Asp32 in sulfated CCK-9 (-1.8
ppb/K) and sulfated CCK-15 (-1.4 ppb/K), where hy-
drogen bonds to this residue and the carbonyl of the i-3
residue have been identified in high-resolution struc-
tural studies in the same solvent system.29 The struc-
tures and mean backbone dihedral angles of GI5269
extracted from the last 50 ps of the 200 ps MD trajectory
are provided in Figure 1 and Table 2. Throughout the
entire simulation, the backbone dihedral angles for
Trp30 and the lysine phenyl urea (Lyu31) were consistent
with a type I â-turn (φi+1/ψi+1 ) -60/-30, φi+2/ψi+2 )
-90/0).

Structure of GI0122. The NOESY spectra of GI0122
produced very few structurally informative NOEs;
however, the semirigid 1,5-benzodiazepine core and the
aromatic N1, N5, and C3 substituents limit the avail-
able degrees of conformational freedom. The initial
configuration of the 1,5-benzodiazepine core was based
on the X-ray structures of benzodiazepine analogues

Table 1. Structurally Informative 3JNHR Coupling Constants,
Amide Proton Temperature Coefficients and NOEs from
Spectra Collected at 298, 303, and 308 K. the Thickness of the
Bars Is Proportional to the NOE Cross-Peak Intensity (weak,
medium, strong)

Figure 1. Superposition of the structures of GI5269 (top,
RMSD 0.8 Å) and GI0122 (bottom, 1.4 Å) extracted from the
last 50 ps of 200 ps restrained MD simulations in a water-
decane simulation cell. The final structure in the trajectory is
depicted in sticks.

Table 2. Mean Backbone Dihedral Angles of GI5269 during
the Last 50 ps of a 200 ps Restrained MD Simulation, in a
Water-Decane Simulation Cell

phi psi

Trp30 -64 ( 7 -38 ( 12
Lyu31 -104 ( 12 19 ( 10
Asp32 -114 ( 8 106 ( 8
Nmf33 -109 ( 10 91 ( 28
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reported in the literature.11,12,30 NOEs were observed
between the 2H,4H-pyridinyl and 4H-indazolylmethyl
protons, the N-isopropyl-N-phenylacetamide and 7H-
indazolylmethyl protons, and the C3-methyl and 1H-
indazolylmethyl protons. The NOEs are consistent with
a conformation in which the N1-, C3-, and N5-benzodi-
azepine substituents occupy equatorial positions on the
same face of the benzodiazepine core. The C3-methyl
group occupies an opposing axial position. The struc-
tures of GI0122 extracted from the last 50 ps of the 200
ps MD trajectory are provided in Figure 1. Considerable
conformational flexibility is observed in the N-isopropyl-
N-phenylacetamide and pyridinyl moieties.

Complexes with CCK1-R(329-357). Addition of
GI5269 and GI0122 to CCK1-R(329-357) produced a
number of specific intermolecular NOEs (Table 3) and
concentration-dependent chemical shift perturbations
(Figure 2). For both ligands, intermolecular NOEs were
located in the putative TM6 and TM7 domains of the
CCK1-R(329-357). Chemical shift perturbations were
evenly distributed throughout the receptor domain and
suggest tight coupling in the ligand-receptor fragment
complex. NOE-restrained MD simulations of the ligand-
receptor fragment complexes revealed a number of
stabilizing intermolecular interactions.

Consistent with cis-trans isomerization of the N-
methylated amide bond in GI5269, intermolecular NOEs
were observed between both isomers and CCK1-R(329-
357). Simultaneous application of the intermolecular
distance restraints resulted in conversion of the penul-
timate amide bond from the trans to the cis configura-
tion. Since GI5269 and non-N-methylated Phe33 deriva-
tives have similar binding affinities for the CCK1-R, the

peptide was modeled in the trans configuration with a
concomitant reduction in the penalty function for the
cis intermolecular distance restraint. In the GI5269/
CCK1-R(329-357) complex, the â-turn of the ligand was
located between TMs 6 and 7, with the C-terminus in
close spatial proximity to TM6 and the side chain of
Lyu31 spanning from TM6 to TM7 along a groove formed
by the third extracellular loop helix and the extended
strand leading to TM7. van der Waals interactions were
observed between Nmf33 and N333, R336, and A337;
and Lyu31 and N333, R336, E344, R345, and S348-
F354. The side chain of Trp30 was located in a hydro-
phobic pocket at the confluence of TMs 6 and 7, forming
interactions with I329, F330, N333, I355 and L356.
Coulombic interactions were present between the side
chains of Asp32 and R336, and hydrogen bonds were
observed between the Lyu31 urea and the carboxylate
of E344.

The intermolecular NOEs observed for GI0122 were
mutually consistent with two distinct binding orienta-
tions, differing by the relative placement of the N-
isopropyl-N-phenylacetamide moiety. Simulated anneal-
ing calculations of the GI0122/CCK1-R(329-357) complex
starting with the acetamide in close spatial proximity
to TM6 or TM7 converged to the same configuration in
which the acetamide was near TM7. The benzodiazepine
core was located in a hydrophobic pocket at the conflu-
ence of the TM domains, forming van der Waals
interactions with N333, I352, S353, I355, and L356.
Additional intermolecular interactions were observed
between the pyridinyl substituent and N333, R336, and
A337; and the C3-methyl substituent and N333, I355,
and L356. π-Cation interactions were present between
the guanidine of R336 and the aromatic rings of the
pyridinyl and benzodiazepine moieties.

Molecular Models of the Ligand/Receptor Com-
plexes. The experimentally determined structures of
GI5269, GI0122, and CCK1-R(329-357) were directly
incorporated into molecular models of the full ligand-
CCK1-R complex. The NOE-derived intermolecular con-
tacts were used to manually dock GI5269 and GI0122
to the putative ligand-binding pocket. The topological
orientation of the ligands and the major binding inter-
actions (e3.6 Å) are depicted in Figures 3-5. The vast
majority of the intermolecular interactions, in both
complexes, are located in the upper third of the trans-

Table 3. Intermolecular NOEs Observed upon Addition of
GI5269 and GI0122 to CCK1-R(329-357)

receptor ligand

GI5269
I329 Hâ Trp30 HN
P351 HR Lyu31 urea
D339 HN Nmf33a HR

GI0122
R336 Hγ 2H-Pyridinyl
S353 Hâ 6H-Benzodiazepine
L356 HN 6H-Benzodiazepine
I355 Hδ 8H,9H-Benzodiazepine

a Cis isomer.

Figure 2. Amide proton chemical shift perturbations upon addition of GI5269 (gray) and GI0122 (black) to CCK1-R(329-357).
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membrane domains proximal to the extracellular face
of the receptor.

The N- and C-termini of GI5269 were in close spatial
proximity to TMs 2 and 5, respectively. The side-chain
of Nmf33 resided in a well-defined hydrophobic pocket
defined by G122, M173, H210, L213, L214, L217, N333,
and A337 at the confluence of TMs 3-6 and the EC2.
The C-terminal carboxyamide formed hydrogen bonds
with H210. Coulombic interactions were observed be-
tween Asp32 and R336, with additional stabilizing
contributions provided by Y119, T192, Q206, and H210.
The side chain of Lyu31 formed van der Waals interac-
tions with TMs 6 (A332, N333, R336), 7 (I352, L355),
and the EC3 (E344, S348-P351). The side chain of
Trp30 was positioned nearly in the center of the TM
bundle, forming interactions with TMs 1 (Q40, Y48), 3
(T118, M121, G122), 6 (N333), and 7 (I355, L356, S359,
Y360).

The benzodiazepine core of GI0122 was located near
TMs 1, 6, and 7, producing intermolecular interactions
with W39, Q40, R336, I352, I355, and L356. The
isopropyl anilinoacetamide was in proximity to residues
in TMs 1 (W39, Q44, Y48), 2 (C94, F97, N98, N102),
and the EC2 (A193, M195). The indazolylmethyl formed
interactions with residues in TMs 3 (T118, Y119, M121,
G122) and 6 (F330, N333, S359). The pyridinyl and C-3
methyl substituents were in proximity to residues in
TMs 6 (N333, R336, A337) and 7 (I355, L356, S359),
respectively.

Discussion
The intermolecular NOEs in the GI5269/CCK1-R(329-

357) complex are consistent with those in the CCK-8/
CCK1-R(329-357) complex and provide further support
for the proposed peptide-ligand binding mode, in which
the C-terminus of CCK is located in close spatial
proximity to TM 6 of the CCK1-R.23,24,31,32 NOE-
restrained molecular models of the GI5269 and CCK-

Figure 3. Extracellular face of the GI5269 (top) and GI0122
(bottom) complexes with CCK1-R following 200 ps of restrained
MD simulation in a water-decane-water solvent box. The
backbone of the receptor and the heavy atoms of the ligands
are displayed in ribbon and CPK, respectively.

Figure 4. Surface-representation of the extracellular portions of TM domains in the molecular models of the GI5269 (left) and
GI0122 (right) complexes with CCK1-R following 200 ps of restrained MD simulation in a water-decane-water solvent box.
Amino acids are color coded according to hydrophobicity (blue ) polar, red ) nonpolar), and the ligands are depicted as yellow
sticks.
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8/CCK1-R complexes, produced nearly the same set of
intermolecular contacts for the C-terminal tetrapeptide,
though slight deviations were observed in the disposi-
tion of the backbone atoms in the ligand-binding pocket.
Concurrent with the replacement of Met31, additional
intermolecular interactions were present between Lyu31

and the EC3 of the CCK1-R. These interactions may
account for the 400-fold enhanced binding affinity of
GI5269 as compared to CCK-4.

The proposed binding mode of GI5269 is supported
by a number of features in the SAR of 1.5-8 These
studies suggest a preference for hydrophobic substitu-
ents in Lys(NHεCONHR), varying in size from cyclo-
hexane to naphthalene.7 The length of the linker
between the CR and urea moiety appears to be critical,
with four carbons optimal.7 The presence of a relatively
small group in the ortho position of the phenyl urea
analogues (CH3, CF3, Cl, and Br) also resulted in
preferential binding.5,7 In the molecular model of the
GI5269/CCK1-R complex, the side chain of Lyu31 is
located in a binding groove between the EC3 and TMs
6 and 7 that is terminated by a cluster of hydrophobic
residues. The size of this hydrophobic pocket is slightly
flexible and is large enough to accommodate both planar
and nonplanar substituents. Interestingly, the distance
between the hydrophobic pocket and the CR of Lyu31 is
optimal for four carbons in an extended conformation.
Conformational studies of GI5269 indicate a slight out
of plane bend in the o-methylphenyl urea, that further
enhances the interaction of this moiety with the binding
groove; however, the hydrophobic pocket cannot accom-
modate ortho-substituents much greater than methyl.
The neutral influence of larger ortho-substituents most
likely arises from a 180 degree rotation of the phenyl
ring, placing the ortho-substituent on the outer edge of
the binding pocket, where it no longer forms contacts
with the EC3 of the receptor.

NOE-restrained molecular models of the GI5269 and
GI0122/CCK1-R(329-357) complexes support overlap-
ping binding sites for peptidic and nonpeptidic agonists.
Superposition of the backbone atoms in the molecular
models of the ligand-receptor complexes revealed com-

mon structural features. The 3-pyridinyl and indazolyl
moieties interact with many of the same residues of the
receptor as the side chains of Asp32 and Trp30, respec-
tively, whereas the anilinoacetamide mimics the back-
bone disposition of the N-terminal residues (Asp26,Tyr27)
of CCK-8. The N-substituent of the anilinoacetamide
functions as a “trigger”, converting analogues of GI0122
from antagonist to agonist.18 The size of the substituent
appears to be critical with N-methyl and N-ethyl
analogues functioning as antagonist and agonist, re-
spectively. In the molecular model of the GI0122/
CCK1-R complex, the N-isopropyl substituent is involved
in intermolecular interactions with residues in TMs 2
(C94, F97, N98), 3 (T118), and the EC2 (A193). The
methine hydrogen of the N-isopropyl-N-phenylaceta-
mide does not form intermolecular interactions with the
receptor. On the basis of these results, intermolecular
interactions in TMs 2 and 3 appear to be necessary for
inducing agonism in the CCK1-R. The facile modulation
in pharmacology also implies a common binding mode
for benzodiazepine-based antagonists and agonists.

Chimera and site-directed mutagenesis studies of
GPCRs have established intermolecular contacts be-
tween synthetic ligands and the TM7 domain of the A1
adenosine,33 neurokinin-1,34 and R2 adrenergic recep-
tors,35 as well as the CCK1-R and CCK2-R.36-39 The
proposed binding mode of GI0122 is supported by
mutagenesis data for the CCK1-R selective antagonist
L-364,718. Replacement of TM7 in the rat CCK2-R with
the corresponding residues in the CCK1-R resulted in a
10-fold increase in the binding affinity of L-364,718,
without altering the binding affinity of the CCK2-R
selective antagonist L-365,260.38 Mutagenesis of H381L/
H376L in the rat/human CCK2-R with the correspond-
ing residues in CCK1-R(L372/L356), resulted in a 13 and
60-fold increase, respectively, in the binding affinity of
L-364,718.36,37 A double mutant V349I/Y350F, swapping
residues in TM 6 of the human CCK2-R with residues
in the CCK1-R(I329,F330), also increased the binding
affinity of L-364,718.37 Each of these residues has been
identified in the ligand-binding pocket of the NOE-
restrained molecular model of the GI0122/CCK1-R

Figure 5. Ribbon-representation of the extracellular portions of TMs 2, 3, 4, and 5 in the molecular models of the GI5269 (left)
and GI0122 (right) complexes with CCK1-R following 200 ps of restrained MD simulation in a water-decane-water solvent box.
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complex and is involved in intermolecular interactions
with GI0122.

In contrast to sulfated CCK, N-terminal truncation
(∆43)40 and mutagenesis of R197 in the EC241 of the
CCK1-R did not significantly alter the binding affinity
of L-364,718. However, N333A and R336M mutants
decreased the affinity of both CCK and L-364,718.31

Multiple binding interactions to N333 and R336 have
been identified in the molecular model of the GI0122
complex providing additional support for overlapping
peptidic and nonpeptidic ligand-binding sites in the
upper third of the TM domains proximal to the extra-
cellular face of the receptor.

Conclusion

Direct intermolecular contacts in the synthetic ago-
nist-CCK1-R(329-357) molecular complexes have been
discerned in TMs 6 and 7 using NMR. NOE-restrained
molecular models of the ligand-receptor complexes
support overlapping binding sites for peptidic and
nonpeptidic agonists. The binding orientation and in-
termolecular interactions deduced in the molecular
models are consistent with the available SAR for
analogues of GI5269 and GI0122 and mutagenesis data
for L-364,718. The high correlation in binding contacts
established by mutagenesis and NMR for L-364,718 and
GI0122, respectively, suggests a common binding mode
for benzodiazepine-based agonist and antagonists. Con-
version from antagonism to agonism is dependent upon
additional intermolecular interactions in the TM do-
mains.

Experimental Section

NMR Methods. A peptide corresponding to the putative
EC3 domain of the human CCK1-R, CCK1-R(329-357), was
synthesized using Fmoc chemistry (Protein Chemistry Facility
at Tufts University, Boston, MA). The N- and C-termini of the
peptide were acetylated and amidated, respectively. NMR
quantities of the receptor fragment were purified using
reverse-phase high-performance liquid chromatography. The
receptor fragment (1 mM) was dissolved in 50 mM phosphate
buffer (90% H2O/10% D2O) with 150 mM DPC-d38 (98.6%,
Cambridge Isotopes). The pH of the solution was 5.2, excluding
corrections for the deuterium isotope effect. The ligands were
titrated into the receptor fragment, until the concentrations
of the ligand and the receptor fragment were equimolar.
NOESY and TOCSY spectra (298-308 K, 50-300 ms, f2 2048,
f1 640, 8-64 scans) were collected on Bruker Avance 400 and
600 MHz spectrometers in the phase sensitive mode using the
method from States.42 3JHNR coupling constants were extracted
from the absorptive and dispersive cross-peak multiplets
observed in phase sensitive DQF COSY spectra (f2 4096, f1

512).43 The spectra were processed using nmrPipe44 and
integrated using Sparky.45

Structure Calculations. NOESY cross-peaks were con-
verted to distances using the isolated two-spin approximation
and the geminal cross-peak volumes of the Asp32 â protons
(1.75 Å). 3JNR coupling constants were converted to dihedral
angles using the Karplus relation.46 Amide proton temperature
coefficients less than 2.0-ppb/K were considered solvent shielded
hydrogen bond donors. The NMR-derived distances and dihe-
dral angles were included as restraints during MD simulations
in a water-decane membrane mimetic solvent box with
periodic boundary conditions (Gromacs v3.1).47 Initial simula-
tions were conducted using annealing (800 to 300 K over 50
ps) followed by MD simulations at 300 K for 200 ps. The
integration time-step was 1 fs, the neighbor list was updated
every 10 fs, and Lennard-Jones and Coulomb potentials were
truncated with a polynomial switch function between 1.0 and

1.2 nm. Initial velocities were assigned randomly to each atom
from a Maxwellian distribution and scaled to reflect the initial
temperature of the system. The temperature was coupled to
an external bath using a time constant of 20 fs.48 Force
constants of 2000 kJ mol-1 nm-2 and 50 kJ mol-1 rad-1 were
applied to the distance and dihedral angle restraints, respec-
tively.

Models of the Ligand-CCK1-R(329-357) Complexes.
The experimentally determined structure of CCK1-R(329-357)
was template forced to the corresponding TM 6 and 7 residues
in the crystal structure of bovine rhodopsin.24 Following several
cycles of energy minimization and template forcing, NOE-
restrained MD simulations were performed with annealing
(1200 to 300 K, 50 ps). The ligands were docked to CCK1-
R(329-357) using the intermolecular NOEs as restraints. An
additional electrostatic restraint was added between the
carboxylate and guanidine side-chains of Asp32 and R336. The
backbone atoms in the putative TM domains were restrained
to initial positions using a force constant of 200 kJ mol-1 nm-2.
The average backbone dihedral angles of GI5269 and the
intramolecular NOEs of GI0122 were used to restrain the
ligands during the docking experiments. Upon satisfying the
intra- and intermolecular restraints, MD simulations were
performed at 300 K for 500 ps.

Models of the Ligand-CCK1-R Complexes. As described
previously,24 the backbone atoms of CCK1 were template forced
to the crystal structure of bovine rhodopsin.49 The experimen-
tally determined structures of the amino-terminal (1-47) and
the third extracellular loop (329-357) domains were incorpo-
rated into the molecular model, and the entire receptor was
subjected to several cycles of energy minimization and tem-
plate forcing. Extensive NOE-restrained MD simulations of
the CCK-8/CCK1 complex, including several cycles of simulated
annealing, were used to generate a model of the ligand binding
pocket and to remove inter-helical steric conflicts. After
achieving a stable structure for the CCK-8/CCK1-R complex
(500 ps, 300 K), CCK-8 was replaced with GI5269 and GI0122.
The ligands were manually docked using the intermolecular
NOEs and binding orientations deduced from NOE-restrained-
MD simulations of the ligand-receptor fragment complex.
NOE-restrained MD simulations of the ligand-receptor com-
plex were conducted for 200 ps at 300 K. The structure
coordinates for the molecular model of the CCK1-R have been
deposited in the Brookhaven Protein Data Bank (filename
1PB2).
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