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ABSTRACT

AIM: To study the imteraction between k-opioid
receptor and its nonpeptide agonists. METH-
ODS; The “conservation pattemns™ for G-protein
coupled receptors ( GPCR ) were used to
detennine 7 transmembrane (TM) regions. Tak-
ing the crystallographic eoordinates of bacterior-
hodopsin { BR) as the templale, the 3D
structural model was constructed for 7 TM of «-
opioid subtype with molecular mechanics { MM)
method.  Five highly active nonpeptide «-opioid
agonists were docked into the 7 helices of -
opioid receptor to siudy the ligand-receptor
RESULTS: Four important inter-
actions between U-50488-like agonists and «-
opioid receptors were drawn according to our
modeling study: (1) the protonated pyrrolidine
nitrogen of the ligands formed a hydrogen-bond
with the carboxyl of Aspl38; (2) the carbonyl
oxygen of ligands forms a hydrogen bond to the
hydroxyl of Serl87; (3 ) the aryl groups
connected to acylamide of the agonists inserted

interaction.

mto a hydrophobic cavity enclosed by residues
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Val239, Val236, Phe235, Val232, Leul86,
and Trpl83; (4) the pyrrolidine of the ligands in
the complexes was surrounded by TI1e290,
Aspl38, Ilel94, Ilel35, and Cys131. CON-
CLUSION: The proposed interaction mechanism
is helpful for further mutant experiments and
designing novel potent k-opioid agonists,

INTRODUCTION

The discovery that the prototype selective -
opioid agonists, eg, U-50488, are devoid of
respiratory depression, constipations and physical
dependence liahility side effects associated with
morphine-like analgesics suggests that k-opioid
agonists would become one of the most potent
analgesic drugs.
opioid subtypes g, 8, and k, a large amount of
efforts have been dedicated to the identification of
the binding regions in opioid receptors which are
responsible for the selectivity. Chimera studies
have revealed that three extracellular loops ( ELI-
EL3) are associated with x-opioid selectivity for
endogenous dynorphin A { dynA )-.  Site-
directed mutagenesis experiments have shown that
the 7-transmembrane regions may contain critical
binding

Since the cloning of the 3

residues  for
agonistsm.
Recently, we have established the pharma-
cophore map of nonpeptide «-opioid agonists and
given some interesting results related to the
interaction between nonpeptide k-opioid agonists
and the receptorm.
comprehension on the inleraction, we determined

to construct the theoretical three-dimensional

nonpeplide  k-opioid

For more perspective
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{3D)} model of x-opioid receptor and investigate
the interaction between 5 highly active nonpeptide
k-opioid agonists and the receptor.

METHODS

The erystallographic coordinates of bacter-
iorhodopsin ( BR) were acquired from Protein
Data Bank (PDB) (entry 1BRD). According to
the hydrophobicity analysis and conservative
residues for G-protein  coupled  receplors
(GPCR), residues in 7 transmembrane { TM)
regions of k-opioid receptor corresponding to 7
TM residues of BR were determined ( Fig 1).
The initial coordinates of the proposed TM
residues were taken from BR ecrystallographic
structure .

Then, the residues on 7 TM were assigned
Kollmann all-atom charges. Automatic adjust-
ments were made lo remove the unfavorable steric
caused by  sidechains. All
sidechains of 7 helices were optimized with

interactions

conjugate gradient minimization method while the
The
overall geometry of 7 helices was optimized until
the energy gradient was <0.5 keal * mol™! *
“!. During the opitimization, Kollmann all-
atom force field was applied, the distance-

backbone of receptor was aggregaled.

m

dependent dielectric constant was 5.0, and

TM1 mOFRK1 60 VI I TAY
BR i WiIWwWLAL
TM2 mOPRK] 99 FNLALA
BR 42 FYAITT
TM3 mOFPRKI I31 CKI1 VIS
BR 7 Y WARYA
TM4 mOFRK1 I83 WLLASS
BR 11 LYGADG
TMS mOPRK] 28 1 CVFVF
BR 137 WWATST
TM6 mOPRK1 2778 LVLVVYY
BE 10 TFKVLRER
TM7 . mOFRK1 39 LSS YYF
BR 2002 NTETLL

Fig 1.
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nonbonded cut-off was set to be 0.8 nm.

To qualify the final receptor structure, we
analyzed the values of the dihedral angles of the
peptide backbone and side chains (Fig 2}. All
residues were found in allowed regions of the
Ramachandran plot with side chain dihedrals in
ideal regions.

Five highly active nonpeptide k-opioid
agonists { MDL167361, GR-89696, MDL163725,
MDL158584, and ICI-197067) were chosen o
study the interaction with k-opioid subtype.

According
experiments, Aspl38 residue is critical for the
binding of U-50488. Therefore, the 5 U-50488-
like agonmists were docked into the Aspl38
neighboring putative binding sites manually by
the comformations presented in our previous

pharmacophore stud}'m .

lo site-directed mulagenesis

After oplimizing the
geomelry of the complexes in Tripos/Sybyl 6.2
the
deduced by examination of the 5 complexes model

environment, interaction machanism was

structures.

RESULTS AND DISCUSSION

Modeling of 7 a-helices of x-opioid
receptor
receptor subtypes have already been report-
ed*1 For the future study on the selectivity

Modeling studies on p- and d-opioid
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Sequence alignment of 7 TM regions between mOPRKI1 and bacteriorhodopsin.
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Fig 2. Ramachandran plot of residues on 7 TM. GR-§9696
F F
among lhe 3 opioid sublypes, we tried to build «- F
opioid siruclure model when no GPCR ecrystal-
lographic structure is avaliable. Based on the N N/J
theoretical model. we wished to interprel the
interaction between U-50488 like «-opioid o
agonists and k-opioid receptor. MDL163725
Since lhe bmding sites for U-50488 are
located in the region near residue Aspl38.
construclion of the 7 TM regions is adequate to O
sludy the interaclion. Similar to the previous
GPCR  modeling, we also employed the N\ NO
cryslallographic structure of bacleriorhodopsin as Y
the templale. This is because BR has the MDL158584
similar structural and functional characteristics 1o Ci
thodopsin  which belongs 10 GPCR  supedamily }L
even though the primary sequence homology o
between BR and GPCR is low. Butl it is slill a 0
challenge work 10 delermine the beginning and ICL197067 Q
ending residues, orientation for every TM region.
For these purposes, several methodologies were
adopted such as Fourier transform methods'S-, o

prediction algorithm of Sander'”.
sludy, we aligned the sequence of k-opioid
receptor on that of other GPCR. The crude
segments of the 7 TM were decided by the
common aspects of hydrophobicity profiles for

In present

many GPCR. Referring lo Cappelli’s research
paper[g]. we finally delermined the residues on
the 7 TM of x-opioid receplor which are

U-50488

corresponding to the residues on BR 7 TM.
After the sidechain adjustment and the full

geometry oplimization, the refined siructural
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model was obtained.  Most of the hydrophobic
residues as Phe, Trp, Val are distributed towards
Interestingly,
residues with large hydrophobic sidechain as
Phell4, TrplI83, Phe283, and Trp2B7 were
enclosed in the 7 TM helices, Residue Phel14

was far awav from the other three residues. The

the outside of the receptor.

specific tertlary structure is imporiant for the
binding of nonpepltide k-opioid agomists.

Elucidation of structure-activity relation-
ships of ligands According to the pharmaphore
map of nonpeptide k-opioid agonists, the
pvrrolidine, the carbonyl of acylamide and the
aryl group attached to acylamide are suggested to
he the structure specific moieties of nonpeptide k-
opioid agonists. To verify the pharmaphore map
of nonpeptide agonists and to understand the
ligand-receptor interaction more deeply, we
docked the 5 agonists into the receptor using the
pharmacophoric conformations of these ligands.

Because the ligands would display high
positive charge at the N atom of pyrrolidine at
physiological pH. the atom type of pyrrolidine
nitrogen was modified to be N4. The protonated
N atom was proposed to hydrogen-bond Aspl38
residue.  Actually, we found that the ligands
could be accomodated within the 7 helices very
well.  After geometry oplimiztion on both
receptor and ligand in Dock module of Sybyl
6.2, the binding energies including eletrostatic
energy and steric energy ( Lennard-Jones 12 — 6
potential } for the 5 complexes were evaluated,
which are presented in Tab 1.

Tab 1. Duocking energy of ligand-receptor inter-
action.
. Energy.keal - ol *

Agnmist Steric Electrostatic Total
MDL167361 - 16.768 —-49.131 - 66,081
ICI-197067 -30.741 -41.077 - 71.818
GR-896%6 -3.372 - 51.047 - 85.369
MDLI163725 -131.835 -31.629 - 63.463
MDLI58584 -25.029 - 50.398 - 75.428

The low binding energies suggest the good
quality of our pharmacophore map and the
theoretical model of k-opioid subtype receptor.
structure  of
protonated ICI-197067 and k-opicid receptor { a-

For representation, complex

carbon atom only) is shown in Fig 3.

N-Terminal
T™M7

™1
T™M3

T™6

T™2

T™S

C-Terminal

Fig 3. Complex between protonated ICI-197067
and the kappa opioid receptor, shown in o-carbon
atom only. (A} View from the top (B) Side
view from a direction perpendicular to the main
axes of the 7 «-helices.

The detailed view of protonated ICI-197067
interaction with the binding sites of x-opioid
receptor is shown in Fig 4.
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may also enswe the analgesic activily.
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Fig 4. The detailed view of protonated ICI-
197067 interaction with the binding sites of
K-opioid receptor.

?hllg;ijngiil

Trp287

His291 x\\ﬁ

Some important interaction features can be
deduced from the above models. Tt is obvious
that a potent electrostatic and hydrogen-bond
interaction occurred between the negatively
charged carbonate oxygen of Aspl38 and the
positively charged N of ligands, which is
essential for the k-opioid selective binding. The
pymolidine of the ligands in complexes was
surrounded by 1e290, Aspl38, llel94, Lel35s.
and Cysl31. The hydrophobic interaction with
lle residue would be the reason why ligand with
pyrrolidine has higher affinity than ligandis with
amine. The distances between the hydrogens of
pyirolidine and the nearest hydrogens of Tlel94,
lle135, CysI31 are no more than 0.33 nm. The
hvdrophobic cavity constituted by these residues
is not big enough to accommodate larger groups as
phenyl or six-membered ring. Introducing larger
group at this position will bring about steric
hinderance with the residues. Moreover, the
aryl groups connected to the acylamide of ligands
would insert into a hydrophobic cavity formed by
residues Val239, Val236, Phe235, Val232,
Leul86, and Trpl83. Replacement of phenyl
group by some other rings such as aromatic
heterocyclic ring like MDL167361, MDLI58584

Electrophilic groups like Cl on phenyl have
significant impact on the binding activity. which
suggests that with the aryl group connected to
acylamide of agomsts would have m-m inleraction
with the hydrophobic residues. In the previous
study, we proposed that Trp287 might interact
with the aryl group connected to acylamide of
ligand5[3]. But our recent modeling study gave
another result. Trp287 residue would more
likely interact with the phenyl of V-substituted
tetrahydrogen isoquinoline of MDL163725. In
addition, the carbonyl oxygen of the ligands
hydrogen-bonded the hydroxyl of Serl87. Some
U-50488 like compounds without the carbonate of
acylamide do not have the affinity for «-opioid
receptorrg]. Such hydrogen-bond should be the
good explanation for the paucity of «-opioid
binding activity due to the vanishing carbonate .

Cl
X

Cl
o-Receptor agonist

GR-89696 is the highest active among the 5

k-opioid agonists.  Tts distinctive  structure
characteristic is the piperazine formic ether.
According to our model, the formic ether was
enclosed by residues Serl36, Vall34, Tyrl39,
lle135, and Lel37. The main-chain oxygen of
these residues would have beneficial interaction
with the formic ether of GR-89696.

ofientation in the
complexes, some other residues, eg, His291,
Gly190, and 1el91, were also included swithin
the sphere of 0.4 nm radius centered the ligands.
Although no apparent interaction between these
residues and the ligands was revealed. their

neighboring positions to the ligands implied that

From the ligands’
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they might have influence on the analgesic
activity.  Therefore, for designing more potent x-
opioid selective agomists, much attention should
be paid to the critical residues for the x-opioid
selectivity such as Aspl38, Serl87. Besides,
introducing more interactions with residues as
His291, Gly190, ILlel191 would contribute 1o the
binding  affinity

receplor.

improvement for k-opioid

To conclude, we have generally elucidated
the interaction of U-50488 like agonists with x-
subtype and the
relationships of k-opioid nonpeptide agonisis.
These results are helpful for the further mutant
experiments aimed to identify
residues for w-opioid selectivity and designing

opioid structure-activity

the essential

novel selective k-opioid nonpeptide agonists .
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