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Abstract Opioid receptors are the principal targets for
opioids, which have been used as analgesics for centuries.
Opioid receptors belong to the rhodopsin family of
G-protein coupled receptors (GPCRs). In the absence of
crystal structures of opioid receptors, 3D homology models
have been reported with bovine rhodopsin as a template,
though the sequence homology is low. Recently, it has been
reported that use of multiple templates results in a better
model for a target having low sequence identity with a
single template. With the objective of carrying out a
comparative study on the structural quality of the 3D
models based on single and multiple templates, the
homology models for opioid receptors (mu, delta and
kappa) were generated using bovine rhodopsin as single
template and the recently deposited crystal structures of
squid rhodopsin, turkey β-1 and human β-2 adrenorecep-
tors along with bovine rhodopsin as multiple templates. In
this paper we report the results of comparison between the
refined 3D models based on multiple sequence alignment
(MSA) and models built with bovine rhodopsin as template,
using validation programs PROCHECK, PROSA, Verify
3D, Molprobity and docking studies. The results indicate
that homology models of mu and kappa with multiple
templates are better than those built with only bovine
rhodopsin as template, whereas, in many aspects, the
homology model of delta opioid receptor with single
template is better with respect to the model based on multiple

templates. Three nonselective ligands were docked to both the
models of mu, delta and kappa opioid receptors using GOLD
3.1. The results of docking complied well with the pharama-
cophore, reported for nonspecific opioid ligands. The com-
parison of docking results for models with multiple templates
and those with single template have been discussed in detail.
Three selective ligands for each receptor were also docked. As
the crystallographic structures are not yet known, this
comparison will help in choosing better homology models
of opioid receptors for studying ligand receptor interactions to
design new potent opioid antagonists.
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Introduction

Opioid receptors are expressed throughout the central nervous
system (CNS) including the spinal cord. They are classified
according to their ligand binding profile into three main types
(mu, kappa and delta) [1]. These are characterized by seven
transmembrane (TM) helices, with an extracellular (EC)
amino-terminus and an intracellular carboxyl terminal end as
present in all GPCRs. Opioid agonists are used as principle
agents in treating pain. In addition to analgesia, the opioids
generate a multitude of effects such as euphoria, sedation,
depression, muscle rigidity and severe degrees of physical
dependence or addiction [2]. Not all the ligands are equally
efficacious in triggering opioid receptors. To design new anti-
narcotics with better selectivity and reduced side effects, it is
necessary to understand the receptor-ligand interactions more
elaborately and for that it is necessary to have the 3D structure
of receptors at atomic level. Since human opioid receptors are
the principal targets of opiates and the crystal structures of
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opioid receptors are not available, we have to rely on
homology modeled structures of opioid receptors for studying
drug-receptor interactions and developing new ligands.

The basic first step in homology modeling is to align the
sequence of the protein that has to be modeled (query protein)
with sequences of homologous proteins of known structure
(templates). The identity between these sequences is very
important as it provides an indication of the reliability of the
model. Earlier in the 1990s, the homology models of opioid
receptors were constructed with bacteriorhodopsin as template
[3]. Crystal structure of bovine rhodopsin was deposited in the
late 1990s [4], since then bovine rhodopsin has been used as a
template for modeling opioid receptors [5–7] and other
GPCRs. Mu, delta and kappa possess 24%, 22%, 20%
sequence identity, respectively, with bovine rhodopsin. Since
accuracy of a homology model depends on sequence identity
or strong similarity [8], rhodopsin based models are prone to
errors. As the opioid receptors have less than 30 % identity
with bovine rhodopsin, there always remains a scope for better
model generation. With recent deposition of crystal structures
of squid rhodopsin (2z73) [9], turkey beta-1 adrenoreceptor
(2vt4) [10] and human beta-2 adrenoreceptor (2r4r) [11], more
structures are available as templates for modeling opioid
receptors. Recent studies by Mobarec et al. [12] states that
when there is low sequence identity with the templates, using
them in combination results in better homology model. So, an
attempt was made to build homology models by combining
both rhodopsins and adrenoreceptors as templates on the basis
of multiple sequence alignment, so that number of gaps are
reduced as much as possible and each residue gets aligned to
the best possible similar residue. These new models were
validated for accuracy, using a number of structure validation
studies and compared with models, built with single template.

For further validation and to have deeper insight into the
binding site of the opioid receptors, three non-selective ligands,
butorphanol, naltrexone and naloxone were docked into the
binding site of the modeled receptors, considering full ligand
flexibility. It has been shown that nonspecific ligand recogni-
tion requires a protonated amine, two hydrophobic groups and
a centroid of aromatic ring [13]. Three selective ligands
naltrindole, cyprodime and guanidinonaltrindole were also
docked. Docking was carried out to get clear insights of the
key residues involved and their respective interactions.

Materials and methods

Computational tools

In this work the computational studies were performed by
using the following software packages. Protein sequences of
opioid receptors were obtained from UNIPROT. Homology
modeling studies were carried out using Insight II/Homology

[14] on SGI Fuel workstation, running on IRIX 6.5 operating
system. Ligand preparation was done with Hyperchem 7.5
[15] and Cerius 2 v4.9 [16]. Docking studies were performed
by using GOLD 3.1 (Genetic Optimization for Ligand
Docking) [17], run on a Pentium 4 core2 Duo workstation
using a Windows XP operating system. Accelrys DS Visual-
iser and Pymol [18] were used for generating figures.

Sequence alignment

The protein sequences for the opioid receptors (mu, delta and
kappa) were obtained from the Swiss Prot database (accession
numbers - P35372 (mu), P41143 (delta), and P41145 (kappa).
For building homology models based on multiple templates,
the template search was done with sequence search option of
RCSB [19]. The recent deposition of crystallographic
structures of human β-2 adrenergic receptors (PDB id: 2r4r
and 2r4s), Turkey β-1 adrenergic receptor bound to
cyanapindolol (PDB id: 2vt4) and squid rhodopsin (PDB
id: 2z73) were proved to be better hits than the earlier used
crystal structures of bovine rhodopsin (PDB id: 1f88) and
bacteriorhodopsin for modeling of opioid receptors. The
alignment of all the opioid receptors to a particular template
(bovine or bacteriorhodopsin) resulted in some gaps.
Additionally, a particular template did not give the best
possible alignment with all the three opioid receptors
individually, though all the three opioid receptors have high
similarity. Hence, to retrieve the best possible alignment for
each of the targets and reduce the gaps as much as possible,
MSA was carried out with CLUSTALW using the templates
found as top hits as a result of BLAST search. In
CLUSTALW, the default alignment matrix GONNET 250
was used. The default parameter for gap open penalty was
10.2, gap extension penalty was 0.2 and gap distance was 4.
For mu opioid receptor, MSA with 2r4r, 2vt4 and 1f88
proved to be the best alignment for the residues 72–358. For
delta opioid receptor, MSA with 2vt4 and 1f88 proved to be
the best alignment (Fig 1). For kappa opioid receptor, MSA
with 2vt4 and 2z73 gave the best alignment. For building
models based on single template, sequence of each of the
target receptors was aligned to that of bovine rhodopsin and
human β-2 adrenergic receptor using CLUSTALW.

3D model generation and validation

Based on the MSA derived with CLUSTALW, 3D models
of the three opioid receptors were built using MODELLER
of INSIGHT II package with default parameters. Ten
models were generated initially. The model with best
Kabs-Sanderasch score, also known as Verify 3D score,
was chosen as the model for further studies. The Verify 3D
score finds whether the given structure is compatible with the
sequence. It is 3D-1D compatibility score. It calculates the
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compatibility of each residue in a sequence with its predicted
3D environment. The 3D environment includes buried side
chain area and side chain area that is exposed to polar atoms.
The score is then normalized by the length of the sequence.

Models based on single template were built using alignment
with single template. The refinement of models was done in
subsequent steps. Hydrogens were added to the models at pH
7.4. Potentials of the modeled proteins were fixed with CVFF
force field. Simpleminimizationwas carried out with 100 steps
of steepest descent and followed by 100 steps of conjugant
gradient method with a gradient of 0.001 kcalmol−1Å−1.

Validation of the structural quality of the generated
models was done using the programs: PROCHECK [20,
21], PROSA [22, 23], MOLPROBITY [24], secondary
structure comparison [25, 26] and Verify 3D [27]. Stereo-
chemical quality of backbone conformation was evaluated
by PROCHECK analysis, PROSA uses knowledge based
potentials of mean force to evaluate model accuracy and it
shows local model quality by plotting energies as a function
of amino acid sequence position. Secondary structure
predictions for the opioid receptor sequences were done
with consensus secondary structure prediction MLRC,
while the secondary structures of the modeled proteins
were determined by DSSP and a comparison was made.
MolProbity score is a log-weighted combination of the
clashscore, percentage Ramachandran not favored and
percentage bad side-chain rotamers. The lower the score
the better the structure. It also gives a percentile based on

the score for each structure where 100th percentile is the
best. Verify3D analyzes the compatibility of an atomic
model (3D) with its own amino acid sequence (1D).

Docking of ligands

Three non-selective antagonists of opioid receptors, namely
naltrexone, naloxone and butorphanol were selected for
docking studies. Three selective ligands naltrindole for
delta, cyprodime for mu and guanidinonaltrindole for kappa
opioid receptors were docked to homology models based
on both the templates. 3D structure of the ligands were
modeled in Hyperchem7.5 and minimized initially with
steepest descent followed by conjugant gradient. In order to
get the lowest energy conformation, minimization was done
including simulated annealing in Cerius 2 v4.9 at temper-
ature 500 K at constant NVE (constant no. of atoms,
volume and energy) until convergence was obtained.
Ligands were protonated at physiological pH 7.4. The two
dimensional structures of the ligands showing stereochem-
istry and binding affinity are shown in Table 1.

Docking was carried out with GOLD 3.1 software, which
uses genetic algorithm and considers full ligand conforma-
tional flexibility and partial protein flexibility, i.e., flexibility of
side chain residues only. For docking, the default settings of
1,00,000 genetic operations on a population size of 100
individuals, selection pressure 1.1 and mutation rate 95 were
used. As evident from literature [28], the binding site for each

Fig. 1 MSA of delta opioid receptor with 2vt4 and 1f88 obtained
from CLUSTALW. (Color code pattern: Dark blue - Identical with all
templates, Medium blue - Conserved substituted residues all tem-

plates, Light blue - semi-conserved substituted all templates, Orange -
Identical to one template, Red - Conserved substituted with one
template). Alignment of only one receptor is shown for brevity
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Table 1 Structure of ligands and binding affinity in Ki(nM)

Ligand Ki mu Ki delta Ki kappa Ref.

1. Naltrexone

O

O

O

H

N

O

H

H

H

2.5 ±0.21 39.5±3.0 7.0±0.18 [30]

2. Naloxone

O

O

O

H

N

O

H

H

H

0.4 31.6 6.3 [31]

3. Butorphanol

O

H

N

O

H

H

Not 
found

Not found *15.7±0.9 [32]

4. Naltrindole

O

O

H

N

O

H

H

N

H

H

99±4.6 0.41±0.09 35.8±4.0 [30]
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of the opioid receptors was defined as residues within the
10Ǻ radius of Aspartic acid of third TM domain, which is
involved in the most crucial interaction. Thus the binding site
for mu opioid receptor consists of 10Ǻ radius of Asp149, that
of delta within 10Ǻ of Asp 128 and for kappa opioid receptor
within 10Ǻ of Asp 138. As the reported pharmacophore [29]
indicates that ligand binding in opioid receptors is favored by
hydrophobic interactions, the Chemscore scoring function of
GOLD was used. The Chemscore scoring function consists
of four additive linear terms: hydrophobic, H-bonding, metal
binding and entropic penalty. The conformation of ligand
with highest Chemscore and best interaction was selected and
interactions leading to binding were evaluated.

Results and discussion

Sequence alignment

The final MSA for all the receptors indicated that those are
reasonably good to be used for homology modeling. The

percentages of homologous residues in TM regions proved
that these alignments are better (Table 2) than the alignment
with only bovine rhodopsin as a template, used previously
[6, 7] for building homology models of opioid receptors.
The MSA alignment was also better than the alignment
with human adrenoreceptor (Fig. 1 and Table 1 Supp.
Inform.). Among the alignments based on single template
only, alignment with bovine rhodopsin was better than that
with human adrenoreceptor. In MSA it was found that in
almost all the TM regions had sequence similarity greater
than 50% (Table 2). These represent much better sequence
homology for opioid receptors, which belong to GPCRs.
Thus it could be expected that homology models built with
these alignments would be more accurate.

Homology modeling

The 3D models, generated with both single (bovine
rhodopsin) and multiple alignments for kappa, mu and
delta opioid receptors from the respective templates,
contain seven TM regions (Fig. 2), as evident in all

Table 1 (continued)

5. Cyprodime

N

O

H3C

HO

O

H3C
10.6±0.7 414±27 109±4 [33]

6. gNTI

O

O

H

N

O

H

H

N

H

H

HN

NH

NH2

1.20±0.2 5.8±0.65 0.4±0.06 [34]

* For butorphanol, IC50 in nM for kappa opioid receptor given
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GPCRs. Homology models were generated with the focus
to get suitable 3D models for docking and other in silico
experiments in the absence of crystallographic structures.

Superimposition of models, generated by both the
methods, reveals the differences between the models

(Fig. 3). For kappa receptor model with single template
(bovine rhodopsin), the EC2 loop connecting TM IV and V
is protruding inside whereas the same region in model with
MSA is more flat. The EC region between TM VI and VII
in model with single template is protruding outside. The
TM VI of model with single template is closer to TM VII
than in the model with multiple templates where it is bent
inside and is closer to TM III. In the model with MSA, TM
II isa bit farther from TM III than in the model with single
template. For delta opioid receptor, in the model with single
template (bovine rhodopsin), the EC region between TM VI
and TM VII is flat whereas the same in model with MSA is
more stretched and protruding outside. The EC region
between TM IV and V of the model with single template is
bent much toward the inside whereas in the model with
MSA it is protruding outside. In the model with MSA, TM
VI is farther from TM VII and also from TM V than in
model with single template. In the model with MSA, EC I
is bent toward the inside whereas it is not so in the case of
the model with single template. For mu opioid receptor, in
the model with single template (bovine rhodopsin), the EC

Table 2 Percentage of residues identical or strongly similar with
single template (bovine rhodopsin) (a) and at least one of the
templates (b) calculated from multiple sequence alignment for each
domain

Domain Mu Delta Kappa

A B A B A B

TM1 60 80 37 63 59 67

TM2 61 72 56 68 59 64

TM3 35 60 37 59 36 73

TM4 38 50 25 56 30 65

TM5 74 70 74 87 68 68

TM6 57 70 61 87 58 79

TM7 35 53 24 47 32 73

Fig. 2 The 3D-structure of
homology modeled kappa (a, b),
mu (c, d) and delta (e ,f) opioid
receptors a) Kappa model with
single template b) Kappa model
with multiple templates c) Mu
model with single template d)
Mu model with multiple
templates e) Delta model with
single template f) Delta model
with multiple templates
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between TM IV and TM V, is protruding a little inside,
which is not the case in the model with MSA. The TM VI
and TM , in model with single template, are far from each
other than in model with MSA. The TM I and TM II are
closer to each other in the model with single template.

Evaluations of the 3-D models were done for various
levels of structural organization. The results of stereochem-
ical check of backbone with PROCHECK show that
models built with MSA for mu and kappa opioid receptors
are better than models based on single template. For mu
opioid receptor, in the model with multiple templates, no
residue was in the disallowed region (Fig. 4), whereas the
model with single template (bovine rhodopsin) has two
residues in the disallowed region. The residues in the
disallowed region are Thr 209 and Met 207 belonging to
TM IV. For kappa opioid receptor, model with single
template (bovine rhodopsin) has eight residues in disal-
lowed region, whereas model with multiple templates has
only 2 residues in the disallowed region. Eight residues in
the disallowed region of the model with single template are
Ile 57 and 58 belonging to EC region, Val 60 belonging to
TM I, Phe 114 of TM II, Ser 19, Cys 21, Thr 199 and Val
205 of EC region. The residues Asp 37 of EC and Ala 368
are part of the disallowed region in model with MSA.
However, for delta opioid receptor, model with single
template (bovine rhodopsin) has only one residue, Asp 193,
belonging to EC, in the disallowed region whereas model
with MSA has three residues in the disallowed region. The
residues in the disallowed region are Val 188 of TM IV, Ala
318 and Asp 341 of cytoplasmic region. PROCHECK
results are shown in Table 3.

For all the modeled structures, the residue interaction
energy of each residue with respect to the rest of the protein
was calculated using PROSA program. The results show
that the models generated with multiple templates for mu
and kappa opioid receptors have better PROSA Z-score
than the models generated with single template (bovine
rhodopsin) (Table 4). However, in the case of delta opioid
receptor PROSA Z score indicates that model based on

only bovine rhodopsin is better than that generated with
multiple templates. The residue interaction energy profile
for mu receptor with multiple templates is shown in Fig. 5.
Verify 3D score was calculated for the proteins modeled
with both the alignments. The results show that homology
models with single template for mu and kappa opioid
receptor did not cross the threshold score (Table 5).

However for delta opioid receptor, models based on both
the alignments have Verify 3D score above the cut off
score. The detailed analysis of Verify 3D results reveals the
regions having negative score. The proper score for each
residue should be above zero. In kappa model with single
template (bovine rhodopsin), the residues 65–69 of TM I,
169–186 of cytoplasmic and TM IV, 198–205 of EC, 218–
237 of EC and TM V, 241–250 of TM V and cytoplasmic
and 370–380 of cytoplasmic regions have a negative score.
In kappa model with MSA, residues 1–11 of EC, 172–175
of TM IV, 258–263, 352–359 and 370–380 of cytoplasmic
regions have a negative score. In mu receptor model with
single template (bovine rhodopsin), residues 72–91 from
TM I, 121–124 from TM II, 134–136 from EC and 236–
243 from TM V have a score below zero. Whereas in mu
model with MSA, residues 174–176 of cytoplasmic, 179–
189 of cytoplasmic, 196–199 of TM 4 and 308–314 of EC
region have a negative score. In the case of delta opioid
model with single template (bovine rhodopsin), residues
153–154 of cytoplasmic region have a negative value and
in the model with MSA, residues 153–154 of cytoplasmic
and 288 of EC have a negative score. Thus the results
clearly indicate that in kappa and mu opioid receptor
models with single template (bovine rhodopsin), more
residues of TM regions have a negative score than in
models with multiple templates. None of the models with
only human adrenoreceptor as template cross the threshold
score (Table 2 Supple Inform.).

The results of Molprobity score calculation shows that in
the case of mu opioid receptor, homology model with
single template (bovine rhodopsin) got only 16th percentile
whereas the model with multiple templates got 76th

Fig. 3 Superimposition of
homology models based on
single with bovine rhodopsin
(red) and multiple (cyan)
templates from TM1 to TM7
a) kappa b) delta c) mu
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percentile. For kappa opioid receptor, homology model
with single template (bovine rhodopsin) and MSA got 62nd
and 79th percentile, respectively. However, for delta opioid
receptor, the model with single (bovine rhodopsin) got 89th
percentile whereas model with MSA got 66th percentile
(Table 6).

The results of secondary structure prediction for the
homology models, using DSSP, and the putative secondary
structures for the sequences of opioid receptors, predicted
with MLRC, were compared. In the 3D model of delta
opioid receptor with multiple templates, 18 of the residues,
supposed to get helical structure, were not predicted as
helix, whereas, in case of the model from single template
(bovine rhodopsin), 17 of the residues did not get helical
structure. The residues not forming helix in delta model
with MSA template are 41–48 from EC and TM I, 208–209
from cytoplasmic, 238–242 from cytoplasmic, 256–257 and
322 from cytoplasmic regions. Whereas in model with
single template residues not forming helix are 41–46 from

EC and TM I, 208–211, 238–242, 322, 252 from
cytoplasmic regions. On the other hand, for kappa opioid
receptor model, based on MSA, only nine residues were not
predicted as helix whereas in the model based on one
template (bovine rhodopsin), 29 residues, supposed to be
helix, were not part of the helix. The residues not part of
helix in kappa model with MSA are 127 from EC, 225–227
from TM V, 334, 352–355 from cytoplasmic regions. In
model with single template, residues 55–61 from TM I and
EC , 127 from EC, 251–255 from cytoplasmic, 221–222,
268–270 from cytoplasmic, 291–292 from TM VI and 352–
360 from cytoplasmic regions are not part of helix. In mu
opioid receptor model based on MSA, only 15 of the
residues, supposed to be helix, were not part of the helix,
whereas, in the model based on single template, 38 residues
were not part of the helix. In mu model with MSA, residues
137–138 from EC region, 228–232 from EC, 273–275, 263
from cytoplasmic, 315–316 from TM VII, and 341–342
from cytoplasmic do not form helix. In the model with
single template, 137–138, 228–233 and 300–303 from EC,
255–263 from TM V and cytoplasmic, 315–316 from TM
VII and 341–352 from cytoplasmic region do not form
helix. Results show that more residues from TM regions are
not part of helix in the case of models with single template
for mu and kappa opioid receptors.

Thus based on all these structural verifications of 3D
models, it was inferred that for mu and kappa opioid
receptors, the homology models with multiple templates are
better than those with single template of bovine rhodopsin.
However, for delta opioid receptor, model with single
template with bovine rhodopsin is better than that with
multiple templates in many aspects. However, the models
with only human adrenoreceptor as template were worse
than those based on bovine rhodopsin as template. So these
models were not used for further studies.

Fig. 4 Ramachandran plot of mu opioid receptor, based on multiple
templates, obtained by PROCHECK. Plot for only one shown for
brevity

Table 3 PROCHECK results for modeled opioid receptors a) With MSA b) with single template (bovine rhodopsin)

Position of the region % In Mu A B % In Delta A B % In Kappa A B

Most favored regions 91.3 87.5 87.1 87.7 90.0 85.5

Additional allowed regions 8.3 10.2 10.1 9.5 7.3 10

Generously allowed regions 0.4 1.8 1.2 2.5 2.1 1.8

Disallowed regions 0.0 2.3 0.9 0.3 0.6 2.3

Table 4 PROSA Z-score for homology models with single (bovine
rhodopsin) and multiple templates

Delta Mu Kappa

With single −2.91 −1.34 −1.28
With MSA −2.05 −2.05 −2.8
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Docking results

The results of docking studies with three nonselective
ligands for antagonistic activities, using GOLD, were
compared with the results of mutational studies [28, 29].
An earlier study has shown that aspartic acid of TM III is
an important residue for ligand recognition [28]. Studies by
Befort et al. [29] have shown that aromatic residues
spanning from TM III to VII are important for ligand
binding. Pharmacophoric studies by Filizola et al. [13] has
shown that four components, a protonated amine, centroid
of the aromatic ring, and two hydrophobic pockets are
necessary for recognition of nonspecific ligands. In silico
studies by Habibi -Nezhad et al. [3] have shown that
hydrophobic residues of TM III–VII form hydrophobic
pockets of ligand binding site. Docking results of individual
ligands with both the models for each of the receptors are
described below. The results of docking with selective
ligands cyprodime, naltrindole and guanidinonaltrindole are
also discussed.

Binding of naltrexone

With model based on MSA

The aspartic acid (Asp 149 in mu, Asp128 in delta and
Asp138 in kappa) was involved in forming the ionic
interaction with the protonated nitrogen of naltrexone. The
residues, Tyr 328 in the case of mu, Trp 287 in kappa and
Trp274 in delta opioid receptors, were responsible for pi-pi
interaction with aromatic ring of naltrexone. In addition to
the ionic and pi-pi interactions, there are two other
hydrophobic pockets involved in ligand binding. In mu
opioid receptor, residues Ile146, Tyr150, Met153 form one
of the hydrophobic pockets. The other hydrophobic pocket
consists of Ser156, Trp 295, Trp320 and Ile 324. In delta
opioid receptor, first hydrophobic pocket consists of
Leu125, Ile127, Tyr129, while the key residues of another
hydrophobic pocket are Leu295, Val296, Leu300 and Tyr
308. The first hydrophobic pocket in kappa opioid receptor
consists of Ile 137, Ile 135 and Phe 214 and the key
residues of the second hydrophobic pocket are His291,
Ile292, Ile 294 and Leu 295 (Fig. 6). Figure with backbone
trace shown in supplementary information Fig. 2.

Table 6 Molprobity score for homology models with single (bovine
rhodopsin) and multiple templates

Delta Mu Kappa

With single 1.70(89th
percentile)

3.21(16th
percentile)

2.24(62nd
percentile)

With MSA 2.18(66th
percentile)

1.99(76th
percentile)

1.93(79th
percentile)

Table 5 Verify 3D score

Opioid receptor Cut off With MSA With single
template (bovine)

Mu 58.74 66.5 46.43

Delta 76.30 93.94 86.49

Kappa 77.95 87.85 73.88

Fig. 5 Residue interaction energy profile for the mu opioid receptor
drawn with PROSA Profile for only one shown for brevity

Fig. 6 Key residues involved in binding of naltrexone to kappa
opioid receptor model based on MSA. Interaction with only one
shown for brevity

J Mol Model (2011) 17:1207–1221 1215



With model based on single template

The aspartic acid of TM III (Asp 149 in mu, Asp128 in
delta and Asp138 in kappa) was involved in putative ionic
interaction with the protonated nitrogen of naltrexone. The
pi-pi interactions to aromatic ring of naltrexone were
formed by Tyr 77 in the case of mu, Phe 202 of delta and
Tyr 312 of kappa opioid receptors. The first hydrophobic
pocket of mu opioid receptor is formed by Leu 123, Pro
124, Val 80 and Cys 332 and the other is formed by Ile 144,
Val 145, Leu 326 and Tyr 328. For delta opioid receptor,
the residues Tyr 129, Val 217, Lys 214 form the first
hydrophobic pocket, whereas the other pocket consists of
Tyr 56, Leu 102, and Val 197. The first hydrophobic pocket
of kappa consists of Cys 315, Met 142, Phe 143 and Trp
287 whereas the residues Ser 211, Leu 212 and Tyr 139
form the second hydrophobic pocket. The interactions are
mentioned in Table 7.

Binding of butorphanol

With model based on MSA

The aspartic acid of TM III (for mu 149, delta 128 and
kappa 138) served the purpose of ionic interaction with
butorphanol. Tyr 328 of mu opioid receptor, Trp 287 of
kappa opioid receptor and Tyr 308 of delta are involved in
aromatic interaction with butorphanol. The first hydropho-
bic domain of mu consists of Ala119, Ser121, Leu150, and
Ser156. Leu123, Ser127, Val290 and Ile298 mediate the
second hydrophobic interaction. The first hydrophobic
pocket in delta opioid receptor consists of Leu125, Ile127,
Phe133 and Met 132 and the second one consists of Ile277,
Trp284, Leu300 and His301. The key residues of first
hydrophobic pocket of kappa are Ile137, Ile135, Met226
and Phe214 while the other hydrophobic domain consists of
Ile294, Leu295 and Val 296 (Fig. 7). Figure with backbone
trace shown in supplementary information Fig. 2. The
interactions are mentioned in Table 8.

With model based on single template

The residues Asp 149, Asp 138 and Asp 128 of mu, kappa
and delta opioid receptors respectively form the ionic
interaction with butorphanol. The pi-pi interactions are
mediated by Tyr 77, Trp 114, Tyr 312 for mu, delta and
kappa receptors respectively. The first hydrophobic pocket
in mu opioid receptor consists of Ile 79, Val 80 Leu 221 and
Tyr 328 and the second one consists of Val 83, Ala 119, Ser
147 and Ile 148. The residues mediating first hydrophobic
interaction in delta are Leu 102, Phe 104, Val 124 and Ser
135 whereas the second pocket consists of Val 196, Ile 304
and Ala 309. The important residues in first hydrophobic
pocket of kappa are Ile 135, Tyr 139, Phe 235 and Val 236
and those in second are Ser 211, Ile 290 and His 291.

Table 7 Important residues involved in binding of Naltrexone

Interaction Mu single Mu MSA Delta single Delta MSA Kappa single Kappa MSA

Ionic Asp 149 Asp 149 Asp 128 Asp 128 Asp 138 Asp 138

Aromatic-
aromatic

Tyr 77 Tyr 328 Phe 202 Trp 284 Tyr 312 Trp 287

Hydrophobic Leu 123,Cys 332,
Val 80

Ile 146,Tyr 150,
Met 153

Leu 102,Val
197,Tyr 56

Leu 125,Ile 127,
Tyr 129

Ser 211,Leu
212,Tyr 139

Ile 137, Ile 135, Phe
214

Hydrophobic Ile 144,Val 145,
Leu 326, Tyr 328

Val 260,Ser 156,
Trp 295,Trp 320

Tyr 129, Lys
214,Val 217

Leu 295,Val 296,
Leu 300,Tyr 308

Met 142, Phe
143, Trp 287

His 291, Ile 292, Ile
294, Leu 295

Fig. 7 Binding of butorphanol to kappa opioid receptor model with
MSA. Interaction with only one receptor shown for brevity
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Binding of naloxone

With model based on MSA

The Aspartic acid 116 of mu, 128 of delta and 138 of kappa
opioid receptor form the ionic interactions with protonated
nitrogen of naloxone. The aromatic interaction is mediated by
Tyr328 of mu, Trp287 of kappa and Trp274 of delta opioid
receptor with phenyl ring of naloxone. The analysis of
hydrobhobic pockets in mu opioid receptor shows that
Ser156, Ile157, Val290 and Ser331 form the first pocket
whereas Met153, Phe154, Ser197, and Trp295 form the
second pocket. The first hydrophobic domain in kappa
consists of Ile137, Ile135 and Phe 214 and the key residues
of the second one are Ile290, Ile 292, Leu295, Met226 and
Phe 293. The first hydrophobic pocket of delta consists of
His301, Ile304 and Tyr308, while the second hydrophobic
pocket is made up of Leu125, Leu102 and Ile127 (Fig. 8).
Figure with backbone trace shown in supplementary infor-
mation Fig. 2. The interactions are mentioned in Table 9.

With model based on single template

The Asp residues 149, 128 and 138 of mu, delta and kappa
opioid receptors respectively form the ionic interactions.
Tyr 77, Phe 104 and Tyr 312 mediate the pi-pi interactions
in mu, delta and kappa receptors respectively. The residues
Ser 78, Ile 79, Val 80 and Ser 121 form the first
hydrophobic pocket of mu opioid receptor whereas the
residues Ser 147, Ile 148, and Tyr 328 form the second
hydrophobic pocket. The first hydrophobic pocket of delta
opioid receptor consists of Leu 302, Ala 305 and Cys 303
while the residues Ala123, Val 124, Leu 300 and His 301
form the second hydrophobic pocket. In kappa opioid
receptor, the residues Val 134, Ile 290 and His 291 form the
first hydrophobic pocket whereas residues Ile 135, Phe 235,
Val 236 and Leu 212 mediate the second hydrophobic
interaction.

The results for docking with models generated from
multiple templates complied well with experimental studies.

The results show that the Asp of TM III forms the ionic
interactions. Trp of TMVI or Tyr of TMVII mediates the pi-pi
interactions. The hydrophobic residues of TM III, TMVI, and
TM VII mainly form the hydrophobic pockets. Docking
results for models with single template show that not all the
interacting regions are complying with the experimental
studies. Though the ionic interaction, here also, is mediated
by Asp of TM 3, the residues involved in pi-pi interaction in
mu and delta are located in TM I and EC regions, respectively.
Mutation studies did not report EC and TM I regions as
important parts of binding pocket. Though according to
previous studies hydrophobic pockets are mainly supposed
to be composed of residues from TM III to TM VII, some
residues of hydrophobic pockets of delta opioid receptor are
also part of TM I and EC regions. A few residues from EC and
TM1 regions are part of hydrophobic pocket of mu receptor.

Table 8 Important residues involved in binding of Butorphanol

Interaction Mu single Mu MSA Delta single Delta MSA Kappa single Kappa MSA

Ionic Asp 149 Asp 149 Asp 95 Asp 128 Asp 138 Asp 138

Aromatic-
aromatic

Tyr 77 Tyr 328 Trp 114 Tyr 308 Tyr 312 Trp 287

Hydrophobic Ile 79, Val 80, Leu
221,Tyr 328

Ala 119, Ser 121, Leu
150, Ser 156

Leu 102, Phe
104, Val 124

Leu 125,Ile 127,
Phe 133

Ser 211, Ile
290, His 291

Ile 137, Ile 135,
Phe 214

Hydrophobic Val 83, Ala 119, Ser
147, Ile 148

Leu 123, Ser 127, Val
290, Ile 298

Val 196, Ala
309, Ile 304

Trp 284, Leu
300, His 301

Ile 135, Phe
235, Val 236

Ile 291, Leu
295, Val 296

Fig. 8 Binding of naloxone to delta opioid receptor with MSA. Only
one shown for brevity
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In mu opioid receptor with single template, TM I is closer to
TM II. So residues of TM I are also part of binding site. A
hydrophobic pocket of kappa opioid receptor also has a few
residues from EC region. The presence of EC region residues
in case of models with single template can be explained with
conformation of EC2 where they are protruding a little inside.

Binding of naltrindole

Binding results show that aspartic acids 128, 149 and 138
of delta, mu and kappa opioid receptors, respectively, form
the ionic interaction with protonated nitrogen of naltrindole.
The residues Tyr 308, Tyr 328 and Phe 231 of delta, mu
and kappa opioid receptors, respectively, form pi-pi
interaction. The first hydrophobic pocket of delta consists
of Val 124, Leu 125 and Leu 200 and the second
hydrophobic pocket consists of Met 132, Ala 195, and
Val 196. The residues Leu 80, Val 81 and Tyr 150 form the
first hydrophobic pocket of mu and Trp 320, Ile 324 and
Phe 223 form the second one. For kappa opioid receptor,
the residues Val 134, Ile 135 and Phe 231 forms first

hydrophobic pocket. And the second hydrophobic pocket
consists of Ile 290, His 291 and Tyr 320. In addition to
these there is additional interaction for the indole ring of
naltrindole. In delta opioid receptor, the residues Trp 274,
Trp 284 and Val 281 are making hydrophobic interaction
with the indole ring (Fig. 9). In mu receptor, Phe 291and
Trp 295 are interacting with the indole ring. The residues
Trp 124, Phe 126 are ineracting with the indole ring of
naltrindole. It can be hypothesized that the indole ring of
naltrindole is selectively interacting with delta opioid
receptor. However, the insights regarding the contribution
of specific residue/s could be obtained only through
molecular dynamic studies of the complex.

Binding of guanidinonaltrindole (gNTI)

In kappa selective ligand, gNTI, guanidine moiety is
attached to naltrindole. This guanidine moiety confers
selectivity to the kappa opioid receptor. One of the
nitrogens of guanidine moiety gets protonated at physio-
logical pH7.4. Thus, in gNTI there are two protonated

Table 9 Important residues involved in binding of Naloxone

Interaction Mu single Mu MSA Delta single Delta MSA Kappa single Kappa MSA

Ionic Asp 149 Asp 116 Asp 128 Asp 128 Asp 138 Asp 138

Aromatic-
aromatic

Tyr 77 Tyr 328 Phe 104 Trp 274 Tyr 312 Trp 287

Hydrophobic Ile 79, Ser 121,
Leu 125

Ser 156,Ile 157,
Val 290

Leu 302, Cys 303, Ala
305

Leu 102, Leu
125, Ile 127

Ile 135, Phe 235,
Val 236

Ile 135, Ile 137,
Phe 214

Hydrophobic Ser 147, Ile 148,
Tyr 328

Met 153,Phe 154,
Ser 197

Ala 123, Val 124, Leu
300, His 301

His 301, Ile 304,
Tyr 308

Val 134, Ile 290,
His 291

Ile 290, Ile 292,
Leu 295

Fig. 9 Binding of naltrindole to
delta opioid receptor with MSA
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nitrogens which form ionic interactions. In case of kappa
opioid receptor, Asp 105 forms the ionic interaction with
protonated nitrogen of guanidine (Fig. 10). However, in the
case of mu and delta opioid receptor, there were no ionic
interactions with the protonated nitrogen of guanidine.

Binding of cyprodime

For mu selective antagonist, cyprodime, residues Asp 116,
Asp 128 and Asp 138 of mu, delta and kappa opioid
receptors, respectively, form the ionic interaction with

protonated nitrogen. The residue Tyr 328 of mu and Trp
287 of kappa opioid receotor form the pi-pi interaction.
However, in the case of delta receptor, no such well-defined
pi-pi interaction was present. Besides these, two hydropho-
bic pockets were also present. In the case of mu opioid
receptor, residues Trp 295, Phe 237, Tyr 150 and Val 238
form one hydrophobic pocket. Val 83, Val 133 and Phe 154
form the other hydrophobic pocket (Fig. 11). The two
hydrophobic pockets of kappa opioid receptor are com-
prised of residues Ile 135, Ser 136, Ile 137, Ile 290, Phe
293 and Ile 294. Whereas in delta, residues Leu 125, Ile
127, Ser 126, His 301, Ile 304 and Leu 306 form the two
hydrophobic pockets. It may be hypothesized that the
difference of extent of hydrophobic interaction may be
responsible for selectivity of cyprodime toward mu opioid
receptor. Further detailed molecular dynamics studies are
needed to reach a definite conclusion.

Conclusions

In this paper, we present a comparative study on the
homology models of opioid receptors based on single and
multiple templates. 3D models based on single template
were built using bovine rhodopsin as a template. For
models based on multiple templates, recently deposited
crystal structures of GPCRs were taken into consideration,
along with bovine rhodopsin. Using multiple templates in
combination helped us to improve the sequence homology
of TM regions. To check whether the structural quality of
models has improved with an increase in sequence
homology, both the models were assessed by a number of

Fig. 10 Binding of gNTI to kappa opioid receptor with MSA

Fig. 11 Binding of cyprodime
to mu opioid receptor with MSA
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validation programs like PROCHECK, PROSA, Verify 3D
and Molprobity. The results of these validation studies
prove that the models with multiple templates are better
than those of single template for mu and kappa opioid
receptors. However, for delta opioid receptor, though the
sequence homology has improved with multiple templates,
the model with single template showed structurally better
results in most of the validation studies. Thus it is not
always true that the model with multiple templates is
structurally better as in the present case of the GPCRs.

For further validation of the quality of the models, three
non-specific ligands were docked into the binding site of
both the models for each receptor. The docking results for
all three non-specific ligands, with both models, complied
well with established pharmacophore. However, in models
with single template some residues from TM 1 and EC
region are the part of the binding pocket though these
residues are supposed to be confined within TM III to TM
VII. Thus for all three cases the docking results of models
with multiple templates complied better with earlier studies.
Additionally, three selective ligands, one for each of the
mu, delta and kappa opioid receptors, were also docked to
the models with multiple templates. The selectivity for the
receptors was hypothesized, but further detailed molecular
dynamics study will lead to better understanding of
selectivity of opioid receptors. The better 3D models of
opioid receptors can be used further for in silico studies to
develop potent antagonists with minimal side effects.

Acknowledgments The authors thank Council for Scientific and
Industrial Research (CSIR), New Delhi, for providing financial grant
for the project NPIF-109/119. IB thanks CSIR for project assistant-
ship. Authors thank Mitul Bhattacharya of Department of Electronics
Accreditation for Computer Courses (DOEACC) Kolkata Center for
assistance in literature survey.

References

1. Simonds WF (1988) The molecular basis of opioid receptor
function. Endocrine Rev 9:1214–1216. doi:10.1210/edrv-9-2-200

2. Chaturvedi K, Christoffers KH, Singh K, Howells RD (2000)
Structure and regulation of opioid receptors. Biopolymers 55:334–
346. doi:10.1002/1097-0282

3. Habib-Nezhad B, Hanifian M, Mahmoudian M (1996) Computer-
aided receptor modeling of human opioid receptors: ( Mu, Kappa and
Delta). J Mol Model 2:362–369. doi:10.1007/s0089460020362

4. Palczewski K, Kumasaka T, Hori T, Behnke CA, Motoshima H,
Fox BA (2000) Crystal structure of rhodopsin: A G protein-
coupled receptor. Science 289:739–745. doi:10.1126/sci
ence.289.5480.739

5. Strahs D, Weintein H (1997) Comparative modeling and molec-
ular dynamics studies of the delta, kappa and mu opioid receptors.
Protein Eng 10:1019–1038

6. Aburi M, Smith PE (2004) Modeling and simulation of the human
delta opioid receptor. Protein Sci 13:1997–2008. doi:10.1110/
ps.04673404

7. Zhang T, Sham YY, Rajamani R, Gao J, Portoghese PS (2005)
Homology modeling and molecular dynamics simulations of the
mu opioid receptor in a membrane-aqueous system. Chem Bio
Chem 6:853–859. doi:10.1002/cbic.200400207

8. Whisstock JC, Lesk AM (2003) Prediction of protein function
from protein sequence and structure. Q Rev Biophys 36:307–340.
doi:10.1017/S0033583503003901

9. Murakami M, Kouyama T (2008) Crystal structure of squid
rhodopsin. Nature 453:363–367. doi:10.1038/nature06925

10. Warne A, Serrano-Vega MJ, Baker JG, Moukhametzianov R,
Edwards PC, Henderson R, Leslie AGW, Tate CG, Schertler GFX
(2008) Structure of the Beta1-Adrenergic G Protein-Coupled
Receptor. Nature 454:486. doi:10.1038/nature07101

11. Rasmussen SG, Choi HJ, Rosenbaum DM, Kobilka TS, Thian FS,
Edwards PC, Burghammer M, Ratnala VR, Sanishvili R, Fischetti
RF, Schertler GF, Weis WI, Kobilka BK (2007) Crystal structure
of the human beta2 adrenergic G-protein-coupled receptor. Nature
450:383–387. doi:10.1038/nature06325

12. Mobarec JC, Sanchez R, Filizola M (2009) Modern Homology
Modeling of G-Protein Coupled Receptors: Which Structural
Template to Use? J Med Chem 52(16):5207–5216. doi:10.1021/
jm9005252

13. Filizola M, Villar HO, Loew GH (2001) Molecular determinants
of nonspecific recognition of delta, mu and kappa opioid
receptors. Biorg Med Chem 9:69–76. doi:10.1016/S0968-0896
(00)00223-6

14. Insight II (2000) Homology User Guide. Accelrys Inc, San Diego
15. Hyperchem 7.5, Hypercube, Inc,Gainesville, FL
16. Cerius2, Version 4.6, Accelrys Inc, San Diego, CA, USA
17. Jones G, Willett P, Glen RC, Leach AR, Taylor R (1997)

Development and validation of a genetic algorithm for flexible
docking. J Mol Biol 267(3):727–748. doi:10.1006/jmbi.1996.0897

18. www.pymol.org
19. www.rcsb.org
20. Laskowski RA, MacArthur MW, Moss D, Thornton JM (1993)

PROCHECK: a program to check the stereochemical quality of
protein structures. J Appl Cryst 26:283–291. doi:10.1107/
S0021889892009944

21. Arnold K, Bordoli L, Kopp J, Schwede T (2006) The SWISS-
MODEL Workspace: A web-based environment for protein
structure homology modelling. Bioinformatics 22:195–201.
doi:10.1093/bioinformatics/bti770

22. Wiederstein M, Sippl MJ (2007) ProSA-web: interactive web
service for the recognition of errors in three-dimensional struc-
tures of proteins. Nucleic Acids Res 35:W407–W410.
doi:10.1093/nar/gkm290

23. Sippl MJ (1993) Recognition of Errors in Three-Dimensional
Structures of Proteins. Proteins 17:355–362

24. Chen VB, Arendall WB, Headd JJ, Keedy DA, Immormino RM,
Kapral GJ, Murray LW, Richardson JS, Richardson DC (2010)
MolProbity: all-atom structure validation for macromolecular
crystallography. Acta Crystallogr D Biol Crystallogr 66:12–21.
doi:10.1107/S0907444909042073

25. http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/
npsa_seccons.html

26. Kabsch W, Sander C (1983) Dictionary of protein secondary
structure: Pattern recognition of hydrogen bonded and geometrical
features. Biopolymers 22:2577–2637

27. Eisenberg D, Luthy R, Bowie JU (1997) VERIFY3D: assessment
of protein models with three-dimensional profiles. Methods
Enzymol 277:396–404

28. Befort K, Tabbara L, Bausch S, Chavkin C, Evans C, Kieffer B
(1996) The conserved aspartate residue in the third putative
transmembrane domain of the delta-opioid receptor is not the
anionic counterpart for cationic opiate binding but is a constituent
of the receptor binding site. Mol Pharmacol 49(2):216–223

1220 J Mol Model (2011) 17:1207–1221

http://dx.doi.org/10.1210/edrv-9-2-200
http://dx.doi.org/10.1002/1097-0282
http://dx.doi.org/10.1007/s0089460020362
http://dx.doi.org/10.1126/science.289.5480.739
http://dx.doi.org/10.1126/science.289.5480.739
http://dx.doi.org/10.1110/ps.04673404
http://dx.doi.org/10.1110/ps.04673404
http://dx.doi.org/10.1002/cbic.200400207
http://dx.doi.org/10.1017/S0033583503003901
http://dx.doi.org/10.1038/nature06925
http://dx.doi.org/10.1038/nature07101
http://dx.doi.org/10.1038/nature06325
http://dx.doi.org/10.1021/jm9005252
http://dx.doi.org/10.1021/jm9005252
http://dx.doi.org/10.1016/S0968-0896(00)00223-6
http://dx.doi.org/10.1016/S0968-0896(00)00223-6
http://dx.doi.org/10.1006/jmbi.1996.0897
http://www.pymol.org
http://www.rcsb.org
http://dx.doi.org/10.1107/S0021889892009944
http://dx.doi.org/10.1107/S0021889892009944
http://dx.doi.org/10.1093/bioinformatics/bti770
http://dx.doi.org/10.1093/nar/gkm290
http://dx.doi.org/10.1107/S0907444909042073
http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_seccons.html
http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_seccons.html


29. Befort K, Tabbara L, Kling D, Maigret B, Kieffer BL (1996) Role
of aromatic transmembrane residues of the delta-opioid receptor in
ligand recognition. J Biol Chem 271(17):10161–10168.
doi:10.1074/jbc.271.17.10161

30. Ananthan S, Kezar HS, Carter RL, Saini SK, Rice KC, Wells JL,
Davis P, Xu H, Dersch CM, Bilsky EJ, Porreca F, Rothman RB
(1999) Synthesis, Opioid Receptor Binding, and Biological
Activities of Naltrexone-Derived Pyrido- and Pyrimidomor-
phinans. J Med Chem 42(3527):3538

31. Goldstein A, Naidu A (1989) Multiple opioid receptors:ligand
selectivity profiles and binding site signatures. Mol Pharmacol
36:265–272

32. Su TP (1984) Further demonstration of kappa binding sites in the brain:
evidence of heterogeneity. J Pharmacol Exp Ther 232(1):144–148

33. Spetea M, Schullner F, Moisa RC, Berzetei-Gurske IP, Schraml B,
Dorfler C, Aceto MD, Harris LS, Coop A, Schmidhammer H (2004)
Synthesis and Biological Evaluation of 14-Alkoxymorphinans. 21.1
Novel 4-Alkoxy and 14-Phenylpropoxy Derivatives of the mu Opioid
Receptor Antagonist Cyprodime. J Med Chem 47:3242–3247.
doi:10.1021/jm031126k

34. Black SL, Chauvignac C, Grundt P, Miller CN, Wood S, Traynor
JR, Lewis JW, Husbands SM (2003) Guanidino N-Substituted and
N, N-Disubstituted Derivatives of the κ-Opioid antagonist GNTI.
J Med Chem 46(25):5505–5511. doi:10.1021/jm0309203

J Mol Model (2011) 17:1207–1221 1221

http://dx.doi.org/10.1074/jbc.271.17.10161
http://dx.doi.org/doi:10.1021/jm031126k
http://dx.doi.org/10.1021/jm0309203

	Exploring...
	Abstract
	Introduction
	Materials and methods
	Computational tools
	Sequence alignment
	3D model generation and validation
	Docking of ligands

	Results and discussion
	Sequence alignment
	Homology modeling
	Docking results
	Binding of naltrexone
	With model based on MSA
	With model based on single template

	Binding of butorphanol
	With model based on MSA
	With model based on single template

	Binding of naloxone
	With model based on MSA
	With model based on single template

	Binding of naltrindole
	Binding of guanidinonaltrindole (gNTI)
	Binding of cyprodime

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


