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AIM: To build up the structure model ol ¢ opioid
receptor, then combined with the receptor model,
to investigate the action mechanism of chmelentanyl
METHODS: Using the three-di-

mensional structure ol bactertorhodopsin as a tem-

on the receptor.

plate, we constructed p opioid receptor model on
Ohmefentanyl was then docked into the
RESULTS: A

madel  was

computer.
supposed receptor binding sites.
gaood  ligand-receptor  interaction
achieved. The possible binding sites were found to
be Aspl47 and His319.

ohmelentanyl form potent electrostatic and hydro-

The protonated N atom of

gen-bonding interactions with residue Aspl47 of the
receptor, the O atom of the carbonyl group form
weak electrostatic and hydrogen-bonding  inter-
actions with residue His319, and the two phenyl
groups form n- interactions with some aryl residues
CONCLUSION:-
The ligand-receptor interaction model should be

of the receptor around ligand.
helpful [or rational design of novel analgesic.
Ohmelentanyl { Ohm }, [irst synthesized in

Prol CHI' s Laboratory in the early 1970s, is the

most potent and most selective agonist ol p opioid

receptors!’ . Dr WANG Zhi-Xian synthesized its 8
enantiomers. Their analgesic activities varied ex-
tremely'™ . These provided powerlul background

[or us to understand how Ohm to bind and act on
the p opiocid receptor.

The primary sequences of rat and human p opi-
oid receptors have heen recognized from gene

3.4

cloning The rat g opioid receptor consists ol
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(3R, 45, 205)-ohmefentanyl

398 amino acid residues and belongs to the super-
[amily ol G-protein coupled receptors { GPCR),
which 15 a single chain having 7 transmembrane
{ TM)} segments with the NH; terminal in the extra-
cellular space and COOH terminal in the cytoplasm.
Using molecular modeling method, we predict the
three-dimensional { 3D ) structural model of the
receptbr [rom its primary sequence.

This paper is to construct the p opioid receptor
model and investigate the action mechanism of Ohm

on the receptor.
METHODS

This work was performed on Silicon Graphics IRIS Indi-
go XZ4000 workstation vsing SYBYL V6.1 software pack-
age'® . The structure data of bacteriorhodeopsin (bR )™ were
read from the Proten Data Bank (PDB)'". The amino acid
sequence of rat u opicid receptor was mputted manually= .
The structure of Ohm was built up and optimized interactively
using the SYBYL. program.

Seyuence alignments and comparisons between u opioid
receptor and other GPCR, as well as bR, were carried out to
define the putative TM regions. The sequences of the TM
domains were converted into o helces with normal ¢ and ¥
values of — 58" and — 47° separately in SYBYL/Biopolymer
module, except for proline residue with ¢ — 75", which led o
slightly bent o-helix.

template for positioning of the a-helices main axes.  Automat-

The suucture of bR was used as the

ic adjustments were tade to remove the unfaversble steric in-
teractions. The geometry of the fratein was opumized for
200 steps with the steepest descent minimizer and subsequent-
ly for 2000 steps with the conjugare gradient minimizer, using

the Amber force ficld with Kollmann all-atom charges. A
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cutoff of 0.8 nm was used, while dielectric constant wes set
5.0 and depended on che distance.

We generated all of the loop segments using Loop Search
method in Biopolymer module, and formed an intramolecular
disulfide bond between Cysld0 and Cys217. The whole pre-
tein structure was also optimized by chergy tninitnization.,

Ohm was docked inte the supposed binding sites among
the 7 helix bundles.
cotnplex was minimized using Tripos force field with Koll-

After manuai adjustment, the whole

mann all-atom charges for the receptor and Gasteiger- Huckel
charge for the ligand. The protonated Ohm and morplune

were also docked inta the receptor sates 1 the <ame way

RESULTS

Modeling of the receptor

analysis of hydropathicity and referred to many oth-
18,51

According to the
er reports the sequence alignment of the TM
regions of bR and ¢ opicid receptor was shown in
Fig 1.

™1 bR 8 PEWIWLALGTALMGLGTLYFLVKGM 32
uoR 70 TIMALYSIVCYVGLFGNFLYMYVIV 94

TM2 bR 38 DAKKFYAITTLVPAIAFTMYLSMLL €2
MOR 105 IYIFNLALADALATSTLPFQSVNYL 129

TM3 bR 79 YWARYADWLFTTPLLLLDPLALL 100
MOR 140 CKIVISIDYYNMFTSIFTLCIM 161
T™4 bR 106 GTILALVGADGIMIGTGLVGA 126
HOR 187 VNVCNWILSSAIGLPYMFMAT 207
T™S bR 137 WWAISTAAMLYILYVLFFGFT 157
HOR 234 ICVFIFAFIMPILIITVCYGL 254
™6 bR 170 TFEVLRNVTVVLWSAYPVVWLI 1591
HOR 281 MVLVVVAVFIVCHWTPIHIYVII joz

T™7 bR 202 NIETLLFMVLDVSAKVGFGLILLRS 226
HOR 312 TFQTVSWHFCIALGYTNSCLNPVLY 336

Fig 1. Segoence alignment of 1the transmembrane regions of
bacteriorhodopsin (bR) and p opieid receptor (pOR).

After energy minimizatuan, the whole receptor
In this model, the
hydrophobic residues lay mainly on the outer surface

structure model was achieved.

of the TM regions, contacting the lipid bilayer,
whereas the polar residiies lay mainly in loop regions
and inner surface of the TM regions.

Modeling of the receptor-Ohm interaction
{3R, 45, 205)-Ohm, the most potent Ohm con-
former, and its protonated form were docked into
the cavity near Aspl47 and His319 with one of the
oxygens of the carboxylate at Aspl47 as an anchor-

ing point, rtespectively. Because the structure of
Ohm 15 very flexible, it is difficult to determine irs
active confarmation. We carried out conformation-
al searching w the 8 isomers by multi-search

Then

a common conformation was attained by DISCO

method. Each isomer got 100 conformers.

module.  This common conformation was assumed
as the bicactive ane a=r used in the lLigand-receptor
interaction. After manual adjustment znd geomet-
e aptimuzation, a good receptor-ligand interaction

model was achieved {Tab 1. Fig 21},

Tab 1. Docking energy of ligand-receptor inieraction
(kcal mol™ " }.

Protonated
Encrgy (Yhm O
Aspl47? and His319
Total - 142,075 - 1859.426
Steric —-131.683 -132.894
Electrostatic -10.392 - 56.532
Aspld7 and His?297
Total —-114.724 - 157.678
Steric —102.959 - 103.588
Electrostatic -11.765 — 54,090

From this primary model, the possible binding
sites should be Aspld47, Tyrl48, Trp318, His319
(Fig 3).

The basic action moieties of fentanyl derivatives
were tWo sites: one was Ny atom on piperidiny] ring
which formed potent electrostatic and hydrogen-
bonding interactions with the catboxy group of
residue Aspld7? on TM3 of the receptor, the other
was ()3 atom in carbonyl group which pointed to the
imidazolyl plane of residue His319 on TM7 and
formed weak electrostatic and hydrogen-bonding in-
OUmne phenyl ring inserted into 2 aryl
ring planes of residues Trp318 and His319 forming
m-m interactions. The other phenyl ring formed =-x
All these

electrostatic, hydrogen-bonding and #-x interactions

teractions.

interaction with ring plane of Tyrl48.

render Ohm high binding affinity to y opioid recep-
tor, thus possessed potent analgesic activity.

DISCUSSION

Modeling of the receptor  The fact that no
GPCR have been crystallized and elucidated 3D


http://www.cqvip.com

- 9B - BIBLID: ISSN 0253-9756

Acta Pharmacologiea Simea B #& 9 F 48

1936 Mar; 17 (2)

Foatraceliular

Ohmvlentany|
TS
ThMn
> = \ﬂ
ey o
\(\% (‘ Z Cytaplasuue
\_l__} C-Ternnnal
()

Fig 2. Display of the complex between (IR, 45, 208)-Ohm
and the p opioid receptor, shown in a-carbon atom only,
except For residoes Asp 147, Tyr 148, Trp 318 and His
319. (a) View of the complex from the ountside of the cell:
(b) side view of the ligand-receptor complex.

structures to date made it difficult for us to model
the structure of p opioid receptor. The only avail-
able structure is that of bR. Although bR does not
belong to GPCR family and has low primary se-
quence homology with them, bR has the same lig-
and retinal and 7 TM «-helices as thodopsin, a
member of GPCR family, so we suggest that there

His119

Fig 3. Protonated Ohm interaction with proposed hinding
sites of p opioid receptor.

is high bR and
rhodopsin as well as other GPCR including u opioid

structure homology between

receptor. Recently a 0.9 nm resolution electron
diffraction structure was obtained for bovine
rhodopsin LU (™ projection footprint indicated the

presence of 7 TM o-helices in this receptor {and
probably in all GPCR}. Although the helix ar-
rangement appeared to be different {rom that in bR,
if we otate 15° of the model around an axis perpen-
dicular to the 7 helices, the 2 proteins would have
the same projection images. Furthermore, differ-
ent crystallization condition strongly affected the

(1) Therefore, in

packing of the protein molecules
the absence of 3D structure of p opioid receptor, we
built up its TM structure model using the structure
of bR as the template.

Modeling of the loop regions is difficult, be-
cause loop regions are variable and no template could
be used. However, we built the loops by searching
the library of the PDB for protein {ragments with
Loop Search program, then selected the best confor-
mation according to the litting root mean square
{RMS) and van der Waals contact values. DBecause
of the least RMS and contact values, so the loop re-
gions most closely matched the geometric require-
There
are 2 highly conserved Cys residues in the 2nd and

3rd extracellular loops of the GPCR (Cys140 and

ment of bridging from one helix to the next.
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Cys217 in the g opicid receptor}. Site-directed
mutagenesis resulis suggested that these residues
played a key role in maintaining the active confor-
mation of the receptor. Biochemical apalvsis of
rhodopsin showed that the 2 Cys residues were in-
volved in an intramolecular disulfide bridge and it

was a structural feature common to the entire family

of receptors!®. Thus, we generated an in-
tramolecular disulfide bond between Cys140 and
Cys217.

This structural moedel remains to be cenlirmed
by experiment, but it is helpful to understand the
structure and function of the receptor and study the
ligand-receptor interaction at present.

Determination of the binding sites  The hind-
ing sutes of p opwid receptor have not heen defined
by experiment so far, that made it difficult to study
the receptor-Ohm interaction.  Some experimental
evidences demonstrated that for peptide receptor,
the nonpeptide ligand binding sites located in the 7
helix bundle''*, so it was supposed the Ohm-bind-
ing pocket being located i the TM regions. In the
model of i opicid receptor, there are 2 Asp residues
in the TM regions: Aspll4 and Aspld7, 2 His
residues: Mis297 and His319, and 1 Lys residue:
Lys141.

2 Asp residues were conserved within most GPCR.

These 5 residues were all charged and the

One or more of those charged residues were respon-
sible for the binding of the ligand.

In the previous paper, we had carried out
guantum chemical calculation and QSAR anatvsis on
3-methylfentanyl  derivatives' '* . The results
showed that four portions of 3-methylfentanyl
derivatives, ie charged atom N;. charged atom Oy,
3-methyl, and phenyl of atom Ny, were important
to their analgesic activities. At physiological pH
values, these ligands would ali display a high posi-
tive charge around the N; atom of the ligands due to
protonation, whereas there is a negative center
around atom Q5. So it was suggested that there
must be corresponding negative and positive centers
Residues Aspld7? and His319

would be the first choice.

in the receptor.

New site-directed mutagenesis experiment''?
has revealed that residue Aspld7 took part in the
binding with agonist directly, while deletion of 64
N-terminal and 33 C-terminal amino acids produced

little effect on receptor function, which supported
our model. His319 has not been studied by muta-
tion because this residue would not be located in TM
regions. However, in our model, His319 was not
only included in TM regions, but also thought of as
Alanine substitution for His297
did dramatically reduce agonist affinity while main-

a critical residue.

taining normal or increased intrinsic activity of the
mutant receptor. Therefore, we also studied the
complex of Ohm and p opiocid recepror with Aspl47
and His297 as the negative and positive electric cen-
As shown in Tab 1, in

former case, the ligand bound with the receptor

ter, respectively {(Tab 1).
more close than that in latter case. Therefore, we
suggested residue His319 as the positive electric cen-
ter instead of His297, and His297 should have rela-
tion with the recognition of ligand and receptor, but
not participate in binding with the agonist directly.
We docked morphine into the cavity hetween
Aspld7 and His319, a good interaction model was
obtained, too.

Elucidation of the action mechanism In the
receptor-ligand model, 3-methyl extended into a hy-
drophobic pocket formed residues Ile296, Trp318,
Cys321, and 11322, just matched each other.
When Ohm was in 35, 4R-configuration, steric hin-
drance occurred in 3-methyl and made the activity
decreasing signficandy. The difference in position
20 was not significant to the activity, it cannot at-
tribute o a strong hydrogen-bonding interaction.
Molecular modeling showed that the hydroxyl group
on position 20 pointed at the hydroxyl group of
residue Tyr148 and formed weak hydrogen-honding
group
forming hydrogen-bonding more easily than that in

interaction, hwdroxyl in S-configuration
R-configiration.

The above mentioned interactive pattern could
explain the different analgesic activities between
tentanyl derivatives. Introducing 2 methyl group in
the 3-position of the piperdine ring of fentanyl,
namely 3-methylientanyl, 3-methyl could increase
the hydrophobic interaction, but it would be more
important to affect the orientation and position of
the phenyl ring on Ng atom., That made the activi-
ty of 3-methylfentanyl more potent. Drawing into
a hydroxyl in position 200 of 3-methylfentanyl,

namely Ohm, could form a new hydrogen-bonding
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interaction with the receptor, thus increase the
activity.

In conclusion, we presented a preliminary p
opioid recepror-Ohm interaction model in this pa-
per. With this model, we determined the possible
binding sites of g opioid receptor were Aspl4d?,
Tyrld4s, Trp318. and His319.

not only consistent with the mutagenesis data, but

This results were

also explained the activity differences between fen-
tanyl derivaiives. In the next siep, we will modify
this receptor-ligand inferaction model further by

molecular dyvnamics and try to design novel anal-

gesie.
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