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AIM: To study the role of C-terminal delta opioid
receptor involved in ligand binding affinity and
selectivity. METHODS: The 31 amino acid
residues of UC-terminal truncated delta opioid
receptors and the wild-type were expressed stably in
Chinese hamster ovary {(CHO) cells, respectively.
Then the ligand binding properties of the products
were studied by receptor binding assay.
RESULTS: A typical mutated receptor clone CHO-
T and a wild-type receptor clone CHOW were
obtained. The K, values of [*H] diprenorphine
(Dip) and [°Hlleucine2-alanine enkephalin
(DADLE) bound to CHO-T were sitilar to CHO-
W. Both the specific {*H]Dip bindings of CHO-T
and CHOW were strongly inhibited by delta
selective agonists with similar K;. but neither by
mu nor kappa selective agonists. CONCLUSION:
The C-terminal of the delta opioid receptor is not
involved in the ligands binding affinity and
selectivity.

Opioid receptors (OR ), classified pharma-
cologically to delta, mu. and kappa subtypes
(DOR, MOR, and KOR), are members in the G-
protein-coupled receptor family'V’. The successful
tDNA clonings'® and the availability of multiple
agonists and antagonists'?) make it feasible to study
the structure-function  relationship of OR.
Extensive studies catried on the G-protein-coupled
receptor indicated that their C-terminal played
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iniportant roles on the agonist-mediated cellular and
[4-7) " As regards to OR. there
was less work done on thetr C-terminal though sites

molecular events

conserved in the C-tenminal of other G-protein-
coupled receptors are conserved in the C-terminal of
OR too!"*).  Therefore,
terrmnal of the delta opioid receptor and investigate

we truncated the C-

its role involved in the opioid binding affinity and

selectivity.
MATERIALS AND METHODS

Plasmid pcDINA3 was purchased from Invitrigen. CHO
cells were obtained from Shanghai Institute of Cell Biology.
Antibiotic Gaig ( Geneticin) was purchased from Gibeo BRL.
(?H] diprenorphine (Dhp. 1.44 PBg-mol ) was puschased
from  Amersham. (*HI[ D-Ala®>, D-Leu’ Jenkephalin
(DADLE. 1.20 PBq* mol™!)} punchased from DuFent.
Unlabeled drugs were purchased from Sigma. Calf serum
was purchased from Sijiging Institute of Biomaterials,
Hangzhou, Chuna.

Plasmids construction  All recombinant DINA proce-
dures were oconducted according to standard protocol'®,
Polymerase chain reaction { PFCR) was perdformed on the
eDNA of mouse DOR using primer par 3-0GOG GGGA
ATTC ACCA TGTA OCCC TACG ACGT COCC GACT
ACGC CGAG CTGG TGCC CTCT GOC-3" and 5°-CATA
ATCT CGAG TCAT TCTG GUGG COGC AGGS GOGT-3
to truncate 31 amino acid residues of DOR’s C-terminal. The
product was cloned into pelDNA3 carrving an antibiotic Gygg-
resistant gene to generate pcDMNA3-T which expressed the
truncated DOR when transfectad inte CHO calls, swhile the
wild type DOR was cloned into pcDNA3 as well to generate
pcDNA3I-W  which expressed the wild 1ype DOR when
transfected to CHO cefls.  Both pcDNA3-T and pcDNA3-W
were sequenced.

Cell culture CHO cells were cultured in Dulbecco's
modified Fagle’s mediurm {DMEM) supplemented wath 10 %
calf serum and anribiotic Gy 00 mg* L™, Cultures were
maintained at 37 T in a humidified atmosphere of 3 % CO-
+95 % air.

Transfection and screening  The constncted plasmid
pcDNA3-T and pcDNA3-R were transfected respectively into
CHO cells by coprecipitation with calcium phosphatel® . The
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pesitive elones in media containing antibiotic Gyg 1 g-L 7!
were isolated and transferred to the 24-well cell culture plate.
After about 3 wk. cells were harvested 1n Tns-HCl 50 mmol
L7V {pH 7.4 contmnmng 0.2 % edetic acid and spun at
1000 ~ g for 10 min. The precipitation was resuspended in
TE buffer (pH 7.4). containing leupepton 10 mg - L 7!,
benzamidine 10 mg + L™!, apretrmm 10 mg - L',
phenylmethylsulfonyl fluoride 0.2 mg-1L~7, pepstatin A 10
mg-L ™! and spun at 12 000 ~ g for 10 min. The pellet was
resuspended and homogenized in Tris-HCL 50 mmol - L~ (pH
7.47, containing 0.1 % bovine serum albumin.  This
membrane preparation was usced for radioligand binding assay
using [*H]Dip at 4.2 nmal-1."%.  The clones were selected
arcording to the ratio of cpm value to amount of protein.

Receptor binding assay The plasma membrane
fragments of CHO cells were prepared as above. Receptor
binding assays were performed in a final volume of 210 pL
Tris-HCl 50 mmol- L™ "{pH 7.4) containing 20 - 30 ug of
protein at 30 T for 20 min. The nonspecific bindings were
determined by the addition of unlabeled etorphine 1 pmol
-L.7!.  For saturation experiments, vell membrane was
incubated with increasing concentration of [*H]Dip 0.2 - 6.0
omol- L™% or [P"H]DADLE 0.2 - 7.0 nmol - L', For
competition experiments, cell memhbrane was incubated with
PH] Dip 1.8 nmol - L' in the presence or absence of
increasing concentration of compeung ligands.  The reaction
was terrninated by the rapid filtration over Whatman GF/C
glass fiber filters pretreated with 0.5 % polyethyleneimine
containing ¢-1 % bovine serum albumin and washed with 4
ml of ice-cold Tris-HCl 50 mmol-L ™~ '(pH 7.4) for 3 times.
The bound radioactivity was counted in a liquid scintillation
counter.. Data from binding assay of 3 determinations were
analyzed using AOCUFIT and LIGAND programs developed
by London Software Inc. The inhibitury binding constant
(K.) were caleulated from the ICs and the K, of [*H]Dip
using the Cheng-prusoff (1973) eguation.

Each experiment was repeated 2 — 3 times with
triplicared tubes.

RESULTS

Receptor binding characterization Alter
transfection and screening, tens of positive clones
that stably expressed the truncated receptors and
tens that expressed the wild-type of high level were
obtained. From them, two typical clones, one of
which expressed the C-truncated DOR { CHO-T)
and the other expressed the wild-type (CHO-W} as
the control were chosen. The result of Scatchard
analysis performed on them demonstrated that both
of the specific [ *H]Dip and [*H]DADLE binding to

CHO-T and CHO-W were saturably and with a
single binding site {Fig 1).

Neither [*H]Dip nor [*H]DADLE specifically
bound to the native CHO cells { Data not shown}.
Two independent experiments yielded the B, and
K, of [*H]Dip and [*H]DADLE bound to CHO-T
and CHO-W (Tab 1).

Tab 1. Scatchard analysis of "*H]Dip and *H]DADLE
bound to CHO-T and CHO-W.

Ligands CHO-T CHO-W
B nmol/g protein) T3H]Dip 2.36+0.82  4.15+1.18
K glnmol-L™ 1) 1.3540.05 1.67+0.65
Boux(nmal/g protein) [2HIDADLE 1.13+0.24  4.33+0.30
E {nmol-L~ 1) 2.11+0.60  2.39%0.16

According to the B, of CHO-T and CHO-W ,
and our experiment that one microgram of
tembrane protein of transfected CHO cells was
corresponding to about 2.5 millions of cells. the
receptor numbers of CHO-T and CHO-W were
estimated to be about 2 %< 10° and 4 % 10° molecules
per cell respectively.

Despite the C-truncated mutation of the
receptor it CHO-T, it displayed similar K, values
to CHOW when bound by ["H]Dip and
[PHIDADLE. This result demonstrated that the
deletion of the DOR's C-terminal had no effect on its
affinity with opioid.

Ligand competition Competition experitments
with [°H I Dip by a variety of opioid ligands were
done to investigate the binding selectivity of CHO-T
and CHO-W (Fig 2).

The 8-selective agonists cyclic [ D-Phe?, D-
Phe® Jenkephalin {DPDPE) and [ D-Ser”, D-Leu’ ]
enkephalin-Thr {(DSLET) strongly inhibited the
specific binding of [*H]Dip to both CHO-T and
CHOW with similar K; values of low nanomolar
range; on the other hand, p-selective agonist [ D-
Ala?, N-MePhe', Gly-ol® Jenkephalin (DAGO) and
k-selective agonist trans-3,4-dichloro-N-methyl-N-
[ 2-¢ 1-pyrrolidinyl ) cyclohexyl | benzeneacetamide
methane-sulfonate (U-50 488) hardly inhibited even
in high concentration and with K, of high
micromolar range {Tab 2). It revealed that the
deletion of DOR's C-terminal did not change the
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Fig 1. Satursble binding of [*H]Dip to CHO-T {A), CHO-W (B), and [*H]DADLE to CHO-T (C) and CHO-W (D).
(Inset) Scatchard analysis of [ *H]Dip saturable binding to CHO-T (A}, CHO-W (B), and [*H]DADLE to CHO-T (C} and

CHO-W (D).
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Fig2. Dose response curves of inhibition of opioid ligands
on specific [ H]Dip bindings to CHO-T and CHO-W.

ligand selectivity of receptor either.
DISCUSSION

The structure-function relationship studies of

Tab2. The K,(pmol-L™') of opioid ligands for CHO-T
and CHO-W calenlated by Cheng-Prusoff’ equation.

K, of CHOT K, of CHO-W
DPDPE 0.0303+0.0052 0.027£0.0011
DSLET 0.0230+0.0034 0.0140+0.0011
DAGCO >1 >1
U-50488 >1 >1

OR  were efficacious tools to understand the

mechanism underlies the action of opioids. Here,
we used the stable expression system of the C-
truncated and wild-type DOR in CHO cells to
investigate the role played by the 31 amino acid
residues of DOR's C-terminal in opioid binding
activity. The reason we chose the stable expression
system was that it was much more homogeneous
than the transient expression system.

From our experiments done on the system of
CHO-T and CHO-W, we concluded that the C-

terminal truncated mutation did not affect the
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binding properties of the TXIR. 1t was 10 sav that
the Coterminal of DR was nat a domrain involved in
ligamds recognition and inding actrvity. . This is a
meaningful work fur that nene bas reporred it
befare.

Howoever, data obtaned from other G-protein-
coupled  receptors  demonsirated  that  their O
terminals were important 0 the agontst-induced
receptor  desensitization  and  dow-regulation.
Recently, a report on DR Coterminal revealed
that it did take a part m the chronic DADLE
induced  receptar  down-regidation"Y, The
comprehensive role of POR's C-terrminal are being
further studied now 1 our laborataory.

At the same time, 1t may be tuo early to state

that the DOR s
dispensable in opinid ligamd hinding activities, for

C-terminal  of campletely
that to obwin two absolutely paralleling  comes
expressing the mutated and the wild-type receptors
respectivelv i~ impossible i practice doe to the
difference of receplor numbers, copy numbers,
phvsiological stares of colls, and genes destroyed hy
the target cONA Jragments insertion.  So, to
provide more convincing evidences, more CHO) cell
clones expresaing the mutated and wild-wvpe TXOR
are to he mvestigated atd more detailed researches

shonld be performed.
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