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ABSTRACT

ATM: To characterize the intemalization of & opioid
receptors { DOR.) stably expressed in Chinese hamster
ovary (CHO! cells and the role of the C-terminal in
this process. METHODS: Receptor membrane
anchoring was shown by immunoflucrescence micro-
scopy.  Recepior internalization was assessed by
measuring the radioligand binding resistant to the acid-
buffer wash., RESULTS; Originally, all the wild-
type { CHO-W ) and C-tnmcated { CHO-T) DOR
expressed were localized to the membrane. Agonist
[*H] leucine-2-alznine enkephalin { LAE) but not the
antagonist [ *H]diprenorphine ( Dip) induced rapid
receptor  intemalization. The intemalization of C-
truncated DOR in CHO-T was similar to that of the
wild-type in maximal level, but climbed up mote
slowly. DOR intemalization was extracellular
osmolarity- and temperature-sensitive.  Pertussis toxin
and universal protein kinase inhibitor staurosporine had
ne effect on it. CONCLUSION: DOR internalization
is an agonist and clathrin-coated pits dependent, but
post-receptor  cellular signal transduction independent
Process; the C-termingl of DOR, not
engaged in membrane anchoring, affects the
initialization of DOR internalization .
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INTRODUCTION

Opioid receptors (OR ). to which opioid com-
pounds bind  specifically, were characterized
phamnacclogically as G protein-coupled receptors
(GPCR)™. Based on extensive studies of members in
this receplor superfamily, agonist-dependent regulation
of receptor on cellular level, such as functional
desensitization, intemnalization, and down-regulation,
is regarded as important molecular mechanism under
tolerance'® Regulation smdies of OR had ever been
bampered by the absence of receptor clones until
recently the three main kinds of opioid receptors,
namely . (MOR). & (DOR), and x (KOR), were
cloned by some different groups'®) . After that. many
protocols, working efficiently on other cloned GPCR,
were copied to opioid research field. The story seems
not so straightforward yet, for inconsistent data have
been provided regarding opioid receptor regulation,
which was shown to be closely associated with the
receptor type, expression system, and some other
unknown factors*~.  Although the main role of
receptor internalization is still in debate ( desensitiza-
tion/Tesensitization ), it is suspected to contribule
greatly to the development of opioid tolerance,
positively or negatively. We have formerly
reported'”) the functional desensitization of the cloned
DOR, and now we provide some characterizations of its
internalization .

MATERIALS AND METHODS

{ *H]leucine-2-alanine enkephalin { | *H]LAE.
1.20 PBq * mol~!) was purchased from DuPont.
[¥H]diprenorphine { [*H]Dip, 1.44 PBq-mol™}) was
purchased from Amersham. Antibiotic Gyg{ Gyg) was
purchased from Life Technologies Inc. Monoclonal
antibody 12CA5 was the product of Boehringer
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Mannheim.  FITC-conjugated sheep anti-mouse IgG
antibody was purchased from Sino-America Bio-
engineering Inc. The ¢cDNA of mouse DOR with the
influenza hemagglutinin epitope tag { YPYDVFPDYA,
HA-tag) on its N-terminal recognized by I2CAS in
plasmid pcDNA 1/ AMP was provided by Dr PEI Gang
{ Shanghai Institute of Cell Biology, Chinese Academy
of Sciences).

Plasmid construction and transfection
Plasmid construction and transfection were performed as
described 'Y, The ¢DNA of mouse DOR was
subcloned to plasmid pcDNA3 and transfected into
Chinese hamster ovary {CHO) cells by coprecipitation
with calcium phosphate. To truncate the last 31 amino
acids of the C-terminal of DOR., primer pair 5'-CGCG
GGGA ATIC ACCA TGTA CCCC TACG ACGT
CCCC GACT ACGC CGAG CTGG TGCC CTCT
GCC-3'/5'-CATA ATCT CGAG TCAT TCTG GCGG
CCGC AGGG GCGT-3" was used to perform
polymerase chain reaction (PCR), The product was
cloned and ransfected in the same way as the wild-
type.
Cell culture and selecion Transfected CHO
cells were cultured in Dulbecco’s meodified Eagle's
medium ( DMEM ) containing 10 % calf serum.
Positive clones were selected by addition of Gy 1 g+
L~! into medium and subsequently maintained in Gy
100 mg L™,

Binding to intact cells and internalization

Receptor intemnalization was assayed as described' ' .
Celis harvested by FPBS-0.1 % edetic acid were
suspended in DMEM comtaining 0.1 % bovine serum
albumin and [H]LAE ( about 10 amol + L™ ') or
[*H]Dip ( about 10 nmol - L' ), chilled on ice-water
bath for 10 min, then moved to 37 T or 4 T for
various period of time. Reactions were terminated by
chilling cells again on ice for 10 min, and then, cells
were immediately washed three times using ice-cold
PBS buffer (pH 7.0 or 2.5) on GF/C filters and
counted, The percentage of acid-resistant ligand
binding ( bindingyy o 5/bindingy ; ;) was regarded as
the percentage of receptor internalized.

Immunofluorescence microscopy CHO cells
were suspended in PBS containing 1 % BSA and fixed
in cold methanol for 10 min. Fixed cells were
immuno-stained by 12CA5 and FITC-conjugated sheep
anti-mouse IpgG antibody as described ™.  Samples

were mounted in 50 % of PBS and 50 % of glycerol.
Images were recorded using a confocal microscope
{ Bio-Rad, MRC1000-UV).

RESULTS

Receptor expression and localization in
CHO cells After the transfection and selection, a
typical CHO clone was obtained and designated CHO-
W, which stably expressed DOR with an HA-epitope
tag on its N-terminal as we had reported formerly' - .
The K, value of [*H ] LAE binding to CHO-W was
(2.39+0.16) nmol-L ! similar to that of the native
DOR in the brain''. The maximal binding { B,,)
was (4.3 +0.3) nmol-g~' (protein) . Meanwhile.
the expressed receptor could agonist-dependently
activate the endogenous G protein' . To determine
the cellular distribution of the receptor expressed . it was
immuno-stained by 12CAS and FITC-conjugated anti-
1pG antibodies, and visualized by confocal microscope .
In the image recorded. all the DOR in CHO-W were
localized correctly to the cell membrane ( Fig 1A)
without any resided in the cytoplasmic compartments .

Fig 1. Analysis of surface expression of DOR in
CHOW {(panel A} and CHO-T {(penel B) by
immunofluworescence confocal microsocopy.

LAE-induced DOR intemalization Ligand
binding to receptor is more endurable to acid wash when
ligand-receptor complexes are sequestrated into the
cytoplasm, than those dwell on the membrane.
Measuring the ratio of the acid-resistant ligand binding
to the total binding is a convenient and widely utilized
methad fo assess the receptor imemalization''™).  As
plotted {Fig 2. CHO-W), when incubated with agonist
[H]LAE, DOR expressed in CHO-W were
internalized dramatically.  This process was time-
dependent and climbed to its maximal level in about 30
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Contrasted sharply to [*H/LAE. [*H!Dip, a
universal opioid antagonist, could hardly induce any
receptor internalization at the same concentration. It
suggested that internalization of DOR we observed
could only be triggered by agonists.

min.
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CHO-W, |*H|LAE

Avid-resistant binding/% control

Time/min

Fig2. [*H]LAE and [*H]Dip induced DOR {CHO-
W) and C-truncated DOR [CHO-T) internalization at
37 'C as measuring the percentage of acid-resistant
ligand binding in total binding. %z s. P <{.05,
CHO-T vs CHO-W.

Interpalization of C-truncated DOR To
address the role of C-terminal in DOR internalization,
we created a C-truncated DOR { without the last 31
amino acids) and expressed it also in CHO cells. A
typical clone, designated CHO-T, bound [*H|LAE
with Ky of (2.1£0.6) nmol*L™! and B,,, of (1.13
+0.24) nmol-g~'(proein). The same as CHO-W,
all receptors expressed in CHO-T were localized on the
cytoplasmic membrane despite the C-terminal truncation
{Fig 1B). The truncated receptor underwent rapid
internalization while incubated with [*H]LAE but not
with [*H]Dip (Fig 2, CHO-T). The maximal levels
of the internalization of the two type receptors were
similar. C-terminal was not critical to the receptor
inernalization; however, the time-dependent course of
it was slightly changed. For CHO-T, the acid-
resistant binding of [*H]LAE increased much slowly
than CHO-W and climbed to the top at about 45 min.

Characterizations of DOR internalization
Facts have been accomulated in the last several years
that GPCR were internalized via clathrin-coated pits'® .
Clathrin-mediated internalization was sensitive to high
extracellular hyperosmolarity and low temperature. In
our experiments (Fig 3), when pretreated cells with
sucrose .45 mol- ™', DOR interalization in CHO

cell ling was almost entirely abolished. At the same
time, receptors were intematized poorly at 4 T,
Although intemalization of DOR could only be iriggered
by agonist, blockage of G protein activation by treating
cells with pertussis toxins { PT) had no effect on it.
Additionally, the nonspecific phosphorylation inhibitor,
staurosporine { Stau), which was potent in spoiling the
agonist-stimulated functional desensitization of DOR in
the same clone''®', was inefficient in this study. It
seems that G protein  activation and  receptor
phosphorylation contribute little to DOR intenalization .
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Fig 3. Effects of temperature and various agents on
the LAE-induced interpalization of DOR in CHO-W.
£+s. "P<0.05 vs control.

DISCUSSION

Though it is now a common view that GPCR are
imternalized via clathrin-coated pits, many points in this
regulatory process are to be elucidated.  The
intermalization of DOR could only be triggered by
agonist; while pertussis toxins and Stau experiments
reveal that the post-receptor signal introduction was not
involved. A possible interpretation is that internaliza-
tion of DOR in CHO cells just recognizes the activated
conformation of receptor directly to oceur.

Studies that revealed the C-terminal was
dispensable and indispensable have both emerged
regarding the agonist-induced GPCR  intemaliza-
tion'™®1 . On DOR, this issue is also perplexing. An
original report strongly suggested that receptor
internalization depended on the phosphorylation of the
C-terminal of DOR'®',  Most recently , internalization
of the C-tuncated DOR was observed in HEK-293
cells”'. Here, we provided firstly a case in CHO
stable expression sysiem that the C-tenninal truncation
did not affect the maximal level of DOR but the
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initialization of DOR internalization.

Briefly, we conclude that intermalization of DOR
is a clathrin and agonist dependent but post-receptor
cellolar signal transduction independent process:
morepver, the C-terminat of DOR, not involved in the
membrane anchoring, was engaged in the initialization
of receptor internalization,
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