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ABSTRACT. The 6 opioid binding sites in subcellular fractions from NG108-15 cells were characterized
with respect to their relative molecular size and levels under conditions of receptor adaptatigh.
Endorphin was cross-linked to preparations enriched in plasma membragesi@elear membranes or
nuclear matrices. Five cross-linked bands appear in all subcellular fractions. The largest molecular size
reaction product in nuclear matrix preparations/2 kDa) differed from that in the other two fractions-

(~83 kDa). Immunoblot analyses with an antibody to thepioid receptor gave aPband pattern

similar to that for the corresponding cross-linked products. To determine which cross-linked products in
P,y are glycoproteins, labeled membranes were solubilized and purified by wheat germ agglutinin
chromatography. The absence of-86 kDa band after purification suggests that this product is not a
glycoprotein. The remaining four bands were present-acetylo-glucosamine eluates, although their

% distribution changes in favor of the largest molecular size bar&8(kDa). Immunoblotting of the

eluate gave a single diffuse band~af3 kDa, suggesting the native glycoprotein has a molecular size in
the 70-80 kDa range. Etorphine-induced desensitization of cell surface receptors increased the amount
of some cross-linked products associated with nuclear membranes. The same treatment did not affect the
relative density of the four larger molecular size bandsa But increased the density of the26 kDa

product two fold. Etorphine-induced down-regulation evoked an elevation of cross-linked products in
nuclear matrix preparations, while all band densities gfWere diminished. These results suggest that
nuclear matrix associated opioid binding sites represent internalized, truncated forms of the glycosylated
0 opioid receptor found in B.

Since the discovery of opioid receptors in brain, it has membrane associated opioid receptors are newly synthesized
been recognized that a fraction of the total cellular binding sites en route to the cell surface, possibly on ER which is
is present within cells rather than on the cell surface contiguous with the outer nuclear membrane (Belcheva et
(Simantov et al., 1976; Smith & Loh 1976; Roth et al., 1981; al., 1993, 1995). Moreover, the possibility exists that nuclear
Klein et al., 1986). In the course of subcellular localization matrix opioid binding sites may represent internalized cell
studies on brain opioid receptors, we found that synaptic surface receptors.
plasma membrane-enriched fractions contained about 70%
of total opioid binding (Roth et al., 1981). Of the remaining
sites about half were shown to be in microsomal fractions
enriched in ER/Golgi with lesser amounts in coated vesicles

Independent evidence for nuclear associated opioid binding
has been reported. Naloxone binding has been discovered

in rat hypothalamic and uterine low speed sediments enriched

(Bennett et al., 1985). in nuclei (Vertes et al., 1993, 1995). Furthermore, the “
Similarly, plasma membrane-enriched fractions from OPioid growth factor receptor” has been reported to be
NG108-15 cells comprised much of tideopioid binding, localized in nuclei of rat cerebellar cells (Zagon et al., 1993).

whereas the remainder was found associated with prepara- EM-autoradiographic evidence for intracellular opioid sites
tions containing ER/Golgi and purified nuclei (Belcheva et \as provided by Beaudet et al. (1989). In subsequent
al., 1991, 1993). Data to support the notion of nuclear experiments using a photoaffinity probe (azido-DTLET), the
localization of about 15% of opioid binding were gained by same group discovered only 44% of the labedebinding
subcellular fractionation and immunohistochemical ap- sjtes were on neuronal plasma membranes in rat neostriatum

proaches. Subsequent subnuclear fractionation revealed thajpie the remainder was associated with the cytoplasm of
binding sites were distributed between nuclear membraneaxOns (Pasquini et al., 1992). Some nuclear binding was

and nuclear matrix preparations (Belcheva et al., 1995). Thealso discerned, comprising 2-5.7% ofu, 8, and sites in

origin and role of nuclear opioid binding sites remain o ,gtriatum and an unspecified numbemuaddites in locus
unknown. Nevertheless, there are data to suggest that nUdeaneruleus (Beaudet et al., 1989; Jomary et al., 1992; Pasquini

. et al., 1992).
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Bausch et al., 1995; Cheng et al., 1995). EM data revealedand cCAMP measurements (Belcheva et al., 1995). Membrane
localization ofd opioid receptor immunoreactivity in numer-  and nuclear matrix preparations from control and etorphine-
ous cytoplasmic organelles including large dense core treated cells were washed at least 5 times with 50 mM Tris-
vesicles and smaller clear vesicles (Cheng et al., 1995).HCI, pH 7.4. On the basis of binding data, this procedure
Nuclear staining by anti-opioid receptor antibodies was also proved sufficient to remove most residual drug (Belcheva
detected in NG108-15 cells (Belcheva et al.,, 1993), etal., 1995).
transfected COS cells (Surratt et al., 1994), and spinal cord Cross-Linking with1?3-8-Endorphin. The method of
(Gastard et al., 1995). Thus, immunohistochemical and EM Howard et al. (1985) was adopted with some modifications.
autoradiographic findings complement subcellular fraction- Membrane preparations from control and etorphine-treated
ation results. cells were suspended in 50 mM phosphate buffer, pH 7.4
To understand the origin and fate of intracellular popula- (50 MM K;HPQ;, 1 mM EDTA, 10uM leupeptin, and 0.01%
tions of opioid receptors, their characterization is essential. bacitracin) and incubated witda--endorphin (2 nM, 2000
An important property of intracellular opioid receptors is their Ci/mmol, Multiple Peptide Systems) in the presence and
molecular size relative to cell surface sites. Cross-linking absence of .M unlabeleds-endorphin for 1 h at room
of & opioid receptors with'?3-8-endorphin has yielded temperature. For nuclear matrix preparations, samples were
several distinct molecular entities in brain and cultured cells incubated with 510 nM *23-4-endorphin and .M nal-
(Howard et al., 1985; Keren et al., 1988; McLean et al., 1989, trindole was applied to determined nonspecific binding. For
1990; Ko et al., 1992). An immunoblot of a partially purified all subcellular fractions, the incubation was halted by
o opioid receptor has also been reported (Dado et al., 1993).centrifugation for 5 min in a tabletop centrifuge (Beckman
Thus, it was of interest to determine the relative sizeé of ~microfuge) at the maximum speed. After resuspension of
opioid receptors associated with nuclear membranes andthe pellets in phosphate buffer, they were incubated with
nuclear matrix fractions and the changes in their levels upon the cross-linker BSOCOES (1 mM) for 15 min on ice. The

agonist-induced desensitization and down-regulation. reaction was terminated by addition of 50 mM Tris-HCI,
pH 7.4, and centrifugation. To remove labefgéndorphin
MATERIALS AND METHODS that was not cross-linked, samples were resuspended in 50

Chemicals. Most chemicals were purchased from Sigma MM NaCl and incubated for 30 min at room temperature.
Chemical Co., St. Louis, MO with the exception of _ WGA Affinity Chromatography of Solubilizett-/-
B-endorphin (Multiple Peptide Systems, San Diego, CA), Endorphin Cross-Linked &2 Membranes.Py fractions were
naltrindole (Research Biochemical International, Natick, Cross-linked with 2 nM?23--endorphin in the presence
MA), etorphine (NIDA Drug Supply, Research Triangle Park, (nonspecific binding) and absence (total binding) qiNI
NC), WGA-agarose beads (E-Y Laboratories, San Mateo, B-endorphin as described above. Solubilization and WGA

CA), and BSOCOES, bis[2-(succinimidooxycarbonyloxy)- chromatography of the cross-linked membranes were per-
ethyl]sulfone (Pierce, Rockford, L. formed according to the procedure developed by Liu-Chen

and co-workers (Chen et al., 1995), using 2% Nonidet P-40

as a detergent.N-Acetyl-D-glucosamine eluates of the

(10%) incubator in Dulbecco’s modified Eagle’s medium retained glycoproteins (0.5 mL) were collected from two (for
total and nonspecific binding) wheat germ agglutinin-agarose

(DMEM) and Ham'’s Nutrient Mixture F12 containing calf WGA) col d aft rat « fracti
serum (10%) as described (Belcheva et al., 1993). Cells were( ) columns and after concentration, peak fractions were

harvested and stored af70 °C before subcellular fraction- ru? on 10%"' SPSF;AGE' b 500/l N |
ation. Homogenization of cells was achieved by gentle mmunoblotting. P membranes (50g/lane) om-acetyl-

disruption in a “cell cracker” (Belcheva et al., 1993). D-glucosamine e'“?tes (3/1ane) from the WGA columns
Fractions enriched in nuclear membranes, nuclear matrix, V'€ resuspended in SDS sample buffer and electrophoresed
and By (from cell homogenates by sediménting a 1600 "on 10% SDS-PAG. Proteins were transferred overnight to

supernatant at 200@Pwere prepared according to previously Irznsm%t])li\l/lon_l'_isﬂ%rrbrlagnzesngmi"g’lsg?r)]eusgg%?a;jﬁ:aggger

developed procedures (Belcheva et al., 1993, 1995). In mos( . =
experiments nuclear membranes, nuclear matrix, and P t'_:f'ﬁ;?ﬁg”i%g“‘:ﬁﬂbﬁgéfdovggz ?@:2538)'?01815; (ioftrng

fractions were isolated in the presen f prot inhibitors. . g
actions were isolated € presence of protease bitors three 5 min washes with TBST, membranes were blotted

A cocktail containing 10ug of leupeptin/mL, 2ug of . . ; Lo
Depstatin AlmL 2ogﬂg o oacinasmL and T my With primary antibody (1:2000 to 1:4000 dilution in TBST)
‘ ’ for 1 h. Rabbit antisera used was generated against a

phenylmethylsulfonyl fluoride (PMSF) were added to buffers sequence in the N-terminal (PVPSARAELQFSLLA) of

used for preparation of the subcellular fractions. o : ; .
. . opioid receptors (Signal Transduction Inc., San Diego, CA).
D Treatment of NGdloDS-15 %ells :N't.h rgtorphlr_u? To Indl]fce In immunoblot assays both preimmune and peptide-preab-
esensitization and Down-Regulatioesensitization o sorbed antisera served as negative controls. After removal
opioid receptors was attained by supplementing cell culture of antisera the blot was washed 5 times with TBST
media with 10 nM etorphine for 2 h, whereas down- Secondary antiserum (goat anti-rabbit horseradish peroxidase

regulation was elicited using 10 nM etorphine for 24 h as coni ; . e ;
. ) S jugate, Sigma) was added at 1:7000 dilution and incuba-
previously described (Belcheva et al., 1995). Desensmzanontion for 1 h followed. Membranes were washed 5 times,

and down-regulation was ascertained previously by binding and bands were visualized using isoluminol as a substrate

for the horseradish peroxidase.
1 Abbreviations: BSOCOES, bis[2-(succinimidooxycarbonyloxy)- Electrophoresis and Densitometn5DS-PAGE of sub-

ethyllsulfone; PMSF, phenylmethylsulfonyl fluoride;Pmembrane  — cay1ar fractions was performed as described by Laemmli
fractions obtained from cell homogenates by sedimenting a g000

supernatant at 20060 TBST, Tris-buffered saline containing Tween  (1970). Samples were adjusted to equal protein content
20; WGA, wheat germ agglutinin. (100—-200 ug) and electrophoresed on SBBAG (10%).

Cell Culture Growth and Subcellular Fractionation.
NG108-15 cells were grown at 3T in a humidified CQ
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FicURe 1: Representative autoradiographs and densitometric analy8fGfendorphin cross-linked bands fromPA), nuclear membrane

(B), and nuclear matrix (C) prepared from NG108-15 cells in the absence or presence of protease inhipitoesniftanes, nuclear
membranes, and nuclear matrix preparatigéna cocktail of protease inhibitors were cross-linked w#h-3-endorphin and subjected to
SDS-PAGE (100ug of protein/lane). In the autoradiographs, lane 1 shows total binding, while lane 2 displays nonspecific binding. Specific
densities were determined as the difference between the density of total and nonspecific binding. Background level was estimated for each
lane and subtracted out before determining specific density. Observed densities are expressed as a fraction of the total density (100%)
detected for all products in each preparation. Data are the meBBM of three to eight experiments.

After being stained with Coomassie blue to ascertain uniform cific binding for controls and etorphine-treated cells were
protein loading, gels were dried and initially exposed to run on the same gel. Background was estimated for each
diagnostic films (Kodak X-Omat, XRP-1) for a period of lane and subtracted out before determining specific density.
5-10 days. Subsequently, gels were exposed to KodakMolecular weights of the bands were estimated using

Scientific Imaging films (Biomax MS), which provide molecular weight standards and GelReaderLCsi program.
maximum sensitivity fof?d, and the exposure time was-2

days. The intensity of the bands was quantified with an  Protein Assays.Protein concentrations were determined
image analysis program (Phosphorimager, Molecular Dy- by either the method of Lowry et al. (1951) or Bradford
namics). In each experiment, samples of total and nonspe-(1976) with bovine serum albumin as standard.
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Preimmune Preabsorbed Immune to the different methodologies and the presencg-ehdor-
phin in cross-linked products which elevates their apparent
. 2 1 ) 1 9 size over that seen in the immunoblots, presumably-By
Mr(K) 1 kDa/receptor molecule. Bands in immunoblots were sharper
123— than those obtained by autoradiography of cross-linked
products which could also account for differences in mobility.

85— =
™ WGA Chromatography of Cross-Linkedo®lembranes.
To determine which of the & cross-linked products are
50— —47 glycoproteins, the labeled membranes were solubilized and
purified by WGA chromatographyN-Acetyl-D-glucosamine
- Ll eluates of the retained glycoproteins (0.5 mL) were collected
33— —33 from two columns (total and nonspecific binding). The
. — 29 absence of a cross-linked band a86 kDa after the

purification step suggests that this product is devoid of a
glycosyl moiety. The other relatively diffuse bands were

FIGURE 2: Immunoblot analysis of subcellular fractions from i ir 0% distribution i
NG108-15 cells. Membrane preparations from rat brain and NG108- present in the eluates, although their % distribution is skewed

15 cells (50ug/lane) were resolved by 10% SBBAGE, trans- N favor of the higher molecular size band&3 kDa) after
ferred to Immobilon-P membranes, and blotted with preimmune, WGA chromatography (Figure 3A).
peptide (5Qug) pre-absorbed and immune serum (1:4000 dilution ~ The N-terminal antibody detected a single diffuse band at

for each). Lanes 1, rat brain membranes; lane 2, NG108245 P 7273 kDa in N-acetylp-glucosamine eluates of theen-

This is a representative immunoblot that was replicated. dorphin cross-linked receptor (Figure 3B). The mobility of

this band is within the range of the 786 kDa cross-linked

RESULTS product given the variations in the methods used. These
12%--Endorphin Cross-Linking and Immunoblot Analyses results are consistent with the interpretation of cross-linking

of ¢ Sites in Subcellular Fractions from NG108-15 Cells. data that the larger molecular size band represents glycosy-

To determine the relative molecular size of théiopioid lated native receptor which may undergo some limited
sites, subcellular fractions were prepared from NG108-15 proteolysis after elution from the WGA column. Relatively
cells and subjected to cross-linking witfPl-3-endorphin. small amounts of the ensuing smaller molecular size products

SDS-PAGE yielded reaction products that differ in number may not be detectable by immunoblotting which is less
and % distribution depending on the presence or absence okensitive than cross-linking analyses.
protease inhibitors during the isolation of the fractions. Three Changes in Leels of Cross-Linking Products Upon Opioid
bands were found in & membranes in the absence of Receptor DesensitizatiorNG108-15 cells were treated with
inhibitors, and five products were present when the mem- etorphine under conditions previously established to induce
branes were prepared in the presence of inhibitors. Some-opioid receptor desensitization as evidenced by binding and
what diffuse bands centered-a83 (76-90), ~57 (55-61), cAMP measurements (Belcheva et al., 1995). Subcellular
~44 (41-48), ~36 (35-38), and~26 (24-28) kDa were fractionation of membranes from desensitized cells was
detected in the presence of inhibitors (Figure 1A). performed in the presence of protease inhibitors. However,
In nuclear membrane preparations five bands were detectedsince PH]naltrindole binding to nuclear matrix preparations
with mobilities similar to those seen fopdproducts (Figure  was abolished completely under desensitization conditions
1B). The effect of protease inhibitors on the distribution of in the presence or absence of protease inhibitors [Belcheva
reaction products from nuclear membranes was not aset al. (1995) and unpublished observations], cross-linking
profound as that observed fopdproducts. was not performed on this fraction. Etorphine-induced
In cross-linking experiments with nuclear matrix fractions, desensitization did not affect the relative density of the four
omission of protease inhibitors from the isolation procedure larger molecular size bands ingnembranes, but the density
afforded a single major (97%) band-e29 kDa (Figure 1C). of the ~26 kDa product increased 2-fold (Figure 4). The
A substantial decrease in the density of th29 kDa band same desensitization conditions enhanced levels of nuclear
was observed in the presence of the protease inhibitors asmembrane cross-linked products by-Z8%.
seen for B products. Inclusion of protease inhibitors yielded ~ Changes in Leels of Cross-Linking Products upon Down-
five nuclear matrix cross-linked products:72 (67—76), Regulation of Cell Surface ReceptordJpon etorphine-
~59 (56-61), ~49 (46-50), ~39 (37-40), and~29 (27— induced down-regulation, the density of the nuclear matrix
29) kDa, four of which were similar to those of other associated bands was increased significantly {215%),
subcellular fractions. However, the largest molecular size while levels of the reaction products associated with either
band was found to be less than that from 8nd nuclear P, or nuclear membrane fractions were diminished by 30
membranes. 76% (Figure 5). Interestingly, the36 kDa band associated
An N-terminal peptide-directed anbi-opioid receptor with the nuclear membranes becomes the most predominant
antibody was used as a probe in immunaoblotting experimentsunder down-regulation conditions.
on By membranes (Figure 2). The absence of a signal with
preimmune serum and the elimination or substantial reduction P'SCUSSION
of bands by preabsorbtion with the N-terminal peptide The present study provides additional characterization of
attested to its specificity. The brain membranes gave a majorthe molecular properties of thieopioid sites associated with
band at 36 kDa. The N-terminal antibody gave a pattern of plasma membrane, nuclear membrane and nuclear matrix
bands in B preparations somewhat similar to that seen for preparations from NG2108-15 cells under conditions of
the cross-linked products from thegRraction of NG108- receptor adaptation. Thé?d-S-endorphin cross-linking
15 cells (Figure 2). Some differences may be attributable experiments suggest that comparable amounts of five reaction



14822 Biochemistry, Vol. 35, No. 47, 1996

A

> 1 2 Mr(K)
(=4
>~
=) - ‘ -85
R -
b5 -50
=t _
—
a5
e
> -33
= _ -29
&
o 40 o
-
hel 30 +
(==
<
M 20¢

10 |

0

83 57 44 36
kDa
Preimmune Immune
Mr(K) 1 2 1 2

123-

85—
—72 kDa

50—

33—

29—

Ficure 3: Representative autoradiograph, densitometric and im-
munoblot analysis of?3-3-endorphin cross-linked bands inoP
membranes after WGA chromatography. (A) Cross-linking data.
P.o membranes were cross-linked with 2 ni#fl-3-endorphin in
the absence (lane 1) or in the presence oiNl unlabeled
p-endorphin (lane 2). Labeled membranes were solubilized and
purified with WGA columns as described in Materials and Methods.

Specific densities and background measurements were determine

as described in the legend to Figure 1. Data are the me8&M
of 4 experiments. (B) Western blot analysi¥-Acetyl-p-glu-

Belcheva et al.

the shape of the molecule and possibly its gel mobility. The
cross-linking methodology also seems to promote a greater
amount of smaller molecular size fragments than the immu-
noblotting procedure despite the use of the same protease
inhibitor cocktail in membrane preparations. Thus, it is more
likely that the five cross-linked products contain fragments
of the receptor rather than complexes @fendorphin
covalently bound to protein adjacent to the opioid receptor.
Reciprocally, the cross-linking data corroborate the specific-
ity of the antibodies used.

The nuclear matrix preparation also generated five cross-
linked products, but the largest of whick 12 kDa) is smaller
in size than the slowest moving specific bands detected in
P, or nuclear membranes. This finding may be due to the
presence of a noveb binding site in nuclear matrix
preparations that is not found in the other two subcellular
fractions. However, immunoblotting of nuclear matrix
preparations revealed the presence of68 kDa band (data
not shown) which suggests that a putative novel binding site
would have to share some homology at the N-terminal with
the o opioid receptor. On the other hand, the nuclear matrix
preparation may contain a truncated form of thepioid
receptor. Limited proteolysis of nuclear matrix preparations
may occur at a much higher rate than in other fractions. For
example, in the absence of protease inhibitors, the nuclear
matrix reaction product is enriched (97%) in a single band
of ~29 kDa. Since the nuclear matrix is the only preparation
exposed to detergents, proteolysis may be exacerbated during
its isolation. Moreover, this fraction may be enriched in
proteases that readily cleave the opioid receptor. Analysis
of the crude nuclear pellet for specific lysosomal enzyme
activities (3-glucuronidase ang@-hexoseamindase) reveals
they are 16-12% of that found in the ER/Golgi-enriched
fraction (0.97+ 0.09 vs 9.0+ 0.3 and 15+ 1.2 vs 123+
8.2 nmol/mg/min, respectively). Since nuclei occupy a
relatively large proportion of the intracellular space of
NG108-15 cells, the fraction of nuclear lysosomal total
activity is about 40% of the sum detected in all membrane
preparations (Belcheva et al., 1991).

On the basis of the the amino acid sequence of the cloned
0 opioid receptor the predicted molecular weight of the
polypeptide chain alone is estimated to be 40.5 kDa. Cross-
linked products and immunoblot bands of larger size that
were detected in this study would be expected to be
glycosylated molecules. Results of the WGA chromatog-

Jgaphy experiments suggested that th@6 kDa band which

was absent in th&-acetylp-glucosamine eluate is a non-
glycosylated cross-linked product. This is consistent with

cosamine eluates from the cross-linking experiment described in data from cross-linking and immunoblotting of the WGA

(A) were concentrated, separated by 10% SIPAGE (12ug of
protein/lane) and transferred to Immobilon-P membranes. The
membranes were blotted with gg/mL of ammonium sulfate-
precipitated IgG fractions from preimmune serum or N-terminal-
directed anti-DOR1 antibody. Lanes 1 and 2 are two different WGA
column eluates.

products were seen inyfPor nuclear membrane fractions

when isolated in the presence of protease inhibitors. Im-
munoblotting analyses of;iPgave a somewhat similar band

eluates of the R fractions wherein the predominant product
is ~83 kDa in the former and only &73 kDa band was
evidenced in the latter. If the apparent molecular weight of
the natived opioid receptor is in this range, then the two
carbohydrate moieties believed to be present would account
for 30—40 kDa. This number is relatively high compared
to that reported for opioid receptors, which upon removal

of the N-linked carbohydrates from five potential glycosy-

pattern in light of the differences contributed by the presence lation sites orPH-5-FNA-labeledu receptors expressed in

of B-endorphin and by the different methodologies entailed.
Two different effects off-endorphin cross-linking can be
anticipated to impact on the molecular size. Namely, the
molecular weight will increase, presumably by3 kDa/

COS-1 or CHO cells, yielded a 40 kDa smaller band. (Chen
et al.,, 1995). Moreover, carbohydrate moieties of a large
number of other G protein-coupled receptors were estimated
to range anywhere from 4 to 30 kDa (Sawutz et al., 1987;

receptor molecule. Moreover, conformational changes may Plantner et al., 1991). Alternative explanations can be

ensue upon binding g#-endorphin to the receptor to alter

posited. For example, there may be posttranslational modi-
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Ficure 4: Densitometric analysis 83-3-endorphin cross-linked bands in subcellular fractions from control and opioid-desensitized NG108-

15 cells. NG108-15 cells were treated with etorphine (10 nM, 2 h) and subcellular fractions were isolated in the presence of protease
inhibitors as described in Materials and Methods. Specific densities and background measurements were determined as described in the
legend to Figure 1. In each experiment samples of total and nonspecific binding for control and treated cells were run on the same gel.
Observed density changes induced by etorphine treatment are expressed as % control which were normalized to 100%. Data are the mean
+ SEM of three or four experiments.
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Ficure 5: Densitometric analysis 8f3-3-endorphin cross-linked bands in subcellular fractions from opioid agonist down-regulated NG108-

15 cells. NG108-15 cells were treated with etorphine (10 nM, 24 h) and subcellular fractions were isolated in the presence of protease
inhibitors as described in Materials and Methods. Densitometric analyses of the observed density changes induced by etagphine in P
nuclear membrane and nuclear matrix fractions were performed as described in Figures 1 and 4. Observed density changes induced by
etorphine treatment are expressed as % control which were normalized to 100%. Data are theSEdArof three to eight experiments.

fications of thed polypeptide chain other than glycosylation. of protease inhibitors suggests that the proteolysis reaction
Also it has been reported that a G protein-coupled receptorwhich generates this fragment can occur readily. The fact
can dimerize under the SDS denaturing conditions adoptedthat 97% of the nuclear matrix product was found to be a
for PAGE (Papermaster & Dreyer 1974). ~26 kDa band also supports our previous binding data
If the smaller molecular size bands-ab7 and~44 kDa (Belcheva et al., 1995). Agonists bind with low affinity, if
found after the WGA chromatography represent limited at all, to this fraction and neither sensitivity of this agonist
proteolysis products, they have retained their binding ability. binding to the GTP analog Gpp(NH)p nor adenylate cyclase
This is supported by the protease inhibitor data (Figure 1) activity was detected suggesting the presence of G protein/
and structure-binding activity studies (Kong et al., 1994). effector uncoupled sites.
In the latter investigation, a truncated opioid receptor, The origin of the 26-29 kDa band has been investigated
devoid of the N-terminal and first transmembrane region, in several*?3-5-endorphin cross-linking studies. Keren et
that was engineered and expressed in COS cells retained al. (1988) suggested that a 25 kDa band is a breakdown
agonist-mediated inhibition of forskolin-stimulated cAMP  product of a higher molecular weight peptide, since omission
production. On the basis of their elution and immunoblot of protease inhibitors from their assay buffers led to greater
data, these lower molecular size bands may be fully or levels of 25 kDa product as seen in these studies. Harada
partially glycosylated fragments that contain covalently et al. (1992) detected only a single 29 kDa band derived
labeled *23-8-endorphin but not the N-terminal stretch from NG108-15 cells or membrane preparations. The
recognized by the antibody used in these studies. However,authors speculated that this protein may not be a proteolytic
we cannot rule out the possibility that the higher molecular product of a larger labeled protein, but it representeddthe
size glycosylated fragments undergo some limited proteolysisopioid receptor in NG108-15 cells, which is functionally
to form the ~57 or ~44 together with~26 kDa product coupled to pertussis toxin-sensitive G protein. Ko et al.
after elution from the WGA column. At present this appears (1992) proposed that only a 28 kDa band fulfilled the

to be the only viable explanation for the presence o-26é requirements for an opioid binding site, in part because its
kDa product which is too small a fragment to contain both intensity alone was reduced under opioid receptor down-
carbohydrate and a binding site férendorphin. regulation conditions in NG108-15 cells. Here we also

The predominance of a cross-linked-2B kDa product detected a selective increase in thedhd nuclear membrane
in all subcellular fractions isolated especially in the absence ~26 kDa reaction products upon desensitization. In contrast,
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all five cross-linking B, reaction products were diminished Belcheva, M., Barg, J., Gloeckner, C., Gao, X.-M. Chuang, D.-
upon down-regulation. Moreover, cross-linking of recom- _ M., & Coscia, C. J. (1992Mol. Pharmacol. 42445-452.
binantu, 6, and« receptors transfected in CHO, COS or Belcheva, M., Barg, J., Clark, W. G., Rowinski, J., Gloeckner, C.
PC12 cells yielded a major28 kDa band along with larger A Ho, A M., Gao, X.-M., Chuang, D-M., & Coscia, C. J.
y ! ‘ ; g with larg (1993)J. Neurosci. 13104114
molecular size p_roducts, confslstent Wlth. the notion that the Belcheva, M., Gucker, S., Chuang, D.-M., Clark, W. G., Jefcoat,
~28 kDa protein is a proteolytic degradation product (Coscia L. B., McHale, R. J., Toth, G., Borsodi, A., & Coscia, J. C.
et al., 1995). (1995)J. Pharmacol. Exper. Ther. 274513-1523.

An important achievement of this study was the discovery Beg”ett.' D(-:Bj' Lfggo""sl\'l‘“ 'Y' '3.-'5R3%”1‘6_B?;0'-1-é Spain, J. W., &
that changes in cross-linking product(s) from nuclear matrix Bl’ac?fzcr:(lja’M.. M. ((197%));6\n:;f ;isgéhem_ 72248_2'54.
and nuclear membrane fractions occur during agonist-inducedcpen, C_', Xue, J.-C., Zhu, J., Chen, Y.-W., Kunapuli, S., De Riel,
cell surface receptor adaptation in NG108-15 cells. The J. K., Yu, L., & Liu-Chen, L.-Y. (1995)J. Biol. Chem. 270
cross-linking experiments revealed that nuclear matrix 17866-17870.
preparations display an increase in the density of the five Cheng, P. Y., Svingos, A. L., Wang, H., Clarke, C. L., Jenab, S.,
cross-linked products upon cell surface receptor down- ﬁgﬁfggx‘i’s'%s'é%:ggggr's" C. E., & Pickel, V. M. (1993)
regulation. The correlation between the loss gftiinding Collins. S. ' Caron. M. G" & Lefkowitz, R. J. (199ZJrends
sites and elevation of the levels of nuclear matrix associated ~ Bjochem. Sci. 1737—39, 1992. ’
product suggest that the nuclear matrix sites are internalizedCoscia, C. J., Belcheva, M. M., Jefcoat, L. B., Avidor-Reiss, T.,
cell surface receptors. These results complement previously Barg, J., & Vogel, Z. (199550c. Neurosci. Abstr. 2526.
reported binding data (Belcheva et al., 1995). The increaseDado, R. J., Law, P. Y., Loh, H. H., Elde, R. (1998¢uroReport
in the nuclear membrane36 kDa band of the receptor seen 5, 341-344.

upon agonist-induced down-regulation may possibly be due Gaf;gréd_’ M., Mailly, P, & Conrath, M. (199%joc. Neurosci. 21

to greater limited proteolysis. An increase in lysosomal \yarada; J., Ueda, H., Iso, Y., & Satoh, M. (19€2). J. Pharmacol.
enzyme activity has been documented under these conditions 227, 301-7.
(Belcheva et al., 1992). Howard, A. D., deLa Baume, S., Gioannini, T. L., Hiller, J. M., &

Upon desensitization most of thegfbands remain the Simon, E. J. (1985). Biol. Chem. 26010833-10839.

. o T Jomary, C., Gairin, J. E., & Beaudet, A. (199)oc. Natl. Acad.
same or are slightly decreased. Similarly total binding of Sci. U.S.A. 89564-568.

this fraction does not change appreciably (Belcheva et al., Keren, O., Gioannini, T. L., Hiller, J. M., & Simon, E. J. (1988)
1995). The singular increase of the26 kDa By product Brain Res. 440280-284.

under these conditions may again be possibly attributable toKlein, C., Levy, R., & Simantov, R. (1986). Neurochem. 46
increases in lysosomal enzyme activity (Belcheva et al.,, 1137-1144.

1992). Upon desensitization the increase in density of someK°i237-2'-211-29%7N- M., & Loh, H. H. (1992)). Biol. Chem. 267
””C'ea'f membrane bands is in good ag.reer.ner)t with the lJp_Kong, H., Raynor, K., Yano, H., Takeda, J., Bell, G. |., Reisine, T.
regulation of nuclear membrane agonist binding observed (1994) Proc. Natl. Acad. Sci. U.S.A. 98042-8046.

under the same conditions (Belcheva et al., 1995). The | gemmli, U. K. (1970)Nature 227 680-685.

greater increase in smaller nuclear membrane products isLaw, P. Y., Hom, D. S., & Loh, H. H. (1982)lol. Pharmacol. 22
consistent with the trend seen in thg Raction reflecting 1-4.

elevated limited proteolysis. The finding of this selective LaZViSF:AEAHom' D.S., &Loh, H. H. (1983lol. Pharmacol. 24
increase without compensatory decreases in the remainin :

bands may reflect the initiation of new protein synthesis inq‘ogg'él())j Héioﬁcgﬁgmufgéz'\ésf'zﬁgam A. L., & Randall, R. J.
nuclear membranes which ultimately results in the restoration yic ean, S., Rothman, R. B., Chuang, D.-M., Rice, K. C., Spain,
of levels depleted by subsequent down-regulation of cell-  J. w., Coscia, C. J., & Roth, B. L. (198®ev. Brain Res. 45
surface receptors (Collins et al., 1992). Taken together these 283-290.

findings further support the hypothesis that nuclear mem- Papermaster, D. S., & Dreyer, W. J. (19B#chemistry 132438~
brane receptors are newly-synthesized molecules en routepai_‘él44

. . uir.\i, F., Bochet, P., Garbay-Jaureguiberry, C., Roques, B. P.,
to the cell surface, whereas nuclear matrix contains internal- Rossier, J., & Beaudet, A. (1992) Comp. Neurol. 326229

ized, truncatedd opioid sites. The acquisition of this 244.
information represents one of the first steps in determining Plantner, J. J., Le, M.-L., & Kean, E. L. (199Exp. Eye Res5,
the function of the subnuclear sites. 269-274.
Roth, B. L., Laskowski, M. B., & Coscia, C. J. (1981) Biol.
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