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Gradient distribution pattern of muscarinic receptors in N1E 115 mouse neuroblastoma cells
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Summary. The distribution pattern of muscarinic receptors in N1E 115 mouse neuroblastoma cells after linear and
non-linear gradient centrifugation was investigated. In untreated cells, at least two forms of the receptors, with

different densities, were found.
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It has been suggested that receptors for catecholamines
are localized in the plasma membrane, and that treat-
ment with agonists causes the internalization of these
receptors. This has been demonstrated for f-receptors in
frog erythrocytes'2, human astrocytoma cells®*,
mouse lymphoma cells > and C6 rat glioma cells®. These
results were in most cases obtained using either differen-
tial®'? or gradient centrifugation techniques, combined
with incubation in a medium containing concanavalin
A37S,

As far as the muscarinic receptor is concerned, few data
are available. Harden et al.” reported the presence of
muscarinic receptors in the plasma membrane of human
1321N astrocytoma cells, and the formation of a ‘light
vesicle’ fraction containing muscarinic receptors after
carbachol stimulation. To our knowledge, no such data
are available for neuroblastoma cell lines. Since these
cells are frequently used for the investigation of the inter-
action of agonists with muscarinic receptors in neuronal
cells, we studied the cellular localization of the mus-
carinic receptors in the N1E 115 mouse neuroblastoma
cells. These cells contain a well-defined muscarinic recep-
tor & predominantly of the M1 subtype °. Using centrifu-
gation techniques comparable to those used for f-recep-
tors, it was found that in non-stimulatory conditions,
two forms of the muscarinic receptor, characterized by a
difference in density, are present in N1E 115 mouse neu-
roblastoma cells.

Materials and methods
Reagents. Tritiated quinuclidinylbenzylate (QNB, 36 Ci/
mmole) and N-methylscopolamine (NMS, 72 Ci/mmole)

were obtained from Amersham. All other reagents were
from commercial sources and of the highest purity avail-
able.

Cell culture conditions. Mouse neuroblastoma cells, clone
N1E 115, passage numbers 45 to 52, were cultured as
described before!®. Briefly, the cells were grown as
monolayer in DMEM medium, containing 10 % fetal calf
serum, 100 pg/ml streptomycin and 100 U/m! penicillin.
Cells were kept in 100 % relative humidity at 37°C in 5%
CO,. The cells were subcultured when they had grown to
confluency (between days 6 and 10), at a ratio of 1 to 5
or 1 to 10 in disposable plastic culture vessels of 175 cm>
surface, using 0.025% trypsin in 0.9 % NaCl solution.
The cells were fed every other day.

The glioma cell line C6, passage numbers 82 to 85, was
cultured in DMEM with the same additives as for the
neuroblastoma cells. Subculturing at a ratio 1 to 10 was
done by transferring the loosely attached cells to new
culture vessels.

Pre-incubations and tissue preparations. Cells were har-
vested when confluent, which took 6 to 10 days. In all
cases, they were rinsed twice for 5 min in 0.9 % NaCl at
room temperature before further manipulations.

Three different tissue preparations were used.

The lysate was prepared by rinsing the cells in 1 mM Tris
buffer pH 7.4°; the cells were subsequently lysed in the
same buffer during 20 min at 4 °C. The Iysate was cen-
trifuged at 300 g for 5 min and the supernatant was used
for gradient centrifugation (see further).

The microsomal pellet was prepared by scraping the cells
in 0.9 % NaCl from the culture surface with a policeman.
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The suspension was subsequently homogenized at 4°C
using a Virtis homogenizer at 70 % of maximum power
(twice 15 s with a 1-min interval). Unbroken cells and the
nuclei were removed by centrifuging the homogenate at
300 g for 10 min; the supernatant was further centrifuged
at 90,000 g for 60 min to give a microsomal pellet. The
pellet was resuspended in 10 mM Tris buffer pH 7.4 con-
taining 8 % sucrose.

The concanavalin A-lysate (ConA-lysate) was obtained
after incubation of the cells with ConA (0.25 or 2.5 mg/
ml) for 30 min at 4°C. The incubation was conducted
either in DMEM medium without serum or in 50 mM
acetate buffer (pH 6.0) containing 0.9 % NaCl and 1 mM
of CaCl,, MgCl, and MnCl,. The cells were subsequent-
ly rinsed with 0.9% NaCl (2 times 5 min) and used as
described for the lysate. The effect of ConA incubation
(0.25 mg/ml) was also evaluated in C6 glioma cells for
comparative purposes.

Gradient centrifugation. All solutions for gradient cen-
trifugation were buffered with 10 mM Tris buffer pH 7.4.
Two types of sucrose gradients were used: linear gradi-
ents in which the sucrose concentration ranged from 15
to 55%, and non-linear gradients, in which the sucrose
concentration again ranged from 15 to 55%, but with an
intermediate plateau (3 ml) at the concentration of
32%°. In each case, 2 ml of either lysate or ConA-lysate
(adjusted to 8% sucrose) or resuspended microsomal
pellet was layered on the gradients of 10 ml. The gradi-
ents were spun in a Beckman centrifuge for 70 min at
90,000 g and collected in 24 fractions of 0.5 ml.

In some experiments with lysate, fractions from the gra-
dient were recentrifuged as follows. Non-linear gradients
were spun and collected as described above. Portions of
the gradient fractions were assayed for ligand binding,
the remainder were combined to form two pools, corre-
sponding to the regions of high (fractions 3 to 8) and low
(fractions 10 to 17) sucrose concentrations. These two
pools, which contained the two forms of the muscarinic
binding sites (see result section), were diluted at least
10-fold with 0.9% NaCl and centrifuged at 90,000 g for
60 min. The pellets were resuspended in the buffer and
the suspensions were layered on two separate non-linear
gradients identical to the first one. These gradients were
handled as before.

Ligand binding. Gradient fractions were incubated for 60
min with, for the N1E 115 neuroblastoma cells, tritiated
QNB or NMS (both at 0.08 nM, which represents ap-
proximately 80% of the maximal binding, see Buyse et
al. 1%) and, for the C6 glioma cells, with [***Todo] cya-
nopindolol (**°1 CYP) (0.1 nM) as radioactive ligand.
The fractions were filtered over Whatman GF/c glass
fiber filters followed by two rinses with cold 0.9 % NaCl.
The wet filters were counted by liquid scintillation count-
ing and the results were expressed in counts per minute.
Two series of control experiments were performed. First,
it was checked whether the sucrose concentrations influ-
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enced the binding. A constant number of QNB binding
sites (as cell homogenate, prepared according to
Buyse et al. 1%) was added to the fractions of an unloaded
linear gradient, and the fractions were assayed for ligand
binding as before. In a second series of experiments, the
influence of ConA on the ligand binding, and/or the
binding of ConA to membranous glycoproteins, was ex-
amined using o-methylmannoside, a carbohydrate
known to dissociate the ConA-glycoprotein complex. Af-
ter gradient centrifugation of ConA-lysate, a-methyl-
mannoside was added to the fractions (50 mM final con-
centration) and the ligand binding was carried out as
before.

In a separate series of experiments, the intact cell mono-
layer was incubated with NMS for 30 min at 37°C in
serum-free DMEM. After incubation, the cells were thor-
oughly rinsed with 0.9% NadCl (3 times 5 min) and used
for the preparation of the lysate (see above). After cen-
trifugation on a non-linear gradient and collection,
100 W of each fraction was counted for radioactivity (re-
ferred to as pre-incubation samples) and 400 pl was used
for ligand binding with NMS as described above (re-
ferred to as post-incubation samples).

The recovery for the gradient centrifugation method was
calculated as follows. The sum of the tissue-bound ra-
dioactivity of the different fractions was expressed as
a percentage of the tissue bound radioactivity deter-
mined in the non-fractionated sample. The recovery was
80.4 + 10.6 % for 6 samples without pre-incubation with
ConA and 77.8 + 5.6% for 6 samples which had been
pre-incubated with' ConA (p > 0.05 Mann-Whitney U-
test). Gradient distributions are presented in counts per
minute in representative examples. Mean values + SEM
for the distribution are given in the text.

Determinations. Alkaline phosphatase was determined
according to Kind and King'!. Samples from the gradi-
ent fractions were diluted 10- to 20-fold in 10% di-
ethanolamine buffer pH 9.8 and incubated with parani-
trophenol (1 mg/ml final concentration) for 30 min. The
enzyme activity is expressed in optical density units. The
influence of the sucrose concentration of the gradient on
the enzyme activity was investigated in an experiment
similar to the control experiment described above for the
binding. Statistical differences were calculated with the
Mann-Whitney U-test; p < 0.05 was considered as sig-
nificant.

Proteins were measured with the dye binding method of
Bradford *2. The sucrose concentrations were measured
with the aid of an Abbé refractometer, and were ex-
pressed as optical rotatory dispersion units.

Results

Figure 1 shows representative examples of the gradient
distribution pattern of the QNB binding sites, the alka-
line phosphatase enzyme activity and the density in the
fractions of the gradient after centrifugation of lysates
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Figure 1. Gradient distribution pattern of a lysate (4, B) and a microso-
mal pellet (C, D) in linear (4, C) or non-linear (B, D) gradients. The data
shown (mean of duplicate determinations) are representative of those

(upper panel), and of microsomal pellets (lower panel), of
N1E 115 neuroblastoma cells.

The distribution pattern is essentially identical for lysates
and microsomal pellets. For the linear gradient (left side
of fig. 1.), a broad peak of QNB binding was obtained
with both tissue preparations. When non-linear gradients
were used (right side of fig. 1), a clear-cut separation of
the QNB binding sites into two fractions was observed.
In this first series of experiments (n = 4) 36.2 + 1.3% of
the QNB binding sites were present in the region of high
sucrose concentration of the gradient, the remaining of
the binding sites (62.8 + 1.2%) was situated at a lower
sucrose concentration. Alkaline phosphatase enzyme ac-
tivity coincided closely with the distribution of the QNB
binding in both types of gradients and with both tissue
preparations. Identical results were obtained when NMS
was used as ligand instead of QNB (n = 3); similarly,
using 0.04 (n = 2) or 0.16 (n = 2) nM of QNB (instead of
0.08 nM) did not affect the distribution pattern in non-
linear gradients of the lysate.

Addition of a constant number of binding sites (taken as
100 %) to the fractions of an unloaded gradient, followed
by ligand binding and determination of the alkaline
phosphatase enzyme activity in the fractions, showed
that on average, 99.5 4+ 2.4% (range 89 to 112%) of the
binding sites and 100.1 4+ 1.6% (range 93 to 105%) of
the enzyme activity (n = 2 gradients of 24 fractions) were
found.

0 5 10 5 20 25
Fraction number

obtained in 3 similar experiments. A, QNB binding; O, Alkaline phos-
phatase enzyme activity; x, Sucrose concentration.

Recentrifugation of both QNB binding sites separately
showed that for the QNB binding isolated in the region
of high sucrose concentration, a redistribution was ob-
tained (fig. 2). 60 % of the binding sites were found in the
same fractions as in the original gradient; 20% of the
binding sites were found in the low density region of the
gradient, and 20% of the binding sites were recovered at
the bottom of the tube, i.e. at the highest sucrose concen-
tration. Recentrifugation of the low density fraction
yielded a unimodal distribution with the QNB binding in
the low sucrose region.

Incubation of C6 glioma cells with ConA in DMEM
medium or in acetate buffer caused a shift in the distribu-
tion pattern of the **°I CYP binding towards the region
of high sucrose concentration (fig. 3). Since the C6 cell
line was only used for comparative purposes, a limited
number of experiments were performed, using linear gra-
dients only. Figures 4 and 5 summarize the results ob-
tained when incubating the N1E 115 cells with ConA.
When the pre-incubation was done in DMEM medium
(fig. 4), no effect on the distribution pattern of QNB
binding was seen, either with a linear or a non-linear
gradient. Increasing the concentration of ConA to
2.5 mg/ml did not change the results (not shown, n =4
for linear gradients only). When acetate buffer was used
(fig. 5), a significant shift in distribution pattern towards
the high sucrose region of the gradient was observed in
both types of gradients. In the non-linear gradients



Research Articles Experientia 45 (1989), Birkhiuser Verlag, CH-4010 Basel/Switzerland 745
500, 1.2 (n = 7), the percentage of QNB binding sites increased
swol 10 from 38.4 4+ 1.3 to 51.54+ 1.1% in the region of high
300k 08 sucrose concentration (p < 0.05), while in the region of

06 low sucrose concentration, a decrease from 61.6 + 1.4%
2001 04 to 48.5 + 1.1 % (p < 0.05) was observed upon ConA in-
100k 02 cubation. Adding «-methylmannoside to the fractions of
oL o the gradient during the incubation with QNB did not
influence the distribution pattern (result not shown,
n = 2 for non-linear gradients).
-~ The results of the experiments in which the cells were
1000 06 2 pre-incubated with NMS before gradient centrifugation
£ aoal. B 105 “?n', are shown in figure 6. The distribution pattern was iden-
i" 04 & tical to what is shown in previous results (fig. 1 B). Fur-
§ Y 10,3 ‘é thermore, it was found that the distribution pattern was
o 400k 5o g o2 2 similar whether the fractions from the gradient were
& 200} RS sl P counte’d directly or were furthe.:r post-incubated with the
T |, : ’ ' — 1 3 same ligand for another 30 min, filtered and counted.
= 0 5 10 15 20 25 <
1000+ . 108 Discussion
sook \ ¢ los To our knowledge, no data on the subcellular localiza-
JERRN ' tion of muscarinic receptors in N1E 115 neuroblastoma
60%' s Jo./, cells in vitro are available. Some studies, however, have
400F ¢ k\ b been done with f-receptors demonstrating the occur-
200k AM-A*M} \/;1/ 102 rence of two f-adrenergic binding sites with different
ol aat * Jo densities. The site with the highest density is tentatively
0 5 0 15 20 25 identified as being part of the plasma membrane and the

Fraction number

Figure 2. Gradient distribution pattern of a lysate (4) and of the corre-
sponding recentrifuged fractions I (region of high sucrose concentration,
B) and 1T (region of low sucrose concentration, C). (The data shown are
representative of those obtained in 3 similar experiments). A, QNB,
binding; O, Alkaline phosphatase enzyme activity.
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binding site with the low density is often referred to as
occurring in a ‘light vesicle fraction’. The latter fraction
is generated upon agonist stimulation and it is generally
accepted that this site represents internalized binding
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Figure 3. Effect of pre-incubation of C6 glioma cells with ConA on the
distribution pattern of B-receptors in either DMEM (4) or in acetate
buffer (B). (The data shown are representative of those obtained with 2
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gradients with and 2 gradients without ConA for each type of gradient).
O, 1251 CYP binding without ConA pre-incubation; A, *25T CYP bind-
ing after ConA pre-incubation.
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Figure 4. Effect of pre-incubation of N1E 115 neuroblastoma cells with
ConA in DMEM using either linear (A) or non-linear (B) gradients (The
data shown are representative of those obtained in 3 gradients with and

3 without ConA incubation for each type of gradient). O, QNB binding
without ConA pre-incubation; A, QNB binding with ConA pre-incuba-
tion.
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Figure 5. Effect of pre-incubation of N1E 115 neuroblastoma cells with
ConA in acetate buffer using either linear (4) or non-linear (B) gradients.
(The data shown are representative of those obtained in 4 gradients with
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Figure 6. Gradient distribution pattern of a lysate prepared from cells,
pre-incubated with NMS. (The data shown are representative of those
obtained in 3 similar experiments). O, without post-incubation; A, cor-
responding fractions with post-incubation with NMS.

non-linear gradient centrifugations®, and incubations
with ConA 3~ ¢ in order to increase the density of vesicles
derived from the plasma membrane'?* 4, are required
for the detection of the two sites. It has been reported *
that two forms of f-receptors can be separated without
ConA but no further details are given. When linear gra-
dients are used, only one single binding site for f-recep-
tors are found 7.

Our results demonstrate that in a linear gradient a broad,
ill-defined peak of QNB binding is present; this is com-
parable to the data in the literature for f-receptors®~2,
and for muscarinic receptors’. However, in non-linear
gradients without ConA incubation, at least two types of
QNB binding sites are present in untreated cells. Approx-
imately 40 % of the QNB binding is located in the region
of high sucrose concentration of the gradient and about
60 % is found in the region of low sucrose concentration.
Alkaline phosphatase activity coincided closely with
both peaks of QNB binding activity. Since this enzyme is
considered to be mainly located in the plasma membrane,
we suggest that both peaks with QNB binding activity
are derived from the plasma membrane. It was found
that the distribution pattern was identical in gradients
from lysate or from microsomal pellet. This suggests
that, although only part of the total receptor population
is studied when using the lysate, it is representative for

and 4 gradients without ConA for 4 and 7 gradients with and 7 without
ConA for B). O, QNB binding without pre-incubation with ConA; A,
QNB binding with pre-incubation with ConA.

the total population. In all further experiments, the lysate
was used, since the protein concentration was lower, al-
lowing optimal separation, and the number of manipula-
tions is minimal. For similar studies with f-receptors, a
cell lysate has also frequently been used!~°.

The results of the recentrifugation experiment suggest
that the peak of QNB binding at the low sucrose region
of the gradient is possibly contaminated with QNB bind-
ing from the high sucrose region. Indeed, some of the
recentrifuged QNB binding sites isolated from the region
of high sucrose concentration are found in the low su-
crose region of the gradient. This cannot, however, ex-
plain the ratio between the two forms of QNB binding,
since only one fifth of the recentrifuged peak was redis-
tributed in the low sucrose region, which represents
roughly 8% of the total QNB binding sites. Concerning
the QNB binding sites redistributed at the bottom of the
tube, we believe that this is due to formation of large
aggregates during the manipulations, not representing a
vesicular structure like those observed before.

The results with ConA require further comment. When
using DMEM as incubation medium for ConA, no effect
on the distribution pattern of QNB binding in N1E 115
cells was seen, whereas in acetate buffer, a moderate but
significant shift in QNB binding in favor of the binding
sites in the high sucrose region of the gradient is found,
without a change of the positions of the ligand binding
sites. Since pre-incubation of C6 glioma cells with ConA
in DMEM led to the expected shift of f-receptor binding
sites ®, the absence of effect in the N1E 115 cells when
DMEM is used is considered to be cell-specific, and due
to poor reactivity of the membranous glycoproteins in
the N1E 115 cells in our culture conditions. Wide vari-
ability between different cell lines, as far as the reaction
with ConA is concerned, has been reported before !,
Post-incubation of the gradient fractions with a-methyl-
mannoside, a molecule which breaks the bond between
ConA and glycoproteins, does not modify the results,
suggesting that phenomena such as steric hindrance do
not influence the results.

Our experiments demonstrated that in unstimulated
cells, binding sites are present in the sucrose region where
the light, intracellular, membranous vesicles containing
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B-receptors are found. The next question is whether the
vesicles observed in the low sucrose region of the gradi-
ent are similar to the light density vesicles described by
others for f-receptors. After pre-incubation of intact
cells with tritiated NMS, which does not cross the plasma
membrane ¢, followed by gradient centrifugation, a dis-
tribution pattern is found which is identical to that found
when the gradient fractions are incubated with either
QNB or NMS. Furthermore, upon post-incubating the
fractions of the gradient obtained with pre-incubated
cells in monolayers, no further increase of bound ra-
dioactivity was found. This means that all binding sites
are already occupied during the first incubation. If the
low-density fractions in the unstimulated cells were to
consist of intracellular vesicular binding sites, NMS
would not have labeled these binding sites and, conse-
quently, post-incubation would result in an increase of
the bound radioactivity in this region of the gradient.
That this is not the case suggests that the QNB binding
site in the low sucrose region of the gradient is not asso-
ciated with an intracellular particle, but present at the
outer surface of the plasma membrane.

‘We conclude that at least two different QNB binding sites
are present in N1E 115 mouse neuroblastoma cells. These
forms are separated by non-linear gradient centrifuga-
tion methods. We suggest that the binding site in the low
sucrose region of the gradient is localized in a vesicle of
membranous origin but not by a process of sequestra-
tion. These vesicles could originate by a process called
‘vesiculization” or ‘membrane shedding’. This process,
described by Scott'” 18 results in extracellular particles.
They contain part of the membrane and membranous
components and are shed by the cells through an energy-
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dependent mechanism. Transformed cells are extremely
active in this respect, non-transformed cells much less so.
Further experimentation will be needed to establish the
exact nature of the low-density ligand binding.
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Increased susceptibility to lipid peroxidation in skeletal muscles of dystrophic hamsters
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Summary. The results showed that the total content of lipids, which could be peroxidized with Fe(2 +)/ascorbate
stimulation in vitro, was 45.4% and 53.7% higher than normal in the dystrophic hamster muscle at the age of 1 and
3 months, respectively. Correspondingly, the susceptibility to lipid peroxidation (stimulated by ADP-chelated iron
at 37°C) was 38.6—74.3% higher in dystrophic muscles. The increases were not related to necrotic lesions and
inflammation observed. The activitics of glucose-6-phosphate dehydrogenase, glutathione reductase, thioredoxin
reductase and catalase were increascd in dystrophic muscles but those of superoxide dismutases and glutathione
peroxidase were unaffected.

Key words. Lipid peroxides; antioxidants; muscular dystrophies; skeletal muscles; hamster.

The mechanism of cellular damage in genetic muscular
dystrophies is unknown, although human cDNA and the
protein product, dystrophin, of the Duchenne muscular

X-linked locus have recently been identified!. Dys-
trophin is localized in the sarcolemma?~# and t-tubular
membranes® of muscle fibers. One possible cause for



