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Abstract

In cultured PC12 rat pheochromocytoma cells, nerve growth factor (NGF) selectively stimulated the
incorporation of [*H]fucose into a glycoprotein of apparent M, = 25,000, as determined by sodium dodecyl
sulfate-gel electrophoresis. Neither dibutyryl cyclic adenosine 3’:5’-monophosphate nor epidermal growth
factor mimicked this effect. Using gradient gels, the affected protein was resolved into two closely migrating
bands. Enhancement of labeling was present by 1 to 2 days of treatment with NGF and was maximal after 4
to 7 days. Short-term extraction of PC12 cell monolayer cultures with Triton X-100 left the 25,000-dalton
glycoprotein associated with the detergent-resistant cytoskeletal fraction. The M, = 25,000 glycoprotein was
shown to be immunologically cross-reactive with Thy-1.1 antigen by indirect immunoprecipitation with
monoclonal Thy-1.1 antibodies. Anti-Thy-1.1 labeling, as demonstrated by indirect immunofluorescence, was
distributed on PC12 cell bodies and along neuritic processes and remained attached to the cytoskeleton as part
of the surface lamina of cells treated and untreated with NGF. The selective increase of the M, = 25,000
glycoprotein in NGF-treated cultures was also paralleled by increases in material immunoprecipitated from
fucose-labeled cells with anti Thy-1.1 monoclonal antibodies.

Immunoprecipitations with extracts of [**S]methionine-labeled cultures indicated that NGF causes an
increase in synthesis, rather than merely glycosylation, of the 25,000-dalton/Thy-1-cross-reactive protein. The
effect of NGF on this protein was blocked by inhibitors of RNA synthesis, suggesting involvement of a
transcription-dependent mechanism. The data presented here indicate that a Thy-1-cross-reactive glycoprotein
is increased during NGF-promoted neuronal differentiation and are consistent with a possible role for this

component in neuronal development and function.

Nerve growth factor (NGF) is a polypeptide participating in
the development and maintenance of certain neural crest de-
rivatives, e.g., embryonic sensory neurons and sympathetic
neurons (Levi-Montalcini and Angeletti, 1968; Barde and
Thoenen, 1980; Greene and Shooter, 1980). The clonal cell line
PC12, which has been derived from a transplantable rat pheo-
chromocytoma (Greene and Tischler, 1976), responds to NGF
by acquiring many properties of sympathetic neurons, and,
thus, has become a useful model system for studies of neuronal
differentiation and of the mechanism of action of NGF (Greene
and Tischler, 1976, 1982).

Neuronal differentiation is often accompanied by cell surface
modulation, and cell surface glycoproteins in particular are
thought to participate in the development of neuronal func-
tions, such as synapse formation and neurite cutgrowth (cf.
Barondes, 1976). Therefore it has been of particular interest to
identify changes in the glycoprotein composition of PC12 cells
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that accompany NGF-induced neuronal differentiation. It has
been shown that NGF selectively elevates the specific levels in
PC12 cells of a high molecular weight (M, = 230,000) surface
glycoprotein designated the NGF-inducible large external
(NILE) glycoprotein (McGuire et al., 1978; Salton et al., 1983).
This species has been found to be a neuronal marker (Salton
et al., 1983). In addition, NGF selectively increases the labeling
of a low molecular weight (apparent M, = 25,000) glycoprotein
in PC12 cultures (McGuire et al., 1978). The present commu-
nication further characterizes and describes the effect of NGF
on the M, = 25,000 species. It is shown that this glycoprotein
is a constitutent of the surface lamina of PC12 cells and as
such is associated with the detergent-resistant cytoskeleton.
Data are also presented showing that the M, = 25,000 glyco-
protein is immunologically cross-reactive with the cell surface
antigen Thy-1, a glycoprotein present in relatively large
amounts on thymocytes and on brain cells (Mirsky and Thomp-
son, 1975; Williams et al., 1975; Barclay et al., 1976; Williams
and Gagnon, 1982).

Materials and Methods

Materials. Tissue culture media were from either KC Biological
(Lenexa, KA) or Boehringer-Mannheim (Mannheim, Federal Republic
of Germany). [6-*H]Fucose (12 Ci/mmol) and [**S]methionine (1212
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Ci/mmol) were from New England Nuclear (Boston, MA), and "C-
labeled protein molecular weight standards were from Bethesda Re-
search Laboratories (Gaithersburg, MD). The molecular weights of
these were as follows: cytochrome ¢, 12,300; g-lactoglobulin, 18,400;
chymotrypsinogen, 25,700; ovalbumin, 43,000; bovine serum albumin,
68,000; phosphorylase B, 92,500; myosin (H-chain), 200,000. Mouse
IgG antibody against rat Thy-1.1, clone OX7 (MAS 027¢), was from
Sera-Lab (Crawley, England). Fluorescein isothiocyanate (FITC)-con-
jugated goat anti-mouse IgG and FITC-conjugated lentil lectin were
from Miles Laboratories (Elkhardt, IN), and protein A-Sepharose was
from Pharmacia (Piscataway, NJ).

Cell culture. PC12 cells were cultured as previously described (Greene
and Tischler, 1976, 1982} on collagen-coated plastic culture dishes with
or without 50 ng/ml of NGF (Mobley et al., 1976) in complete medium
(85% Roswell Park Memorial Institute medium 1640, 10% horse serum,
5% fetal calf serum).

Labeling of cells. Proteins were labeled by incubating the cells for 72
hr in complete medium containing [L-6-*H]fucose (10 xCi/ml) or [*S]
methionine (100 pCi/ml) or by incubation for 4 hr with 100 xCi/ml of
[**S]methionine in methionine-free medium. In some experiments,
cultures were prelabeled with [*H]fucose for 48 hr before treatment
with NGF.

Trypsinization. Mild trypsinization to remove surface-exposed com-
ponents was carried out as previously described (McGuire et al., 1978).

Soluble and particulate fractions. Soluble cytoplasmic proteins were
isolated as described elsewhere (Truding et al., 1974). Briefly, labeled
cells were washed three times with phosphate-buffered saline (PBS)
and removed from the culture dish by gentle trituration. Cells were
broken by sonication and centrifuged for 10 min at 2,000 X g to remove
nuclei. The supernatant was recentrifuged at 100,000 X g for 90 min.
The particulate fraction was dissolved in sample buffer for SDS-PAGE.
The high speed supernatant, constituting the cytoplasmic soluble pro-
tein fraction, was dialyzed against PBS, concentrated by lyophilization,
and dissolved in sample buffer.

Cytoskeletal fractions. Cellular monolayers were washed with PBS
three times. Following this, 1 ml (per 35-mm dish) of extraction buffer
(0.05 M NaCl, 0.01 M HEPES (pH 7.4), 2.5 mM MgCl,, 0.3 M sucrose,
and 1 mM phenylmethanesulfonyl fluoride) containing 0.5% Triton X-
100 (v/v) was added (Ben-Ze'ev et al., 1979). Cells were incubated for
either 2 min on ice or 5 min at 37°C. The plates were washed twice
with extraction buffer and the residue containing the cytoskeletal
fraction was dissolved in 50 ul of sample buffer for SDS-PAGE.

Nuclear fraction. Cells were lysed in a buffer containing 0.5% Noni-
det P-40, 10 mM Tris (pH 7.5), 3 mM MgCl,, 10 mM NaCl, and kept
on ice for 10 min. The homogenate was centrifuged at 300 x g for 10
min. The pellet was resuspended in the same buffer and treated as
above three times. The isolation procedure was monitored by phase
microscopy and the final nuclear pellet was dissolved in sample buffer
for subsequent gel electrophoresis.

Immunoprecipitation. For immunoprecipitation, [*H]fucose-labeled
PC12 cells (+NGF treatment) were extracted in Tris-Cl buffer (50 mM,
pH 6.8) containing 2% Triton X-100 for 30 min on ice. The cell extract
was centrifuged at 100,000 X g for 30 min. Indirect immunoprecipitation
was carried out according to the method of Goldman and Blobel (1978)
with some modifications. Aliquots of 50,000 trichloroacetic acid (TCA)-
precipitable [*H]fucose cpm or 200,000 TCA-precipitable [**S]methio-
nine cpm were diluted to 200 xl with Tris buffer (50 mMm, pH 6.8). Anti-
Thy-1.1 antiserum (0.1 to 1.0 ul) was added and samples were gently
agitated for 16 hr at 4°C. To precipitate the antigen-antibody com-
plexes, 5 mg/aliquot of preswollen protein A-Sepharose were added for
2 hr at room temperature. The precipitates were washed three times
with PBS containing 1% Triton X-100 and then boiled for 5 min in 80
ul of sample buffer each. The samples were centrifuged and the super-
natant of each was subjected to PAGE.

SDS-PAGE. For gel-electrophoretic analysis, cellular monolayers
were washed with PBS three times and dissolved in sample buffer (100
u1/35-mm dish) containing 10% glycerol, 1% 2-mercaptoethanol, 1%
SDS, mM Tris (pH 6.8). Samples were treated for 1 min at 100°C.
Aliquots were loaded onto 7.5 to 15% or 5 to 15% gradient acrylamide
slab gels and separated in an SDS-containing buffer system as described
by Laemmli (1970). Unless otherwise specified, 10,000 TCA-precipita-
ble cpm were loaded/lane. For molecular weight determinations, a
mixture (described above) of “C-methylated marker proteins with
molecular weights in the range of 12,000 to 200,000 was treated as
above and applied to the gels.
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Autoradiography. Fluorography was carried out by permeating the
gels with dimethylsulfoxide and 2,5-diphenyloxazole (Laskey and Mills,
1975). The gels were vacuum dried on Whatman no. 3 MM filter papers
and exposed at —70°C to Kodak X-R-5 x-ray films for 1 to 3 weeks.

Indirect immunofluorescence. For fluorescent staining, PC12 cells
were grown on polylysine-coated coverslips for 3 to 6 days in the
presence or absence of NGF. Cells were washed three times with PBS,
and then anti-Thy-1.1 antibodies at a dilution of 1:100 were added for
30 min at room temperature. After washing three times with PBS, cells
were incubated for another 30 min at room temperature with FITC-
conjugated goat anti-mouse IgG at a dilution of 1:100. Cells were washed
three times with PBS and fixed in 1% paraformaldehyde in PBS. For
staining of the surface lamina, cells were treated with lysis buffer
containing 0.5% Triton X-100 for 1 min before fixation. Control
experiments were carried out with nonimmunized mouse IgG. Fluores-
cent labeling was monitored using a Zeiss epifluorescence microscope.

Fluorescent lentil lectin labeling. Monolayer cultures grown on poly-
lysine-coated coverslips were washed three times with PBS and incu-
bated for 30 min with FITC-conjugated Lens culinaris hemagglutinin
B (lentil lectin) at a concentration of 50 pg/ml in PBS. Cells were
washed extensively with PBS (three times, 10 min) and then fixed in
1% paraformaldehyde in PBS and monitored as above.

Results

Effect of NGF on the M, = 25,000 glycoprotein

To study cellular glycoprotein composition, PC12 cells were
labeled either in the presence or absence of NGF with [°*H]
fucose and analyzed by SDS-PAGE. The autoradiographs in
Figures 1 and 2 illustrate the time course of the effect of NGF
on the M, = 25,000 and other PC12 glycoproteins. In some
cases, particularly with gradient gels, the M, = 25,000 compo-
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Figure 1. Time course of effects of NGF on [*H]fucose labeling of
PC12 proteins: Short-term responses. Cultures were prelabeled for 48
hr with [*H]fucose and then (in the continued presence of label)
exposed to 50 ng/ml of NGF for 0 (lane 1), 3 (lane 2), 6 (lane 3), 8
(lane 4), or 24 (lane 5) hr. Cells were dissolved in sample buffer and
equal numbers of TCA-precipitable counts per minute were resolved
and localized by SDS-PAGE and fluorography. The positions of molec-
ular weight standards are given on the left as M, (x 10~®). The arrow
on the right indicates the position of the NGF-responsive M, = 25,000
glycoprotein.
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Figure 2. Time course of effects of
NGF on [*H]fucose labeling of PC12 pro-
teins: Long-term responses. Cultures
were labeled by exposure to [*H]fucose
for 3 days in the absence of or during the
last 3 days of NGF treatment. Times of
NGF exposure were 0 (lane 1), 3 (lane
2), 6 (land 3), 9 (lane 4), 13 (lane 5) 23
(lane 6), and 27 (lane 7) days. Equal
numbers of TCA-precipitable counts per
minute were resolved and localized by
SDS-PAGE and fluorography. Numbers
on the left indicate positions and appar-
ent M, (X 107 of the NILE and M, =
25,000 glycoproteins.

nent was resolved into an apparent doublet (see Fig. 2 for
example). As has been described (McGuire et al., 1978; Salton
et al., 1983), the M, = 230,000 NILE glycoprotein begins to
show a change in relative levels after 2 to 3 days of NGF
exposure and continues to increase for at least 1 to 2 weeks of
NGF treatment. This time course roughly parallels the rate of
appearance and extent of neuritic processes. In contrast, mod-
ulation of levels of the M, = 25,000 glycoprotein is apparent at
earlier times. Enhanced labeling was apparent in some experi-
ments as early as 8 hr of exposure to NGF and was consistently
present after 1 to 2 days of treatment with NGF (Fig. 1). The
increase in labeling reached maximal levels by between 4 and
7 days of NGF treatment (Fig. 2). A partial decrease in relative
labeling of the M, = 25,000 glycoprotein was observed after
incubation with NGF for about 10 days and more (Fig. 2).

Removal of NGF from the culture medium after 2 weeks of
NGF treatment caused a decrease in fucose-labeled M, = 25,000
glycoprotein within 3 to 6 days (Fig. 3). This time course
paralleled the decrease in NILE glycoprotein after NGF with-
drawal (McGuire et al., 1978).

Subcellular distribution of the M, = 25,000 glycoprotein

Soluble and particulate fractions. Soluble cytoplasmic and
particulate proteins of [*H]fucose-labeled PC12 cells treated or
untreated with NGF were prepared (see “Materials and Meth-
ods”) and analyzed by SDS-PAGE. The autoradiograph in
Figure 4 shows that only traces of the M, = 25,000 glycoprotein
were found in the soluble fraction and that almost all of this
component remained associated with the particulate fraction.
Unlike NILE glycoprotein (McGuire et al., 1978), however, the
M, = 25,000 glycoprotein was not cleaved from the cells by
mild trypsinization (data not shown).

Cytoskeletal fraction. When [**S]methionine- or ["H]fucose-
labeled PC12 cells grown on collagen-coated culture dishes were
gently treated with 0.5% Triton X-100 for 5 min at room
temperature as previously described (Ben-Ze’Ev et al., 1979),
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approximately 10% of the TCA-precipitable amino acid-labeled
material and 3 to 5% of the TCA-precipitable sugar-labeled
material remained attached to the culture dish. Examination
of the extracted cultures by phase microscopy showed a nuclear
monolayer surrounded by a fuzzy material (see Fig. 6). This
detergent-resistant fraction, referred to as the cytoskeletal frac-
tion, was analyzed by SDS-PAGE (Fig. 5, lanes 1 to 4). The
Coomassie blue-stained patterns showed several polypeptides
with a 42,000-dalton band (probably actin) and a group of
proteins at the lower end of the gel (probably primarily his-
tones) as the major components (Fig. 5, lanes I and 2). The
corresponding patterns of fucose-labeled material revealed the
M, = 25,000 glycoprotein to be substantially enriched in the
cytoskeletal fraction, particularly of NGF-treated cultures (Fig.
5, lanes 3 and 4; compare, for example, to Fig. 2, lanes I and
4).

Nuclear fraction. Since phase microscopy of the cytoskeletal
fraction showed, as expected (Osborn and Weber, 1977; Ben-
Ze'ev et al., 1979), an enrichment of nuclei, nuclear fractions
were prepared from PC12 cells treated or untreated with NGF
to investigate any possible association of the M, = 25,000
glycoprotein with the nucleus. The Coomassie blue-stained
polypeptide pattern of nuclei isolated from NGF-treated PC12
cells labeled with fucose is compared to the corresponding
autoradiograph in Figure 5, lanes 5 and 6. The results demon-
strate that little fucose-labeled material remains in this fraction
relative to total protein (Fig. 5; compare lanes 5 and 6 with
lanes 2 and 4). The small amount of sugar-labeled material that
was present most probably was due to contamination of the
isolated nuclei with cellular fragments that remained in the
course of the isolation procedure.

Response to dibutyryl cAMP and epidermal growth factor
(EGF)

Derivatives of cAMP have been reported to mimic some of
the actions of NGF on PC12 cells (Schubert et al., 1978). No
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Figure 3. Effect of NGF withdrawal on [*H]fucose labeling of PC12
cell proteins. Cultures were treated with NGF for 2 weeks and then
incubated in the absence of NGF for the times (days) indicated under
each lane of the fluorograph. Label was present for 3 days before
cultures were harvested. Equal numbers of TCA-precipitable counts
per minute were resolved and localized by SDS-PAGE and fluorogra-
phy. The arrow on the left indicates the position of the M, = 25,000
glycoprotein component.

increase in labeling of the M, = 25,000 glycoprotein or of other
glycoproteins was observed on the SDS-PAGE patterns of
PC12 cells labeled with fucose for 48 hr to 1 week in the
presence of 1 mM dibutyryl cAMP (data not shown). The latter
compound also did not affect the enhanced labeling of the M,
=~ 25,000 glycoprotein in response to NGF. EGF (3 ng/ml), a
peptide for which PC12 cells bear receptors and to which they
show certain responses in common with NGF (Huff et al.,
1981), also failed to affect labeling of the M, = 25,000 glycopro-
tein.

Evidence for the identity of the M, = 25,000 glycoprotein

Thy-1 antigen is a glycoprotein of apparent M, = 25,000 to
27,00 by SDS-PAGE (Barclay et al., 1976) and previously has
been identified by serological methods to be present on PC12
cells (Morris et al., 1980). In the mouse, the Thy-1 molecule
occurs in two allelic forms, serologically characterized as the
Thy-1.1 and Thy-1.2 alloantigens, whereas in the rat only the
Thy 1.1 form has been demonstrated (Williams et al., 1975;
Barclay et al., 1976). The relationship between the NGF-
inducible M, = 25,000 component and the Thy-1.1 antigen was
investigated by use of monoclonal anti-Thy-1.1 (clone OX7-
HL). Specific binding of anti-Thy-1.1 is shown by living PC12
cells before and after NGF-induced differentiation, with no
obvious difference in intensity (Fig. 6, A (a and b) and B (a
and b)). Fluorescent labeling was distributed on all parts of the

Figure 4. SDS-PAGE patterns of distribution of [*H]fucose-labeled
PC12 cell glycoproteins in the soluble (lanes I and 2) and particulate
(lanes 3 and 4) fractions of control (lanes I and 3) and NGF-treated
(lanes 2 and 4) cultures. Details of the fractionation are as given under
“Materials and Methods.” NGF-treated cultures were exposed to the
factor for 1 week. Equal numbers of TCA-precipitable counts per
minute were resolved and localized by SDS-PAGE and fluorography.
Numbers on the left indicate positions and apparent molecular weights
of the NILE and M, = 25,000 glycoproteins.

cells in a granular pattern. Comparison of phase and fluorescent
images demonstrated that all neuronal processes were stained
(Fig. 6B, a and b). Patches of greater staining intensity were
often observed along neurites and at growth cones. The fluo-
rescence image of cells (*NGF) treated with 0.5% Triton X-
100 (i.e., cytoskeletal preparations) showed an intense staining
of the remaining surface lamina (Fig. 6, A (c and d) and B (¢
and d)).

Since Thy-1 can be isolated by affinity chromatography using
immobilized lentil lectin (Letarte-Muirhead et al., 1975), bind-
ing of FITC-labeled lentil lectin was investigated. As repre-
sented in Figure 7, a and b, the fluorescence image of living
NGF-treated PC12 cells incubated with FITC-labeled lentil
lectin very much resembled the fluorescent binding pattern of
cells stained with anti-Thy-1.1 (Fig. 6). Lectin-binding sites
were also prominent on PC12 cells not treated with NGF (not
shown) and in the cytoskeletal preparations of PC12 cells
treated with (Fig. 7, c and d) or without NGF.

The cross-reaction of Thy-1 with the M, = 25,000 glycopro-
tein was tested by indirect immunoprecipitation. PC12 cells (+
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Figure 5. Association of the M, = 25,000 glyco-
protein with the detergent-resistant cytoskeleton.
PC12 cultures were labeled by 3 days of exposure
to [*H]fucose. Lanes 1 and 2 represent the Coo-
massie blue-stained patterns of detergent-resistant
cytoskeletons prepared from cells untreated (lane
1) or treated (lane 2) for 1 week with NGF. Lanes
3 and 4 show fluorographs of lanes 1 and 2, respec-
tively. Lane 5 shows the Coomassie blue-stained
pattern of a nuclear fraction derived from NGF-
treated PC1 cells, and lane 6 shows the correspond-
ing fluorograph. The numbers of TCA-precipitable
counts per minute loaded in lanes 3, 4, and 6 were
1500, 1500, and 400, respectively. Numbers on the
left indicate apparent M, (X 107°) as derived from
markers.

257

NGF treatment) were metabolically labeled with [*H]fucose,
and immunoprecipitates of the cell extracts were obtained using
Thy-1.1 monoclonal antibodies and protein A-Sepharose. Anal-
ysis by SDS-PAGE revealed the only specifically immunopre-
cipitated component to be a band which co-migrated with the
M., = 25,000 glycoprotein in the corresponding cellular extract
(Fig. 8). In addition, comparison of immunoprecipitates from
cultures treated with or without NGF revealed a significant
increase in levels of Thy-1 in the NGF-treated cells (Fig. 8).

The effect of NGF on the labeling of Thy-1-cross-reactive
material with fucose could represent an enhancement of gly-
cosylation or, alternatively, could reflect a selective increase in
synthesis of the protein itself. To explore this, PC12 cells (with
and without 6 days of NGF treatment) were exposed to [*°S]
methionine for 4 hr and equal numbers of incorporated counts
were subjected to immunoprecipitation with monoclonal anti-
Thy-1.1. As shown in Figure 9, electrophoretic analysis of the
immunoprecipitates revealed that the NGF-treated cultures
showed a significant increase in relative levels of *S-labeled
Thy-1-cross-reactive protein. Additional experiments (not
shown) revealed that exposure of PC12 cells to actinomycin-D
(10 ng/ml) or camptothecin (0.5 ug/ml) during a 3-day meta-
bolic label with [*H]fucose suppressed the effect of NGF on the
M, = 25,000 glycoprotein. These findings indicate that NGF
enhances the synthesis of Thy-1-cross-reactive protein and
does so via a transcription-dependent mechanism.

Discussion

Regulation of the M, = 25,000 glycoprotein by NGF. The
morphological and physiological alterations exhibited by PC12
cells after their exposure to NGF are accompanied by only a
limited number of changes in protein and glycoprotein com-
position (McGuire et al., 1978; Garrels and Schubert, 1979).
Two major glycoproteins are selectively enhanced in labeling
during NGF-stimulated differentiation. One is a high molecular
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weight (M, = 230,000) surface component, designated the NILE
glycoprotein, which has been found to be a central and periph-
eral neuronal marker (Salton et al., 1983). The second, a low
molecular weight glycoprotein of apparent M, = 25,000, is the
subject of the present communication. In contrast to NILE
glycoprotein, the M, = 25,000 glycoprotein was not removed
from cells by trypsin treatment, and stimulation of labeling in
response to NGF was detectable within 1 to 2 days. The increase
of the M, = 25,000 glycoprotein did not parallel the time course
of appearance and outgrowth of neurites. Several other changes
in PC12 cell composition appear to precede extensive neurite
outgrowth, including induction of acetylcholinesterase activity
(Rieger et al., 1980) and increased synthesis of the p80 protein
(McGuire and Greene, 1980).

As is the case for the NILE glycoprotein and several other
proteins (see Greene and Tischler, 1982, for review), NGF
appears to affect the labeling of the M, = 25,000 glycoprotein
by selectively enhancing its synthesis and to do so via a tran-
scription-dependent mechanism. The means by which NGF
affects protein synthesis is unclear but, as judged by the lack
of effect of EGF or dibutyryl cAMP, appears to be relatively
specific and not to involve cAMP as a “sufficient” second
messenger.

Identity of the M, = 25,000 component. Immunochemical
evidence indicated that the NGF-modulated M, = 25,000 gly-
coprotein is identical to, or cross-reactive with, the Thy-1.1
antigen. The presence of Thy-1 antigen in brain and thymus
has been described in many studies (cf. Williams et al., 1975;
Morris et al., 1980; and Williams and Gagnon, 1982, for refer-
ences), This antigen is expressed by a variety of neural cell
types, including neurons, but not by certain glial cells (Mirsky
and Thompson, 1975). Thy-1 has also been identified on a
number of clonal cell lines of neuronal origin including PC12
cells (Morris et al., 1980). The precise biological function of
Thy-1 in the nervous system is not clear, but since it increases
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Figure 7. Labeling of PC12 cells with FITC-conjugated lentil lectin. a and b show phase and corresponding fluorescence images, respectively,
of stained, living PC12 cells pretreated for 3 days with NGF. ¢ and d show phase and corresponding fluorescence images, respectively, of stained
detergent-resistant cytoskeletons prepared from NGF-untreated PC12 cells. Labeling was as described under “Materials and Methods.”
Magnification X 460.
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Figure 8. Indirect immunoprecipitation of [*H]fucose-labeled PC12
cell extracts with monoclonal anti-Thy-1.1. PC12 cultures were treated
for 0, 3, or 6 days with NGF. [*H]fucose was present during the 3 days
before harvesting. Equal numbers of TCA-precipitable counts per min-
ute (50,000) were subjected to indirect immunoprecipitation as de-
scribed under “Materials and Methods,” and the entire immunoprecip-
itates were analyzed by SDS-PAGE and fluorography. Samples are as
follows: total cell extract (prepared in 2% Triton X-100) of cultures
treated for 6 days with NGF (lane 1); immunoprecipitates from cells
grown without NGF (lane 2), or with NGF for 3 (lane 3) or 6 (lane 4)
days. A control immunoprecipitate carried out with a preimmune IgG
showed no detectable bands. Numbers on the left idicate the M, (x
107%) of standards.

in mouse and rat brain between birth and the first 4 to 5
postnatal weeks, a role for this glycoprotein in neural develop-
ment seems probable.

Localization and cytoskeletal association of the M, = 25,000
glycoprotein. The present data suggest several features of the
disposition of the M, = 25,000 glycoprotein in PC12 cells. First,
immunohistochemical staining of intact, living cells with anti-
Thy-1.1 indicates that this component is exposed on the cell
surface. Second, M, = 25,000 glycoprotein was significantly
enriched in Triton X-100-extracted cell fractions. It has been
shown with various types of cultured cells that gentle extraction
with Triton X-100 leads to extensive solubilization of cellular
membranes and the removal of lipids and soluble proteins (cf.
Ben-Ze'ev et al., 1979). This procedure leaves attached to the
culture dish cell nuclei and the surrounding cytoskeleton, which
are covered by a surface sheet, or lamina. As judged by phase
microscopy, the fraction obtained after extraction of PC12 cells
with 0.5% Triton X-100 appeared to possess these properties.
This lamina is reported to appear as a continuous sheet which
retains some surface proteins and lectin-binding sites (Ben-
Ze'ev et al., 1979). Association with the underlying cytoskeleton
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Figure 9. Indirect immunoprecipitation of [**S]methionine-labeled
P(12 cell extracts with monoclonal anti-Thy-1.1. Cultures were treated
for 0 to 6 days with NGF and then exposed to [*S]methionine for 4
hr. The cells were extracted as described under “Materials and Meth-
ods,” and equal numbers of TCA-precipitable counts per minute were
subjected to indirect immunoprecipitation with either monoclonal anti-
Thy-1.1 or a control monoclonal preparation. The entire immunopre-
cipitates were analyzed by SDS-PAGE and fluorography. Samples are
immunoprecipitations carried out with anti-Thy-1.1 (lanes 1 and 3) or
control monoclonal antibody (lanes 2 and 4) on cells either untreated
with NGF (lanes 1 and 2) or NGF treated for 6 days (lanes 3 and 4).
Numbers at the left indicate the M, (x 107*) of markers.

may be responsible for the resistance of these laminar surface
components to Triton X-100 (Ben-Ze'ev et al., 1979). Fraction-
ation of the Triton X-100-resistant fraction indicated that the
M, = 25,000 glycoprotein is not present in the nucleus. Along
with the apparent surface-accessible location of the M, =
25,000/ Thy-1 component in intact PC12 cells, these findings
suggest association of this glycoprotein with the surface lamina.

It is of interest to note that, whereas many of the prominent
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surface glycoproteins on PC12 cells are spontaneously released
into the culture medium, this is not so for the M, = 25,000
glycoprotein (Richter-Landsberg et al., 1984). Likewise, the
releasable glycoproteins all appear to be Triton X-100 extract-
able whereas the M, = 25,000 glycoprotein is Triton X-100
resistant. It is therefore conceivable that association of the M,
= 25,000 glycoprotein with the surface lamina/cytoskeleton
could underlie its lack of releasability.

Possible functional significance. The function of the M, =
25,000/ Thy-1 glycoprotein in the PC12 cell or in the nervous
system is not presently clear. Since a selective increase in
labeling of this component occurs in response to NGF, a pos-
sible role is indicated in the conversion by NGF of PC12 cells
from a chromaffin cell-like phenotype to a sympathetic neuron-
like phenotype. Since the M, = 25,000/Thy-1 glycoprotein is
surface exposed and may be linked with the cytoskeleton, a
conceivable function could be interaction of cells with substrate
and/or other cells. With regard to this, addition of monoclonal
anti-Thy-1 to PC12 cultures pretreated with NGF for 4 to 5
days resulted in retraction of neurites, increased cell clumping,
and loss of adhesion (C. Richter-Landsberg, unpublished ob-
servations).

In conclusion, the present findings demonstrate that a cell
surface M, = 25,000, Thy-1-cross-reactive glycoprotein is reg-
ulated by NGF. This marker will be valuable for studying
NGF’s mechanism of action. Conversely, the presence of this
component in PC12 cultures and its modulation by NGF may
be especially useful for studies of function.
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