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The nerve growth factor-inducible large external (NILE)
glycoprotein and the neural cell adhesion molecule LI were
shown to be immunochemically identical. Immunoprecipi-
tation with Li and NILE antibodies of [3H]fucose-labeled
material from culture supernatants and detergent extracts of
NGF-treated rat PC12 pheochromocytoma cells yielded co-
migrating bands by SDS-PAGE. NILE antibodies reacted
with immunopurified Li antigen, but not with N-CAM and
other L2 epitope-bearing glycoproteins from adult mouse
brain. Finally, by sequential immunoprecipitation from deter-
gent extracts of [35S]methionine-labeled early post-natal cere-
bellar cell cultures or [3H]fucose-labeled NGF-treated PC12
cells, all inmmunoreactivity for NILE antibody could be remov-
ed by pre-clearing with Li antibody and vice versa.
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glycoprotein/cell adhesion molecule Ll (Ll)/neural cell adhesion
molecule (N-CAM)/immunochemistry

Schachner, 1985). When isolated from adult mouse brain, LI
antigen consists of two major glycoprotein bands at 140 and
200 kd (Faissner et al., 1984a, and in preparation; Rathjen and
Schachner, 1984). In cell culture, the antigen is synthesized in
its high mol. wt. form which ranges from 200 to 230 kd depen-
ding on the neural cell type and tumor studied (Faissner et al.,
in preparation; Rathjen and Schachner, 1984).
LI exhibits several features in common with the nerve growth

factor-inducible large external (NILE) glycoprotein originally
characterized on the rat PC 12 pheochromocytoma cell line (Lee
et al., 1981; McGuire et al., 1978; Salton, 1983a, 1983b). NILE
glycoprotein is also preferentially localized on the processes, but
not cell bodies of post-mitotic neurons (Stallcup et al., 1985).
It is expressed by some, but not all Schwann cells (Salton et al.,
1983a, 1983b; Stallcup et al., 1983) and promotes neurite fasci-
culation in primary cultures of rat brain (Stallcup and Beasley,
1985). It is synthesized in cultures as a single glycoprotein in
the 200- 230 kd range (Salton et al., 1983a, 1983b; Stallcup
et al., 1983; Stallcup and Beasley, 1985).

In view of the similarities between LI antigen and NILE
glycoprotein and their distinction from the neural cell adhesion
molecule N-CAM, investigations on the identity of the two
molecules seemed warranted. Here, we report that LI antigen
and NILE are immunochemically indistinguishable from each
other.
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Introduction
Several cell adhesion molecules have been implicated in cell sur-
face interactions during development of the mammalian nervous
system. The neural cell adhesion molecule (N-CAM) (for re-
views, see Edelman, 1984; Rutishauser, 1984) is expressed at
early developmental stages (Thiery et al., 1982) and on all major
neural cell types in the central and peripheral nervous system
(Keilhauer et al., 1985; Langley et al., 1983; Noble et al., 1985;
Silver and Rutishauser, 1984). N-CAM mediates aggregation of
single cells (Thiery et al., 1977) and histotypic deployment in
neural tissue culture (Buskirk et al., 1980; Grumet et al., 1982;
Rutishauser and Edelman, 1980; Rutishauser et al., 1978a,
1978b).

In contrast, the cell adhesion molecule LI (Rathjen and Schach-
ner, 1984) appears later during development (Fushiki and Schach-
ner, 1985) and has a restricted set of roles. It is involved in
migration of granule cell neurons in the early post-natal mouse
cerebellar cortex (Lindner et al., 1983) and fasciculation of
neurites (Fischer et al., 1985), but not in formation of the neuro-
muscular junction (Mehrke et al., 1984) or synaptogenesis in
long-term re-aggregate cultures of mouse cerebellum (Lindner
et al., 1985). In the central nervous system, LI antigen expres-
sion is restricted to post-mitotic neurons (Rathjen and Schachner,
1984; Fushiki and Schachner, 1985). In the peripheral nervous
system it is additionally present on undifferentiated and non-
myelinating Schwann cells (Faissner et al., 1984b; Nieke and
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Fig. 1. Immunoprecipitation of Triton X-100 extract (1,2) and soluble
released material (3,4) of NGF-treated, [3H]fucose-labeled PCl2 cells
analyzed by SDS-PAGE (5- 15% slab gel) using antibodies to NILE (1,3)
and LI antigen (2,4). Arrowhead on the right indicates the position of
cellular NILE and Ll antigen at 230 kd. The soluble LU/NILE
immunoprecipitable component has a higher electrophoretic mobility than
cellular NILE. Numbers on the left represent apparent mol. wts. (x 10-3)
of radiolabeled mol. wt. markers (M).
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Fig. 2. Western blot analysis of crude membrane fraction of adult mouse
cerebellum (1,5), and LI antigen (2,6), N-CAM (3,7) and 'rest' L2 (4,8)
immunopurified from adult mouse brain separated by SDS-PAGE (6- 12%
slab gel) using antibodies to LI antigen (1-4) and NILE (5-8). Apparent
mol. wts. (x 10-3) are indicated on the left. Antibodies to NILE recognize
the 80-kd component more strongly than antibodies to LI antigen.

Results

Mol. wts. of immunoprecipitated glycoproteins from detergent
extract and culture supernatants ofrat PC12 pheochromocytoma
cells
Antibodies to LI antigen and NILE glycoprotein precipitate a
single glycoprotein band with apparent mol. wt. of 230 kd from
Triton X-100 extracts of nerve growth factor (NGF)-treated,
[3H]fucose-labeled PC 12 cells (Figure 1). Soluble released
material obtained from the culture supernatant of PC 12 cells con-
tains an LI and NILE antibody-immunoprecipitable component
with higher electrophoretic mobility than the cellular counter-
part of NILE as described previously (Richter-Landsberg et al.,
1984) (Figure 1).
Western blot analysis of crude membrane fractions from adult
mouse cerebellum and LI antigen, N-CAM and 'rest' L2 immuno-
purified from adult mouse brain
In crude membrane fractions of adult mouse cerebellum LI and
NILE antibodies react with bands co-migrating at apparent mol.
wts. of 140 and 200 kd. The 80-kd component, probably a pro-
teolytic degradation product, is prominently recognized by NILE,
but not, or weakly, by LI antibodies (Figure 2). Immunopurified
N-CAM and 'rest' L2 from adult mouse brain is neither recogniz-
ed by LI nor NILE antibodies (Figure 2). 'Rest' L2 consists of
an as yet unknown number of neural cell surface glycoproteins,
including LI and N-CAM, which carry the L2 carbohydrate epi-
tope (Kruse et al., 1984). Since these glycoproteins are a family
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Fig. 3. Sequential immunoprecipitation of Nonidet P-40 extract of [35S]methionine-labeled early post-natal cerebellar cell cultures analyzed by SDS-PAGE
(6- 12% slab gel) using LI antibodies for the first immunoprecipitations (1-4, four cycles of pre-clearing were necessary for depletion) followed by NILE
antibodies (5), or using antibodies to NILE for the first immunoprecipitations (6-9, four cycles of pre-clearing were necessary for depletion) followed by LI
antibodies (10). Apparent mol. wt. (x 10-3) of the immunoprecipitated band is indicated on both sides.
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Fig. 4. Sequential immunoprecipitation of Triton X-100 extract of
[3H]fucose-labeled PC12 cells analyzed by SDS-PAGE (5- 15% slab gel)
using NILE antibodies for pre-clearing (1) followed by LI antibodies (2),
and using LI antibodies for pre-clearing (3) followed by NILE antibodies
(4). One cycle of pre-clearing was sufficient for depletion by first
antibodies. Numbers on the left represent apparent mol. wts. (x 10-3) of
radiolabeled mol. wt. markers (M).

of structurally and functionally related molecules, they serve as
a valuable control for the specificity of NILE antibody.
Sequential immunoprecipitation from detergent extracts of [35S]_
methionine-labeled early post-natal mouse cerebellar cell cultures
To show that LI and NILE antibodies recognize identical mol-
ecules, sequential immunoprecipitations were performed from
detergent extracts of [35S]methionine-labeled early post-natal
mouse cerebellar cell cultures (Figure 3) and NGF-treated,
[3H]fucose-labeled PC12 cells (Figure 4). LI antibodies exhaus-
tively removed all further immunoreactivity for LI and NILE
antibodies. Conversely, NILE antibodies removed all further re-
activity for NILE and LI antibodies. Exhaustive pre-clearing of
detergent extracts with N-CAM antibody in four cycles (see
legend to Figure 3) did not remove any immunoreactivity for
subsequent immunoprecipitation with LI or NILE antibodies (not
shown). These results show that LI and NILE antibodies ident-
ify the same molecular species.

Discussion
Our results show that the NILE glycoprotein and the neural cell
adhesion molecule LI are identical molecular species. These find-
ings tie together previous observations on the biochemical proper-
ties of NILE glycoprotein in the normal peripheral nervous
system, adrenal medulla and a neural tumor of peripheral origin,
the rat pheochromocytoma (Salton et al., 1983a, 1983b; Stallcup
et al., 1983; Sweadner, 1983a, 1983b) and our knowledge on
the functional properties of LI antigen in the developing central
nervous system (Fischer et al., 1985; Keilhauer et al., 1985;
Lindner et al., 1983, 1985; Mehrke et al., 1984). In general,

the electrophoretic mobilities of the individual NILE components
in SDS-PAGE are lower in the peripheral than in the central ner-
vous system. This difference in apparent mol. wts. is most likely
due to differences in levels of glycosylation (Salton et al., 1983b;
Margolis et al., 1983). Furthermore, NILE components of the
peripheral nervous system with higher electrophoretic mobility
are thought to derive from those with lower mobility by limited
proteolysis (Sweadner, 1983a, 1983b).

Microheterogeneity among the family of NILE glycoproteins
has been shown using polyclonal antibodies (Margolis et al.,
1983; Sweadner, 1983a; Stallcup et al., 1983). As microhetero-
geneity of N-CAM molecules is now well documented (Williams
et al., 1985; Goridis et al., 1985), it would not be surprising
if such heterogeneities would exist also for LI/NILE. The hydro-
dynamic properties of the NILE components indicate that they
are non-globular in shape, both before and after post-translational
modification and release (Sweadner, 1983b).

Observations on the NGF inducibility of LI/NILE add a new
dimension to our understanding of axon elongation in the periph-
eral nervous system. Release ofNGF from the target tissue may
well induce neurite extension by induction of a particular cell
adhesion molecule, such as LI/NILE. Furthermore, NGF recep-
tors have been observed on immature Schwann cells (Rohrer and
Sommer, 1983). It remains to be seen whether the population
of LI antigen-positive Schwann cells (Faissner et al., 1984b;
Nieke and Schachner, 1985) also express NGF receptors and
whether the developmental decrease in expression of L1 antigen
and NGF receptors are functionally related. The functional impli-
cations of Sweadner's observations on the Ca2 +-dependent re-
lease of soluble NILE components into the culture medium fol-
lowing chemically evoked transmitter release (Sweadner, 1983a,
1983b) remain to be interpreted in terms of possible de-adhesion
or adhesion stabilizing mechanisms.
Whether the recently described neural cell adhesion molecule

Ng-CAM (Grumet et al., 1984a, 1984b) is immunochemically
related to LI/NILE awaits further investigations. The biochemical
features, developmental appearance, cell type specificity and im-
munocytological localization of Ng-CAM are strikingly similar
to LI/NILE. However, Ng-CAM has not been observed on
Schwann cells (Thiery et al., 1985). Furthermore, LI antigen
has been implicated in neuron to neuron, but not in neuron to
astrocyte adhesion (Keilhauer et al., 1985), whereas Ng-CAM
has been reported to be involved in both neuron to neuron and
neuron to astrocyte adhesion mechanisms (Grumet et al., 1984a,
1984b). It remains to be seen whether Ng-CAM is immunochemi-
cally similar or identical to the LI/NILE group of molecules.

Materials and methods
Preparation of antigens
LI antigen, N-CAM and 'rest' L2 were purified by immunoaffinity chromatogra-
phy as described previously (Kruse et al., 1984; Rathjen and Schachner, 1984).
'Rest' L2 refers to a fraction of glycoproteins obtained when LI and N-CAM
are removed from detergent extracts of adult mouse brain membranes and residual
polypeptides recovered by immunoaffinity chromatography on a monoclonal L2
antibody column (Kruse et al., 1984). The L2 carbohydrate epitope is shared
by LI antigen, N-CAM, myelin-associated glycoprotein and the neural cell ad-
hesion molecule J 1 (Kruse et al., 1985) and other, as yet unidentified glycoproteins
(Kruse et al., 1984). 'Rest' L2 contains myelin-associated glycoprotein, JI anti-
gen and other glycoproteins. NILE glycoprotein was prepared as described pre-
viously (Salton et al., 1983a, 1983b; Richter-Landsberg et al., 1984). Membrane
fractions from adult mouse cerebellum were prepared for Western blot analysis
as described previously (Faissner et al., 1984b; Rathien and Schachner, 1984).
Preparation and specificitv of polvclonal antibodies

Polyclonal antibodies to LI antigen from adult mouse brain were prepared in
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rabbits (Rathjen and Schachner, 1984). Their specificity has been described (Rath-
jen and Schachner, 1984; Faissner et al., 1984a, 1984b). Polyclonal antibodies
to NILE from PC12 cells were prepared in guinea pigs and their specificities
were described previously (Salton et al., 1983a, 1983b; Richter-Landsberg et
al., 1984). Antibodies to N-CAM from adult rat brain were prepared in rabbits
(Rasmussen et al., 1982). The antibodies are specific for N-CAM isolated from
mouse or rat brains (Rasmussen et al., 1982).

Cell cultures
Monolayer cultures from cerebellum of 5- to 7-day-old C57BL/6J mice were pre-
pared and maintained as decribed by Schnitzer and Schachner (1981). Cells were
cultured for 2 days before they were labeled with [35S]methionine. PC12 rat pheo-
chromocytoma cells were grown in the presence of NGF (50 ng/ml) as described
by Richter-Landsberg et al. (1984). Cells were maintained for 6 days in culture
before [3H]fucose labeling was performed.
Analytical procedures
Western blot analysis on crude membrane fractions and immunopurified antigens
was performed as described previously (Faissner et al., 1984b; Rathjen and Schach-
ner, 1984). For immunoprecipitation, PC12 cells were treated with [3H]fucose
(10 jtCi/ml) for 3 days and then extracted in Tris-HCI buffer, 50 mM, pH 6.8,
containing 2% Triton X-100. The cell extract was centrifuged for 30 min at
10 000 g at 4°C. For immunoprecipitation of antigens from detergent extracts
of cerebellar cell cultures, cultures were labeled with [35S]methionine (200 ytCi/ml)
for 4 h. Detergent solubilization of washed cells was carried out in Tris-HCl,
20 mM, 0.15 M NaCl, I mM EDTA, 1 mM EGTA, 10 mM methionine, 0.5%
Nonidet P40, 0.05% NaN3, pH 7.4, containing aprotinin, soybean trypsin inhibi-
tor, turkey egg white trypsin inhibitor (all at 10 Asg/ml), phenylmethylsulfonyl-
fluoride (PMSF) and iodoacetamide (both at 5 mM), and pepstatin (at 2 tM) as
described (Kruse et al., 1984; Faissner et al., in preparation). Supernatants were
obtained by centrifugation at 800 g for 10 min and 100 000 g for 1 h at 4°C.
Soluble released material from culture supernatants of [3H]fucose-labeled PC12
cells were prepared as described by Richter-Landsberg et al. (1984).
Immunoprecipitations from Triton X-100 extracts of PC12 cells and from culture
supernatants were performed as described by Richter-Landsberg et al. (1985).
Immunoprecipitation and sequential immunoprecipitation from detergent extracts
of [35S]methionine-labeled mouse cerebelrar cultures were carried out according
to Kruse et al. (1984) and Faissner et al. (in preparation).
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