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Abstract. The monoclonal L3 antibody reacts with an
N-glycosidically linked carbohydrate structure on at
least nine glycoproteins of adult mouse brain. Three
out of the L3 epitope—carrying glycoproteins could be
identified as the neural cell adhesion molecules L1 and
myelin-associated glycoprotein, and the novel adhesion
molecule on glia. Expression of the L3 carbohydrate
epitope is regulated independently of the protein back-
bone of these three glycoproteins. Based on the obser-

vation that out of three functionally characterized L3
epitope-carrying glycoproteins three fulfill the opera-
tional definition of an adhesion molecule, we would
like to suggest that they form a new family of adhe-
sion molecules that is distinct from the L2/HNK-1 car-
bohydrate epitope family of neural cell adhesion mole-
cules. Interestingly, some members in each family
appear to be unique to one family while other mem-
bers belong to the two families.

E have recently shown that the neural cell adhesion
Wmolecules L1 and N-CAM (for reviews see Edel-

man and Thiery, 1985) share a common carbohy-
drate structure that is recognized by the monoclonal antibod-
ies L2 and HNK-1 (Kruse et al., 1984). This epitope consists
of a 3’-sulphated glucuronic acid that is part of an unusual
glycolipid (Chou et al., 1985, 1986; Noronha et al., 1986).
Based on the observation that out of two functionally iden-
tified cell surface molecules carrying the L2/HNK-1 epitope,
two were indeed cell adhesion molecules, we formulated the
hypothesis that all members of this family are cell adhesion
molecules. The myelin-associated glycoprotein (MAG)' has
been hypothesized (for review see Quarles, 1983/1984), but
only recently shown to fulfill the operational definition of
a neural cell adhesion molecule since it mediates neuron-
oligodendrocyte and oligodendrocyte-oligodendrocyte adhe-
sion (Poltorak, M., R. Sadoul, G. Keilhauer, C. Landa,
T. Fahrig, and M. Schachner, manuscript submitted for pub-
lication). As a fourth prominent member of the family, the
J1 glycoprotein could be shown to be involved in neuron-
astrocyte adhesion (Kruse et al., 1985). The number of mem-
bers in this family is hard to estimate at present but appears
to be >10. The physiological role of the shared L2/HNK-1 car-
bohydrate epitope has been suggested to be important since
it is common to functionally important molecules (Schach-
ner et al., 1985), and there are first hints that this epitope is
itself involved in cell adhesion (Keilhauer et al., 1985;
McGarry et al., 1985). Interestingly, only a subpopulation
of a particular adhesion molecule was found to express the
epitope (Kruse et al., 1984; Poltorak, M., R. Sadoul, G. Keil-
hauer, C. Landa, T. Fahrig, and M. Schachner, manuscript

1. Abbreviations used in this paper: AMOG, a novel cell adhesion molecule
on glia; MAG, myelin-associated glycoprotein.
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submitted for publication; our unpublished observations) in-
dicating that the carbohydrate structure is regulated indepen-
dently of the protein backbone.

The question now is whether other families exist whose
members are combined by common features. These are most
likely to exist at the protein level, but it would also appear
possible that they are based on other shared carbohydrate
structures. Here we report of the existence of a new family
of cell adhesion molecules characterized by the L3 carbohy-
drate epitope that is expressed by a novel cell adhesion mole-
cule on glia (AMOG) (Antonicek et al., 1987), by other, yet
unidentified glycoproteins in the nervous system, and by two
members of the L2/HNK-I family, L1 and MAG, but not by
N-CAM and J1.

Materials and Methods

Animals

NMRI and nude mice were used for ali experiments as indicated in the ac-
companying paper (Antonicek et al., 1987).

Antibodies

Monoclonal L3 antibody was obtained from female Lou X Sprague Dawley
Fl1 hybrid rats (4-6-wk old) immunized with “total L2” (Kruse et al., 1984)
(50 ug/injection) as described previously for monoclonal L1 antibodies
(Rathjen and Schachner, 1984). Splenocytes of animals with high titers were
chosen for fusion with the mouse myeloma clone Ag8-653 (Kearney et al.,
1979) according to the method of de St. Groth and Scheidegger (1980). Fu-
sions were screened as described (Antonicek et al., 1987). Monoclonal L3
antibody is an IgM as determined by gel filtration or SDS PAGE. L3 anti-
body was prepared either as ascites in nude mice or from serum-free culture
supernatants.

Antibodies to glial fibrillary acidic protein, cell adhesion molecule L1,
L2 carbohydrate epitope, 04 antigen, and fibronectin were obtained and
used as described (Antonicek et al., 1987).
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Analytical Procedures

SDS PAGE analysis was performed with 7% acrylamide slab gels according
to Laemmli (1970). Staining of gels by reduction of silver ions was carried
out according to Oakley et al. (1980). Protein determinations were carried
out according to Lowry et al. (1951) or with a micromethod according to
Bradford (1976). BSA served as standard.

Western blot analysis of proteins isolated by SDS PAGE was carried out
according to Towbin et al. (1979) as indicated (Antonicek et al., 1987).

Isolation of Cell Adhesion Molecules by
Immunoaffinity Chromatography

Monoclonal L1, N-CAM, MAG, and L2 antibodies and polyclonal Ji anti-
bodies were used for preparation of antibody columns as described (Antoni-
cek et al., 1987; Rathjen and Schachner, 1984). Antigens were isolated from
detergent lysates of crude membrane fraction from adult mouse brain in the
presence of protease inhibitors as described (Antonicek et al., 1987, Kruse
et al., 1984; Poltorak, M., R. Sadoul, G. Keilhauer, C. Landa, T. Fahrig,
and M. Schachner, manuscript submitted for publication).

Enzymatic Digest with Endoglycosidase F

Endoglycosidase F removes N-glycosidically linked oligosaccharide chains
at the di-N-acetylchitobiosyl-linkage leaving an N-acetylglucosamine resi-
due at the asparagin residue of the protein (Elder and Alexander, 1982). En-
doglycosidase F treatment of immunoaffinity-purified L1 was performed as
described by Kruse et al. (1984).

Cell Culture

Monolayer cultures of trypsin-dissociated cerebella from 6-d-old mice were
prepared and maintained for 2 and 14 d in vitro as described previously
(Schnitzer and Schachner, 1981). Pure cultures of Schwann cells were pre-
pared from sciatic nerves of 1-d-old mice by trypsin-collagenase dissocia-
tion, plating on laminin, and removal of fibroblast-like cells by immuno-
cytolysis with Thy-l and MESA-1 antibodies. Neurons from dorsal root
ganglia of 1-d-old mice were prepared by trypsin treatment of ganglia, plat-
ing on rat-tail collagen, and using 5’-fluoro-2'-deoxyuridin (FUdR) (1075 M)
to remove nonneural cells. Cultures of dorsal root ganglia were used for in-
direct immunofluorescence after 13 d of maintenance in vitro after FUJR
treatment and after 3 d of maintenance in vitro without treatment with
FUdR. The N2A clone of C1300 neuroblastoma was maintained as de-
scribed (Poilerberg et al., 1985).
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Figure 1. Identification of L3 carbohydrate epitope—expressing gly-
coproteins from adult mouse brain by Western blot analysis after
separation by SDS PAGE using 1.3 antibodies (4-G). (4) Crude
membrane fraction; (B) total L2 consisting of all members of the
L2/HNK-1 family expressing the epitope; (C) rest L2 consisting of
all members of the L2/HNK-1 family except for L1 and N-CAM
which were removed by immunoaffinity chromatography; (D) im-
munoaffinity-purified N-CAM; (E) immunoaffinity-purified Ll;
(F) immunoaffinity-purified AMOG; (G) immunoaffinity-purified
MAG; (H) immunoaffinity-purified MAG shown by the reducing
silver method. Lanes F-H were loaded with equal amounts of an-
tigens.
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Biosynthetic Labeling of Glycoproteins in Cerebellar
Cell Culture

Cultures of cerebellar cells were labeled with [3*S]methionine as described
(Faissner et al., 1985; Antonicek et al., 1987). Cultures were labeled with
[**S]methionine in the absence and presence of tunicamycin (1.5 ug/ml;
Sigma Chemical GmbH, Munich, FRG), also as described in these publica-
tions.

Immunoprecipitation

Immunoprecipitations were performed as described (Faissner et al., 1985;
Antonicek et al., 1987) with the following modification: Monoclonal .3 an-
tibody and polyclonal L1 antibodies were reacted with live, washed mono-
layer cultures of early postnatal mouse cerebellum at concentrations used
for indirect immunofluorescence (10-20 pg/ml in Hank’s balanced salt solu-
tion) for 20 min in the CO; incubator. Cultures are then washed two times
with Hank’s balanced salt solution, detergent-treated with 1% NP-40, cen-
trifuged for 1 h at 100,000 g and 4°C, and the resulting supernatants used
for immunoprecipitation with MARK-1 antibody (Bazin, 1982) for L3 anti-
body and protein A-Sepharose 4B (Pharmacia Fine Chemicals, Piscataway,
NJ) for polyclonal L1 antibodies as described before (Antonicek et al., 1987;
Faissner et al., 1985).

Immunocytological Procedures

Indirect immunofluorescence on viable and ethanol-treated cell cultures was
performed as described by Schnitzer and Schachner (1981).

Results

Monoclonal L3 antibody was obtained by immunization of
rats with a glycoprotein fraction obtained by immunoaffinity
chromatography on a monoclonal L2 antibody column (Kruse
et al., 1984) from detergent lysates of crude membrane frac-
tion from adult mouse brain. The glycoproteins that are
specifically retained by this monoclonal antibody column
have been designated total L2 and include the 1.2 epitope-
carrying fractions of the four presently characterized neural
cell adhesion molecules L1, N-CAM, J1, and MAG.

Identification of the L3 Epitope-carrying Glycoproteins

Several glycoproteins of adult mouse brain were recognized
in detergent lysates of a crude membrane fraction from adult
mouse brain as shown by Western blot analysis (Fig. 1 A4).
The more prominent bands migrated with apparent molecu-
lar masses of ~170, 130, 120, 80, 70, and 50 kD. In the total
L2 glycoprotein fraction monoclonal L3 antibodies reacted
with two bands at 140 and 55 kD (Fig. 1 B). “Rest L2”, which
consists of all glycoproteins carrying the L2 epitope (total
L2) except for L1 and N-CAM and which contains predomi-
nantly the 1.2 epitope-carrying fraction of J1 and MAG (Kruse
et al., 1984, 1985), was not recognized by monoclonal L3
antibody (Fig. 1 C). Immunoaffinity-purified N-CAM was
also not recognized by monoclonal L3 antibody (Fig. 1 D).
L3 antibody reacted with immunoaffinity-purified L1 (Fig. 1
E), the AMOG (Fig. 1 F) and MAG (Fig. 1 G). For this ex-
periment, MAG was immunoaffinity purified with a mono-
clonal antibody that reacts with a protein epitope on MAG
(Poltorak, M., R. Sadoul, G. Keilhauer, C. Landa, T. Fahrig,
and M. Schachner, manuscript submitted for publication).
L3 antibody did not react with all carbohydrate variants of
the protein backbone of MAG that were isolated by the mono-
clonal MAG antibody column (Fig. 1 G, and compare with
broad band in Fig. 1 H). J1, immunoaffinity-purified from
adult mouse brain by monoclonal L2 or polyclonal J1 anti-
body columns representing the L2/HNK-1 epitope-positive
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and total J1 glycoprotein fraction, respectively, was not rec-
ognized by L3 antibody (not shown).

These experiments suggested that the L3 antibody reacts
with at least nine glycoprotein bands from adult mouse brain
among which three could be identified as the adhesion mole-
cules L1, MAG, and AMOG. The unidentified bands are
those at 170, 130, 120, 80, 70, and 55 kD in the crude mem-
brane and total L2 fractions, assuming that the 50-kD band
in the crude membrane fraction and the 140-kD band in total
L2 are AMOG and L1, respectively. It seems as if not all car-
bohydrate variants of MAG express the L3 epitope and that
the L2 epitope carrying glycoproteins of MAG do not ex-
press the L3 epitope. On the other hand, L3 antibody reacted
with both the L2-positive and L2-negative fractions of the L1
glycoproteins that were obtained by immunoaffinity isolation
of purified L1 with an L2 antibody column (not shown). It
is noteworthy that L1 and MAG are not among the more
prominent glycoproteins in the adult mouse brain, since they
could not be detected by L3 antibody in the crude membrane
fraction. Alternatively, the L3 epitope-positive subpopula-
tion of MAG and L1 is proportionately small.

Identification of the L3 Epitope as Carbohydrate
Determinant

To verify whether the antigenic determinant recognized by
monoclonal L3 antibody is localized in the carbohydrate or
protein part of the glycoproteins, immunoaflinity-purified L1
was treated with endoglycosidase F which is known to re-
move N-glycosidically linked carbohydrate chains (Elder and
Alexander, 1982). After treatment with endoglycosidase F,
a reduction in apparent molecular mass of the bands at 200,
180, and 140 kD is seen (Fig. 2 C, and compare with Fig.
2 A). While the endoglycosidase F-treated L1 was not recog-
nized by monoclonal L3 antibodies (Fig. 2 B) the untreated
L1 was (Fig. 2 A). As could be seen from the reaction of en-
doglycosidase F-treated L1 with polyclonal L1 antibodies
(Fig. 2 C), the L1 chains were shifted to slightly lower mo-
lecular mass ranges. The 70-80-kD component of L1 is not
visible in this experiment (compare with Fig. 1 E).

To further verify the L3 antigenic determinant as carbohy-
drate, monolayer cultures of early postnatal mouse cerebella
were treated with tunicamycin, which inhibits the formation
of N-glycosidically linked complex carbohydrate chains
(Struck and Lennarz, 1977). Cultures were biosynthetically
labeled with [**S]methionine, immunoprecipitated, and ana-
lyzed after SDS PAGE by fluorography (Fig. 3). A modified

Figure 2. Identification of

the L3 epit bohy-
200 e L3 epitope as carbohy:

e drate determinant by West-
180 | <170 ern blot analysis. (4) Im-
140> B munoaffinity-purified L1

treated with L3 monoclo-
nal antibody; (B) immu-
noaffinity-purified L1 after
digest with endoglycosi-
dase F, treated with mono-
clonal L3 antibody; (C)
immunoaffinity-purified L1
after digest with endogly-
cosidase F (as in B), treated
with polyclonal L1 anti-
bodies.

‘1130

Kucherer et al. L3 Epitope on Cell Adhesion Molecules

*
200~ . @@ ° — m @
150 = (£

A B C D E F

Figure 3. Identification of L3 epitope-carrying glycoproteins in
monolayer cultures of early postnatal mouse cerebellum biosynthet-
ically labeled with [**S}methionine as analyzed by immunoprecip-
itation, separation by SDS PAGE, and fluorography. (4, C, and E)
Immunoprecipitates with monoclonal L3 antibody; (B, D, and F)
immunoprecipitates with polyclonal L1 antibodies. (4 and B) un-
treated cultures; (C and D) cultures treated with 1.5 pg/ml tunica-
mycin; (E and F) cultures treated with 5 pg/mi trypsin. High mo-
lecular mass bands in B-F are nonspecifically precipitated.

version of previously described immunoprecipitation proce-
dures (Faissner et al., 1985) had to be used since the L3 epi-
tope was no longer seen by the antibody after cells had been
solubilized in the nonionic detergent NP-40. Since live
monolayer cultures were found to label well by immunofluo-
rescence with L3 antibodies (see Fig. 4), L3 antibody was
incubated with the live cells before detergent solubilization
and immunoprecipitation by second antibody. This modified
immunoprecipitation procedure was also used with poly-
clonal L1 antibodies for control. As has been observed pre-
viously (Faissner et al., 1985), polyclonal L1 antibodies
reacted in biosynthetically labeled cultures only with the
200-kD form of L1 (Fig. 3 B). L3 antibody also recognized
a band with the same apparent molecular mass as L1 (Fig.
3 A, and compare with Fig. 3 B). It could be shown that this
high molecular mass band or its doublet (at 200 and 180 kD),
which is sometimes observed after biosynthetic labeling in
vitro, was indeed L1, since trypsin digestion of live cells
yielded the characteristic degradation product at 140 kD
(Faissner et al., 1985), both for polyclonal L1 and monoclo-
nal L3 antibodies (Fig. 3, E and F'). These experiments indi-
cated that L1 is the major antigen in these cultures, 90% of
which consist of neurons (Schnitzer and Schachner, 1981).
Since L1 is known to be a neuronal marker in these cultures
the predominant detection of L1, but not of MAG or AMOG,
is understandable. When these cultures were treated with
tunicamycin, polyclonal Ll antibodies precipitated a major
band at 150 kD and a minor one at 200 kD, as observed previ-
ously (Faissner et al., 1985). The persistence of the 200-kD
band under tunicamycin is most likely due to the incomplete
action of the drug at the concentration of 1.5 pg/ml (Fig. 3
D), which was low enough to assure good viability of cells.
L3 antibody still recognized the 200-kD band, but did not
recognize the 150-kD band (Fig. 3 C). These experiments
are compatible with the notion that the L3 epitope is local-
ized on N-glycosidically linked carbohydrate chains.
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Figure 4. Inmunodoublefluorescence labeling of cultured neuroblastoma N2A (a-c), Schwann (d-f), and cerebellar (g-i) cells with mono-
clonal L3 antibody (c, f, and i), polyclonal L1 antibodies (b and ¢), and monoclonal 04 antibody (4); a, d and g are the phase contrast
micrographs to fluorescence images b and c, e and f, and 4 and i, respectively. Arrows in / and i show an 04 antigen-positive oligodendrocyte

that is also labeled by L3 monoclonal antibody. Bars, 10 pm.

Identification of the L3 Epitope-expressing
Neural Cell Types

To investigate whether all L1-, MAG-, and AMOG-express-
ing cell types also express the L3 epitope, immunodoubleflu-
orescence-labeling experiments were performed on mono-
layer cultures from early postnatal mouse cerebellum and
from the peripheral nervous system (Fig. 4).

Approximately 95 % of all L1-positive neurons in the cere-
bellar cultures were L3-positive (not shown). Approximately
30% of all 04 antigen-positive oligodendrocytes and 20% of
all MAG-positive oligodendrocytes expressed the L3 epitope
(Fig. 4, g-i). The L3 epitope could not be detected on
fibronectin-positive fibroblasts (not shown). It was also not
detectable on glial fibrillary acidic protein-positive astro-
cytes, most of which are AMOG-positive (Antonicek et al.,
1987) (not shown). Immunodoublefluorescence by indirect
labeling procedures could not be performed with L3 and
AMOG antibodies since both are derived from rat.

In cultures of neural cells from the peripheral nervous sys-
tem, the L3 epitope could not be detected on Ll-positive
Schwann cells (Fig. 4, d-f), neuroblastoma clone C1300
derived from the peripheral nervous system (Fig. 4, b and
¢), or neurons from dorsal root ganglia (not shown).

These experiments indicated that L3 carbohydrate epitope
expression was regulated independently of the protein back-
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bone as had been previously observed for the L2 carbohy-
drate epitope and its glycoproteins (Wernecke et al., 1985).

Discussion

Monoclonal L3 antibody recognizes an N-glycosidically
linked carbohydrate epitope that is shared by at least nine
glycoprotein bands in the mouse nervous system. From these
glycoproteins three could be identified as the neural cell
adhesion molecules: L1, MAG, and the AMOG that is de-
scribed in the accompanying paper (Antonicek et al., 1987).
Based on the observation that out of three functionally
characterized cell surface glycoproteins three are indeed
adhesion molecules, we would like to suggest, as we have
done previously for the L2/HNK-1 family (Kruse et al.,
1984), that all other members of the L3 family are cell adhe-
sion molecules. This reasoning derives also from further
analogies between the two groups of adhesion molecules: the
epitope-carrying carbohydrate moieties are N-glycosidically
linked and regulated independently of the protein backbone,
and only a subpopulation of a particular adhesion molecule
expresses the epitope. Thus, the L3 epitope may define a
novel family of cell adhesion molecules with members over-
lapping in part with the other identified family of neural
adhesion molecules, the L2/HNK-1 family. This overlap is
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only partial since two members of the L2/HNK-1 family,
N-CAM and J1, do not belong to the L3 family. The overlap-
ping members are L1 and MAG. AMOG belongs exclusively
to the L3 family.

As has been previously observed for the L2/HNK-1 family
(Kruse et al., 1984; Poltorak, M., R. Sadoul, G. Keilhauer,
C. Landa, T. Fahrig, and M. Schachner, manuscript submit-
ted for publication; our unpublished observations), not all
glycoproteins of the L3 family express the epitope. For in-
stance, of the carbohydrate variants of myelin-associated gly-
coprotein which form a broad band by SDS PAGE, only
those in the lower apparent molecular mass region express
the L3 epitope. Furthermore, when MAG is enriched by im-
munoaffinity chromatography on a monoclonal L2 antibody
column, this carbohydrate variant fraction of MAG is L3-
negative. Consistent with these findings is the observation
that only 10-20% of all MAG-positive oligodendrocytes ex-
press the L3 epitope. Similarly, in cultures of early postnatal
mouse cerebella, glial fibrillary acidic protein- and AMOG-
positive astrocytes (see Antonicek et al., 1987) do not ex-
press the L3 epitope. However, AMOG isolated from adult
mouse brain expresses the L3 epitope. It is interesting that
the expression of the L3 epitope on Ll-positive cells shows
a striking difference between central and peripheral nervous
system: while almost all L1-positive neurons from early post-
natal mouse cerebellum express the L3 epitope, none of the
Ll-positive cells of peripheral nervous system origin tested
so far express the L3 epitope. Further studies, however, are
necessary to characterize the differences and similarities
among L3-negative and -positive LI-expressing neural cells.

Unfortunately, the percentages of L1, MAG, or AMOG
molecules that express the L3 epitope cannot be estimated
by sequential immunoprecipitations, since the L3 carbohy-
drate epitope is no longer recognized by L3 antibody once
the glycoproteins are solubilized in nonionic detergents such
as NP-40 or Triton X-100 at concentrations compatible with
the conditions for immunoprecipitation. The most straight-
forward explanation for this finding would be that the affinity
of the antibody for its antigen is low. On the other hand, these
experiments could suggest a masking of the L3 epitope by
conformational changes in mild detergents. Also, it is pres-
ently not possible to investigate by sequential immunoprecip-
itation whether the L3 epitope is carried by the carbohydrate
variant fractions of L2-negative or -positive glycoproteins.
However, the present experiments indicate that the L3 carbo-
hydrate epitope is not expressed on L2 epitope-carrying
MAG molecules but that it is expressed on both the L.2-nega-
tive and -positive L1 molecules. A simple relationship be-
tween the L2 and L3 carbohydrate epitope-carrying variants
of adhesion molecules is therefore unlikely.

The present observations point to questions that need to be
answered in the future: Is the next, functionally character-
ized member of the L3 family also an adhesion molecule?
What is the structure and function of the L3 epitope? How
many families of cell adhesion molecules exist that are com-
bined by a common family feature in form of a distinct carbo-
hydrate structure? And, is it possible that neural cell adhe-
sion molecules are “presenters” of functionally important
carbohydrate structures with immense combinatorial possi-
bilities?

The authors are grateful to Horst Antonicek, Thomas Fahrig, Bernd Gehrig,

Kucherer et al. L3 Epitope on Cell Adhesion Molecules

Jan Kruse, and Heide Wernecke for antigens, Bernd Seilheimer for Schwann
cell cultures, and Rémy Sadou! for comments on the manuscript.

The authors thank Deutsche Forschungsgemeinschaft (SFB 317) and
Fonds der Chemischen Industrie for support.

Received for publication 16 December 1986, and in revised form 23 Febru-
ary 1987.

References

Antonicek, H., E. Persohn, and M. Schachner. 1987. Biochemical and func-
tional characterization of a novel neuron-glia adhesion molecule that is in-
volved in neuronal migration. J. Cell Biol. 104:1587-1595.

Bazin, H. 1982. Production of rat monoclonal antibodies with LOU rat non-
secreting IR9835 myeloma cells. Protides Biol. Fluids Proc. Colloq. 29:
615-618.

Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of
microgramm quantities of protein utilizing the principle of protein-dye bind-
ing. Anal. Biochem. 72:248-254.

Chou, K. H., A. A. llyas, J. E. Evans, C. Costello, R. H. Quarles, and F. B.
Jungalwala. 1986. Structure of sulfated glucuronyl glycolipids in the nervous
system reacting with HNK-1 antibody and some IgM paraproteins in neu-
ropathy. J. Biol. Chem. 261:11717-11725.

Chou, K. H., A. A. Ilyas, J. E. Evans, R. H. Quarles, and F. B. Jungalwala.
1985. Structure of a glycolipid reacting with monoclonal IgM in neuropathy
and with HNK-1. Biochem. Biophys. Res. Comm. 128:383-389.

de St. Groth, S. F., and D. Scheidegger. 1980. Production of monoclonal anti-
bodies: strategy and tactics. J. Immunol. Methods. 35:1-21.

Edelman, G. M., and J. P. Thiery. 1985. The Cell in Contact. John Wiley &
Sons, Inc. New York, NY. pp. 507.

Elder, J. H., and S. Alexander. 1982. Endo-N-acetylglucosaminidase F: en-
doglycosidase from Flavobacterium meningosepticum that cleaves both
high-mannose and complex glycoproteins. Proc. Natl. Acad. Sci. USA. 79:
4540-4544.

Faissner, A., D. B. Teplow, D. Kiibler, G. Keilhauer, V. Kinzel, and
M. Schachner. 1985. Biosynthesis and membrane topography of the neural
cell adhesion molecule L1. EMBO (Eur. Mol. Biol. Organ.)J. 4:3105-3113.

Kearney, J. F., A. Radbruch, B. Liesegang, and K. Rajewsky. 1979. A new
mouse myeloma cell line that has lost immunoglobulin expression but per-
mits the construction of antibody-secreting hybrid cell lines. J. Immunol.
123:1548-1550.

Keilhauer, G., A. Faissner, and M. Schachner. 1985. Differential inhibition of
neurone-neurone, neurone-astrocyte and astrocyte-astrocyte adhesion by L1,
L2 and N-CAM antibodies. Nature (Lond.). 316:728-730.

Kruse, J., G. Keilhauer, A. Faissner, R. Timpl, and M. Schachner. 1985. The
J1 glycoprotein - a novel nervous system cell adhesion molecule of the
L2/HNK-1 family. Nature (Lond.). 316:146-148.

Kruse, J., R. Mailhammer, H. Wernecke, A. Faissner, I. Sommer, C. Goridis,
and M. Schachner. 1984. Neural cell adhesion molecules and myelin-
associated glycoprotein share a common carbohydrate moiety recognized by
monoclonal antibodies .2 and HNK-1. Nature (Lond.). 311:153-155.

Laemmli, U. K. 1970. Cleavage of structural proteins duririg the assembly of
the head of bacteriophage T4. Nature (Lond.). 227:680-685.

Lowry, O. H., N. 1. Rosebrough, A. C. Farr, and R. 1. Randall. 1951. Protein
measurement with the Folin phenol reagent. J. Biol. Chem. 193:265-275.

McGarry, R. C., R. J. Riopelle, D. E. Frail, A. M. Edwards, P. E. Braun,
and J. C. Roder. 1985. The characterization and cellular distribution of a
family of antigens related to myelin associated glycoprotein in the developing
nervous system. J. Neuroimmunol. 10:101-114.

Noronha, A., A. Ilyas, R. H. Quarles, H. Antonicek, and M. Schachner. 1986.
Molecular specificity of L2 monoclonal antibodies that bind to carbohydrate
determinants of neural cell adhesion molecules and resemble other monoclo-
nal antibodies recognizing the myelin-associated glycoprotein. Brain Res.
385:237-244.

Oakley, B. R., D. R. Kirsch, and N. R. Morris. 1980. A simplified ultrasensi-
tive silver stain for detecting proteins in polyacrylamide gels. Anal. Bio-
chem. 105:361-363.

Pollerberg, E. G., R. Sadoul, C. Goridis, and M. Schachner. 1985. Selective
expression of the 180-kD component of the neural cell adhesion molecule
N-CAM during development. J. Cell Biol. 101:1921-1929.

Quarles, R. H. 1983/1984. Myelin-associated glycoprotein in development and
disease. Dev. Neurosci. 6:285-303.

Rathjen, F. G., and Schachner, M. 1984. Immunocytological and biochemical
characterization of a new neuronal cell surface component (L1 antigen)
which is involved in cell adhesion. EMBO (Eur. Mol. Biol. Org.) J. 3:1-10.

Schachner, M., A. Faissner, G. Fischer, G. Keilhauer, J. Kruse, V. Kiine-
mund, J. Lindner, and H. Wernecke. 1985. Functional and structural aspects
of the cell surface in mammalian nervous system development. In The Cell
in Contact. G. M. Edelman and J. P. Thiery, editors. John Wiley & Sons,
Inc., New York. 257-276.

Schnitzer, J., and M. Schachner. 1981. Expression of Thy-1, H-2, and NS4
cell surface antigens and tetanus toxin receptors in early postnatal and adult
mouse cerebellum. J. Neuroimmunol. 1:429-456.

1601



Struck, D. K., and W. J. Lennarz. 1977. Evidence for the participation of applications. Proc. Natl. Acad. Sci. USA. 76:4350-4354.
saccharide-lipids in the synthesis of the oligosaccharide chain of ovalbumin. Wernecke, H., J. Lindner, and M. Schachner. 1985. Cell type specificity and
J. Biol. Chem. 252:1007-1013. developmental expression of the L2/HNK-1 epitopes in mouse cerebellum.
Towbin, H., T, Staehelin, and J. Gordon. 1979. Electrophoretic transfer of pro- J. Neuroimmunol. 9:115-130.
teins from polyacrylamide gels to nitrocellulose sheets: procedure and some

The Journal of Cell Biology, Volume 104, 1987 1602



