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Abstract: Py, the most abundant glycoprotein of PNS myelin,
is a homophilic and heterophilic adhesion molecule. Py is
known to contain a glycoform population that expresses the
1.2/HNK-1 carbohydrate epitope found on other neural
adhesion molecules, and to be functionally implicated cen-
trally in neural cell adhesion and neurite outgrowth. This
carbohydrate epitope has been characterized previously from
glycolipid structures and contains a sulphated glucuronic acid
residue. However, the L2/HNK-1 carbohydrate epitope has
not been characterized in glycoproteins. Because Py possesses
only one glycosylation sequon, the number of Py glycoforms
is equal to the heterogeneity of the glycan species. Here we
report that the carbohydrate analysis of L2/HNK-1-reactive
P, showed the presence of anionic structures containing sialic

acid and sulphate in various combinations. At least one sul-
phate residue was present in 80% of the monosaccharide se-
quences, and 20% contained three sulphates. High-resolution
P4 gel chromatography of the desialylated and desulphated
oligosaccharides showed substantial heterogeneity of mono-
saccharide sequences. Sequential exoglycosidase digestions
indicated that the majority of the structures were of the hybrid
class, although the sulphated structures were found to be en-
doglycosidase H-resistant. Key Words: Glycoprotein—P,—
Carbohydrate epitope—Sulphated glycans—Neural adhesion
molecule. Field M. C. et al. Detection of multisulphated N-
linked glycans in the L2/HNK-1 carbohydrate epitope ex-
pressing neural adhesion molecule Py. J. Neurochem. 58, 993~
1000 (1992).

The PNS-specific glycoprotein Py accounts for most
of the glycoprotein present in purified peripheral my-
elin (Greenfield et al., 1973). Py has an apparent mo-
lecular mass of 28-30 kDa and is one of the smallest
members of the immunoglobulin superfamily (Lemke
and Axel, 1985; Sakamoto et al., 1987). P, has recently
been shown to act as both a homophilic (Filbin et al.,
1990; Schneider-Schaulies et al., 1990) and a hetero-
philic adhesion molecule (Schneider-Schaulies et al.,
1990).

Py undergoes a number of posttranslational modi-
fications, including glycosylation (Asn®?), acylation (site
unknown), and in situ phosphorylation, within the
myelin sheath (see Poduslo, 1989). Sulphation of the

oligosaccharide chain of Py occurs in myelin assembly
during development, and ceases in the aduit (Poduslo,
1989). Sulphation of P, also occurs after nerve crush
injury, but not after permanent transection of adult
sciatic nerve in the rat (Podusio, 1989). P, metabolically
labelled with sulphate incorporates radioactivity that
can be released from the protein using the enzyme N-
Glycanase (Poduslo, 1989). Sulphation of Py can be
inhibited by incubating cells with the glycosidase-pro-
cessing inhibitors deoxymannojirimycin and, to a lesser
extent, swainsonine (Poduslo, 1989).

P, isolated from the PNS expresses various carbo-
hydrate structures, among them the L2/HNK-1 and
L3 carbohydrate epitopes (Bollensen and Schachner,
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1987; Martini et al., 1988). The L2/HNK-1 carbohy-
drate is expressed by several neural recognition mol-
ecules and has been shown to be involved in cell in-
teractions (Kunemund et al., 1988), and its structure
has been determined on cross-reacting glycolipids
where sulphated glucuronic acid is thought to be an
important determinant (Chou et al., 1985, 1986, 1987,
Noronha et al., 1986; Ariga et al., 1987; Chou and
Jungalwala, 1988). The L2/HNK-1 carbohydrate has
been implicated recently in the preferential growth of
motor neurons under regenerative conditions in the
adult mouse, and it has been proposed that the expres-
sion of the L2/HNK-1 carbohydrate in mature myelin
sheaths and endoneurnial Schwann cell tubes might be
a foresighted predisposition for axonal regrowth fol-
lowing a lesion (Y. Xin, B. Schmitz, M. Schachner,
and R. Martini, submitted). This observation is in line
with the hypothesis that neural carbohydrate structures
provide particular sets of neurons with special cues for
target selection. However, the exact carbohydrate
structures have not been determined for any neural
adhesion molecule nor has the L2/HNK-I-reactive
epitope been structurally defined on a glycoprotein.

To investigate the nature of the L2/HNK-1{ epitope
on a purified neural glycoprotein, L2-reactive Py was
purified on an L2-immobilized affinity column in order
to enrich the L2-reactive carbohydrate structure(s). The
chemical method hydrazinolysis was used to release
the oligosaccharides present on Py.

MATERIALS AND METHODS

Preparation of Py

L2-positive P, was isolated as described by Bollensen and
Schachner (1987). Essentially, a crude membrane preparation
(Rathjen and Schachner, 1984) was isolated from human
sciatic nerves and extracted with detergent. This extract was
centrifuged at 100,000 g for 1 h at 4°C and the supernatant
was passed sequentially over a column of a monoclonal an-
tibody to myelin-associated glycoprotein and then over a
monoclonal L2 antibody column (Kruse et al., 1984), fol-
lowed by elution of the bound protein. Purification was
monitored by sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE), Coomassie Blue staining, and
western blot analysis.

Isolation and reduction of N-linked oligosaccharides
Purified P, was dialysed exhaustively against glass-distilled
water (4°C) and cryogenically dried over activated charcoal
at —196°C (<107¢ bar). Oligosaccharides were released by
treatment with fresh double vacuum-distilled anhydrous hy-
drazine and purified as described previously (Ashford et al.,
1987). Oligosaccharides were converted to radiolabelled oli-
gosaccharide alditols by reduction with 6 mAM NaB*H, (10
Ci/mmol) and | mM glycan at 30°C in 50 mM NaOH buf-
fered to pH 11.0 with saturated boric acid. After 4 h, an equal
volume of | M NaB?H, in buffered 50 mM NaOH, pH 11,
was added and the reaction continued for an additional 2 h.
The oligosaccharides were then purified from the reagents
and radiochemical contaminants as described elsewhere
{Ashford et al., 1987). Radiolabelled oligosaccharides were
separated by high-voltage paper electrophoresis (HVE) in the
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presence of pyridine-acetate buffer, pH 5.4. Radioactivity
was detected using a linear radiochromatographic scanner
(Berthold TLC Scanner, Lab Iimpex, Winnersh, U.K.).

All general reagents used were of analytical grade or higher
and were obtained from previously described sources (Ashford
et al., 1987; Parekh et al., 1989).

Cleavage of anionic groups of oligesaccharides

Sulphate esters were cleaved by mild methanolysis (Lechner
et al., 1985). Oligosaccharides were lyophilised in glass vessels
equipped with a reactivalve (Pierce). Then, 500 ul of dry 50
mAf methanolic-HCl (made by diluting 0.5 M anhydrous
methanolic-HCl with dry methanol) was introduced into the
vessel through the valve, and the reaction allowed to proceed
at room temperature for 18 h. The reaction was stopped by
removing the solution from the vessel and evaporating to
dryness under reduced pressure. Residual HCl was removed
by evaporation from 500 ul of water, and the residue was re-
N-acetylated by the addition of 500 ul of saturated sodium
bicarbonate solution and two aliquots, separated by an in-
terval of 10 min, of 20 ul of acetic anhydride (Fluka). The
reaction was allowed to proceed at room temperature for 50
min, then the oligosaccharides were desalted by passage
through 500 ul of AG50 X 12 (H* form) resin, eluted in
water, and concentrated by evaporation. Deesterification of
any carboxyl group was performed by treating the sample
with 50 mAf NaOH at 50°C for 2 h. The products of the
reaction were analysed by HVE as described above.

The standard biantennary oligosaccharide [GalB4Glc-
NAcA2Mana6(GalB4GlcNAcg2ZMana3 )YManB4GIcNAcS4 -
GIeNAcoT, where Gal is galactose, GIcNAc is N-acetylglu-
cosamine, Man is mannose, and OT refers to the reduced
alditol] was also subjected to the desulphation procedure and
shown by Bio-Gel P4 filtration analysis not to be degraded.
Methods for the preparation of standard oligosaccharides have
been described elsewhere (Parekh et al., 1987, 1989). Desi-
alylation was performed by mild acid treatment as described
earlier (Green and Baenziger, 1988) or with neuraminidase
from Arthrobacter ureafaciens.

Bio-Gel P4 gel filtration chromatography

Reduced neutral oligosaccharides were fractionated by gel
filtration chromatography using Bio-Gel P4 (—400 mesh; 2
m X 1.5 cm) in water at 200 ul/min, and at 55°C. Typically,
the eluate was collected as 200-ul fractions. The hydrody-
namic volume of the material that eluted from the Bio-Gel
P4 columns was determined by comparison with coinjected
isomaltose oligomer oligosaccharides (dextran hydrolysate),
as monitored on an ERMA refractometer. The elution po-
sitions of the reduced radioactive oligosaccharides were de-
termined by monitoring the eluate from the Bio-Gel P4 col-
umn with an HPLC radioactivity monitor (Berthold model
LB503, Lab Impex). In addition, the eluate was monitored
by withdrawing aliquots from the fractions for liquid scin-
tillation counting.

Glycosidases

Exoglycosidases were used to determine various mono-
saccharide components, anomers, and linkages. The following
enzymes were used: jack bean a-mannosidase, bovine epi-
didymal S-galactosidase, jack bean g-hexosaminidase, Strep-
tococcus pneumoniae (3-hexosaminidase, bovine epididymal
a-fucosidase, and Bacteriodes fragilis endo-3-galactosidase.
Glycans were grouped into classes (oligomannose, hybrid,
complex, polylactosamine, etc.) using the following criteria:
oligomannose (original elution positions 8.9 — 12.8, suscep-
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tible to jack bean a-mannosidase, and eluting at 5.5 glucose
units (g.u.) from Bio-Gel P4 after digestion), hybrid (sensitive
to a-mannosidase, losing one or two mannose residucs, and
sensitive to B-galactosidase and/or S-hexosaminidase follow-
ing a-mannosidase digestion), complex (resistant to a-man-
nosidase, sensitive to S-galactosidase and/or S-hexosamini-
dase), and poly-N-acetyllactosamines [containing (Galgl-
4GlcNAcB3—), repeats, sensitive to endo-3-galactosidase
from Bacteriodes fragilis).

The reduced oligosaccharides (0.01-1 nM) were digested
with exoglycosidases essentially as described elsewhere (Pa-
rekh et al., 1987, 1989) with the following additions: digestion
with bovine epididymal S-galactosidase was performed in a
reaction volume of 25 ul containing 0.2 U/ml of enzyme in
0.1 M citrate-phosphate buffer, pH 6.0. Streptococcus pneu-
moniae B-hexosaminidase digestion was performed in a re-
action volume of 20 ui at 0.3 U/ml of enzyme in 0.1 M
citrate—phosphate buffer, pH 6.0. Bacteriodes fragilis endo-
B-galactosidase was purchased from Boehringer-Mannheim;
all other enzymes were obtained from previously described
sources (Parekh et al., 1987, 1989).

RESULTS

The glycoprotein purified from human sciatic nerve
myelin by immunoaffinity chromatography (Bollensen
and Schachner, 1987) was shown to be Py- and 1.2/
HNK-1-immunoreactive by western blot analysis ex-
actly as reported earlier (Bollensen and Schachner,
1987), and was also a single band at 29 kDa by Coo-
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FIG. 1. High-voltage radioelectrophoretogram of L2-positive hu-
man P, oligosaccharides. Top panet: Total L2-reactive P, oligo-
saccharides. The migration positions of [*H]lactitol, [*H]sialyllactitol,
and the dye bromophenol blue are indicated by a, b, and c, re-
spectively. Reference to peak labelling is made in the text. Bottom
panel: Same as top panel, but following mild hydrolysis of the
glycans (with acetic acid) to remove sialic acid residues.

TABLE 1. Molar percentage of Py
oligosaccharide fractions

Untreated Postneuraminidase
Peak Percentage Peak Percentage
SN 9.6 SN 18.9
S1 17.3 S'1 424
S2 25.0 $72 17.9
S3 21.8 s3 20.8
S4 26.4
S5 minor
S6 minor

In the untreated condition, the molar proportions of the major
fractions were obtained by integration of the radioelectrophoretogram
shown in Fig. 1, top panel. Peaks are listed in order of increasing
electrophoretic mobility. In the postneuraminidase condition, the
peak percentages were obtained by elution with water of the relevant
portion of the radioelectrophoretogram shown in Fig. 1, bottom panel,
followed by liquid scintillation counting.

massie-stained SDS-PAGE (as in Bollensen and
Schachner, 1987). Approximately 90% of the anti-Py-
reactive material was retained on the L2 column.
When the reduced glycans from human P, were an-
alysed by pyridine-acetate HVE, considerable heter-
ogeneity of charge was seen (Fig. 1, top panel) with
five major peaks (SN and S1-S84 inclusive) and minor
species (S5 and S6) observed. The relative molar per-
centages of the major fractions are given in Table 1.
Treatment of the acidic oligosaccharides with Arthro-
bacter ureafaciens neuraminidase or mild acid resulted
in one neutral and three acidic peaks (Fig. 1, bottom
panel and Table 1). The three acidic peaks, designated
S'1-S'3 were treated separately with 50% aqueous HF
to hydrolyse phosphate esters specifically from the gly-
cans (Ferguson et al., 1988). No change in the respective
migration positions of the peaks on subsequent HVE
was observed, indicating the absence of phosphate es-
ters on the glycans. The same fractions were then sub-
jected to partial desulphation. Figure 2 shows that in
addition to the starting material, each fraction gener-
ated a neutral peak and a series of charged peaks that
migrated intermediate between neutral and the pre-
hydrolysis migration positions. When the residual
acidic material was subjected to a second methanolysis,
essentially all the radioactivity was converted to neutral
components. The efficiency of the neutralization is re-
ported in Table 2. From the partial desulphation data
it can be concluded that the S'1 peak contains one sul-
phate residue, S'2 contains two sulphate residues, and
S'3 contains three sulphate residues. Fractions S5 and
S6 (Fig. 1, top panel) couid contain three sulphate esters
as well as one or more sialic acid residues. The fraction
of the material neutralized by neuraminidase (S'N)
contained sialic acid as the only acidic component.
An aliquot of each acidic fraction (S'1, S2, and S'3)
was treated with endoglycosidase H after neuramini-
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FIG. 2. High-voltage radioelectrophoretogram of fractions S'1, S2,
and §'3 from Fig. 1, bottom panel, after partial methanolysis. The
migration positions a, b, and ¢ are as indicated in Fig. 1. In addition,
d represents N-[*H]acetylglucosaminitol-6-sulphate, and the mi-
gration positions for S'1, $'2, and S'3 before partial methanolysis
are indicated by the boid arrows e, f, and g, respectively.

dase treatment and the radiolabelled products analysed
by HVE. No differences in the migration behaviour of
the glycans was observed (data not shown), indicating
that these sulphated oligosaccharides were not sensitive
to the enzyme.

When the individual HVE fractions SN, §'1, S22,
and S'3 were neutralized and subjected to Bio-Gel P4
gel filtration chromatography, the elution profiles
shown in Fig. 3 (panels a~d) were obtained. From these
chromatograms it was apparent that the glycans from
L2/HNK-1 expressing human P, display a considerable
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degree of monosaccharide sequence heterogeneity, in
addition to the charge heterogeneity detected above
by HVE.

To determine the representative monosaccharide
sequences present on Py, fraction N-8'2 was subjected
to a series of exoglycosidase digestions. Digestion of
pool B of N-S'2 with jack bean a-mannosidase caused
no change in profile (Fig. 4a) and did not result in any
material eluting at 5.5 g.u. where ManB4GIcNA-
¢B4GIcNAc the expected digestion product would have
eluted if oligomannose structures had been present.
When the a-mannosidase-treated pool was digested
with a mixture of jack bean (-galactosidase and jack
bean S-hexosaminidase, only two peaks eluting at 7.5
and 6.5 g.u. were seen (Fig. 4b), The 6.5-g.u. structures
could have been generated only from structures having
an exposed a-mannose on one arm (the a6 arm for
hybrid-type structures). The 7.5-g.u. structure could
have been generated from complex-type structures or
core fucosylated hybrids. The latter was confirmed us-
ing the following enzyme digests: Treatment with jack
bean a-mannosidase converted the 7.5- and 6.5-g.u.
structures to ones eluting at 6.5 and 5.5 g.u., respec-
tively, and treatment of the 6.5-g.u. structure with a-
fucosidase resulted in a product eluting at 5.5 g.u. Sim-
ilar results were found for structures eluting between
11 and 13 g.u. for N-S'1. Also present were structures
eluting at 14.5 and 13.5 g.u., which were of the complex
class.

Pool A of N-S2 was treated with endo-{3-galactosi-
dase to determine whether these structures contained
repeating polylactosamine saccharides. Figure 5 shows
that three new structures eluting at 10.3 (IV), 11.3 (I1I),
and 13.5 (II) g.u. were generated by treatment with
endo-B-galactosidase. A repeat digest of pool A (T) con-
verted a further 30% of the material to a similar pattern
of digestion fragments.

TABLE 2. Efficiency of neutralization by methanolysis
of acidic oligosaccharides from human P,
(fractions S'1-S'3) after desialylation

First treatment Second treatment

Fraction (% neutralized) (% neutralized)
S'1 87 58
S2 72 42
S3 65 36

The data were obtained by treatment of S'1-8'3 individually with
methanolic HCl, followed by fractionation of the products by HVE,
as described in Materials and Methods. The neutral and acidic glycans
were eluted separately from the paper, and quantified by liquid scin-
tillation spectroscopy. The acidic material was then subjected to a
second methanolic-HCI treatment. If the efficiency of release of a
sulphate residue after the first treatment is 87% (i.e., S'1), then S§2
and S'3 should have values of 75 and 66%, respectively, which agrees
with the experimentally determined values of 72 and 65%, respec-
tively. The data for the second treatment represent the proportions
of the glycans that were not neutralized by the first treatment, but
were subsequently neutralized by the second methanolysis.
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FIG. 3. High-resolution Bio-Gel P4 chromatograms of neutralized
Py oligosaccharides. Chromatogram for S'N, with oligosaccharides
neutralized by desialylation (a); chromatogram for N-S'1, with oli-
gosaccharide fraction S8'1 neutralized by methanolysis {monosul-
phated glycans) (b); chromatogram for N-S'2, with oligosaccharide
fraction S'2 neutralized by methanolysis (disulphated glycans) (c);
and chromatogram for N-S'3, with oligosaccharide fraction S'3
neutralized by methanolysis (trisulphated glycans) (d).

DISCUSSION

The heterogeneity of the glycan structures observed
in this study, whether of monosaccharide sequence or
anionicity, is not likely to be attributable to multiple
glycosylation sites on Py, as the primary structure of
the polypeptide shows remarkable homology between
species (bovine, rat, shark), and because it is most likely
that the single N-glycosylation site observed in these
mammalian glycoproteins is conserved in the human
protein (Saavedra et al., 1989). Furthermore, the car-
bohydrate composition of Py, as found by Roomi et
al. (1978), does not support the existence of “O”-linked

glycans on the molecule, especially as N-acetylgalac-
tosamine (GalNAc) was absent. If the L2 monoclonal
antibody recognized a distinct carbohydrate epitope,
it is evident that this epitope must reside on a variety
of oligosaccharide chains, particularly because 90% of
anti-Pg-reactive material was retained on the L2 col-
umn in this study. This was similar to the yield of gly-
copeptides carrying sulphated glycans found by Kita-
mura et al. (1981). Any additional immunoreactive
material that may have been retarded by the L2 column
step, including other glycoprotein species, would have
resulted in detectable heterogeneity and subsequent
elimination during the procedures of SDS-PAGE,
western blot analysis, and electroelution (see Bollensen
and Schachner, 1987).

These results clearly support sulphation as a major
structural element in the carbohydrates of L2/HNK-
I-immunoreactive Py. The exact location of the sul-
phate residues is intriguing. The presence of core fucose
(Fuc) [i.e., R-GlcNAcS4(Fuca6)GlcNAc] suggests that
if one of the sulphates is on the core, then the reducing
terminal GIcNAc would have to be disubstituted or
the sulphate would have to be on the nonreducing
GlcNAc (e.g., as seen by Merkle et al., 1985). Sulphate
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FIG. 4. High-resolution Bio-Gel P4 chromatogram of the oligosac-
charides shown eluting in pool B of Fig. 3¢ following digestion with
jack bean a-mannosidase (a) and jack bean §-galactosidase and
B-hexosaminidase (b).
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FIG. 5. High-resolution Bio-Gel P4 chromatogram of the oligosac-
charides present in pool A of Fig. 3¢ following digestion with endo-
B-galactosidase. The predigestion elution position is shown as frac-
tion 1.

has been found in a number of N-linked oligosaccha-
rides from a variety of sources (Roux et al., 1988 and
references therein). Man-6-SO, (Freeze and Wolgast,
1986), Man-4-SO, (Yamashita et al., 1983), GalNAc-
4-S0, (Green and Baenziger, 1988), and GlcNAc-4-
SO, and GIlcNAc-6-SO, (Edge and Spiro, 1984) have
been reported as possible structures for sulphation.
GIcNAc-4-SO, would most likely occur on the non-
reducing terminus of N-linked oligosaccharides,
whereas GIcNAc-6-SO, can occur in either reducing
or nonreducing positions (Edge and Spiro, 1984). The
presence of both sialic acid and sulphate on a single
structure has also been reported in mammalian cells
(Roux et al., 1988).

Kitamura et al. (1981) previously have described five
different species of carbohydrate on Py as being neutral,
monosialylated, monosulphated, both monosialylated
and monosulphated, and disulphated by the analysis
of glycopeptides from diethylaminoethyl-Sephadex
A25 chromatography. Our results indicate further that
there are species of Py that contain up to three sulphate
residues. A large proportion of the glycans appear to
be endoglycosidase H-resistant nonbisected hybrid class
oligosaccharides. The resistance to endoglycosidase H
could have resulted from sulphation of the reducing
core (Freeze et al., 1983), the presence of core fucose
(Ivatt et al., 1984), or truncation of the oligosaccharide
arm bearing the nonreducing terminal mannose (6
arm)(Maley et al., 1989). The latter is a common char-
acteristic of CNS glycoprotein glycans (Thomas et al.,
1988). The carbohydrate composition of the P, gly-
copeptide fractions reported by Kitamura et al. (1981)
was also consistent with hybrid class oligosaccharide
structures rather than with complex-type structures
(i.e., Man/Gal ratio = 4), of which the hybrid oligo-
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saccharide GalB4GIcNAcS2Mana3(Mana3Mana6)-
ManB4GlcNAcS4(Fuca6)GIcNAc was believed to be
a common constituent, This structure would elute at
~12.2 g.u. on Bio-Gel P4 chromatography, and frac-
tions of this size are readily seen in all panels of Fig.
3. The exoglycosidase digestions shown in Fig. 4a and
b are compatible with the structure, although it is clear
from Fig. 3 that other oligosaccharides are also present.

The L2/HNK-1 epitope of glycoproteins has been
inferred to include a sulphated glucuronic acid essen-
tially because L2/HNK-1 monoclonal antibodies will
show reactivity against certain glycoproteins (Mikol et
al., 1988; Yamamoto et al., 1988; Gowda et al., 1989;
Burger et al., 1990), but direct structural proof that the
glycoprotein epitope is identical to that established for
glycolipids is lacking. Thus Shashoua et al. (1986) did
not directly demonstrate the presence of sulphate on
glucuronic acid derived from HNK-1-positive glyco-
protein, and the work of Schwarting et al. (1987) also
is not unequivocal. Indeed, it has been suggested that
the HNK-1 carbohydrate epitope on the myelin-asso-
ciated glycoprotein is not necessarily sulphated gluc-
uronic acid (Quarles, 1989). In accordance with this,
no evidence was found in the present study for such a
structure in the L2-reactive glycans of Py. Overall, we
were able to neutralize >95% of the oligosaccharide
from L2-positive Py molecules using neuraminidase
and methanolysis, which rules out the presence of
glucuronic acid in direct glycosidic linkage on the ma-
jority of the L2-positive Py oligosaccharides. However,
we cannot exclude that the glucuronic acid is neutral,
due to lactone formation. The ability to digest sequen-
tially the bulk of the oligosaccharides with conventional
exoglycosidases excludes potential “stop points” in the
sequence (i.e., no glucuronidase was necessary for
complete digestion of the oligosaccharide chains). Fur-
ther studies are required to test whether a sulphate-3'-
glucuronic acid residue could be attached via a sulphate
diester linkage to one or more of the other sulphate
residues rather than be in glycosidic linkage to the car-
bohydrate chain. By analogy, Man-6-phosphate resi-
dues of phosphorylated oligomannose and hybrid
structures can be found in diester linkage (e.g., Freeze
et al., 1983; Gabel et al., 1984).

The Py glycoforms, identified in this study as L2-
reactive, contained up to 10% neutral glycans (Table
1), which is not consistent with the view that the L2
carbohydrate epitope is sulphated. It is known, how-
ever, that Py can interact homophilically with itself
(Filbin et al., 1990; Schneider-Schaulies et al., 1990),
so it is possible that this 10% fraction could reflect L2-
negative Py that bound to L2-positive Py on the column.
This proportion of potential L.2-negative glycans would
be insufficient to mask significantly the nature of the
oligosaccharides of the L2-positive preparation. A sim-
ilar percentage of total Py was definitively shown to be
L2-negative from its lack of retention on the 1.2 column
(see above). Isolation and characterization of the L2
carbohydrate epitope by direct immunoaffinity chro-



MULTISULPHATED GLYCANS ON L2-REACTIVE P, 999

matography of the oligosaccharides has not been pos-
sible as free carbohydrates exhibit a lower affinity to
antibodies than those bound to protein or lipid.

The function of Py glycoforms expressing the het-
erogeneity observed in this study has not yet been de-
fined. It is known from recombinant studies with Pg
(Schneider-Schaulies et al., 1990), however, that only
one glycosylated partner is essential for heterophilic or
homophilic interactions involving Py. The heterophilic
interaction shown with neurons (Schneider-Schaulies
et al., 1990) may be partly responsible for the recog-
nition between axon and the myelinating Schwann cell
at the onset of myelination, whereas the homophilic
interaction could be indicative of the role of P, in the
self-recognition of apposing loops of Schwann cell sur-
face membrane during the myelination process and of
the mature compact myelin sheath (Trapp, 1988;
Schneider-Schaulies et al., 1990).

Because carbohydrate epitopes such as L2/HNK-1
and L3 also occur on other adhesion molecules and
cell types (Kruse et al., 1984, 1985; Rathjen and
Schachner, 1984; Martini and Schachner, 1986; No-
ronha et al., 1986; Poltorak et al., 1987), they may be
the key structures in the heterophilic interactions. This
hypothesis is supported in the case of Py by the incor-
poration of sulphate into its glycans at the onset of
myelination (Poduslo, 1989). The detection in the
present study of multisulphated species of N-linked
glycans on P, suggests that the degree of glycan sul-
phation will be critical for the nature of the heterophilic
and homophilic interactions, and perhaps not neces-
sarily solely for the promotion of adhesive processes.
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