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ABSTRACT

Epiglycanin, the major glycoprotein of TA3-Ha mammary carcinoma ascites
cells, was radiolabeled with tritium in the terminal D-galactose and 2-acetamido-2-
deoxy-D-galactose residues. Alkaline-borohydride treatment, reported to release
five O-glycosyl-linked chain types from epiglycanin, resulted in the cleavage of 98—
99% of the radioactivity from the protein. Of this, 63% of the radioactivity from
epiglycanin and 70% from asialoepiglycanin co-migrated with an authentic sample
of 2-acetamido-2-deoxy-3-O-(B-D-galactopyranosyl)-D-galactitol on a column of
Bio-Gel P-6. Incubation of [*H]galactose-epiglycanin with endo-N-acetyl -a-D-
galactosaminidase (Diplococcus pneumoniae), and fractionation of the mixture on
a column of Bio-Gel P-4, gave only one oligosaccharide peak containing 62 and
70%, respectively, of the radioactivity of epiglycanin and asialoepiglycanin. This
oligosaccharide comigrated with authentic 2-acetamido-2-deoxy-3-O-(B-D-galac-
topyranosyl)-D-galactose (1) on columns of Bio-Gel P-2 and P-4 and on paper
chromatograms. Results of experiments in which unlabeled epiglycanin was treated
with enzyme and the products analyzed, by three different methods, suggested that
78-85% of 1 had been cleaved. Another enzyme, N-acetyl-a-D-galactosaminyl-
oligosaccharidase from Clostridium perfringens, exhibited similar specificity and
cleaved 65% of the radioactivity from ([*H]galactose)asialoepiglycanin, which was
eluted from a Bio-Gel P-2 column as the disaccharide 1.

INTRODUCTION

Epiglycanin, a glycoprotein of ~500,000 molecular weight, is the major cell-
surface component of the mouse TA3-Ha mammary carcinoma ascites cell'*. Im-
munochemical and chemical evidence has shown that ~60% of the carbohydrate in
epiglycanin is present as 8-D-Gal (1—3)-D-GalNAc bound by an O-glycosyl linkage
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to serine and threonine®. The anomeric nature of the glycopeptide linkage has not
been reported, even though, based on analogy to other glycoproteins containing
similar structures® ®, an a-anomeric linkage was considered probable. In order to
obtain unequivocal proof for the configuration of this linkage. we examined the ef-
fect of endo-N-acetyl-a-D-galactosaminidase on epiglycanin. In addition, we were
interested in partial enzymic deglycosylation of epiglycanin in order to investigate
the specificity of the anti-epiglycanin antibody’. The results show that the disac-
charide B-D-Gal(1—3)-D-GalNAc is a-linked to serine or threonine. and that the
disaccharide may be removed virtually quantitatively from intact epiglycanin by the
enzyme.

EXPERIMENTAL

Materials. — Epiglycanin was purified from TA3-Ha ascites cells as described
previously'*. Endo-N-acetyl-a-D-galactosaminidase and neuraminidase were
purified from culture filtrates of Diplococcus pneumoniae™”. These preparations
were free from contaminating glycosidases and proteases™®. Vibrio cholerae
neuraminidase was purchased from Calbiochem, La Jolla, CA. Jack-bean exo-£-D-
galactosidase'” and Escherichia freundii endo-8-D-galactosidase'! were gifts from
Prof. Y.-T. Li, Tulane University, New Orleans, LA. N-Acetyl-a-D-galac-
tosaminyl-oligosaccharidase (Clostridium  perfringens) was purchased from
Bethesda Laboratories, Rockville, MD. D-Galactose oxidase and horse-radish
peroxidase were bought from Worthington Biochem. Corp.. Frechold, N.J.
NaB?*H, (340 mCi/mmol) was purchased from New England Nuclear, Boston, MA.,

Asialoepiglycanin was prepared by treament of epiglycanin for 24 h at 37°
with Vibrio cholerae neuraminidase (1 unit) mn 200 L of (. 1M sodium acetate buf-
fer. pH 5.6, containing mM Ca~".

[*H]Galactose-labeled epiglycanin and asialoepiglycanin were prepared by
treatment with D-galactose oxidase followed by NaB*H, according to the method
of Morell and Ashwell'*. After heat inactivation of the enzymes, the labeled sam-
ples were recovered by exhaustive dialysis against water followed by lyophilization.

Digestion with enzymes. — Treatment with endo-N-ucetyl-w-D-galac-
tosaminidase from D. pneumoniae was performed in 50mM Tris—-malcate buffer.
pH 7.0, with 2 mU of enzyme for 24 h at 37° in a volume of 30 uL.. In some experi-
ments, the treatment was continued for 72 h, with addition of enzyme (2 mU) every
24 h. Treatment with E. freundii endo-B-D-galactosidase was in ().05M sodium ace-
tate buffer, pH 5.8, for 24 h at 37° (ref. 11). Incubation with (. perfringens N-
acetyl-a-D-galactosaminyl-oligosaccharase was in S0mM potassium phosphate buf-
fer. pH 6.5, with 10 mU enzyme for 72 h at 37° (ref. 13). All digestions were termi-
nated by heating for 2-5 min at 100°.

Gel filtration. — Columns of Bio-Gel P-2 (minus 400 mesh). P-4, P-6 (200~
400 mesh), and P-100 (100200 mesh) were equilibrated and eluted with 0.1M
pyridine—acetic acid. pH 5.0.
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RESULTS AND DISCUSSION

Characterization of [PH]galactose-labeled epiglycanin. — The specific ac-
tivities of [*H]epiglycanin and [*H]asialoepiglycanin prepared by treament with D-
galactose oxidase followed by sodium borotritide were 13 x 10* and 20 x 10*
d.p.m. per ug, respectively. On acid hydrolysis of the labeled asialoepiglycanin (M
HCI, S h, 100°) and examination of the products by paper chromatography with
6:4:3 (v/v) l-butanol-pyridine-water as solvent, it was found that 91% of the
tritium was associated with galactose and 9% with 2-amino-2-deoxygalactose. Pre-
vious results have shown that ~19% of the 2-acetamido-2-deoxy-D-galactose re-
sidues in epiglycanin are present as single, non-reducing units®. The lower than ex-
pected level of labeling of GalNAc may be due to the unavailability of these re-
sidues for the D-galactose oxidase because of steric reasons'* and to the observa-
tion that non-reducing terminals of GalNAc are poorer substrates than Gal for the
enzyme (Bhavanandan, unpublished results). Bonnet-monkey cervical mucin'’
labeled similarly yielded, on hydrolysis, [*H]galactose (64%) and 2-amino-2-
deoxy-D-[*H]galactose (36%).

Alkaline-borohydride treatment'® of the [*H]labeled epiglycanin and
asialoepiglycanin, followed by chromatography on a calibrated column of Bio-Gel
P-6, showed that 98 and 99%, respectively, of the labeled material was released by
B-elimination. Of the eliminated oligosaccharides, 63 and 70%, respectively, co-
migrated with authentic 2-acetamido-2-deoxy-3-O-(B-D-galactopyranosyl)-D-galac-
titol isolated from fetuin>!7,

Action of endo-N-acetyl-a-D-galactosaminidase. — The result of a typical ex-
periment in which an epiglycanin sample was treated with the endo-N-acetyl-a-D-
galactosaminidase and the digest examined by gel filtration is illustrated in Fig. 1.
After 24 h of incubation, 43-50% of the label was released as a disaccharide that
co-migrated with authentic 2-acetamido-2-deoxy-3-O-(B-D-galactopyranosyl)-D-
galactose on columns of Bio-Gel P-4 (Fig. 1) and P-2 (not illustrated). Incubation
for longer periods (up to 72 h) or isolation of the material excluded from the col-
umn of Bio-Gel P-2 or P-4 (see Fig. 1) and retreatment with the enzyme resulted
in the release of additional quantities of the disaccharide. A maximum of 62 and
70% of the label in epiglycanin and asialoepiglycanin, respectively, could be re-
leased as the disaccharide.

The product released from [*H]asialoepiglycanin was recovered by combin-
ing fractions 78-86 (Fig. 1) and lyophilizing to remove pyridine and acetic acid. On
paper chromatography, the recovered material comigrated with B-D-[*H]Gal-
(1-3)-D-GalNAc isolated from asialoglycophorin A and with 8-D-Gal(1—3)-D-
GalNACc isolated from fetuin (Fig. 2). Another portion of the material was di-
ssolved in 50 L of 0.05M citrate—phosphate buffer, pH 4.0, and incubated with 2
units of jack bean B-galactosidase for 29 h at 37°. Carrier galactose (1 mg) was
added to the digest and the mixture chromatographed on a column of Bio-Gel P-2.
Of the radioactivity, 37% was coeluted with galactose (Fig. 3), confirming that the
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1. Elution profiles on Rio-Cicl P-4 of ["Hlepiglvcanin (@——@) and ['Hlasialoglycophorin
(C 23 after treatment with ondo-o N-acetylgalactosaminidase. The treated samples were mixed
with D-] *Clelucose { &———A} and chromutographed on a column {109 % 108 em) of Bio-Gel P-4 The
column was cluted with 4.1M pyndine -acetie acid, and f-mb fractions collected and analyzed for
radivactivity by liguid-scintilation cownting. The void volume (V) and clution pesition of authentic 8-
p-Oiadf b 30-Gad™NAC are indicated.

disaccharide consists of terminal [*H]galactose linked in the g-d-configuration'™.
The partial cleavage of the disaccharide is because this enzyme s known to act very
poorly on D-galactose 8-(1->3)-linked to the aglycon™. In fact. under the same in-
cubation conditions as before. this enzyme failed to release {'Hlgalactose from
[*Hlasialoepiglycanin or from the reduced disaccharide, 8-p-[ H|Gal-(1—3)-Gal-
NAcol, isolated from asialocpiglycanin by alkaline borohydride treatment. Thus, it
appears that the nature of the aglycon influences the activity of jack-bean g-galac-
tosidase on 8-D-{ 13 -linked galactose.

To determine on a mass basis the percent of the disaccharide, 2-acetamido-2-
deoxy-3-0-(8-n-galactopyranosvly-D-galactose, released from epiglycanin, we per-
formed the following experiments. Epiglveanin was incubated with endo-N-acetyi-
a-D-galactosaminidase alone or in the presence of DL prewmoniae neuramimdase.
for 48 h at 37°. The disaccharide released was quantitatively determined by the
modified Morgan—Elson assav’®. with GalNAc as standard. In caiculating the
amount of the disaccharide released, the report that GalNAc substituted at O-3
gives 60% more color than unsubstituted GalNAc™ was taken into consideration.
It was found that 13 pg of epiglycanin vielded 17.9 and 214 amol of the disac-
charide when treated with the ende-enzyme alone or with the endo-enzyme and
neuraminidase. respectively. This result corresponds o the release of 60 and 7352,
respectively, of total GaiNAc as the disaccharide.

In other experiments, 66 ug aliquots of epiglycanin were incubated with but-
fer alone or with the endo-enzvme {6 mU) and neuraminidase (42 mU), The di-
gests were fractionated on pre-calibrated Bio-Gel P-2 columns to vield undigested
material and enzyme {void-volume peak) and the released disacchande (included
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Fig. 2. Paper chromatography of the endo-a-N-acetylgalactosaminidase-released products from
[*H]asialoepiglycanin (—) and [*Hlasialoglycophorin (—--). The [*H]labeled products recovered
from the Bio-Gel P-4 fractions 78-86 (Fig. 1) were chromatographed by using butyl acetate—acetic acid—
water (3:2: 1, v/v) as solvent. Paper strips containing the labeled samples were cut into pieces 1 cm wide,
extracted with 1 mL of water, and the extracts analyzed for radioactivity. The migration positions of
standard sugars were detected by the silver nitrate staining-procedure.
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Fig. 3. Elution profiles on a column of Bio-Gel P-2 (0.9 x 70 cm) of 8-p-[*H]Gal-(1-3)-GalNAc
(O----- 0) and [’H]asialoepiglycanin (@——@) after treatment with jack bean g-galactosidase as de-
scribed in the text. The column was eluted with 0.1M pyridine-acetic acid, 1-mL fractions were col-
lected, and aliquots were analyzed for radioactivity and galactose (by the phenol-sulfuric acid reaction).
The elution pattern of [*Clglucose (O0——J) and the peak elution positions of Blue Dextran (V,) and
NeuNAc are indicated.
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TABLE 1

HE XOSAMINE AND AMINO ACID COMPOSITION OF FPIGI YU AN BEFORE  AND AFIER TRE AIMENT WITH
D. pneumoniae endo-a-N-ACT TYLGATACTOSAMINIDASE AND NEFURAMINIDASE AND FRAL THINATION O\ A
COLUMN OF BIO-GLIL P-4

Armuno acids Unireated Incubated with buffer Incubated with enzvmes
Fxcluded Included Fadiuded Indluded
materal muaterial matcrial materil

nmol per 33 pg of epiglveanin

Aspartic acid 28 P12 ti 024 -
Threonine 13 10 992 012 1114 2
Senine 579 9 3K 0 LIRS 1
Glutamic acid 044 144 th {} 5y (RN
Glycine 232 2 3p § R i
Alanine 338 240 0 27y U
Valine 43 040 1} 03 0
Isoleucine TR 023 0 ol "
Leucine t oo 1 86 i (EIY 0ot
Phenylalanine 0,05 06 1 oz i
2-Amino-2-dcoxyglucose 081 P07 01s Y I
2-Ammo-2-deoxygalactose 1 0] O KN bl s 6 (3

“The values in these columns are corrected for contributions from the enzymes

peak). An enzyme control was fractionated similarly. Each of the fractions was hy-
drolyzed (6M HCL. 24 h, 1107, in vacuo) and the products analvzed on a Dionex
amino acid analyzer equipped with a Buorescence detector The results are sum-
marized in Table 1. It is clear that ~6377 of the total GalNAc was released from
epiglycanin that had been treated with both the endo-enzyme and ncuraminidase

In further experiments. 200 pg of the glycoprotein was treated with the endo-
enzyme and neuramimdasc. and the digest was fractionated on a column of Bio-
Gel P-100. The undigested material. us well as the released oligosaccharides. were
recovered, subjected to methanolysis, and the glvcosides anabvsed as thew
per(trimethylsilyl)ated methyl glycosides by gas—hiquid chromatography”'. The
composition of the high-molccular-weight (epiglycanin) peak suggested that 70
of the Gal and 629 of the GalNAc. but no GleNAc. had been cleaved. These re-
sults suggest that as much as 78-85% of the disacchuride had becn refeased trom
the epiglycanin.

Our results clearly establish that the major carbohvdrate component of epig-
lycanin is 8-D-Gal(1—3)-D-GalNAc (partially substituted by NeuNAC), and that
this disaccharide is linked to the protein by an a-anomeric hinkage. Further., we
have shown that up to ~&0% of the disaccharide may be released from asialoepig-
lycanin by endo-N-acetyl-a-galactosaminidase.

Action of N-acetyl-a-D-galactosaminy! oligosacchariduse. — A minor portion
of the carbohydrate in epiglycanin is present as a hexasaccharide and as a tetrasac-
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charide®. As the N-acetyl-a-D-galactosaminyl-oligosaccharidase of Clostridium per-
fringens has been reported to cleave oligosaccharides larger than disaccharides
bound by O-glycosyl linkages to protein'®, we tested the action of this enzyme on
[*H]asialoepiglycanin. The results obtained upon gel filtration of the incubation
mixture through a column of Bio-Gel P-4 were identical to those obtained with D.
pneumoniae endo-N-acetyl-a-D-galactosaminidase. Of the cleaved material, ~65%
comigrated with 8-D-Gal(1—3)-GalNAc, and no labeled components correspnding
to higher oligosaccharides were detected; the tetrasaccharide 8-D-[>’H]Gal-(1—4)-
B-D-GlcNAc-(1--3)-D-Gal-(1-3)-B-D-GalNAc was expected. Retreatment of the
material eluted at the void volume of the Bio-Gel P-4 column with the same en-
zyme also failed to release any tetrasaccharide.

Action of E. freundii endo-B-D-galactosidase. — When the excluded asialo-
material from the Bio-Gel P-4 column (Fig. 1) was treated with E. freundii endo-$3-
D-galactosidase, and the digest chromatographed on a column of Bio-Gel P-4, the
results illustrated in Fig. 4 were obtained. Of the radioactivity, ~14% eluted in the
same region as maltotriose. Insufficient material prevented further examination of
the saccharide released. Tentatively, it appears that this endo-B-galactosidase may
have released the trisaccharide, B-D-Gal-(1—4)-8-D-GIcNAc-(1—3)-8-D-Gal,
from the foregoing tetrasaccharide.

The specificity of endo-N-acetyl-a-D-galactosaminidase, as well as N-acetyl-
a-D-galactosaminyl-oligosaccharidase, for cleaving the disaccharide in epiglycanin
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Fig. 4. Elution profile on Bio-Gel P-2 of endo-a-N-acetyigalactosaminidase-resistant [*H]asialoepi-
glycanin after treatment with E. freundii endo-B-galactosidase. The enzyme digest was mixed with
[**Clglucose (A A) and chromatographed on a column (0.9 x 68 cm) of Bio-Gel P-2. The column
was eluted with 0.1M pyridine—acetic acid, and 1-mL fractions were collected and analyzed for radioac-
tivity. The peak-elution positions of blue dextran (V,), NeuNAc, and maltotriose are indicated.
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suggests a unigue role for this carbohydrate chain. Although the disaccharide struc-
ture itself has been identified in a variety of mammalian tissues and cells’. it repre-
sents not only the preponderant carbohydrate structure in epiglycanin, but. as part
of a glycopeptide structure, it serves uniquely as a receptor for either the anti-epig-
lycanin antibody” and the lectin from Vicia graminea beans **. Whether or not this
chain is involved in the suggested antigen-masking function™ of epiglycanin has not
yet been determined.
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