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ABSTRACT

Reduced O-linked chains and reducing N-linked chains were obtained from
human milk galactosyltransferase by degradation with alkaline borohydride and
hydrazinolysis, and then purified by ion-exchange chromatography. The reactivities
of the conjugates of the oligosaccharides with L-a-phosphatidyl ethanolamine di-
palmitoyl (PPEADP) towards monoclonal anti-Le®* and anti-SSEA-1 were then
determined, either by antibody-binding assays after absorbing the neoglycolipids
onto plastic wells, or by inhibition assays after incorporating the neoglycolipids into
liposomes and testing them as inhibitors of antibody binding. The oligosaccharides
were also immunostained with monoclonal anti-Le® after h.p.t.l.c. and coupling to
PPEADP. Antigenic activities were detected in the O-linked chains by all three
assay systems, whereas, for the less abundant N-linked chains, reactivities were
detected by the inhibition assays only. The results provide evidence for the expres-
sion of Le* and SSEA-1 antigen activities on both the O- and N-linked chains of
this enzyme glycoprotein.

INTRODUCTION

The carbohydrate chains of membrane-associated and secreted glycoproteins
are antigenic structures. Observations that developmentally regulated and tumour-
associated antigens recognised by numerous monoclonal antibodies are carbo-
hydrate sequences of glycoproteins! led to the design of micro-immunoassay pro-
cedures® that could be applied widely in the analysis of antigens with limited
amounts of oligosaccharides derived from glycoproteins. These procedures, which
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are suitable both for reduced and reducing oligosaccharides, involve conjugation of
the oligosaccharides to the lipid L-a-phosphatidyl ethanolamine dipalmityol
(PPEADP) to form neoglycolipids. A selective periodate-oxidation step is included
prior to conjugation of the reduced oligosaccharides. The neoglycolipids can be
absorbed onto insoluble matrices for assays of antibody binding or incorporated
into liposomes for assays of inhibition of binding, thereby enabling the sugar
epitopes to be assayed in a multivalent state. Due to the cooperative effects of
multivalence, the antigenicities of the neoglycolipid liposomes are 200-300 times
greater than those of the free oligosaccharides with certain antibodies**. The neo-
glycolipid micro-immunoassays have been applied to the reduced oligosaccharides?
released from mucin-type glycoproteins by treatment with alkaline borohydride
and to the reducing oligosaccharides? released from keratan sulphate by endo-8-D-
galactosidase.

These antigen—antibody systems were well characterised, and the oligo-
saccharides used were purified and free from contaminating protein. We now report
on the application of the neoglycolipid immunoassay procedures to carbohydrate
chains released from galactosyltransferase of human milk®. This enzyme, which
contains ~10% of carbohydrate, expresses blood group-related carbohydrate
antigens, especially Le?, and the onco-developmental antigen SSEA-1 recognised
by monoclonal antibodies®.

RESULTS
Analysis of the carbohydrate content of the oligosaccharide fractions. — The

oligosaccharide contents of the O- and N-linked fractions were assessed by h.p.t.L.c.,
using material derived from 15 ug of galactosyltransferase. The O-linked fraction

OL N

Fig. 1. H.p.t.l.c. and chromatogram-binding assays of the O-linked fraction from galatosyltransferase
preparation 1. In lane O, the oligosaccharides were stained with orcinol (numerous faintly stained bands
could be discerned with the naked eye but not in the photograph). In lanes L and N, their binding to
the anti-Le* antibody or to normal mouse serum (negative control), respectively, was tested after in siru
derivatisation and coupling to PPEADP (see Experimental). The mark in lane L near the position of Ln
is an artefact. Immunoreactivity was assessed after autoradiography for 16 h. Key: S. sialyl-lactose; Sn,
sialyl-lacto-N-tetraose; Sn, disialyl-lacto-N-tetraose; G, galactose; Ln, lacto-N-neotetracse; Af,
asialofetuin N-linked oligosaccharides; and F, fetuin N-linked oligosaccharides. The arrow indicates the
position of application of the sample.
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Fig. 2. Chromatography of *H-labeled oligosaccharides on a column of Con A-Sepharose: —O—, N-
linked oligosaccharide fraction from galactosyltransferase preparation 1; —@—, products of partial acid
hydrolysis of the N-linked fraction. Arrows indicate the position of elution of the references: 1, oligo-
saccharides from fetuin and unretained oligosaccharides from transferrin and ovalbumin; 2, oligo-
saccharides from transferrin eluted with 10mM methyl a-D-glucopyranoside; and 3, oligosaccharides
from ovalbumin eluted with 500mM methyl e-D-mannopyranoside.

Fig. 3. Inhibition of binding of monoclonal antibodies (a) 115C2 and (b) anti-SSEA-1 to meconium
glycoproteins by intact galactosyltransferase (preparation 2) and combined O- and N-linked oligo-
saccharide fractions derived therefrom: @, intact galactosyltransferase; ®, unconjugated oligosacchar-
ides; @, unconjugated oligosaccharides in the presence of cholesterol; O, lipid conjugates of the oligo-
saccharides in the presence of cholesterol (neoglycolipid liposomes); A, neeglycolipid liposomes of
maltose; V, liposomes made with combined fractions derived from mock-oligosaccharide-release exper-
iments using bovine serum albumin. Several points at less than zero inhibition represent slightly higher
binding than in the positive (uninhibited) controls (see Fig. 4 also).

(Fig. 1) gave four main orcinol-positive bands, three of which were in the region of
lacto-N-neotetraose and the fourth was at the origin. Also, several faintly stained
bands between sialyl-lactose and the origin could be discerned with the naked eye
but not on the photograph. With the N-linked fractions, there were only faintly
stained bands between the N-linked asialo-oligosaccharides of fetuin and the origin
(not shown). Further evidence for the presence of N-linked oligosaccharides was
obtained by chromatography of the borotritide-reduced oligosaccharides on Con
A-Sepharose (Fig. 2). Before partial acid hydrolysis, all of the radioactivity (21,000
c.p.m.) attributable to the N-linked oligosaccharides was present in the unretained
fraction (peak 1). After mild acid hydrolysis followed by borotritide reduction, the
radioactivity was 68,000 c.p.m., of which 13,000 c.p.m. were bound and eluted
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from the column with 10mm methyl a-D-glucopyranoside (peak 2) coincident with
the position of elution of biantennary oligosaccharides from transferrin. No
radioactive material was eluted with 500mm methyl a-D-mannopyranoside. Hence,
for the N-linked oligosaccharides, (a) ~60% (corresponding to 13,000 out of 21,000
c.p.m, in the unhydrolysed oligosaccharides) is likely to be of the biantennary type
with acid-labile outer residues, such as a-L-fucose (1—3/4)-linked to 2-acetamido-2-
deoxy-D-glucose or sialic acid, which hinder binding to Con A-Sepharose’; (b) the
remaining 40% (estimated as 8,000 c.p.m. is likely to be multi-antennary, or may
have extended outer chains that hinder binding to the Con A-Sepharose; (¢) there
is an average of approximately two acid-labile monosaccharides per N-linked chain
based on the assumption that, of the 55,000 c.p.m. in peak 1, obtained after label-
ling the acid-treated mixture, 47,000 c.p.m. (after subtraction of 8,000 c.p.m.
attributable to unretained N-linked chains) may represent fucose and sialic acid
that are not retained; and (d) there is no evidence for the presence of high-mannose
oligosaccharides, in accordance with the results of metabolic labelling experiments
with cultured HeLa cells®.
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Fig. 4. Inhibition of binding of monoclonal antibodies (@) 115C2 and (b) anti-SSEA-1 to meconium
glycoproteins: 8, meconium glycoproteins included for reference; @, intact galactosyltransferase (prep-
aration 1); © and @, liposomes containing O- and N-linked oligosaccharides, respectively, derived from
this preparation; €, deglycosylated galatosyltransferase; € and <, liposomes containing O- and N-
linked oligosaccharides, respectively, derived from the deglycosylated enzyme.

Fig. 5. Binding of antibody (@) 115C2 and (b) anti-SSEA-1 to the neoglycolipids coated onto wells of
PVC plates: © and B, neoglycolipids of O- and N-linked chains from galactosyltransferase preparation
1; A, neoglycolipids from maltose.
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Inhibition redioimmunoassays. — The Le® and SSEA-1 activities of the com-
bined O- and N-linked oligosaccharides were examined first in inhibition-of-binding
assays using (a) the free oligosaccharides, (b) the free oligosaccharides sonicated in
the presence of cholesterol, and (c) the neoglycolipids sonicated in the presence of
cholesterol (Fig. 3). Inhibition of binding of 115C2 and anti-SSEA-1 antibodies was
observed only in (¢). Thus, conjugation to lipid prior to incorporation into
cholesterol-PPEADP liposomes was required for antigenic activity.

Le? and SSEA-1 activities were detected with neoglycolipids of both the O-
and N-linked fractions when they were separately incorporated into liposomes and
tested as inhibitors of the binding of antibodies 115C2 and anti-SSEA-1 (Fig. 4).
Le® activity was more strongly expressed by the O-linked liposomes (0.2 ug of
enzyme-equivalent gave 50% inhibition) than by the N-linked liposomes (30% in-
hibition at 1.0 pg), whereas they expressed SSEA-1 activity to a comparable degree
(0.10 and 0.14 ug, respectively, gave 50% inhibition). With anti-SSEA-1, the lipo-
somes showed antigenic activities that were comparable with those of the original
enzyme glycoprotein but, with 115C2 antibody, they were less active.

In order to assess the effectiveness of the chemical deglycosylation proce-
dure®, galactosyltransferase preparation 3, which had been subjected to the de-
glycosylation procedure, and the neoglycolipids derived from the residual O- and
N-linked chains therefrom, were tested as inhibitors. The results indicated that the
deglycosylation was extensive but incomplete. The inhibitory activities of the de-
glycosylated enzyme and of the neoglycolipids were substantially reduced with anti-
SSEA-1 and virtually abolished with antibody 115C2 (Fig. 4).

Negative controls involved liposomes containing neoglycolipids derived from
maltose and material derived from mock oligosaccharide-release experiments with
bovine serum albumin. All were inactive as inhibitors of the two monoclonal anti-
bodies (Fig. 3).

No inhibitory activity was detected with rabbit antibodies to bovine serum
albumin, using the liposomes from bovine serum albumin at the highest level tested
(corresponding to 10 ug of the original protein); at this level, the undegraded
protein gave 70% inhibition of antibody binding (results not shown). Hence, any
traces of peptide material in the liposome preparations derived from bovine serum
albumin did not react with rabbit antibodies to this protein.

PV C-plate binding assays. — The reactivities of the lipid conjugates of the O-
and N-linked fractions were also tested in direct binding assays after absorption
onto the wells of PVC plates (Fig. 5). The O-linked fraction bound to 115C2 and
SSEA-1 antibodies at antigen levels as low as 0.5 ug, but the N-linked chains did
not bind at the highest level tested (5 ug).

Chromatogram binding assays. — In this assay (carried out with 115C2 anti-
body only), an immunoreactive band was detected in the O-linked fraction (Fig. 1),
in the region of faintly orcinol-stained, slowly migrating components rather than in
the main bands. No immunoreactive components could be detected in the N-linked
fraction (not shown).
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DISCUSSION

The neoglycolipid micro-immunoassay procedures recently described® could
be applied readily in the antigenic analysis of the oligosaccharides of the galactosyl-
transferase glycoprotein which contains ~10% of carbohydrate. The (- and N-
linked chains were sequentially released by treatment with alkaline borohydride
and hydrazinolysis and freed from 99% of the original peptide material, and their
antigenicities were assayed by antibody inhibition or binding assays after con-
jugation to PPEADP. The amounts (300-600 ug) of enzyme glycoprotein that
yielded neoglycolipid material sufficient for numerous assays were by no means a
minimum, and our exploratory experiments (inhibition radicimmunoassays and
PVC-plate binding assays) have been performed using 30-50 ug of enzyme glyco-
protein containing 3-5 ug of carbohydrate.

Several factors influence the antigenicities of the carbohydrate moieties of
glycolipids®~13. Antigenicity is enhanced by multivalent {(clustered) display and im-
paired by the presence of irrelevant saccharides. In addition, correct orientation of
the carbohydrate chains on liposomes or insoluble matrices is important. These
variables are difficult to control with mixtures of oligosaccharides of unknown com-
positions and proportions. In the present studies, the antigenicities detected varied
with the three assay procedures, and more than one assay procedure was necessary
for antigenic assignment. With the mixtures of oligosaccharides released from
galactosyltransferase, the inhibition radioimmunoassays were the most informa-
tive, and they revealed stronger Le? antigen activity in the O-linked fractions but
equivalent SSEA-1 antigen activities in the O- and N-linked fractions. However, in
the direct binding assay on PVC plates using the anti-Le® and anti-SSEA-1 anti-
bodies, and in the chromatogram binding assay using 115C2 antibody, antigenic
activity could be detected only with the O-linked fraction. The lack of reactivity of
the N-linked fraction in the chromatogram binding and PVC-plate binding assays
probably reflects the small amounts of these chains and the relative excess of
PPEADP in the reaction mixture which interfered less in the liposome-inhibition
assay than in the direct binding assay. This possibility should be considered if
antigens are not detected ip all three assay systems.

The amounts of residual peptide material in the oligosaccharide fractions
were very small. However, in view of the potential of the neoglycolipid approach
for establishing the saccharide nature of glycoprotein epitopes, several aspects of
specificity for carbohydrate rather than peptide were investigated. It was found
that conjugation to lipid was essential for detecting antigenic activity. As predicted,
with an exclusively protein antigen (bovine serum albumin), there was no antigenic
activity with the anti-protein antibodies when products obtained under the condi-
tions used for preparing neoglycolipid liposomes of the O- and N-linked chains of
galactosyltransferase were used as inhibitors of antibody binding.

Chemical deglycosylation procedures are often applied to glycoproteins in
order to determine whether the antigens they express are associated with the
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peptide or saccharide moieties. The inhibition of binding assay with neoglycolipid
liposomes derived from deglycosylated galactosyltransferase was a convenient
means of detecting residual oligosaccharide antigens. There was a loss of Le?
activity, but a considerable amount of residual SSEA-1 activity was detectable on
both O- and N-linked fractions. On the other hand, the diminished antigenic
activity provided additional evidence for carbohydrate specificity in the inhibition
of binding assay.

The immunochemical studies with the O- and N-linked fractions (also sup-
ported by the chromatographic profiles of the N-linked chains on Con A-Sepharose)
indicate that the fuco-oligosaccharide sequences with Le® and SSEA-1 anti-
genicities, which are detectable by immunoblotting of the galactosyltransferase and
can elicit an immune response in rabbitsS, are distributed on both the O- and N-
linked chains of this enzyme glycoprotein. Whilst this study was under way, the
occurrence of the SSEA-1 antigen sequence (3-fucosyl-N-acetyl-lactosamine) was
detected!® by chemical means among the N-linked oligosaccharides of human milk
galactosyltransferase.

EXPERIMENTAL

Galactosyliransferase from human milk. — Human milk galactosyltransferase
(provided by Dr. E. G. Berger) was isolated as described previously’. Three prep-
arations of the enzyme were used: (1) was combined galactosyltransferase from
donors of unknown blood-groups, (2) was from combined milk from blood-group
A donors, and (3) was from a single donor (blood-group O non-secretor). For
deglycosylation!4, an aliquot of galactosyltransferase preparation 3 was treated with
anhydrous hydrogen fluoride for 1 h at 4°. The mixture was dialysed extensively
against water and then lyophilised, and the residue was dissolved in isotonic saline.

Preparation of oligosaccharides. — Galactosyltransferase (600 ug each of pre-
parations 1 and 3 or 300 ug of preparation 2) containing 5% of hexose, as deter-
mined by the phenol-sulphuric acid assay™ using preparation 3, was treated!® with
0.05M NaOH-MNaBH, (200 uL) at S0° for 24 hin order to release the O-glycosidically
linked oligosaccharides. After acidification with acetic acid to pH 5.0, the mixture
(250 pL) was applied to a column (0.4 X 1 cm) of Dowex AGS0W-X8 (H*) resin
(200400 mesh). Elution with water (1.2 mL) gave the O-glycosidically linked oligo-
saccharides (O-linked fraction). The fraction was concentrated to dryness at 60° in
vacuo and methanol (200 uL) was thrice evaporated from the residue to remove
boric acid. Elution with 3M ammonium hydroxide (1.2 mL) gave the peptides and
glycopeptides with N-glycosidically linked oligosaccharides. The fraction was con-
centrated to dryness at 60° in vacuo and water (500 uL) was evaporated from the
residue which was subjected to hydrazinolysis and N-acetylation!’. The products
(250 uL) were eluted from a column of Dowex AG50W-X8 (H™) resin, as described
above. The unretained fraction contained the N-linked oligosaccharides (N-linked
fraction). The amounts of the O- and N-linked oligosaccharides released from
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galactosyltransferase, which could not be measured on account of the small
amounts available, are expressed in terms of the weight of glycoprotein used.
Analysis of the dansyl amino acids’® obtained from galactosyltransferase prepara-
tion 1, and from the O- and N-linked oligosaccharide fractions derived therefrom,
showed that the latter fractions contained 0.4 and 0.6%, respectively, of the amino
acids present in the enzyme preparation. Fractions corresponding to O- and N-
linked oligosaccharides were also obtained from 100 ug of galactosyltransferase
preparation 3 which had been deglycosylated.

In a mock-oligosaccharide-release experiment, fractions corresponding to O-
and N-linked fractions were obtained by using bovine serum albumin (fraction V,
Miles Scientific). N-Linked oligosaccharides obtained using the above procedures
from fetuin (type IV, Sigma), asialofetuin (obtained by hydrolysis of fetuin:
12.5mm H,S0,, 80°, 1 h), ovalbumin (grade V, Sigma), and human transferrin
{Sigma) were used as reference compounds. Additional reference compounds were
galactose, maltose, sialyl-lactose [o-NeuAc-(2-3)-8-Gal-(1-+4)-8-Glc] (Sigma),
lacto-N-neotetraose [B-Gal-(1-4)-8-GlcNAc-(1-+3)-8-Gal-(1—4)-Glc] (gift from
Dr. Winifred M. Watkins), sialyl-lacto-N-tetraose [a-NeuAc-(2—3)-8-Gal-(1—3)-
B-GlcNAc-(1->3)-8-Gal-(1—4)-Glc], disialyl-lacto-N-tetraose {a-NeuAc-(2—3)-3-
Gal-(1-+3)-[a-NeuAc-(2—6)]-8-GlcNAc-(1-3)-8-Gal-(1—+4)-Gic}  (gifts from
Drs. G. Strecker and J. C. Michalski). .

T.IL.c. — Oligosaccharides were resolved by h.p.t.1.c. on Silica Gel 60 (Merck,
5641), using 1-butanol-acetone~water (6:5:4) and detection with 0.2% orcinol in
2Mm ethanolic H,S0,.

Chromatography on concanavalin A (Con A)-agarose. — N-Linked oligo-
saccharides were chromatographed (2.1-mL fractions) on a column of Con A~
agarose (8 mg of Con A/mL of agarose, Sigma) equilibrated in a solution containing
10mM Tris-HCI (pH 8.0), 150mM NaCl, mMm CaCl,, mm MgCl,, and 0.2% of NaN,
{Con A buffer) as described previously”'®. One aliquot of the N-linked fraction
derived from 10 ug of galactosyltransferase preparation 1 was labelled by
reduction® with NaB°H,. Another aliquot was treated?® with 0.02m H,SO, (100°,
150 min) in order to release the acid-labile residues, and the products were reduced
with NaB*H,. The 3H-labelled products (in 200 uL of Con A buffer) were eluted
from the Con A-agarose column with Con A buffer containing 10mMm methyl a-D-
glucopyranoside and 500mMm methyl a-D-mannopyranoside. As reference com-
pounds, N-linked fractions obtained from 10 ug each of fetuin, ovalbumin, or trans-
ferrin were similarly labelled and chromatographed. The radioactivity of each frac-
tion was determined by scintillation counting, and the elution profiles were ob-
tained after subtraction of radioactive counts (63,000 c.p.m. in the excluded
volume) in a labelling experiment performed in the absence of oligosaccharides.
Under these conditions, the radioactive counts attributable to the reference N-
linked oligosaccharides chromatographed in accordance with their known structures
as follows. With fetuin?!, all of the counts (345,000 c.p.m.) were in the excluded
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volume, as expected of triantennary complex chains’?; with transferrin® (total
counts, 231,000 c.p.m.), 14% was in the excluded volume and 86% was eluted with
10mM methyl a-D-glucopyranoside, as expected for triantennary and biantennary
complex chains’2!; and with ovalbumin® (total counts, 307,000 c.p.m.), 15% was
in the excluded volume and 85% was eluted with 500mM methyl o-D-manno-
pyranoside, as expected for triantennary and high-manno-oligosaccharides, respec-
tively?2L, -

Neoglycolipids. — For the antibody-binding assays on PVC plates and in-
hibition-of-binding assays, the reduced O-linked oligosaccharide fractions released
from galactosyltransferase (100-600 ug) were dried at 60° in vacuo and oxidised®?
with sodium periodate (10-60 ug as appropriate) in 40mM imidazole hydrochloride
(pH 6.5, 100 pl) at 0° for 45 min. To the resulting mixtures was added chioroform-—
methanol (1:1; 240-480 L, as appropriate) containing PPEADP (240-480 ug) and
NaCNBH, (100-200 pug), and the mixtures were incubated® at 50° for 16 h. The
reducing oligosaccharides released by hydrazinolysis of galactosyltransferase (100~
600 ng) were coupled to PPEADP as above without periodate oxidation®. The
entire reaction mixtures were used for antibody binding on PVC plates and
inhibition-of-binding assays.

For the chromatogram binding assays, O-linked oligosaccharides from 15 ug
of galactosyltransferase (preparation 1) were subjected to h.p.t.l.c., oxidised with
periodate in situ, and coupled to PPEADP as described previously’. N-Linked
oligosaccharides from 15 ug of galactosyltransferase were chromatographed and
coupled to PPEADP without periodate oxidation.

Immunological assays. — The specificity of mouse hybridoma antibody
115C2 (referred to as anti-Le?, a gift from Drs. J. Hilkins and J. Hilgers) involves®
the Lea-related sequence B-Gal-(1-3)-{a-Fuc-(1-—4)}-8-GlcNAc-(1—3)-8-Gal-
(1—»4)-[a-Fuc-(1—3)]-Glc/GlcNAc. The specificity of anti-SSEA-1 (a gift from Dr.
D. Solter) involves?” the 3-fucosyl-N-acetyl-lactosamine sequence, 8-Gal-(1—4)-[a-
Fuc-(1->3)]-GlcNAc. Both antibodies were used as ascites fluids. Rabbit antibodies
to bovine serum albumin were purchased from Miles Scientific. Rabbit antibodies
to mouse immunoglobulins and swine antibodies to rabbit immunoglobulins were
purchased from Dako immunoglobulins.

For the solid-phase radio-binding assays, solutions of neoglycolipids from
galactosyltransferase preparation 1 (10 ug of enzyme equivalent) were dried under
N,, dissolved in aqueous 40% methanol, and serially diluted. Aliquots (50 uL)
were used for coating onto the wells of 96-well round-bottom flexible polyvinyl
chloride (PVC) microtitre plates (Linbro, Flow Laboratories), and their binding to
1:100 dilutions of antibodies 115C2 and anti-SSEA-1 (or normal mouse serum,
1:100, as a negative control) was assayed® using %I-labelled mouse immuno-
globulins.

*The conditions for maximal coupling of reduced and non-reduced oligosaccharides are currently being
optimized.
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For the inhibition radicimmunoassays, liposomes were prepared by mixing
oligosaccharides conjugated to PPEADP with cholesterol (ratio of cholesterol to
hexose in the original glycoprotein, 4:1). The liposomes were used326%7 as in-
hibitors of the binding of antibodies 115C2 (1:150,000 dilution) and anti-SSEA-1
(1:2,000 dilution) to human meconium glycoproteins immobilised on PVC plates
(0.15 ug per well). Lecithin was omitted as carrier lipid since, subsequent to the
original report?, it was found not to be required for antigenicity of the PPEADP-
containing neoglycolipid liposomes. In one experiment with galactosyltransferase
preparation 2, the periodate-oxidised O-linked and N-linked fractions were com-
bined prior to conjugation to PPEADP and incorporation into liposomes. In
another experiment, liposomes with neoglycolipid material derived from de-
glycosylated galactosyltransferase were prepared using reagent proportions and
conditions identical to those with the native enzyme. As negative controls, lipo-
somes prepared from the neoglycolipid of maltose and from the products of mock-
oligosaccharide release experiments using bovine serum albumin were used. In the
control, the fractions corresponding to periodate-oxidised O- and N-linked frac-
tions were combined. Inhibition radioimmunoassays with antiserum to bovine
serum albumin were performed by an adaptation of the above method using im-
mobilised bovine serum albumin (1 ug per well), antiserum (1:70 dilution), and
125]-labelled antibodies to rabbit immunoglobulins (10° ¢.p.m.).

Chromatogram binding assays were performed?® using the O- and N-linked
fractions from galactosyltransferase preparation 1 which had been subjected to
h.p.t.l.c. and then conjugated to PPEADP, as described above, and overlaid with
antibody 115C2 (1:100 dilution) or normal mouse serum (1:100 dilution) followed
by ¥1-labelled rabbit anti-mouse immunoglobulins.
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