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Abstract—The three tryptic glycopeptides of cationic peanut peroxidase (C. PRX) and the sole one of anionic peanut
peroxidase (A. PRX) were individually coupled (o bovine serum albumin to raise antisera. The three categories of
antibodies directed towards three N-glycans of C. PRX (anti-GLa, anti-GLb and anti-GLc) were isolated from antisera
with glycan-conjugated ECH Sepharose 4B affinity columns and the distribution of epitopes on the N-glycans was
investigated. The reactivity of anti-GLa, anti-GLb and anti-GLc is inhibited 25-40% by I M fucose, compared with a
slight inhibition by N-acetylglycosamine and xylose. Mannose and galactose showed no inhibition to anti-GLa and
only a slight inhibition to anti-GLb and anti-GLc. All of anti-GLa, anti-GLb and anti-GLc recognize A. PRX and
horseradish peroxidase but do not recognize fetuin, Also, their reactivity is inhibited by bromelain by more than 70%.
The three categories of antibodies present high homogeneity and appear to be directed mainly towards the core
structure [Xyl] (Man), [Fuc] (GlcNAc),. An effective and simple method to screen antibodies with carbohydrate

specificities is described herein.

INTRODUCTION

Peanut cells in suspension culture secrete two peroxidase
isozymes, a cationic (EC 1.11.1.7, 40 kD) and an anijonic
(EC L1L.1.11, 42 kD) one [1]. Genes encoding peanut
peroxidases have been cloned [2] and the amino acid
sequence of cationic isozyme (C. PRX) was verified to be
the same as predicted by the cDNA clone prxPNCI[3, 4].
Ofthe five potential N-glycosylation sites in C. PRX, only
three, Asng,, Asn,,, and Asn,g,, arc used [4]. Both
Asnyoy and Asn,,s have a proline residue at the C-
terminal of the consensus sequence and the asparagines
are, therefore, not glycosylated as shown. Probably the
pyrrolidine side-chain of proline prevents the formation
of a favourable conformation of the peptide domain for
glycosylation [5]. The anionic isozyme (A. PRX) has a
sole glycan of 8000 D [6]. Tunicamycin-supplemented
culture medium does not inhibit the biosynthesis of the
peptide moiety but dramatically decreases the secretion
of peanut peroxidases [7, 8]. Glycans apparently protect
against trypsin proteolysis of peanut peroxidases [§]. An
immuno eross-réaction ‘among-peanut ‘peroxidase iso-
zymes and: other plant glycoproteins of different sources
and functions was observed [6,9]. Such cross-reaction
was also found with antibodies directed 1o other glyco-
proteins [10] and is suggested 1o be due to the carbohy-
drate moiety, As antibodies are widely used as molecular
probes to identify antigens, cross-reaction may cause
problems. To investigate the immunogenicity of the
carbohydrate moiety of glycoproteins, we raised antisera
against tryptic glycopeptides of peanut peroxidases. isol-
ated antibodies directed towards the N-glycans and
determined the distribution of epitopes on the glycans.

RESULTS

Raising of Abs against TPCK-tryptic glycopeptides

TPCK treatment eliminates the impurity of chymo-
trypsin activity in trypsin [11] so that TPCK-trypsin
cleaves peptide bonds precisely at the carboxyl end of
lysine and arginine as confirmed by amino acid sequence
analysis [4]. All three TPCK-tryptic glycopeptides of C.
PRX, GPa, GPb and GPc have one free amino group at
N-terminal and one at C-terminal lysine [2, 4]. These can
be linked to a carrier protein by a bifunctional coupling
reagent. glutaraldehyde. BSA is not a glycoprotein
(66 kD) and has 59 lysine residues (30-35 are available for
coupling) [12]. Therefore, BSA is a good carrier for
raising antibodies against glycopeptides as haptens. In
order to establish the optimal coupling condition,
TPCK-tryptic glycopeptides of fetuin were used to probe
the amount of glutaraldehyde needed. Fetuin, (ca 60 kD)
has three N-linkage and three O-linkage glycans [22].
There was a clear separation of its TPCK-tryptic gly-
copeptides from other peptides on a Bio-gel P10 column
(Fig. 1). Approximately 0.5 uM glycopeptides (from 5 mg
fetuin) were used for coupling to 3 mg BSA with different
amounts of glutaraldehyde and then separated on a gel
(Fig. 2). Lane 5 shows the least uncoupled BSA and lane 9
is strongly stained with PAS reagent, which demonstrates
that 10 uM glutaraldehyde is sufficient for the coupling of
0.5 uM glycopeptides to 3 mg BSA.

TPCK-trypsin digested A. PRX showed a sole gly-
copeptide on a Bio-gel P10 column and HPLC (data not
shown), which is consistent with the data obtained by
purification on ion-exchange columns [6].
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Fig. 2. 12% SDS-PAGE of TPCK-tryptic glyeopeptides of fetuin coupled .to BSA using varying amounts of

glutaraldchyde. lanc 1. & g BSA: lane 2, 5 g letuin: lanes 3--6. 10 ng coupled BSA: liunes 7 10,450 ug coupled BSA.

Lanes 1-6 were stained with 0.1%% Coomassic blue R. Lanes 7- 10 were stained with PAS reagent. The arrows show

stundard protein M, marks, TPCK-tryptic glveopeptidus of § mg fetuin (cw 0.3 g of glveopepride) were coupled to

Img BSA. For lunes 3 und 7. 2uM (0.0 m! 0.2% glutaraddebyde) Times & und 8 4 pM (0.2 ml of 0.0%

glutaraldehyden Janes Sund 9,10 M (0. ml 1% glutiraldehyde) lunes 6 and 10,20 M (0.2 m) 1% glutaraldehyde)
were used. respectively.

Antisera were collected afier four immunizations, Titre
determination demonstrated that antisers to GPa and
GP showed titres ca 100 times lower, compared with
antiserum of GPb und GPe Sinee GPa has the largest
glyean and the shortest tryptic peptide chain (13 amino
acid residues) umong the three glycopeptides of C. PRX.
and GP has a very large glveun of K000 D {6]. the lower

titres were probubly cuused by the poor binding of

glyecopeptides ta the FLISA plate. GP coated ut higher
amounts presented an even lower reading. This may be
caused by overlapping of pheopeptides on the plate so

that absorbed amigen molecules became detuched during
the test and thus reduced the sensitivity, The optimal
amount ol amigen coated on ELISA plate was chosen as:
GPac 1 pg of cquivalent C0PRX/well: GPb and GPe.
05 pg of cquivident C.PRX well and GP. 2 ug of equival-
ent AL PRX well,

Caompetitive 11118 4

In order 1 investigate the distribution of epitopes on
individual glyeans, the antibodies specific 10 1 carbohy-

A 405

Fig. 3,
ized yy
Putifieg
amoun
GPe, 0,
and gny
tioms iy



of
SA.
ow
ito
1%
de)

hed during
e optimal
chosen as:
and GPc,
of equival-

sitopes on
carbohy-

Glycan immunogenicity of peanut peroxidase 93s

drate domain were purified by passing 1¢gGs precipitated
at 50% ammonium sulphate through a corresponding
conjugated ECH Scpharose 4B af’fini!y column. The
bound antibodies are specific to carbohydrate and are
named anu-Gla, anti-GLb and anti-GLc, respectively.
Figure 3 shows the sigmoidal response curves of isolated
antibodies specific to the carbohydrate moiety. The dilu-
tions that gave a linear response (when A,y is 1) were
uscd as working concentrations for competitive ELISA
{for anti-GLa, 5 ng ™ ' anti-GLb, 0.3 ngul™ P and anti-
GlLe 2.5ngul™ ). Sugar composition and linkage ana-
lyses demonstrated that the glycans of C. PRX uare
composed of N-ucetvlglucosamine. mannose, gulactose,
xylose and fucose and that all the glycans share a
common core structure [Xyl] (Man), [Fuc] (GleNA©),-
Asn [14]. Competitive ELISA showed that the reactivity
of antibodies anti-G Ly, anti-GLb and anti-G Le i inhib-
ited by ca 25-40% by I M fucose (Fig. 4} A% fucose
oceurs only in the core structure of glycans [ 147, this
suggests that all the glveans may have an epitope on the
fucose-directed core structure. N-Acetylglucosamine
and xylose slightly mhibit the reactivity of all three
categories of antibodies, but mannose and galactose do
not inhibit the reactivity of anti-GLa in contrast with a
slight inhibition of anti-GLb and anti-GLe. GPa and
GPcinhibit almost completely the reactivity of anti-G Lb,
while unti-GLa und anti-GLc are inhibited 1o @ lesser
degree by the other two rival glycopeptides (Fig. 3). This
cross-reactivity retiects the similarity of the three glycans
in core structure and sugar composition, and the diversity
in peripheral structure. When any of the three glycan-
specific categories of antibodies way passed through the
other two conjugated ECH Sepharose 4B affinity
columns, no flow-through antibodies were found (Table
1). This indicated that none of the three classes of
antibodies huas any specific antibody that is not recog-
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Fig. 3. Typicul response curves for the reaction between optim-
ized amounts of coated antigens and two-fold dilutions of
purified antibodies against individual glycans of C. PRX. The
amounts of coated antigens were: GPa, | ug well™ ' GPb and
GPc, 0.5 ug well™'. Anti-GLa (C---0), anti-GLb (@--- @),
and anti-GLec (7 --- 7). The x represents the number of dilu-
tions indicated on the x uaxis. Each point represents the mean of
three assayvs.
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Fig. 4. Inhibition of the binding of antibodies (A, ant-GLa; B,
anti-GLb and C, anti-GL¢) to immobilized antigens (A, GPa; B,
GPband C.GPe) by preincubation with various monosacchiri-
des. The amounts of couted antigens wre as in Fig. 3. Mannose
VeV, Neacetyl glucosamine @--- @ galactose O---0),
xylose {--- 70 fucose Y-~ ¥ The x represents the number of
dilutions indicated on the x axis. Each point represents the mean
ol three assuys.

nized by epitopes on the other two rival glycans. All three
categories of glycan-specific antibodies recognize epi-
topes on both A. PRX and HRP (Fig. 6). Also, their
reactivity is inhibited more than 70% by bromelain at
4 ugd™ ' In contrast, at the same concentration, fetuin
does not compete with anti-GLa and anti-GLc and only
slightly with anti-GLb (Fig. 6). The detailed structure of
glycans of bromelain, horseradish peroxidase (HRP) and
fetuin are well established. Bromelain has a short N-
linkage glycan [Xyl] (Man), [Fuc)(GlcNAc),-Asn [15, 16]
which is only one mannose less than the core structure of
glycans of C. PRX. The major N-linked glvcan of HRP
has the same core structure (Xyl] (Man), [Fuc]
(GleNAc),-Asn [10,.17). Fetuin has three O-linkage and
three N-linkage glycans, whose structure is much differ-
ent from the structure of glycans of C. PRX. Neither
fucose nor xylose are attached to the core structure of N-
glycans, and the peripheral structure of all six glycans has
a terminal N-acetylneuraminic acid [13]. The potent
inhibition by bromelain proved that anti-GLa, anti-GLb
and anti-GLc are strongly directed toward the common
core structure. In the case of anti-GLa and anti-GLc,
bromelain exhibited an even stronger inhibition than C.
PRX (Fig. 6), probably because of the easier access of the
shorter glycan of bromelain to the antibodies. The specifi-
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Fig. 5. Inhibition of the binding of antibodies (A, anti-Gla; B,

anti-GLb and C, anti-GLc) to immobilized antigens (A, GPa; B,

GPb and C, GPc) by preincubation with glycopeptides from

C. PRX. The amounts of coated antigens are as in Fig. 3. GPa

O---C,GPb @---@, GPe ... V. The x represents the

number of dilutions indicated on the x axis. Each point repre-
sents the mean of three assays.

cities of antibodies toward the common core structure
were recognized by HRP but not by fetuin. Although the
sugarcomposition of the glycan of A. PRX is known [14],
the detailed structure is difficult to establish because of its
large size. According to the competition test, the glycan of
A. PRX probably has a similar core structure.

DISCUSSION

In the last decade, antibodies against varieties of glyco-
proteins have been raised and antigenic analyses showed

that oligosaccharides are the major antigens of glycopro-
teins [6,10,18-26]. In the present study, it is directly
demonstrated that glycans of glycoproteins are important
immunogenic components. Antibodies with carbohydrate
specificity are easy to raise and isolate using the methods
employed here.

Monosaccharides presented weaker inhibition on the
binding of antibodies to antigen at much higher coneentra-
tion compared with glycopeptides or glycoproteins. For
example, anti-GLb is inhibited 42% by 1. M fucose {(Fig. 4B),
In contrast with 95%, inhibition by GPa at a concentration
of 10 ug 1~ * (equal to 250 1M, Fig. 5B) and 92% inhibition
by HRP at 4 ug ! (equal to 100 M, Fig 6B). This is due to
the small size of the monosaccharides and that mono-
saccharides may be a part of an epitope recognized by an
antibody directed towards carbohydrate. Despite the dis-
advantage, monosaccharides are still usefu] competitors for
epitope mapping of carbohydrate [22], especially because of
the difficulty of obtaining specific oligosaccharides.

The three categories of polyclonal antibodies directed
towards the three individual N-glycans of C. PRX exhibit
high homogeneity as proved by competitive ELISA. Obvi-
ously, the similar immunogenicity of the three N-glycans of
C. PRX is due 1o the similarity of sugar composition and
core structure. Jt was reported that antiserum against C.
PRX recognizes A. PRX [27] and that monocional antibod-
ies directed 10 A. PRX recognize C. PRX [9]. The data
shown here reveal that the antigenic cross-reaction between
CPRX and A.PRX is caused by the carbohydrate moiety.
Although all the carbohydrate sequences of glycoproteins
are potential antigens, the antigenic epitopes characterized
so far involve mainly the core backbone and peripheral
sugar residues [22, 24, 28, 297

The reactivity of the three categories of antibodies, antj-
GLla, anti-GLb and anti-Gle is inhibited 25-40% by
fucose, which suggested that the antibodies are mainjy
directed 1o the fucose-containing core backbone. This is
further supported by the inhibition test with bromelain.
Pineapple stem bromelain is a thiol prétease and contains
one N-linkage glvean per molecule [15]. 1t was the first N-
linkage glycan in higher plants whose primary structure was
well established [15. 16]. As bromelain inhibits by more
than 70% the reactivity of the three classes of antibodies
directed 10 glycans of C. PRX, the core structure

Table 1. Comparison of immunogenicity of glycans of ¢ PRX?

Antibodies Affinity columns Flow through proteins
Anti-Gla GLb-ECH Sepharose 4B and 49 py (1304

(3.7 mg) GLe-ECH Sepharose 4B

Anti-GLb GLu-ECH Sepharose 4B and 2 (0.089%,)

(3.9 mg) GLe-ECH Sepharose 4B

Anu-Gle GLua-ECH Sepharose 4B and 31 (0.%%)

(3.9 my) GLb-ECH Sepharose 4B

*Lach of anti-GLy, anti-GLb and anti-GLe was passed through the two rival
glycun-Asn-ECH Sepharose 4B affinity columns contiguowsly linked and the
amount of flow-through proteins wus measured and converted to the percentage of
applied antibodies. The column running condition was the sime as for the
purification of antibodies described in the Experimentul
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Fig. 6. Inhibition of the binding of antibodies (A, anti-GLa; B,
ant-GLb and C, anti-GLc) to immobilized antigens (A, GPa; B.
GPb and C, GPc) by preincubation with various glycoproteins.
The amounts of coated antigens are as in Fig. 3. Bromelain
0---0, fetuin @---@, A PRX V---V, HRP ¥--.V (.
PRX [1---13. The x represents the number of dilutions indi-
cated on the x axis. Each point represents the mean of three
assays.

[Xyl] (Man), [Fuc] (GlcNac), is confirmed to be the major
antigenic determinant. This fucose-containing core struc-
ture is widely distributed in complex-type N-glycans of
plant glycoproteins, such as ricin D from castor plant seeds
(30], phaseolin from bean [31], Sophora japonica lectin
[32], protease inhibitor from barbados pride seeds [33],
Clerodendron trichotomum lectin [34], Erythrina cristagalli
lectin [17], S-glycoproteins from B. campestris [35], 52/54-
kDa medium protein and f-fructosidase from carrot [36],
laccase from sycamore cells [37] and HRP [10,17]). The
homogeneity of the carbohydrate may be the basis of often
observed antigenic cross-reactions among different glyco-
proteins that are distinct in both function and structure of
peptide moiety [6, 9, 10].

Antibodies, including monoclonal antibodies and
antisera to glycoproteins are increasingly used as probes in
biochemical and biological studies, such as investigating
embryonic development, cell differentiation and onco-
genesis, and monitoring the biosynthesis and subcellular
localization of specific glycoproteins of enzymes or receptors
[18,28,38,39]. Critical for the proper application of anti-
bodies in such studies is the awareness of potential cross-
reactions based on the carbohydrate moiety, especially the
core structure of oligosaccharide chains. In order to deter-
mine whether antibodies have carbohydrate specificity, or

to eliminate the immunogenicity of the carbohydrate
moiety of glycoproteins, various methodologies have
been developed. Deglycosylation.of antigens of glycopro-
teins are widely used. For example, enzymatic deglycosyl-
ation by exo- or endo-glycosidases, chemical deglycosyl-
ation with trifluoromethane sulphonic acid (ff’FTi?IS'), and
biosynthesis of proteins in the presence of glycosylation
inhibitor, such as tunicamycin may be used: But complete
deglycosylauon with cither glycosidases ‘or chemical
treatment may be difticult to achieve and chemical degly-
cosylation myay modify the peptide moiety [40,41]. Tuni-
camycin treatment may decrease the secretion of proteins
{7, 8] and cause degradation of proteins before they are
sorted [42]. In our work we have devised aneffective way
to determine or rule out the carbohydrate specificities of
antibodies. The antigen of glycoprotein is digested with
pronase and then the produced glycan-Asn-fragments (in
some cases two or more amino acid residues may remain
attached with the glycan depending on the accessibility of
pronase to the peptide) are coupled to ECH Sepharose
4B. This glycan-conjugated affinity column could be
valuable for dctermining or isolating antibodies with
carbohydrate specificity. Conversely the antibodies with
affinity to a well-defined glycan may be used as probes to
elucidute the structures of other carbohydrate chains.

EXPERIMENTAL

Cell culture and peroxidase purification. Peanut cells,
dertved from cotyledon slices (Arachis hypogaea L. var,
Virginia 56R), were routinely subcultured for 14 days [43].
The C. PRX and A. PRX in the spent growth medium were
purified as described in refs [44, 45].

TPCK-tryptic digestion. The heme of C. PRX or A.
PRX was removed with acidic Me,CO [46]. The apopro-
teins of C. PRX and A. PRX, and fetuin (Sigma) were
incubated with [-1-tosylamido-2-phenylethylchlorome-
thyl ketone-treated trypsin (TPCK-trypsin, Worthington
Biochemical Corporation) in 0.1 M ammonium bicar-
bonate, pH 8 at 37° for 40 min (C. PRX and A. PRX) or
I5 hr (fetuin). The ratio of substrate: TPCK-trypsin was
30:1 (w/w). The trypsin was inactivated by boiling for
3 min,

Purification of TPCK-tryptic glycopeptides. The
TPCK-trypsin digested proteins were applied to either
Biogel P6 (C. PRX) or P10 (A. PRX and fetuin) columns
(1.5 cm x 90 cm, 200-400 mesh, Bio-Rad). The column
was equilibrated and eluted with 0.1 M ammonium acet-
ate, pH 7, containing 0.02% sodium azide at room temp.
at a flow rate of 8 mlhr™*. Frs of 2 ml were collected.
Glycopeptide frs were identified by either dot-blotting on
NC membrane [47] or the pHOH-H,SO, method [48].
TPCK-tryptic glycopeptide frs of A. PRX from Biogel
P10 column were subsequently purified by reversed-
phase HPLC using a u-Bondapak™ C,g column (3.9

x 300 mm, Waters). HPLC was carried out at a flow rate
of 1.2 mlmin~!. The mobile phase was 0.1% aq. TFA and
the mobile phase modifier was MeCN containing 0.1%
TFA. The concn of MeCN was raised from zero to 30%
in 30 min. The eluent was monitored at 230 nm. The sole
glycopeptide was identified using the pHOH-H,SO,
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technique [48] and named GP. The three TPCK-tryptic
glycopeptides*of C. PRX, GPa, GPb and GPc were
identified on HPLC as described previously [4]. GPa
contains glycosylation sites Asn,q; GPb, Asng, and
GPc, Asn,,, [4].

Coupling of glycopeptides 1o bovine serum albumin
(BSA): To raise antisera against individual tryptic gly-
copeptides of C. PRX and A. PRX, a modified coupling
procedure [12] was employed. For one injection, each
glycopeptide from 20 mg (0.5 uM) C. PRX (ca 2mg
glycopeptide) or 8 mg (0.2 uM) A. PRX (ca 2 mg gly-
copeptide) and 3 mg BSA (Sigma) were dissolvedin 1 ml
0.01 M NaPi buffer, pH 7.2, containing 0.15 M NaCl, and
vortexed for 5 min. Then 0.1 ml 1% (v/v) glutaraldehyde
(Eastman Kodak Company) was added dropwise with
constant agitation. The mixt. was incubated with shaking
at 4° overnight. The coupling reaction was stopped by
addition of 250 u} of 1 M glycine. After incubation with
continuous shaking for 3 hr at room temp., the
glycopeptide~BSA conjugate was sepd from excess glu-
taraldehyde by dialysis against 0.01 M NaPj buffer, pH
7.2 using Spectro/Por membrane tubing (Spectrum
Medical Industries Inc.) overnight and lyophilized. In
order to optimize the coupling condition, the glycopepti-
des of TPCK-tryptic fetuin was used for a trial assay.

Immunization. Lyophilized glycopeptide-BSA conjug-
ate was dissolved in 0.6 ml double-distilled H,0 and
homogenized in 0.6 ml complete (for initial injection) or
incomplete (for subsequent boosting) Freund’s adjuvant
using a Kontes Pellet Pestle Motor (Baxter Healthcare
Corp.). The emulsion was injected into New Zealand
rabbits subcutaneously. The rabbits were boosted every 3
weeks until the titre was sufficiently high.

Affimity purification of antibodies specific to carbo-
hydrate moiety of C. PRX. Euch of the TPCK-tryptic
glycopeptides, GPa, GPb and GPc of 40 mg C. PRX
isolated by HPLC was extensively digested with 0.5 mg
pronase (Boehringer Mannheim) in 1ml 50mM
Tris—=HCI buffer, pH 8 containing 20 mM CaCl, and
0.02% sodium azide at 37° for 72 hr with additions of
0.2 mg pronase every 24 hr. To eliminate any possible
impurity of endoglycosidase activity, pronase was dis-
solved in Tris—=HC] buffer and preincubated at 37° for
30min [49]). The glycan-Asn fragments produced,
namely GLa, GLb and GLc, were sepd from amino acids
on Bio-Gel P4 column (J.5 x 90 ¢m, Bio-Rad) and cou-
pled to ECH Sepharose 4B (Pharmacia) according to the
manufacturer’s instruction. Briefly, GLa, GLb, or GLc¢ or
40mg C. PRX was dissolved in 1 mi double-distilled H,O
and mixed with 2 ml ECH Sepharose 4B gel suspension.
N-Ethyl-N'-(3-dimethyl-aminopropyl) carbodiimide
hydrochloride (EDC, Sigma) (1 ml. 0.4 m) was added
dropwise 1o the mixt. with agitation. After 1 hr, the pH
was adjusted 1o S using 0.2 M NaOH and left to agitate at
4% overnight. To block the remaining carboxy! groups,
200 pl ethanolamine (Sigma) was added and incubated at
room temp. for 5 hr, The gel was packed (S x 40 mm) and
washed alternatively x 3 with acetate buffer (0.1 M, pH 4)
and Tris~-HCl buffer (0.1 M. pH &) each containing 0.5 M

NaCl to remove any uncoupled ligand. The colunins were
equilibrated with 10mM Tris-HCI, pH 7.5. Under the
above conditions, the coupling efficiency was ca 20%
based on the measurement of the amount of uncoupled
ligand recovered in the washings. Antiserum against
GPa, GPb or GPc was mixed with an equal vol. of satd
(NH,), SO, and left at 4° overnight. After centrifugation,
the pptd IgGs were dissolved in and dialysed against
10 mM Tris-HCJ, pH 7.5 at 4° overnight. Then, the IgGs
were passed twice through a corresponding conjugated
ECH Sepharose 4B affinity column at a flow rate of
6mihr™'. After washing the column with 10 mM
Tris-=HCl pH 7.5 until A,g, returned to the baseline,
bound antibodies against individual glycans, designated
anti-Gla, anti-GLb and anti-GLc, respectively, were
eluted with 3M MgCl, and dialysed against B,0 to
remove salt. The columns were washed immediately with
10 mM Tris-HCJ, pH 7.5 to be regenerated.

Enzyme-linked immunosorbent assay (ELISA). Modi-
fied procedures for ELISA [9] were employed. Briefly,
each well of a round-bottom polystyrene plate (Corning)
was coated with 50 ul of HPLC purified TPCK-tryptic
glycopeptide, GPa, GPb, GPc or GP, in 0.05 M Na,CO,
buffer pH 9.6 containing 0.02% sodium azide at 37° for
I'hr and then at 4° overnight. The amount of coated
glycopeptides was given either as indicated in the case of
titre determination of antisera or optimized as GPa, 1 ug
of equivalent C. PRX/well, GPb and GPc, 0.5 ug of
equivalent C. PRX/well in competitive ELISA. The un-
bound glycopeptides were washed off with washing buffer
(0.01 M Pi bufler pH 7.4 containing 0.15 M NaCl, 0.1%
gelatin, 0.02% NaN, and 0.05% Tween-20). Then, 50 ui
of antibodies appropriately diluted with washing buffer
was added to each well. After incubation at 37° for 1 hr,
the plate was washed with washing buffer and incubated
with 50 ul of alkaline phosphatase conjugated goat anti-
rabbit IgG (Sigma, 1:5000 diluted in washing buffer) at
37°for 1 hr. Following washing, the plate was incubated
with 50 ul p-nitrophenylphosphate (Sigma, 0.5 mgml™!
in 9.7% diethanolamine pH 9.8) at 37° for | hr. The
reaction was stopped by addition of 50 u) of 3 M NaOH.
The A was read at 405 nm on an EIA ELISA rcader
(Biorad).

For competitive ELISA, the purified antibodies direc-
ted towards the individual glycans of C. PRX were
preincubated with various competitors at 37 for 1 hr and
then at 4° overnight. Mixtures (50 ul) were transferred to
cach well coated with antigen and ELISA was processed
as above. The concn of antibodies employed was anti-
GLa, Sngul™'; anti-GLb. 03 ngul™’ and anti-Glc,
2.5ngul™ " prepd in washing bufler. The initia) conen of
the competitors was glycopeptides (GPa, GPb. GPc)
10 pg ™', alvcoproteins (bromelain from pincapple
stem, Sigma: fetuin; A. PRX; C. PRX; HRP, Sigma)

4 pug ul~ Dand monosaccharides (mannose, galactose, fu-
cose, xylose. N-acetylglucosamine, Sigma), 1 M. Each

jcompetitor tested was diluted from the initial conen s
leither S-fold for monosaccharides or 2-fold for glycopro-
‘lein and glycopeptide series.
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SDS-electrophoresis. In order to probe the suitable
amount of glutaraldehyde, TPCK-tryptic glycopeptides
of 5myg fetuin isolated on Bio-gel P10 column were
coupled to 3 mg BSA with increasing amounts of glutar-
aldehyde and then sepd on 12% SDS-gel [50]. After
electrophoresis, the gel was stained with either periodic
acid~-Schifl's (PAS) reagent (47] to show carbohydrate or
Coomassie Blue R to show protein.

Protein determination. The technique of ref. [517 was
employed for protein determination with BSA as stand-
ard.
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