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Abstract

Some larger high-mannose-type oligosaccharides bind very tightly to concanavalin A and are
di�cult to elute. We present conditions that permit the complete elution of compounds containing
high-mannose type oligosaccharides from a popular concanavalin A-Sepharose that is commer-
cially available. Europium-labeled Man9GlcNAc2Asn (N. Kawasaki and Y. C. Lee, Anal. Bio-
chem., 250 (1997) 260±262), soybean agglutinin, and Eu(III)-labeled soybean agglutinin bound to
concanavalin A-Sepharose were completely eluted with 1M methyl �-d-mannopyranoside by
allowing the column to stand in elution bu�er, permitting the oligosaccharide or glycoprotein to
slowly dissociate from the column. # 1998 Elsevier Science Ltd. All rights reserved
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1. Introduction

Concanavalin A (Con A), a plant lectin from
jack bean Canavalia ensiformis, has widespread use
in the puri®cation of glycoproteins, glycopeptides,
and oligosaccharides [1]. Immobilization of Con A
onto a column support permits chromatographic
separation on the basis of the extent of binding [2].
However, some high-mannose type oligosaccharide
glycopeptides bound with such high a�nity to Con
A that elution with cold 0.1M HCl had to be used
[3]. In another example, glycopeptides containing
Man5-9GlcNAc2Asn required boiling of the a�nity
gel to release the glycopeptides from the column
support [4]. Neither condition is desirable as the
column cannot be reused.

We present a mild elution condition that allows
quantitative recovery of a high-mannose type oli-
gosaccharide from Con A±Sepharose without
impairment to the column. As a representative
compound, we chose a diethylenetriaminepenta-
acetic acid (DTPA) derivative ofMan9GlcNAc2Asn
complexed with Eu(III) (1) [5]. Eu(III) in this
chelated form is non-¯uorescent, but it can be
quanti®ed with extreme sensitivity by the method
of dissociation enhanced lanthanide ¯uorescence
immunoassay (DELFIA) [6]. The method was also
tested with soybean agglutinin and Quantum Dye
[7] -modi®ed soybean agglutinin, and in each case,
complete recovery from the column was obtained.

2. Results and discussion

Initially, we observed very broad elution of 1
from Con A-Sepharose when the column was
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eluted with progressively higher concentrations of
0.1, 0.2, 0.5, and 1M methyl �-d-mannopyranoside
(Me�Man). Finally, 1M Me�Man containing
50mM Tris pH 7, 50mM sodium phosphate pH 6,
and 50mM NaOAc pH5 and pH4, were required
to fully elute 1. For the bu�ered solutions at pH 5
and 4, 1mM manganese chloride and 1mM CaCl2
were also present. Even when the column was
directly eluted with the strongest eluting solution
(1M Me�Man in 100mM NaOAc, pH 4, contain-
ing 1mM manganese chloride and 1mM CaCl2), 1
still eluted over 15 column volumes (Fig. 1). An
alternate elution condition was therefore designed.
After the sample was loaded and the column
washed, one column volume of 1M Me�Man was
passed through the column, and the ¯ow was
stopped. After the column was allowed to stand for
varying lengths of time (0, 15, 30, and 60min),
elution with 1M Me�Man was resumed. Marked
improvement was seen by allowing the column to
stand for 15min (Fig. 2), and optimal elution of 1,
over only four column volumes (Fig. 2), was
achieved when the column was allowed to stand for
30min or longer. Recovery was complete as deter-
mined by quanti®cation of the amount of Eu(III).
Thus 1 can be fully eluted at neutral pH and room
temperature.

The method was also applied to the elution of
puri®ed soybean agglutinin. Complete recovery
was obtained, after standing for 1 h, as quanti®ed
by bicinchoninic acid assay and A280nm (Fig. 3). In
addition, we puri®ed soybean agglutinin modi®ed
with Quantum Dye, a macrocyclic chelator of

Eu(III) [7]. Soybean agglutinin, a tetrameric lectin
containing one Man9GlcNAc2 per subunit, bound
to Con A, but impurities, labeled and non-labeled,
were washed away. Again, complete elution was
achieved.

Thus, we have developed simple and mild con-
ditions that permit the elution of tightly bound
glycopeptides or glycoproteins from immobilized
Con A. Displacement of bound oligosaccharide by
the monosaccharide can be a slow process, and
permitting the column to stand in high mono-
saccharide concentration allows time for the bound
ligand to dissociate from the gel. In addition, the
conditions described allow the column to be used
again for further experiments.

Fig. 1. Elution of 1 from Con A±Sepharose. Bound 1
(230 pmol) was eluted from a column of Con A±Sepharose
(0.3mL bed volume) with (*) bu�er composed of 1M
Me�Man, 100mM NaOAc pH 4, 1mM manganese chloride,
and 1mM CaCl2 or (*) wash bu�er containing 1M Me�Man
after standing for 1 h.

Fig. 2. Delayed elution of 1 from Con A±Sepharose. Com-
pound 1 (300 pmol) was applied to a column of Con A±
Sepharose (0.3mL bed volume) and washed with 4 column
volumes of wash bu�er. One column volume of wash bu�er
containing 1M Me�Man was applied, ¯ow stopped, and elu-
tion resumed at 0 (*), 15 (*), 30 (&), and 60 (&) min.

Fig. 3. Elution of puri®ed soybean agglutinin from Con A±
Sepharose. Bound soybean agglutinin (3.2mg) was eluted
from a column of Con A±Sepharose (2.7mL bed volume) with
wash bu�er containing 1M Me�Man after standing for 1 h.
Fractions were monitored by (*) A280nm and by (*) bicin-
choninic acid assay.
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3. Experimental

Materials.ÐMan9GlcNAc2Asn was prepared
essentially as described previously [8] and was
completely modi®ed with DTPA under mild con-
ditions [5]. Soybean agglutinin was puri®ed basi-
cally as described in the literature [9] and was
modi®ed by Quantum Dye reagents (Research
Organics, Cleveland, OH) according to the manu-
facturer's recommendations.
Con A±Sepharose chromatography.ÐA column

(0.5�1.5 cm or 0.7�7 cm) of Con A±Sepharose
(Pharmacia, Piscataway, NJ) was equilibrated in 20
mM Tris bu�er, pH 7.4, containing 0.5M sodium
chloride (``wash bu�er''). The compound was loa-
ded and the column was washed with 3±4 column
volumes of wash bu�er followed by varying eluting
bu�ers as described in the ®gure legends and in
Results and discussion. The ¯ow rate was
0.5mLminÿ1, and fractions of one column volume
(0.3 or 2.7mL) were collected and analyzed by
DELFIA.
DELFIA analysis.ÐFractions were diluted so

that a 10�L aliquot would result in less than
3�106 counts when mixed with 190�L of the
enhancement solution (Wallac, Gaithersburg, MD)
in a well of a 96-well microtiter plate. The plate
containing the mixture was shaken 10min. The
plate was then read by time-resolved ¯uorometry
with a Victor 1420 Multilabel Counter (Wallac)
using an excitation (340 nm) and emission (615 nm)
®lter.
Bicinchoninic acid assay.ÐProtein was quanti-

®ed by using bicinchoninic acid reagents (Pierce,

Rockford, IL) according to the manufacturer's
recommendations, using bovine serum albumin as
the standard.
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