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I socratic separation of monosaccharides using immobilized
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Abstract

The successful fractionation of a mixture of monosaccharides using an immobilized lectin column operating under
isocratic conditions is described. The key factors for effective separation were found to be sample size, feed velocity and
column length. Under optimal conditions it was possible to obtain complete resolution of a mixture ofL-arabinose,D-fructose
and D-mannose in less than 40 min.
   2003 Elsevier B.V. All rights reserved.
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1 . Introduction high affinity binding for a number of oligosaccha-
rides but binds monosaccharides with dissociation

22 24Increasing interest in the medical significance of constants in the range 10 –10M. This study
glycoconjugates and the use of carbohydrate based investigates the possibility of using an immobilized
drugs [1] has created a need for a wider range of Con A column to effect isocratic analytical sepa-
effective analytical techniques for use with carbohy- ration of monosaccharides.
drates. Weak affinity chromatography (WAC) was
first proposed by Ohlson et al.[2] to describe
separations under mild isocratic conditions exploiting
affinity interactions with dissociation constants (K ) 2 . Experimentald

in the millimolar range[3]. While the majority of
applications reported are based on the use of mono-
clonal antibodies[4], analytical separation of small 2 .1. Materials
saccharides using immobilized wheat germ ag-
glutinin lectin have also been reported[5,6]. Concanavalin A immobilised on Sepharose 4B

Concanavalin A (Con A) from Jack Bean shows was purchased from Amersham Pharmacia Biotech.
(Buckinghamshire, UK).D-Fructose (D-Fru), D-glu-
cose (D-Glc), D-mannose (D-Man), L-fucose (L-Fuc),*Corresponding author. Tel.:144-1225-386-221; fax:144-
L-arabinose (L-Ara), were obtained from Sigma1225-826-894.
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2 .2. Methods NaCl, 0.5 mM of MnCl CaCl and MgCl and2 2 2

0.02% thimerosal as preservative. Where necessary
Chromatographic experiments were conducted at regeneration was conducted in accordance with the

20 8C using a Shimadzu HPLC with a refractive manufacturer’s instructions.
index detector. Two stainless steel columns (11.43

0.4 cm and 25.030.46 cm) slurry packed under mild
vacuum were used. Linear velocities of up to 2.7 3 . Results and discussion
cm/min were used. Although much higher than the
manufacturer’s suggested maximum of 1.25 cm/min Initial studies with the short column (11.430.4
the bed support provided by the small diameter cm) did not give high resolutions but clearly showed
columns effectively limited bed compression. Sam- differences in interactions between packed Con A–
ples of different monosaccharides combinations were Sepharose and monosaccharides (Fig. 1). L-Fuc and
applied using a 5-ml injection loop. L-Ara were not retained,D-Man showed, as expected,

The biospecific adsorbent Con A–Sepharose 4B the highest binding, whileD-Fru, which was expected
supplied by Amersham Pharmacia Biotech. was not to be retained, showed higher affinity thanD-Glc.
prepared, packed and stored in accordance with Improved separation was obtained by decreasing
manufacturer’s recommendations. The binding buffer the injection volume from 20- to the 5-ml used in the
was 20 mM Tris–HCl, pH 7.4 containing 150 mM figures presented, showing that sample volume is a

 

Fig. 1. (a) Affinity chromatography of a 5-ml mixture containing 0.5 mg/mlL-Fuc, 0.5 mg/mlD-Fru, 0.5 mg/mlD-Man. Flow-rate
0.3 ml /min, 11.430.4 cm column. (b) Affinity chromatography of 5ml mixture containing in elution order 1 mg/ml ofL-Ara, 1 mg/ml
of D-Fru, 1 mg/ml ofD-Man. Flow-rate 0.3 ml /min, 25.030.46 mm column. (c) Injection of 5ml mixture containing, in elution order,
1 mg/ml of L-Ara, 1 mg/ml of D-Glc, 1 mg/ml of D-Man. Flow-rate 0.3 ml /min, 25.030.46 cm column. (d) Injection of 5ml mixture
containing, in elution order, 1 mg/ml ofL-Fuc, 1 mg/ml ofD-Glc, 1 mg/ml of D-Fru and 1 mg/ml ofD-Man. Flow-rate 0.2 ml /min,
25.030.46 cm column.
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 T able 1
Con A–Sepharose 11.430.4 cm column; data from zonal chroma-
tography experiments with Shimadzu HPLC, elution of 5ml
containingL-Ara andD-Man

Flow-rate W W t t R HETPAra Man R Ara R Man S Man

(cm/min) (min) (min) (min) (min) (cm)

1.6 6 17.5 8.5 22.5 1.2 0.43
2 4.5 14.5 7 17.5 1.05 0.49
2.4 4 13.5 6 14.5 0.97 0.62

critical parameter in experimental design as generally
expected in low capacity nonlinear systems. Fig. 2. HETP function of mobile phase feed velocity:s, 12.53

With 5-ml injections quite broad peaks were 0.4 cm column;�: 25.030.46 cm column.
obtained at a feed velocity of 1.6 cm/min, a progres-
sive increase in flow velocity to 2.4 cm/min led to with respect to those obtained for the long column
loss of resolution and efficiency. Significant im- probably related to pre- and postcolumn contribu-
provement was achieved with the longer column tions to peak broadening, proportionally more sig-
(25.030.46 cm). nificant with the smaller column. Although these

The effects of feed velocity on retention times (t ) effects were not specifically determined here, Kalten-R

peaks widths (W ), resolution (R ) and height equiva- brunner et al.[7] have demonstrated that approxi-S

lent to a theoretical plate (HETP) values (H ) are mately 60% of the total peak broadening for a 1-ml
shown in Table 1 for the separation ofL-Ara and column is caused by extracolumn effects. While the
D-Man on the 11.4-cm column and inTable 2for the column efficiency obtained appears poor compared
separation ofL-Fuc andD-Man on the 25-cm column. with HPLC applications it is well within the range of

Peak widths and retention times were determined standard biochromatography separations[8,9].
experimentally, HETP values were determined from
the number of plates calculated using:

4 . Conclusions2tR
]S DN 5 16? W

This preliminary work with Concanavalin A con-
and resolution was calculated using: firms that small differences between monosac-

charides in terms of affinity interaction with a lectin-23 t 2 ts dR2 R1
]]]]R 5 based stationary phase can be successfully exploitedS W 1Ws d1 2 to give good resolution with isocratic elution. By

The effect of feed velocity on HETP is shown in choosing an appropriate lectin or lectin combination
Fig. 2. The higher values found for the short column for the sugar mixture to be characterised it should be

T able 2
Con A–Sepharose 25.030.46 cm column; data from zonal chromatography experiments with Shimadzu HPLC, elution of 5ml containing
L-Fuc andD-Man

Flow-rate W W t t R HETPFuc Man R Fuc R Man S Man

(cm/min) (min) (min) (min) (min) (cm)

1.2 5 12 23 54 .2 0.077
1.5 4 11.5 18 45 .2 0.102
1.8 4 9.5 16 35.8 .2 0.11
2.1 3.5 8 12.8 29.5 .2 0.115
2.4 3 7.5 11 25.5 .2 0.135
2.7 3 7 10 22 .2 0.158
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