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Analysis of the interaction between lectins and tetra- and tri-saccharide mimics
of the Sd® deter minant by surface plasmon resonance detection
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Abstract — The binding properties of a spacer-linked syntheti¢ ®trasaccharid@-D-GalpNAc-(1 - 4)-a-Neu5Ac-(2- 3)]-p-D-
Galp-(1-4)-D-GlcpNAc-(1- O)-(CH,)s-NH, (1), two tetrasaccharide mimic§-D-Galp-(1- 4)-a-Neu5Ac-(2- 3)]-B-D-Galp-
(1-4)p-b-GlcpNAc-(1- O)-(CH,)s-NH,  (2) and p-D-GlcpNAc-(1- 4)-0-Neu5Ac-(2- 3)]-p-D-Galp-(1 - 4)-p-D-GlcpNAc-
(1-0)-(CH,)s-NH,, (3), and two trisaccharide mimics-D-GalpNAc-(1 - 4)-3-0O-(SO;H)-f-D-Galp-(1 - 4)-p-D-GlcpNAc-(1 - O)-
(CH,)s-NH,, (4) and p-D-GalpNAc-(1 - 4)-3-O-(CH,COOH)$-D-Galp-(1 - 4)-p-D-GlcpNAc-(1 - O)-(CH,)s-NH,, (5) with lectins

from Dolichos biflorus (DBL), Maackia amurensis (MAL), Phaseolus limensis (PLL), Ptilota plumosa (PPL), Ricinus communis 120
(RCL120) andTriticum vulgaris (wheat germ agglutinin, WGA) have been investigated by surface plasmon resonance (SPR)
detection. MAL, PPL, RCL120 and WGA did not display any binding activity with compourés However, DBL and PLL, both
exhibiting GalNAc-specificity, showed strong binding activity with compouhdéand5, and1, 3, 4 and5, respectively. The results
demonstrate that SPR is a very useful analysis system for identifying biologically relevant oligosaccharide mimics &f the Sd
determinant. © 2001 Société francaise de biochimie et biologie moléculaire / Editions scientifiques et médicales Elsevier SAS. All
rights reserved.
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1. Introduction cently, a differential binding study of human blood group
S (+) and S@& (-) TH-gp, by microprecipitation tech-

In view of the important roles glycan chains play in niques using GalNAc-specific agglutinins, demonstrated
various cell surface phenomena such as cell-cell interadhat terminal sialic acid of TH-gp from Sd¢t) individuals
tions, cell adhesion and tumor metastasis, our attentiois involved in the interaction with DBIﬁ].
has focussed on the Sdleterminant-D-GalpNAc- In order to generate information about the structural
(1- 4)-a-Neu5Ac¢-(2- 3)]-p-D-Galp-(1 - 4)-p-D- requirements of the Sdleterminant needed for its bio-
GlcpNAc-(1- R [[4]. Initially discovered on human ery- logical activity, synthetic Smimics are excellent probes
throcytesm], and consequently termed a blood grougor investigation. In this context, binding studies with
antigen, S8 activity is also abundant in stomach, kidney, lectins can be used to identify positively reacting mimics.
and colon tissuesJ1], and has been found as a termin&lor this purpose a biosensor based on_surface plasmon
sequence in N-glycans of human Tamm-Horsfall glyco+esonance (SPR) detection was utiIisE[lS]. In this
protein (TH-gp) ]. TH-gp binds to neutrophils and a system, substrate biomolecules can be coupled to a car-
role as a specific ligand for neutrophil integrins has beetboxymethylated dextran surface of a sensor chip, and
suggested[8]. Furthermore, TH-gp has been proposed gubsequently the interaction with potent analyte biomol-
be involved in the prevention of urinary tract and urinaryecules can be analysed. In the present study, several lectins
bladder infection by the inhibitory action of its glycans were immobilised to the sensor chip in order to investigate
towards fimbriae-mediated adherencebstherichia coli  the lectin-carbohydrate interaction of a synthetic® Sd
to uro-epithelial celld [9_1b]. determinant tetrasaccharidB (two tetrasaccharide mim-

Human anti-S8 serum andDolichos biflorus lectin ics (2 and3) and two trisaccharide mimicg @nd5). The
(DBL) both strongly react with Sd(+) red blood cells. methodology applied has previously been developed in
Oligosaccharide fragments from S¢) TH-gp and bio-  our groupL[14].
synthesised tetrasaccharides structurally related to the Sd
determinanLE{] were able to inhibit this reaction. Re-2. Materials and methods

2.1. Materials and instrumentation

*Correspondence and reprints. ] _
E-mail address: j.f.g.vliegenthart@chem.uu.nl Compoundsl-5 were synthesisetlL[15 16
(J.F.G. Vliegenthart). and provided by Dr. P.B. van Seeventer (Bijvoet Center,
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Figure 1. Synthetic analogue of the Sd® tetrasaccharide deter-
minant 1, the desialylated trisaccharide 1' and mimic compounds
2-5,

Utrecht University, Netherlands). The sialic acid-free
compound 1’ was obtained by treatment of 1 with 0.2 M
H,SO, for 2 h at 80°C [3]. Dalichos biflorus (DBL),
Maackia amurensis (MAL), Phaseolus limensis (PLL),
Ptilota plumosa (PPL), Ricinus communis 120 (RCL 120)
and Triticum wulgaris (wheat germ agglutinin, WGA)
agglutinins were supplied by Sigma (St. Louis, USA).
BlAcore 2000 instrumentation, BlAevaluation software
3.0 and sensor chip CM5 were obtained from Pharmacia
Biosensor AB (Uppsala, Sweden). SPR experiments were
performed at 25°C in 10 mM Tris-buffered saline (pH
7.5) containing 150 mM NaCl, 2 mM MgCl,, 2 mM
CaCl,, and 0.02% (w/v) NaN..

2.2. Preparation of sensor surfaces

After equilibration of the sensor surface with Tris
buffer (used throughout the immobilisation) the sensor
surface was activated at a flow rate of 5 uL/min with a 10
min pulse of a 1:1 mixture of freshly prepared 50 mM
N-hydroxysuccinimide and 200 mM  N-ethyl-N'-
(dimethylaminopropyl)-carbodiimide. Lectins were bound
to the activated surface during several pulses of the lectin
solution (200 ug/mL in 10 mM sodium acetate buffer, pH
5.0): one lectin to channels 1 and 3 and another lectin to
channels 2 and 4. Blockage of the remaining
N-hydroxysuccinimide esters was performed by addition
of 1.0 M ethanolamine hydrochloride, pH 8.5, for 10 min.
The lectins bound to channels 3 and 4 were denatured by
flowing 6 M guanidinium chloride, pH 1.0, (2 X 4 min)
and 0.5% SDS (4 min) across the channels. The denatured
lectin channels were used to measure the level of non-
specific binding and to serve as blank channels for
analysis of the data
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2.3. Experimental set-up

All interaction analyses were performed at a flow rate
of 5 uL/min using Tris buffer as eluent. Injection times
were 7 min followed by 10 min of dissociation. Regen-
eration was performed using a 2-min pulse of sodium
acetate, pH 4.3, for removal of glycans.

2.4. Data analysis

Association and dissociation rate constants were cal cu-
lated by non-linear fitting of the primary sensorgram data
using BIAevauation 3.0 software. The closeness of fit for
each estimated parameter is described by the statistical 2.
The equilibrium association rate constant (K ) was calcu-
lated experimentally from the equilibrium steady-state
responses. Samples were appropriately diluted in Tris
buffer to give concentrations between 1 mM and 10 uM of
oligosaccharide.

3. Resaults

3.1. Binding properties of oligosaccharides 1-5
with different lectins

The lectins utilised in this stud were chosen for
their carbohydrate specificities (| , in order to
compare the binding properties of oligosaccharides 1-5
( ). Solutions (20 mM) of 1-5 in Tris-buffered
sdine (pH 7.5) were flowed across the different lectin
surfaces and the binding results are described in
Only DBL and PLL bound to a number of the synthet|c
oligosaccharides.

The GalNAc specific DBL showed strong affinity for
Sd? determinant 1 ( ) and the trisaccharide mimics
4 and 5. Compound 5 bound to DBL stronger than
compound 1 indicating that this mimic trisaccharide could
resemble the binding properties of the Sd® determinant.
Compound 3 and the sidlic acid-free compound 1’ dis-
played low DBL &ffinity.

MAL did not show any binding with compounds 1-3
( despite that in each case the trisaccharide

uence a-NeuSAc-(2 - 3)-p-D-Gal-(1 - 4)-p-D-GIcNAc
% is present. The lack of binding may be due to the
presence of the branching Hex residue ( ). Also
compounds 4 and 5 did not bind.

PLL bound strongly with compounds 1, 3, 4 and 5
(@ ). Although PLL is a b-GalNAc specific
lectin | , compound 3 containing terminal

IcNAc was shown to be able to bind to thislectin

. This may result from the similar three-dimensional
structures adopted in agueous solution by 1 and 3, which
is due to intramolecular hydrogen bonding between the
%boxyl group of NeuS5Ac and the NAc group of Hex
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Table |. Lectin-binding properties of compounds 1-5 resulting from BlAcore experiments.
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Lectin Monosaccharide specificity References Active oligosaccharides
DBL aGaNAc>pGalNAc [11, 12, 30] 5>1>4>>3>1

MAL Neu5Ac(a2-3)Gal (1- [18, 29] -

4)GIcNACc

PLL aGaNAc>BGalNAc>Gal [19, 20, 30] 5>1>3>4>>2

PPL aGal [22] -

RCL120 pGa>uGa>>GaNAc [23, 24] -

WGA (GIcNACcB1- [25-28, 30] -

4);>BGIcNAc>NeusAc

—, no binding

PPL, an a-D-Gal specific lectin, was used as a blank
lectin._The absence of binding of compounds 1-5 with
PPL (M) is in agreement with its reported specificity

RCL 120 does not show any affinity for compounds 1-5
(m. This lectin reacts strongly with oligosaccharides
containing terminal D-Gal . It islikely that in the
case of compound 2, Neu5Ac interferes with the binding
of this lectin.

Although WGA is a b-GIcNAc and NeuSAc specific
lectin m it did not bind to compounds 1 and 2, both
having a termina Neu5Ac residue, and to compound 3
with a terminal NeuSAc and a terminal GIcNAc residue
(fable ). It should be noted that the indicated compounds
have Neu5Ac (1-3) or GIcNAc (3) in a branched rather
than in alinear situation. The branching feature seems to
be responsible for the non-binding.
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Figure2. A. Relative response (RU) versustime for the binding
of compound 1 to immobilised DBL at different concentrations
of oligosaccharide. Concentration of oligosaccharide (from top
to bottom): 200, 100, 50 and 25 uM. B. A plot of equilibrium
response against concentration (steady-state analysis). The inter-
action K, was derived from this plot by using BlAevaluation
software 3.0.

3.2. Quantitative analysis of the binding properties
of DBL and PLL with active oligosaccharide ligands

DBL and PLL were used for the measurement and
comparison of association and (%ﬂion kinetics of the
different active compounds ). The binding of
oligosaccharides 1, 4, 5 and 1’ with DBL produced similar
sensorgrams (see for 1). The same_held for
oligosaccharides 1, 3, 4 and 5 with PLL (seefigure 34 for
3). The equilibrium association constants (K,) were
caculated by using BlAevauation software 3.0 from
experiments with concentrations of oligosaccharides from
200 pM to 25 uM for DBL and from 1 mM to 31.25 uM
for PLL, following a set of accurately two-fold dilutions
of the more concentrated samples. Injection of buffer was
used as an internal ‘zero’ standard to compensate for any
small differences (usually < 5 RU) between the native and

Response
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Figure3. A. Relative response (RU) versus time for the binding
of compound 3 to immobilised PLL at different concentrations of
oligosaccharide. Concentration of oligosaccharide (from top to
bottom): 1000, 500, 250, 125, 62.5 and 31.25 uM. B. A plot of
equilibrium response against concentration (steady-state analy-
sis). The interaction K, was derived from this plot by using
BlAevaluation software 3.0.
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Table Il. Kinetics data for binding of compounds 1-5 to
Dalichos hiflorus lectin (DBL).

Oligosaccharide K, (M2 a
1 9.92 x 10° 0.004
i 6.50 x 102 0.080
2 - -
3 - -
4 3.07 x 10° 0.099
5 2.22 x 10* 0.011

2 Average values from three experiments. The closeness of fit is
indicated by the value of %2

denatured lectin surfaces. To compensate for non-specific
binding, the results at the denatured lectin surface were
subtracted from those at the native lectin surface. An
overview of theresultsfor DBL and PLL isgivenin

Wl and L1, respectively.

The kinetic constants of DBL (M) revealed that
this lectin is highly specific for the Sd® determinant
tetrasaccharide and the trisaccharide mimics 4 and 5.
Compound 5 shows the highest affinity for DBL
(Kp =222x10* MY). The higher affinity of 5, when
compared with 1, can be explained by taking into account
that the carboxymethyl group at O-3 of Gal resembles the
stereo-electronic properties of the carboxyl function of
Neu5Ac in the Sd® determinant, but that it is less volumi-
nous and probably experiences less steric hindrance at the
lectin binding site. The low value of K , of the desialylated
derivative 1’ indicated that the presence of a charged
functional group at O-3 of Gal is an important structural
feature for DBL recognition.

The kinetic data for the binding of PLL show a high
specificity for compounds 1, 3, 4 and 5 ( ). Again,
the carboxylated trisaccharide 5 had the highest value,
Ka=216x10* ML This suggests that the carboxyl
group of the Neu5Ac residue in Sd2 determinant tetrasac-
charide 1 is involved in the interaction with PLL.

Table I1l. Kinetics data for binding of compounds 1-5 to
Phaseolus limensis lectin (PLL).

Oligosaccharide K, (M™%)2 x°

1 1.37 x 10* 11
5 _ -

3 5.65 x 10° 0.067
4 3.63 x 10° 0.308
5 216 x 10* 0.003

2 Average values from three experiments. The closeness of fit is
indicated by the value of %2

Blanco €t al.

4. Discussion

In this study, we have characterised the binding prop-
erties of synthetic compounds 1-5 with a set of lectins.
Reliable and reproducible data were obtained for the
glycan-DBL and glycan-PLL interactions even though the
SPR response was very low (< 30 RU, and ).
The calculated K, values were in the range of those
expected for lectin-carbohydrate binding (103-10* M)

. The lectins MAL, RCL120 and WGA did not show
any binding with the tetrasaccharides 1-3 although they
could have interacted according to their monosaccharide
affinities. This lack of interaction can be due to the
branched structure of compounds 1-3, which may have
hindered the interaction of the terminal monosaccharide at
the binding site of the lectin. Until now, only linear
oligosaccharides have been tested for glycan-lectin bind-
ing studies of MAL ,RCL120 , and
WGA .

DBL showed affinity for the Sd? tetrasaccharide (1) and
the two mimic trisaccharides 4 and 5. Early studies with
this lectin described it to be specific for terminal o-D-
GaNAc of the blood group A oligosaccharides . Later
it was reported that terminal non-reducing p-linked
D-GalNAc of oligosaccharides from degradation products
of Sd* (+) TH-gp showed aso binding with DBL. In
addition, differential binding studies of human blood
group Sd? (+) TH-gp with DBL reveaed that removal of
siaic acid from Sd* (+) TH-gp decreased the efficiency of
its interaction with this lectin . Thus, the strong
affinity of DBL for 1 can be explained by the presence of
the termina p-D-GalpNAc-(1- 4)-a-NeubAc-(2 - 3)]-B-
D-Galp-(1 - 4)-B-D-GlcpNAc fragment. The low K 4 value
of the non-3-substituted derivative 1’ (| ) supports
the earlier finding that removal of the sialic acid residue
lowers the affinity for DBL. The binding of DBL with the
3-O-sulfated (4) and 3-O-carboxymethylated (5) mimics
suggest that these polar substituents can efficiently re-
semble the stereo-electronic properties of the carboxyl

roup of NeuS5Ac. Compound 5 has a higher K, than 4
( ), which probably means that the carboxymethyl
group better mimics the charge and disposition of the
carboxyl group of Neu5Ac in the Sd2 determinant. In fact,
conformational analysis of compound 5 shows that the
carboxyl group adopts a conformation in anti disposition
with respect to C-3 of Gal, similar_to that adopted by the
carboxil group of NeuSAc in 1 [21]] (unpublished results,

Compounds 1, 3, 4 and 5 were recognised by PLL.
Previous studies into the carbohydrate-specificity of PLL
reported it to be a GalNAc binding lectin ﬁﬁ with
high affinity for the blood group A trisaccharide a-D-
GalpNAc-(1 - 3)-a-L-Fucp-(1- 2)]-p-D-Galp-(1 - R))

. However, we have found that PLL aso binds
terminal 3-D-GIcpNAc asin mimic 3. Consequently, PLL
appears to be less selective in its specificity than DBL.
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Figure 4. Average simulated models of the Sd® determinant 1 (a) and compound 5 (b).

The unexpected recognition of mimic 3 could be dueto its
conformational analogy with the Sd? tetrasaccharide 1
Compounds 1 and 3 adopt a similar three-
dimensional structure in solution with a hydrogen bond
between the NAc group of Hex and the carboxyl group of
NeuSAc The highest &ffinity with PLL (K4
2.16x10* M™) was that of 5 and could again be
explained by the conformational similarity between 5 and
the Sd? determinant 1 as obtained from NMR experiments
and _molecular modelling studies (unpublished results,
. These findings confirm the importance of the
three-dimensional  structure of oligosaccharides on
carbohydrate-lectin recognition phenomena.

In conclusion, DBL, but also PLL, are suitable lectins
for identifying synthetic mimics with possible Sd® (+)
activity. From this study it would appear that the NeuSAc
residue can be replaced by CH,COOH, or even by sulfate,
and its Sd* (+) activity may well be conserved. Further-
more, binding assays of mimics with different lectins
provide useful information about the structural and con-
formationa requirements of carbohydrate-lectin recogni-
tion phenomena.
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