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Abstract— A dimeric sialyl Lewis X (SLe") glycopeptide was synthesized enzymatically in three steps from an N-linked oligo-
saccharide prepared from egg yolk. Treatment of delipidated hen egg yolk with the protease Orientase and neuraminidase gave a
dimeric N-acetyllactosamine-containing oligosaccharide linked to asparagine. Addition of sialic acid and fucose catalyzed by o-
2,3-sialyltransferase and a-1,3-fucosyltransferase provided the dimeric SLe*, which was shown to be as active as monomeric
SLe’ as an inhibitor of E-selectin with IC, 0.75 mM. The synthetic dimeric SLe* of the mucin type (i.e. SLe" linked to the 3- and
6-OH groups of Gal) is, however, about five times as active as the monomer. It is suggested that dimeric SLe* glycopeptides of

the mucin type would be effective ligands for E-selectin.

Introduction

Carbohydrate-mediated cell adhesion is an important
event in tissue injury, infection and cancer metastasis.’
One of these adhesion processes is the interaction
between the glycoprotein E-selectin expressed on the
surface of activated endothelial cells and an oligo-
saccharide structure distributed on the surface of
neutrophils. The tetrasaccharide sialyl Lewis X (SLe*)
has been identified as the ligand recognized by E-
selectin.’

Recently, several dimeric SLe* analogs prepared via
attachment of two SLe* molecules to a galactose
template, or a butane or pentane diol linker, have been
tested as inhibitors of E-selectin.’ The results revealed
that all the galactose template-containing dimers are
more active than the monomer and the diol-containing
dimers are essentially the same as the monomer,
indicating that the inhibition activity depends on the
orientation and distance between the two monomers
(Fig. 1). Although this finding suggested a possibility of
multivalent ligand-receptor interactions in vivo (Fig. 2),
it was not clear what would be the optimal linker to
present the two monomers. In an effort to develop the
optimal dimeric SLe* inhibitor of E-selectin, we report
here the preparation of a dimeric SLe* from a natural
source, i.e. the N-glycoprotein isolated from hen egg
yolk,* and evaluation of its inhibitory activity against E-
selectin.

Results and Discussion

Unlike the previous chemo-enzymatic synthesis of
monomeric® and dimeric® SLe*, the synthesis of dimeric

SLe* linked to a mannose core started from compound
1, can be easily obtained in two steps from egg yolk:
delipidation (to remove unrelated lipid type com-
pounds)*® and digestion with protease. Approximately
80 g of compound 1 can be prepared from 100 kg of egg
yolk. Compound 1 is an N-linked type oligosaccharide
and consists of biantennary sialyl LacNAc linked to the
branched saccharide (Man),(GlcNAc),Asn.* However,
this glycoconjugate contains the «-2,6-linked sialic
acids, instead of the o-2,3-linked as expected in SLe*.
Enzymatic modification of 1 was carried out to prepare
the bivalent SLe* (4, Fig. 3) via desialylation with
neuramidase, sialylation with «-2,3-sialyltransferase
and fucosylation with a-1,3-fucosyltransferase (Fig. 4).

In addition to the synthesis of bivalent SLe* (4), this
enzymatic process also provides the valuable inter-
mediates 2 and 3. The former has been shown to have a
high affinity for immunoglobulin E-binding protein (IgE-
binding protein),” while the latter is potentially an
effective inhibitor against Helicobacter pylori., which
causes gastric inflammation.®

The enzymatic synthesis is quite practical and can be
easily scaled up as delipidated yolk is readily avail-
able. All the enzymes involved are also readily access-
ible. The protease and neuraminidase can be purchased
from commercial sources. Sialyl- and fucosyltransferase
are now available by overexpression methods® and the
enzymatic glycosylation reactions can be performed on
a large scale when coupled with cofactor regeneration.'’

In the inhibition analysis of E-selectin mediated cell
adhesion,” the dimeric SLe* glycopeptide (4) was,
however, found as active as monomeric SLe* (IC, =
0.75 mM for the dimeric SLe*; IC,, = 800 uM for
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remodeling of N-linked glycoproteins from egg yolk is,
however, applicable to the synthesis of other dimeric
ligands. Since the synthetic 3,6-dimer reported
previously* is about five times as active as the
monomer and the 3,6-dimer contains the core structure

monomeric SLe*). This result suggests that the relative
orientation and distance between the two monomeric
SLe* domains in this type of N-glycopeptide structure
are not ideal for multivalent interaction with E-selectin.
The principle and strategy described here for enzymatic
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Figure 3. (a) Structure of dimeric SLe* glycopeptide 4; (b) structure of dimeric SLe* in O-glycan.
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identical to that of the mucin-type carbohydrate, i.e.
GlIcNAc-B-1,3 (GlcNAc-B-1,6) Gal, it is suggested that
dimeric SLe* glycopeptides of the mucin type would be
effective ligands for E-selectin. Work is in progress to
use this strategy in the synthesis of other SLe* dimers
from natural source.

Experimental
Materials

Neuraminidase (Clostridium perfringens, Type V) was
purchased from Sigma. «-2,3-Sialyltransferase (o-2,3-
NeuAcT) and a-1,3-fucosyltransferase (o-1,3-FucT)
were obtained from Cytel Co. All other enzymes and
biochemicals were purchased from Sigma Co. unless
otherwise indicated.

Digestion of dilipidated egg yolk and preparation of
sialylglycopeptides

Sialylglycopeptides were prepared from the dilipidated
egg yolk via treatment with Orientase and ion-exchange
chromatography as described previously.*

Gel filtration of glycopeptides mixture (fraction A)

A sample of the sialylglycopeptides (10 g) was further

purified by passing through a column (5.0 X 200 cm) of
Sephadex G-50, equilibrated with 50 mM Tris-HCI
buffer (pH 7.5). The column was eluted with the same
buffer and 10 mL of each fraction were collected. Pep-
tides were located by subjecting appropriate aliquots of
every fraction to UV absorbance (230 nm). The glyco-
peptides and sialylglycopeptides were detected by the
phenol-H,SO, method'' and the resorcinol-CuSO,
method,'? respectively. The effluent pattern was divided
into regions and the positive fractions were combined
and lyophilized.

Ion exchange column chromatography

A subfraction obtained by the previous gel filtration was
dissolved in 50 mM Tris-HCl buffer (pH 7.5) and
applied to a column (2.5 x 80 cm) of Sephadex A-25
(CI" form), equilibrated with 50 mM Tris-HC] buffer
(pH 7.5). Linear gradient elution (0—~0.5 M NaCl; 7 mL
each fraction) gave the effluent pattern and the positive
fractions were combined and lyophilized.

Desalt by gel filtration

A subfraction obtained by the previous ion exchange
column chromatography was dissolved in H,O and
applied to a column (2.5 X 50 cm) of Sephadex G-25. A
linear gradient elution (0-5% EtOH, 7 mL per fraction)
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Figure 4. Enzymatic synthesis of dimeric SLe* glycopeptide 4.

was performed and the fractions positive to the
resorcinol-CuSQO, test were combined and lyophilized
to obtain 1.7 g of product as a colorless solid. The
structure of this compound was determined by com-
parison with the authentic 'H NMR data™ and con-
firmed to be compound 1.

Desialylation with neuraminidase

The sialylglycopeptide 1 (1.7 g) obtained by the pre-
vious procedure was dissolved in 50 mM acetate buffer

(pH 4.5, 20 mL) and neuraminidase (5 U) was added to
the solution. The mixture was stirred at room tem-
perature for two days. After concentration in vacuo, the
residue was purified by column chromatography using
Sephadex A-25 and G-25, as mentioned above, to
obtain the corresponding asialo glycopeptide 2 (1.1 g)
as colorless plates. The characteristic signals of 'H
NMR are consistent with those reported previously.'® 'H
NMR (400 MHz, HOD ): § 5.101 (1H, s, J = 2.5 Hz, H-
1 of D), 5.030 (1H, 4, J = 9.3 Hz, H-1 of A), 4911 (1H,
d,J =05 Hz, H-1 of D"), 4.594 (1H, d, J = 7.6 Hz, H-1



Synthesis of sialyl Lewis X dimer 1629

of B), 4.579 (2H, d, J = 4.8 Hz, H-1 of E and H-1 of
E'), 4455 (1H, d, J = 7.7 Hz, H-1 of F'), 4.449 (1H, d,
J =7.8 Hz, H-1 of F), 4.369 (1H, m, H-o. of Asn), 4.232
(1H, d,J = 1.2 Hz, H-2 of C), 4.176 (1H, 4, J = 3.0 Hz,
H-2 of D), 4.093 (1H, d, J = 3.0 Hz, H-2 of D'), 2.061
(3H, s, N-acetyl of B), 2.034 (3H, s, N-acetyl of E),
2.029 (3H, s, N-acetyl of E'), 1.990 (3H, s, N-acetyl of
A). MS (electrospray mass): calcd for CeH,0oNeO, (M
—H*) 1754, found 1754.

Compound 3

A solution of LacNAc dimer 2 (28.9 mg, 0.0152 mmol)
and CMP-sialic acid (20 mg, 0.3037 mmol) in Tris-HCI
buffer (100 mM, pH 7.5; 1.5 mL) containing 20 mM
MgCl, and 5 mM MnCl, was added to o-2,3-NeuAcT
(0.1 U, 0.4 mL). The mixture was gently stirred under
an argon atmosphere at room temperature (25 °C) for
three days. The reaction solution was concentrated and
purified twice with BioGel P-4, eluted with water, to
give 3 (26.3 mg, 74%). The characteristic signals of 'H
NMR are consistent with those reported previously.'* 'H
NMR (500 MHz, HOD): § 5.075 (1H, s, J = 2.5 Hz, H-1
of D), 5.030 (1H, d, J = 9.5 Hz, H-1 of A), 4.889 (1H, s,
H-1 of D'), 4.845 (1H, s, H-1 of C), 4.569 (1H, d, J =
8.0 Hz, H-1 of B), 4.529 (2H, d, J = 8.0 Hz, H-1 of E
and H-1 of E'), 4.505 (2H, d, J = 8.0 Hz, H-1 of F and
H-1 of F'), 4427 (1H, d, J = 7.5, 2.5 Hz, H-a of Asn),
4.211 (1H, d, J = 0.5 Hz, H-2 of C), 4.151 (1H, 4, J =
3.0 Hz, H-2 of D), 4.084 (1H, d, J = 2.5 Hz, H-2 of D'),
4.075 2H, dd, J = 2.5, 9.5 Hz, H-3 of F and H-3 of F'),
2.714 (2H, dd, J = 12.5, 5.0 Hz, H-3eq of G and H-3eq
of G'), 2.037 (3H, s, N-acetyl of B), 2.015 (3H, s, N-
acetyl of E), 2.007 (3H, s, N-acetyl of E'), 1.995 (3H,
s, N-acetyl of G*), 1.987 (3H, s, N-acetyl of G"), 1.965
(3H, s, N-acetyl of A), 1.758 (2H, t, J = 12.5 Hz, H-3ax
of G and H-3ax of G'); a: assignment may be reversed.
MS (electrospray mass): calcd for CgH, ,sNsOy (M- H*)
2337, found 2337; calcd for C,,H;N,O;, (M,,-H") 1168,
found 1168.

Compound 4

a-1,3-FucT (0.2 U, 0.5 mL; immobilized on a resin)
was added to a solution of sialyl LacNAc dimer 3 (15
mg, 0.0064 mmol) and GDP-fucose (11.2 mg, 0.0141
mmol) in HEPES buffer (100 mM, pH 7.5; S mL)
containing 20 mM MnCl,. The mixture was gently
stirred under an argon atmosphere at room temperature
(25 °C) for two days The reaction solution was centri-
fuged to remove the immobilized enzyme and the
supernatant was concentrated and purified twice with
Sephadex G-25, eluted with water, to give 4 (12.9 mg,
77%). '"H NMR (500 MHz, HOD): 8 5.177 (1H, J = 4.1
Hz, H-1 of H'), 5073 (1H, s, J = 2.5 Hz, H-1 of D),
5.039 (1H, d, J = 9.3 Hz, H-1 of A), 4.866 (1H, s, H-1 of
D"), 4.824 (1H, s, H-1 of C), 4.725 (1H, d, J = 7.8 Hz,
H-1of B), 4.544 (2H, m, H-1 of E and H-1 of E’), 4.478
(2H, d,J = 7.5 Hz, H-1 of F and H-1 of F'), 4420 (1H,
m, H-o. of Asn), 4.225 (1H, s, H-2 of C), 4.154 (1H, d, J
= 2.5 Hz, H-2 of D), 4.064 (1H, d, J = 2.5 Hz, H-2 of
D'), 4054 (2H, dd, J = 2.5, 10.0 Hz, H-3 of F and H-3

of F'), 2.728 (2H, dd, J = 12.0, 5.4 Hz, H-3eq of G and
H-3eq of G'), 2.047 (3H, s, N-acetyl of B), 2.022 (3H,
s, N-acetyl of E), 2.007 (3H, s, N-acetyl of E'), 2.007
(3H, s, N-acetyl of G*), 1.994 (3H, s, N-acetyl of G"),
1.994 (3H, s, N-acetyl of A), 1.761 (2H, ¢, J = 12.5 Hz,
H-3ax of G and H-3ax of G') 1.130 (6H, d, J = 5.5 Hz,
CH; of H and CH, of H') a: assignment may be
reversed. MS  (electrospray mass): caled for
CiooH6:N:0;, (M-H*) 2629, found 2629; caled for
CsoHgN,O3s (M, ,—H*) 1314, found 1314.
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