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Abstract—Syntheses of oligosaccharides expressed on cells are indispensable for the improvement of the functional analyses of the
oligosaccharides and their applications. We are developing saccharide primers for synthesizing oligosaccharides using living cells. In
this study, dodecyl 2-acetamido-2-deoxy-b-DD-glucopyranoside (GlcNAc-C12) and dodecyl b-DD-galactopyranosyl-(1?4)-2-acet-
amido-2-deoxy-b-DD-glucopyranoside (LacNAc-C12) were examined for their abilities to prime the syntheses of neolacto-series
oligosaccharides in HL60 cells. When GlcNAc-C12 was incubated with HL60 cells in serum-free medium for 2 days, 14 kinds of
glycosylated products were collected from the culture medium. They were separated by high-performance liquid chromatography.
The sequences of the products were determined to be neolacto-series oligosaccharides including LewisX, sialyl LewisX, polylactos-
amine, and sialylpolylactosamine by mass spectrometry. GlcNAc-C12 was also glycosylated by B16 cells and gave sialyllactosamine.
Furthermore, LacNAc-C12 gave similar glycosylated products to GlcNAc-C12.
� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

The importance of technology to synthesize oligosaccha-
rides expressed on mammalian cells has been indicated
by the elucidation of their roles in cell function. We have
been developing saccharide primer methods to synthe-
size oligosaccharides using the glycan biosynthesis
system in cells. A saccharide primer is a glycolipid ana-
logue to be glycosylated by cells in culture. Yamagata
and co-workers have developed amphiphilic glycolipid
analogues such as alkyllactosides.1,2 Dodecyl b-lactoside
(Lac-C12) as a saccharide primer was incorporated into
B16 melanoma cells and was glycosylated by glycosyl-
transferase. The glycosylated product was secreted from
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the cells. Structural analyses indicated that the product
was sialyllactose, which is the carbohydrate portion of
GM3 normally expressed on the surface of mouse B16
melanoma cells.

Other primers as substrates for glycosyltransferase in
cells have been described in several reports. b-DD-Xyl-
osides have been developed as an initiator of glycos-
aminoglycan biosynthesis.3,4 Acetylated Xylb1-6Gal-O-
2-naphthol and acetylated Galb1-4GlcNAcb-O-naph-
thalenemethanol (NM) were investigated as inhibitors
of the glycosyltransferase in cells.5 Furthermore, acetyl-
ated Galb1-4GlcNAcb-NM and acetylated GlcNAcb1-
3Galb-NM inhibited the biosynthesis of endogenous
sialyl LewisX, and they were also glycosylated in human
promyelocytic leukemia HL60 cells.6

The glycosylation of the saccharide primers was sugge-
sted to be dependent on the cell lines, because different
types of cells have different intrinsic glycan biosynthesis
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systems. Therefore, a saccharide library could be synthe-
sized by combining various saccharide primers and cells.
HL60 cells are known to express ganglioside GM3 and
neolacto-series oligosaccharides. When Lac-C12 was
incubated with HL60 cells, only the sialylated product
(sialyllactose) was obtained, but not neolacto-series
oligosaccharides. Therefore, in the present study, we
synthesized dodecyl 2-acetamido-2-deoxy-b-DD-gluco-
pyranoside (GlcNAc-C12) and dodecyl b-DD-galacto-
pyranosyl-(1?4)-2-acetamido-2-deoxy-b-DD-glucopyrano-
side (LacNAc-C12) as saccharide primers (Fig. 1), and
the glycosylation reactions of those primers by HL 60
cells and B16 cells were examined.
2. Results

2.1. Glycosylation of GlcNAc-C12 by HL60 cells

HL60 cells were employed to examine the usefulness
of GlcNAc-C12 as saccharide primer for the synthesis
of neolacto-series oligosaccharides. After incubation of
50 lM of GlcNAc-C12 with HL60 cells, glycosylated
products and unreacted primers were collected from
the culture medium and cell fraction using a Sep-Pak
Figure 2. HPTLC of the products collected using a Sep-Pak C18 column (A),
C12 by HL60 cells.

Figure 1. Saccharide primers, GlcNAc-C12 (A) and LacNAc-C12 (B),
employed in this study.
C18 column. The glycosylated products adsorbed to
the column were eluted using mixed solvents of metha-
nol and water. The glycosylated products were largely
detected from the culture medium. The acidic and
neutral products were eluted with 3:7 MeOH–H2O,
and 1:9 MeOH–H2O, respectively. As shown in Figure
2A, HPTLC (high-performance thin-layer chromato-
graphy) indicated that the fractions eluted with 3:7
MeOH–H2O contained four neutral products (N1–
N4), and the fractions eluted with 1:9 MeOH–H2O con-
tained six acidic products (A1–A6). Next, the neutral
and acidic products were separated by high-performance
liquid chromatography (HPLC). The four neutral prod-
ucts were separated using 70:28:2 CHCl3–MeOH–H2O
as shown in Figure 2B. N1, N2, N3, and N4 were de-
tected in fraction numbers 7–9, 11–12, 35–40, and 70–
80, respectively. The four acidic products (A1–A4) were
separated using 70:28:2 CHCl3–MeOH–H2O as shown
in Figure 2C. A1, A2, A3, and A4 were detected in frac-
tion numbers 17–19, 20–23, 26–28, and 45–50, respec-
tively. Two acidic products (A5–A6) were separated
using 60:35:5 CHCl3–MeOH–H2O as shown in Figure
2D. A4 and A5 were detected in fraction numbers 10
and 11–13, respectively.
2.2. Analyses of the chemical structures of products by

mass spectrometry

Analyses of the structures of products separated by
HPLC were carried out by MALDI-TOFMS (matrix-
assisted laser desorption and ionization time-of-flight
mass spectrometry). The observed masses and the de-
duced sequences of the glycosylated products are shown
in Table 1. The mobility of N1 on HPTLC was same as
that of synthetic Galb1-4GlcNAc-C12 (LacNAc-C12),
and the non-reducing hexose of N1 was cleaved by
jack bean b-galactosidase (data not shown). Further-
more, the positive MALDI-PSD (post-source decay)
and purified by HPLC (B, C, and D) for the glycosylation of GlcNAc-



Table 1. Deduced sequences and mass observed by MALDI-TOF-MS for the glycosylated products from GlcNAc-C12

Product Sequence Observed mass

N1 Galb1-4GlcNAc-C12 574.1 [M+Na]+

N2 Galb1-4(Fuca1-3)-GlcNAc-C12 720.1 [M+Na]+

N3 Galb1-4GlcNAcb1-3Galb1-4GlcNAc-C12 939.1 [M+Na]+

N4 Galb1-4GlcNAcb1-3Galb1-4(Fuca1-3)GlcNAc-C12 1085.3 [M+Na]+

A1 NeuNAca2-3Galb1-4GlcNAc-C12 841.4 [M�H]�

A2 NeuNAca2-6Galb1-4GlcNAc-C12 841.4 [M�H]�

A3 NeuNAc-(Galb1-4GlcNAc)2-C12 1230.1 [M�H]�

A4 Fucose+A3 1376.3 [M�H]�

A5 NeuNAc-(Galb1-4GlcNAc)3-C12 1595.9 [M�H]�

A6 Fucose+A5 1742.0 [M�H]�
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spectrum (Table 2) revealed a peak at m/z 305.32 corre-
sponding to 0,2A2 fragment (+Na+, intramolecular
cleavage of GlcNAc). The results of MALDI-PSD
agreed with the values in the literature.7 Thus, N1 was
determined to be Galb1-4GlcNAc-C12. N2 was pre-
dicted to be H antigen (Fuc-Gal-GlcNAc-C12) or
LewisX (Gal-(Fuc)-GlcNAc-C12) from the peak of m/z
720.1 ([M+Na]+) of the MALDI-TOF-MS spectrum
(Table 1). The MALDI-PSD spectrum of N2 (Table 2)
revealed peaks at m/z 558.4 corresponding to Y1b

(Fuc-GlcNAc-C12+Na+) and m/z 305.4 corresponding
to the Y1a/0,2A2 fragment (+Na+). The observed frag-
ment ions of N2 were similar to the MALDI-PSD spec-
trum of LewisX reported in the literature.7 Therefore,
N2 was determined to be LewisX. N3 was predicted to
be Gal-GlcNAc-Gal-GlcNAc-C12 from the peak of m/z
939.1 ([M+Na]+) of the MALDI-TOF-MS spectrum
(Table 1). The MALDI-PSD spectrum of N3 (Table 2)
revealed peaks at m/z 670.5 corresponding to 0,2A4 frag-
ment (+Na+) and m/z 305.3 corresponding to 0,2A2 frag-
Table 2. Fragment ions observed by MALDI-PSD spectrum for the glycosy

Product Fragments

N1 226.4 ([Y1/B2+Na]+), 305.3 ([0.2A2+Na]+), 388.4 ([B2+Na]+), 4
N2 226.3 ([Y1a/Y1b/B2+Na]+), 305.4 ([Y1a/0.2A2+Na]+), 370.5 ([Z1

534.4 ([B2+Na]+), 556.4 ([Z1+Na]+), 558.4 ([Y1b+Na]+), 574.6
N3 226.3 ([Y3/B2+Na]+, [B4/Y1+Na]+), 305.3 ([0.2A2+Na]+), 388.2

550.3 ([B3+Na]+), 574.5 ([Y2+Na]+), 670.5 ([0.2A4+Na]+), 753.
N4 226.4 ([Y3/B2+Na]+, [Y1a/B4/Y1b+Na]+), 305.3 ([0.2A2+Na]+),

412.7 ([Y1a/Y1b+Na]+), 550.6 ([B3+Na]+), 558.7 ([Y1b+Na]+),
720.6 ([Y2+Na]+), 778.0 ([Y1a/Y3+Na]+), 901.9 ([Y3+Na]+), 94

A3 388.3 ([Y4/B3+Na]+, [Y2/B5+Na]+), 406.5 ([Y4/C3+Na]+), 412.
574.6 ([Y2+Na]+), 634.9 ([0.2A3+Na+K�H]+), 679.6 ([B3+Na]+

A4 336.4 ([B1+2Na�H]+), 388.4 ([Y4/B3+Na]+ or [Y1a/Y2/B5+Na
550.6 ([Y4/B4+Na]+), 558.9 ([Y1b+Na]+), 574.6 ([Y1a/Y2+Na]+

777.8 ([Y1a/Y3+Na]+), 841.3 ([B4+Na]+), 923.9 ([Y3+Na]+), 93
A5 388.1 ([Y6/B3+Na]+, [B5/Y4+Na]+ or [B7/Y2+Na]+), 406.2 ([Y

574.6 ([Y2+Na]+), 591.2 ([Y5/B5+Na]+ or [B7/Y4+Na]+), 596.7
[Y4/0.2A7+Na]+), 679.5 ([B3+Na]+), 753.6 ([Y6/B5+Na]+ or [B7

999.8 ([0.2A5+Na]+), 1045.1 ([B5+Na]+), 1142.7 ([Y5+Na]+), 13
A6 388.6 ([Y6/B3+Na]+, [B5/Y4+Na]+ or [Y1a/B7/Y2+Na]+), 406.8

574.9 ([Y1a/Y2+Na]+), 591.3 ([Y5/B5+Na]+ or [Y1a/B7/Y3+Na
720.2 ([Y2+Na]+), 753.8 ([Y1a/Y6/0.2A5+Na]+ or [Y1a/Y4/0.2A7

916.9 ([Y1a/Y4+H]+), 923.9 ([Y3+Na]+), 939.8 ([Y1a/Y3+Na]+)
1085.7 ([Y4+Na]+), 1288.8 ([Y5+Na]+), 1304.5 ([Y1a/Y6+Na]+)
ment (+Na+), suggesting the existence of two b-(1?4)
lactosamine units. N4 was predicted to be fucosylated
N3 from the peak of m/z 1085.3 ([M+Na]+) of the
MALDI-TOF-MS spectrum (Table 1). The MALDI-
PSD spectrum of N4 (Table 2) revealed a peak at m/z
558.6 corresponding to Y1b (Fuc-GlcNAc-C12+Na+),
and fragmentation ions were similar to those of N3,
suggesting that N4 is Galb1-4GlcNAcb1-3Galb1-
4(Fuca1-3)GlcNAc-C12. HL60 cells express FUT4,
which transfers fucose to lactosamine.8 Furthermore, it
has been reported that FUT4 preferentially transfers
fucose to inner GlcNAc residues.9 The structure of N5
agreed with that of the endogenous glycan reported in
the literature.8,9

Though the mobilities of A1 and A2 on HPTLC
were different, the MALDI-TOF-MS spectra of them
revealed the same mass of 841.4 ([M�H]�), corres-
ponding to NeuNAc-Gal-GlcNAc-C12 (sLacNAc-C12,
Table 1). Since A1 and A2 are considered to have differ-
ent linkages of N-acetylneuraminic acid to galactose, the
lated products from GlcNAc-C12

12.4 ([Y1+Na]+),
/B2+Na]+), 388.3 ([Y1a/B2+Na]+), 412.4 ([Y1a/Y1b+Na]+),
([Y1a+Na]+)
([B2+Na]+ or [B4/Y2+Na]+), 406.4 ([C2+Na]+), 412.5 ([Y1+Na]+),

7 ([B4+Na]+), 777.9 ([Y3+Na]+)
388.5 ([B2+Na]+ or [Y1a/B4/Y2+Na]+), 406.5 ([C2+Na]+),
574.9 ([Y1a/Y2+Na]+), 670.4 ([Y1a/0.2A4+Na]+),
0.0 ([Y1a+Na]+)
4 ([Y1+Na]+), 476.3 ([B2+Na]+), 550.5 ([Y4/B4+Na]+),
), 753.8 ([B5/Y3+Na]+), 777.7 ([Y3+Na]+), 939.8 ([Y4+Na]+)

]+), 406.5 ([Y4/C3+Na]+), 412.3 ([Y1a/Y1b+Na]+), 476.5 ([B2+Na]+),
), 634.9 ([0.2A3+Na+K�H]+), 679.6 ([B3+Na]+), 720.9 ([Y2+Na]+),
9.6 ([Y1a/Y4+Na]+), 1085.4 ([Y4+Na]+), 1230.8 (Y1a)

6/C3+Na]+ or [C5/Y4+Na]+), 550.3 ([B6/Y4+Na]+),
([0.2A3+Na]+), 634.9 ([0.2A3+Na+K�H]+), 670.2 ([Y6/0.2A5+Na]+,

/Y4+Na]+), 777.6 ([Y3+Na]+), 916.8 ([Y4+H]+), 939.5 ([Y4+Na]+),
05.0 ([Y6+Na]+)
([Y6/C3+Na]+, [C5/Y4+Na]+), 550.5 ([B6/Y4+Na]+),

]+), 596.2 ([0.2A3+Na]+), 634.4 ([0.2A3+Na+K+H]+),
+Na]+), 777.6 ([Y1a/Y3+Na]+), 899.9 ([Y4/B7+Na]+),
, 1000.0 ([Y1a/0.2A5+Na]+), 1045.5 ([B5+Na]+),
, 1451.0 ([Y6+Na]+), 1472.6 ([Y6+2Na�H]+), 1596.1 ([Y1a+Na]+)
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enzymatic cleavages of sLacNAc-C12 by neuramini-
dases were examined. The neuraminidases employed in
this study were Arthrobacter ureafacience neuraminidase,
which hydrolyzes a-(2?3), a-(2?6), and a-(2?8) link-
ages,10 and Macrobdella decora neuraminidase, which
hydrolyzes a-(2?3) linkage.11 Though N-acetylneuram-
inic acid of A1 was cleaved by both neuraminidases, that
of A2 was cleaved by the A. ureafacience neuraminidase
but not by the M. decora neuraminidase. The hydro-
lyzed products showed the same mobility as synthetic
Galb1-4GlcNAc-C12. Next, ESI (electrospray ioniza-
tion)-CID (collision-induced dissociation) was employed
to distinguish between A1 and A2. The ESI-CID
spectra of A1 and A2 showed peaks of m/z 887.5
([M+2Na�H]+) corresponding to NeuNAc-Gal-Glc-
NAc-C12, and m/z 574.3 ([(M-anNeuNAc)+Na]+)
corresponding to Y2 fragment (Gal-GlcNAc-C12). The
relative intensity of Y2 (m/z 574.3) to the parent peak
(m/z 887.5) showed significant differences between A1
and A2, and was 0.68 for A1 and 0.03 for A2. It has
been reported that a-(2?3) sialyl linkage was distin-
guished from a-(2?6) sialyl linkage based on the ESI-
CID spectra.12 In the literature, the fragmentation ions
produced by the cleavage of the a-(2?3) sialyl linkage
showed much higher intensity than those produced by
the cleavage of the a-(2?6) sialyl linkage. Therefore,
from the results of enzymatic digestions and ESI-CID
spectra, A1 and A2 were determined to be NeuN-
Aca2-3Galb1-4GalNAc-C12 and NeuNAca2-6Galb1-
4GalNAc-C12, respectively.

The MALDI-TOFMS spectra of A3 and A5 (Table 1)
revealed peaks of m/z 1230.1 ([M�H]�) corresponding
to NeuNAc-(Gal-GlcNAc)2-C12 and m/z 1571.7
([M�H]�) corresponding to NeuNAc-(Gal-GlcNAc)3-
C12. A3 was considered to be produced by the sialyl-
ation of N4. The MALDI-TOF-MS spectra of A4 and
A6 revealed peaks of m/z 1352.7 ([M�H]�) correspond-
ing to fucosylated A3 and m/z 1779.0 ([M�H]�) corres-
ponding to fucosylated A5. The positive-ion mode
MALDI-PSD spectrum of A4 (Table 2) revealed peaks
at m/z 558.9 corresponding to Y1b (Fuc-GlcNAc-
C12+Na+) and m/z 720.9 corresponding to Y2 (Fuc+
Gal-GlcNAc-C12+Na+). The positive-ion mode MAL-
DI-PSD spectrum of A6 (Table 2) also revealed a peak
at m/z 720.2 corresponding to Y2 (Fuc+Gal-GlcNAc-
C12+Na+), m/z 923.9 corresponding to Y3 (Fuc+Glc-
NAc-Gal-GlcNAc-C12+Na+), and m/z 1085.7 corres-
ponding to Y4 (Fuc+Gal-GlcNAc-Gal-GlcNAc-C12+
Na+). These MALDI-PSD spectra suggested that the
fucose moieties in A4 and A6 were linked to the inner-
most GlcNAc residue. It has been reported that HL60
cells express a-(1?3)-fucosyltransferase, and fucosylat-
ed monosialyl glycolipids having similar structures to
A4 and A6 were detected in HL60 cells.13 Though the
linkages of N-acetylneuraminic acid in A3, A4, A5,
and A6 could not be determined in the present study,
they were inferred to be a-(2?3) from the structural
analysis of the sialyl linkage of sialylpolylactosamine
expressed in HL60 cells.14

2.3. Glycosylation of LacNAc-C12 by HL60 cells

Next, the glycosylation of LacNAc-C12 by HL60 cells
was examined. After incubation of HL60 cells with
50 lM LacNAc-C12 for 2 days, glycosylated products
and unreacted primer were isolated from the culture
medium. The glycosylated products collected using a
Sep-Pak C18 column were analyzed by HPTLC. One
neutral product and six acidic products were detected.
The analyses of mobility on HPTLC and the mass spec-
trum indicated that the products glycosylated from Lac-
NAc-C12 were the same as those from GlcNAc-C12.
The neutral product was N2 and the acidic products
were A1–A6.

2.4. Comparison of GlcNAc-C12 and LacNAc-C12 as
glycosyl acceptors in B16 cells

After incubation of 50 lM GlcNAc-C12 or LacNAc-
C12 with B16 cells for 2 days, glycosylated products
were isolated from the culture medium. The glycosylated
products were analyzed by HPTLC and MALDT-TOF-
MS. Using GlcNAc-C12, two glycosylated products
were detected. One was Gal-GlcNAc-C12, whose mobil-
ity on HPTLC was the same as that of synthetic
LacNAc-C12. The other was considered to be NeuN-
Ac-Gal-GlcNAc-C12 (sLacNAc-C12) from the mass
spectrum. For LacNAc-C12, the detected product was
also suggested to be sLacNAc-C12 from the mobility
on HPTLC and from the mass spectrum. To determine
the linkage of the sialic acid, the product was treated
with neuraminidases from A. ureafaciens and M. decora.
Since the glycosylated product sLacNAc-C12 was
hydrolyzed by both sialidases, the linkage of NeuNAc-
Gal was determined to be a-(2?3). The amount of sLac-
NAc-C12 derived from GlcNAc-C12 was two times
higher than that from LacNAc-C12, when the dose of
saccharide primers was 50 lM (Fig. 3). The glycosyl-
ation efficiency of GlcNAc-C12 in cells was higher
than that of LacNAc-C12 in cells. When the dose of
GlcNAc-C12 was 50 lM (250 nmol), the amount of
sLacNAc-C12 was determined to be 7.5 nmol by quan-
titative analysis using GM1 as standard.

2.5. Cell growth in the presence of saccharide primers

B16 cells were cultured in the absence and the presence
of 50 lM GlcNAc-C12 and LacNAc-C12 for 2 days.
The cell growth in the presence of the saccharide primers
was almost similar to that of control (Fig. 4). Cell
growth of HL60 cells was also investigated in the pre-
sence of 50 lM GlcNAc-C12 for 2 days (data not



Figure 3. Relative amounts of NeuNAc-Gal-GlcNAc-C12 glycosyl-
ated from GlcNAc-C12 (white column) and Gal-GlcNAc-C12 (black
column) by B16 melanoma cells (2 � 106 cells). The relative amounts
were analyzed by densitometry at 540 nm followed by staining with
resorcinol–HCl. The dose of saccharide primers was 50 lM.

Figure 4. Growth of B16 cells cultured in the absence (closed circle)
and the presence of 50 lM GlcNAc-C12 (open circle) and LacNAc-
C12 (open square).
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shown). The primers showed no cytotoxicity at the pre-
sent experimental conditions.
3. Discussion

Convenient synthesis of glycan structures present on
cells is important for the study to elucidate glycan func-
tion. Since saccharide primers can act as substrates for
glycosyltransferases present in cells, they are useful for
the synthesis of oligosaccharides expressed in cells. Sac-
charide primers are building blocks for constructing an
oligosaccharide library by biocombinatorial synthesis
that is combination of different saccharide primers and
a variety of cells. It has been reported that Lac-C12,
which is a mimicry of lactosylceramide, was useful to
synthesize the oligosaccharides of glycosphingolipids
(GSL). For example, Lac-C12 gave GM3 oligosaccha-
ride when incubated with B16 melanoma cells. Further-
more, 12-azido dodecyl-b-lactoside (Lac-C12-N3) was
synthesized with the aim of preparing glycan arrays or
glycopolymers. Lac-C12-N3 was also glycosylated by
cells as well as Lac-C1215 and could be conjugated to
solid supports by the modified Staudinger reaction or
condensation reaction followed by reduction to the
amino group for detecting carbohydrate recognition.16

For the construction of oligosaccharide libraries, it is
important to synthesize various oligosaccharides. In our
ongoing studies, it has been found that Lac-C12 gave
rise to various oligosaccharides of ganglio- and globo-
series gangliosides. Then, in the present study, we syn-
thesized novel saccharide primers to selectively obtain
neolacto-series oligosaccharides. In the biosynthesis of
neolacto-series glycans, the lactosamine unit of Galb1-
4GlcNAc is the precursor region for sugar elongation.
Thus, saccharide primers containing GlcNAc and Lac-
NAc would be substrates for glycosyltransferases syn-
thesizing neolacto-series oligosaccharides. In the
literature, Esko and co-workers have reported that
disaccharide primers such as peracetylated Galb1-4Glc-
NAc-NM were fucosylated to Galb1-4(Fuca1-3)Glc-
NAc-NM, and peracetylated GlcNAcb1-3Gal-NM was
converted to Galb1-4(Fuca1-3)GlcNAcb1-3Gal-NM,
NeuNAca2-3Galb1-4GlcNAcb1-3Gal-NM, and NeuN-
Aca2-3Galb1-4(Fuca1-3)GlcNAcb1-3Gal-NM by U937
human histiocytic lymphoma cells.6 Those peracetylated
primers were glycosylated after deacetylation in cells. In
our study, deacetylated saccharide primer was used for
the synthesis of oligosaccharides by cells. GlcNAc-C12
and LacNAc-C12 gave LeX, sLeX, polylactosamine,
sialylated polylactosamine, and sialylated/fucosylated
polylactosamine by incubating with HL60 cells. These
oligosaccharides were similar to endogenous glycans
observed in HL60.17 The complex glycosylated products
were clearly separated by HPLC, and their chemical
structures were determined by enzymatic digestion and
mass spectrometry. Separation and structural elucida-
tion of the products were very convenient compared to
the endogenous GSLs because the saccharide primers
had a uniform aglycon structure.

Since GlcNAc-C12 gave similar glycosylated products
to LacNAc-C12, we could conclude that monosaccha-
ride primers as well as disaccharide primers are useful
for the synthesis of oligosaccharides. It has been
reported that the glycosylation efficiencies of saccharide
primers were dependent on their hydrophilic–hydro-
phobic balance.2,18 More hydrophilic saccharide primers
cannot be internalized into cells, while more hydro-
phobic ones are strongly adsorbed to the cell membrane.
Although the glycosylation efficiency of GlcNAc-C12
was higher than that of LacNAc-C12 in the present
study, the structure for giving optimum glycosylation
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efficiency would be determined by varying the hydro-
carbon chain length.

In conclusion, saccharide primers such as GlcNAc-
C12 and LacNAc-C12 were developed to synthesize
neolacto-series oligosaccharides using mammalian cells.
The glycosylated products were separated by HPLC,
and the sequences were determined by enzymatic diges-
tion and mass spectrometry. The saccharide primers
employed in this study are expected to be useful for syn-
thesizing oligosaccharides expressed in mammalian cells.
4. Experimental

4.1. Synthesis of dodecyl 2-acetamido-2-deoxy-b-DD-

glucopyranoside (GlcNAc-C12)

2-Acetamido-1,3,4,6-tetra-O-acetyl-2-deoxy-DD-glucopy-
ranoside (Ac4-GlcNAc) was prepared by reacting
N-acetylglucosamine (2.5 g, 11.3 nmol, GlcNAc, Sigma)
with Ac2O (15 mL, 159 mmol, Wako Pure Chemicals) in
30 mL of pyridine according to the literature.19 Ac4-Glc-
NAc (3 g, 7.71 mmol) was mixed with TMS-OTf
(4.0 mL, 21.9 mmol, E. Merck) in CH2Cl2 under nitro-
gen.20 The solution was refluxed at 50 �C with stirring
for 7 h. After evaporation followed by neutralization
with Et3N, the product was chromatographed on silica
gel to examine the progress of the reaction. The reaction
mixture was mixed with 1-dodecanol (3.6 mL,
15.5 mmol, Wako Pure Chemicals), BF3�OEt2 (21 mL,
7.9 mmol, Wako Pure Chemicals) in the presence of
4 Å molecular sieves (2.5 g), and stirred at room temper-
ature for 22 h.21 BF3�OEt (20.1 mL, 0.79 mmol) was
added at 18 h to complete the reaction. The mixture
was neutralized with Et3N. After evaporation, the prod-
uct was purified by column chromatography (Silica Gel
60, E. Merck, 7 � 30 cm, 1:1 n-hexane–EtOAc). Yield:
63.8% (2.53 g). 1H NMR(CDCl3): d 5.51 (d, 1H, J2,NH

8.8 Hz, NH), 5.31 (dd, 1H, J2,3 10.1 Hz, J3,4 9.5 Hz,
H-3), 5.06 (dd, 1H, J3,4 9.5 Hz, J4,5 9.9 Hz, H-4), 4.65
(d, 1H, J1,2 8.4 Hz, H-1), 4.26 (dd, 1H, J5,6b 4.7 Hz,
J6,gem 12.3 Hz, H-6a), 4.12 (dd, 1H, J5,6a 2.4 Hz, J6,gem

12.3 Hz, H-6b), 3.89–3.75 (m, 2H, J2,NH 8.8 Hz, J1,2

8.4 Hz, H-2, OCH2CH2(CH2)9CH3), 3.69 (ddd, J4,5

9.9 Hz, J5,6a 2,4 Hz, J5,6b 4.7 Hz, H-5), 3.50–3.42 (m,
1H, OCH2CH2(CH2)9CH3), 1.94, 2.02, 2.02, and 2.08
(s, each 3H, Ac), 1.60–1.50 (m, 2H, OCH2CH2-
(CH2)9CH3), 1.35–1.14 (m, 18H, OCH2CH2(CH2)9CH3),
0.87 (t, 3H,OCH2CH2(CH2)9CH3).

Dodecyl 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-b-DD-
glucopyranoside (2.5 g, 4.85 mol) in 100 mL of MeOH
was deacetylated in the presence of NaOMe (270 mg,
5.0 mmol, Wako Pure Chemicals). Deprotection was
carried out with stirring for 40 min. After decolorization
on charcoal in EtOH, the product GlcNAc-C12 was
obtained by recrystallization in ethanol. Yield: 1.70 g
(88.1%). Mp 160–162 �C, lit.22 mp 161 �C, [a]D �18.8
(c 0.12, CH3OH). 1H NMR (CD3OD): d 4.38 (d, 1H,
J1,2 6.1 Hz, H-1), 3.91–3.83 (m, 2H, H-6a, NH), 3.70–
3.58 (m, 2H, H-2, H-5), 3.48–3.40 (m, 2H, H-3, H-6b),
3.34–3.27 (m, 3H, H-4, OCH2), 1.97 (s, 3H, Ac), 1.53–
1.51 (m, 2H, OCH2CH2(CH2)9CH3), 1.34–1.22 (m,
18H, OCH2CH2(CH2)9CH3), 0.89 (t, 3H, OCH2CH2-
(CH2)9CH3). MALDI-TOFMS: calcd for C20H39NO6:
(M+Na)+, 412.3, Found: (M+Na)+, 412.3. Anal. Calcd
for C20H39NO6�0.3H2O (398.68): C, 60.82; H, 10.11; N,
3.55. Found: C, 60.81; H, 10.04; N, 3.54.

4.2. Synthesis of dodecyl b-DD-galactopyranosyl-(1?4)-2-

acetamido-2-deoxy-b-DD-glucopyranoside (LacNAc-C12)

2,3,4,6-Tetra-O-acetyl-b-DD-galactopyranosyl-(1?4)-2-
acetamido-1,3,6-tri-O-acetyl-2-deoxy-b-DD-glucopyranos-
ide (Ac-LacNAc) was prepared by mixing N-acetyl-
lactosamine (982 mg, 2.56 nmol, LacNAc, Yaizu
Suisankagaku Industry Co. Ltd, Japan) with Ac2O
(5 mL, 52.9 mmol) in 10 mL of pyridine. Ac-LacNAc
(0.799 g, 1.88 mmol) was mixed with TMS-OTf
(0.24 mL, 1.33 mmol) in CH2Cl2 under nitrogen. The
solution was refluxed at 50 �C with stirring for 12 h.
After evaporation, followed by neutralization with
Et3N, the product was chromatographed on silica gel
to examine the progress of reaction. After evaporation,
the product was collected by column chromatography
(Silica Gel 60, 2 � 23 cm, 1:2:0.01 toluene–EtOAc–
Et3N). The collected products were mixed with 1-dodec-
anol (1.3 mL, 5.89 mmol), (R,S)-camphor sulfonate
(27 mg, 0.12 mmol, Wako Pure Chemicals) in the pre-
sence of 4 Å molecular sieves (350 mg), and refluxed
for 6 h. The mixture was neutralized with Et3N. After
evaporation of the solvent, the product was purified by
column chromatography (Silica Gel 60, 2 � 35 cm, 2:3
n-hexane–EtOAc). Yield: 50% (478 mg). 1H NMR
(CDCl3): d: 5.63 (d, 1H, JNH,2 9.3 Hz, NH), 5.35 (d,
1H, J 30 ;40 2.9 Hz, H-40), 5.11 (dd, 1H, H-20), 5.06 (dd,
1H, J3,4 8.1 Hz, H-3), 4.97 (dd, 1H, J20 ;30 10.3 Hz,
H-30), 4.51–4.46 (m, 2H, H-10, H-6a), 4.43 (d, 1H, J1,2

7.3, H-1), 4.15–4.09 (m, 3H, H-6b, H-6b0, H-6a0), 4.03
(dd, 1H, J2,3 9.3 Hz, H-2), 3.87 (ddd, 1H, H-50), 3.78
(dd, 1H, H-4), 3.62 (ddd, 1H, J4,5 5.6 Hz, H-5), 3.41
(dd, 2H, OCH2CH2(CH2)9CH3), 2.15–1.96 (m, 21H,
Ac), 1.60–1.46 (m, 2H, OCH2CH2(CH2)9CH3), 1.30–
1.18 (m, 18H, OCH2CH2(CH2)9CH3), 0.87 (t, 3H,
OCH2(CH2)10CH3).

Dodecyl 2,3,4,6-tetra-O-acetyl-b-DD-galactopyranosyl-
(1?4)-2-acetamido-3,6-di-O-acetyl-2-deoxy-b-DD-gluco-
pyranoside (478 g, 0.56 mmol) in 25 mL of MeOH was
deacetylated by the addition of NaOMe (160 mg,
2.97 mmol) with stirring for 3 h. The reactant was
concentrated after treating with Amberlite IR-120B
(Organo Co., Japan). LacNAc-C12 was purified by dis-
tilling with EtOH, toluene, and CHCl3. Yield: 326 mg
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(99%). mp 246 �C, [a]D �7.6 (c 0.2, DMSO). 1H
NMR(DMSO-d6): d 7.74 (d, 1H, NH), 4.28 (d, 1H,
J1,2 7.8 Hz, H-10), 4.19 (d, 1H, J1,2 8.1 Hz, H-1), 1.7 (s,
3H, Ac), 1.42–1.41 (m, 2H, OCH2CH2(CH2)9CH3),
1.17–1.29 (m, 18H, OCH2CH2(CH2)9CH3), 0.85 (t, 3H,
OCH2CH2(CH2)9CH3). MALDI-TOFMS: calcd for
C26H49NO11: (M+Na)+, 574.3, found: (M+Na)+,
574.6. Anal. Calcd for C26H49NO11�1.5H2O (578.35):
C, 53.96; H, 9.06; N, 2.42. Found: C, 54.24; H, 8.77;
N, 2.30.

4.3. Cell culture

HL-60 cells (Riken Cell Bank) were grown in RPMI
1640 medium (Nissui Pharm. Co., Ltd) supplemented
with 10% heat-inactivated fetal bovine serum (JRH Bio-
sciences Inc.) at 37 �C in humidified 5% CO2. B16 cells
(Riken Cell Bank) were grown in DMEM (Gibco
BRL) supplemented with streptomycin 0.1 g/L, penicil-
lin G potassium 50,000 unit/L, and 10% heat-inacti-
vated fetal bovine serum (JRH Biosciences Inc.) at
37 �C in humidified 5% CO2.

4.4. Glycosylation of saccharide primers in cells

Stock solutions of 20 mM saccharide primers in DMSO
were diluted to 50 lM with serum-free and phenol red-
free culture medium consisting of RPMI 1640 medium
(Gibco BRL) containing 5 mg/L of transferrin, 5 mg/L
of insulin, and 30 nM selenium dioxide.

Glycosylation by cells was carried out as follows:
HL60 cells (2 � 106) were incubated with RPMI 1640
medium containing 50 lM saccharide primer for 48 h.
The glycosylated products secreted in the culture med-
ium were collected with a Sep-Pak C18 column (Waters
Co.). The water-soluble compounds were removed with
water and 3:7 MeOH–H2O. The glycosylated products
were eluted with MeOH. The eluate containing the
glycosylated products was evaporated under reduced
pressure. The obtained products were dissolved in
100 lL of 2:1 CHCl3–MeOH, and an aliquot was sepa-
rated on an HPTLC plate (Silica Gel 60, E. Merck)
using CHCl3–MeOH–0.2% CaCl2. Acidic and neutral
products on the HPTLC plate were stained with resor-
cinol–HCl reagent and orcinol–H2SO4 reagent, respec-
tively. B16 cells (2 � 106) were similarly incubated with
saccharide primers in serum-free DMEM/F-12 medium
(Gibco BRL) containing 5 mg/L of transferrin, 5 mg/L
of insulin, and 30 nM selenium dioxide.

4.5. TLC blotting

TLC blotting was carried out as follows: Glycosylated
products separated on an HPTLC plate were sprayed
with primuline reagent, and the spots were marked with
a red pencil under UV light. Then, the HPTLC plate was
dipped in a blotting solvent of 40:7:20 2-PrOH–MeOH–
0.2% CaCl2 for 20 s and placed on a glass fiber filter
(ATTO Co.). The plate was covered with a PVDF mem-
brane (ATTO Co.), a PTFE membrane (ATTO Co.),
and another glass fiber filter. These layers were subjected
to pressure at 180 �C for 30 s using a TLC thermal
blotter (ATTO Co.). The PVDF membrane was washed
with pure water, and glycolipid fractions were extracted
with MeOH and 2:1 CHCl3–MeOH.

4.6. High-performance liquid chromatography (HPLC)

Neutral products and acidic products separated using
a Sep-Pak C18 column were purified by HPLC. The
crude products dissolved in 70:28:2 CHCl3–MeOH–
H2O were injected into an HPLC system equipped with
an Iatrobead column (6RSP-8005, 4.6 � 250 mm, Iatron
Laboratories Inc.) and a light scattering detector (SE-
DEX75, Sedere). Neutral products were separated with
70:28:2 CHCl3–MeOH–H2O. Acidic products were
separated with 70:28:2 CHCl3–MeOH–H2O and 60:35:5
CHCl3–MeOH–H2O. The flow rate was 2 mL/min.
The fractions were collected at 30-s intervals for 40 min.

4.7. Mass spectrometry

The structural analyses of glycosylated products were
carried out by a MALDI-TOF mass spectrometer
(Autoflex, Bruker Daltonics) and an ESI mass spec-
trometer (Esquire 3000, Bruker Daltonics). 2,5-Di-
hydroxybenzoic acid (DHB, Aldrich) was employed as
a matrix.

4.8. Digestion of glycosylated products by enzymes

Enzymatic digestion of glycosylated products was car-
ried out in 50 mM NaOAc buffer (pH 4.8) containing
50 mU of neuraminidase from A. ureafaciens

(EC.3.2.1.18, Sigma), or in 50 mM sodium acetate
butter (pH 5.5) containing 10 mU of neuraminidase
from M. decora (EC. 3.2.1.18, Calbiochem). The reac-
tions were carried out in the presence of 0.6 mg/mL
sodium taurodeoxycholic acid. The products were
collected using a Sep-Pak C18 column, separated on an
HPTLC plate with 60:35:8 CHCl3–MeOH–0.2% CaCl2,
and were stained with orcinol–H2SO4.

4.9. MTT assay

Cells (2 � 104) in a 96-well microplate were incubated
with 50 lM GlcNAc-C12 or LacNAc-C12 for 48 h.
Ten lL of WST-1 dye solution (10 mM WST-1 and
0.2 mM 1-methoxy PMS, Dojindo Laboratories) per
well was added to each well. After 2 h, absorbance at
450 nm with a reference wavelength of 690 nm was mea-
sured using a microplate reader (Multiskan, Labsystem).
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