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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,'0 and Macrobdella decora neuraminidase, which
hydrolyzes a-(2—3) linkage.'' Though N-acetylneuram-
inic acid of Al 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
Galp1-4GlcNAc-C12. Next, ESI (electrospray ioniza-
tion)-CID (collision-induced dissociation) was employed
to distinguish between Al and A2. The ESI-CID
spectra of Al and A2 showed peaks of m/z 887.5
((M+2Na—HJ") corresponding to NeuNAc-Gal-Glc-
NAc-C12, and m/z 574.3 ([((M-anNeuNAc)+NaJ")
corresponding to Y, fragment (Gal-GIcNAc-C12). The
relative intensity of Y, (m/z 574.3) to the parent peak
(m/z 887.5) showed significant differences between Al
and A2, and was 0.68 for Al 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.'” 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 o-(2—6) sialyl linkage. Therefore,
from the results of enzymatic digestions and ESI-CID
spectra, Al and A2 were determined to be NeuN-
Aca2-3GalBl-4GalNAc-C12 and NeuNAco2-6Galfl-
4GalNAc-Cl12, respectively.

The MALDI-TOFMS spectra of A3 and AS (Table 1)
revealed peaks of m/z 1230.1 ((M—H]") corresponding
to NeuNAc-(Gal-GIcNAc),-C12 and m/z 1571.7
(IM—H]") corresponding to NeuNAc-(Gal-GlcNAc)s3-
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 AS. The positive-ion mode
MALDI-PSD spectrum of A4 (Table 2) revealed peaks
at m/z 558.9 corresponding to Y;p (Fuc-GlcNAc-
C12+Na™) and m/z 720.9 corresponding to Y, (Fuc+
Gal-GIcNAc-C12+Na™). The positive-ion mode MAL-
DI-PSD spectrum of A6 (Table 2) also revealed a peak
at mfz 720.2 corresponding to Y, (Fuc+Gal-GIcNAc-
C12+Na™), m/z 923.9 corresponding to Y3 (Fuc+Glc-
NAc-Gal-GIcNAc-C12+Na™), and m/z 1085.7 corres-
ponding to Y4 (Fuct+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.'* Though the
linkages of N-acetylneuraminic acid in A3, A4, AS,
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.'

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 uM LacNAc-C12 for 2 days, glycosylated products
and unreacted primer were isolated from the culture
medium. The glycosylated products collected using a
Sep-Pak C,;3 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 uM GIcNAc-C12 or LacNAc-
Cl12 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 GIcNAc-Cl12, 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-Cl12, 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-Cl12 derived from GlcNAc-C12 was two times
higher than that from LacNAc-C12, when the dose of
saccharide primers was 50 uM (Fig. 3). The glycosyl-
ation efficiency of GIcNAc-C12 in cells was higher
than that of LacNAc-C12 in cells. When the dose of
GIcNAc-C12 was 50 uM (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 uM GIcNAc-C12 and LacNAc-Cl12 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 puM GIcNAc-C12 for 2 days (data not
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Figure 3. Relative amounts of NeuNAc-Gal-GleNAc-C12 glycosyl-
ated from GIcNAc-C12 (white column) and Gal-GlcNAc-C12 (black
column) by B16 melanoma cells (2 x 10° cells). The relative amounts
were analyzed by densitometry at 540 nm followed by staining with
resorcinol-HCI. The dose of saccharide primers was 50 uM.
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Figure 4. Growth of B16 cells cultured in the absence (closed circle)
and the presence of 50 pM GIcNAc-C12 (open circle) and LacNAc-
C12 (open square).

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-f-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-C12"° 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.'®

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 Galpl-
4GIcNAc 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 Galpl-4(Fucal-3)Glc-
NAc-NM, and peracetylated GlcNAcp1-3Gal-NM was
converted to GalBl-4(Fucal-3)GlcNAcBl-3Gal-NM,
NeuNAca2-3GalBl-4GIcNAcP1-3Gal-NM, and NeuN-
Aca2-3GalBl-4(Fucal-3)GIcNAcB1-3Gal-NM by U937
human histiocytic lymphoma cells.® Those peracetylated
primers were glycosylated after deacetylation in cells. In
our study, deacetylated saccharide primer was used for
the synthesis of oligosaccharides by cells. GIcNAc-C12
and LacNAc-C12 gave Le*, sLeX, polylactosamine,
sialylated polylactosamine, and sialylated/fucosylated
polylactosamine by incubating with HL60 cells. These
oligosaccharides were similar to endogenous glycans
observed in HL60.!” 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 GIcNAc-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.'® 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-Cl12 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-
Cl12 and LacNAc-Cl12 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-p-n-
glucopyranoside (GlcNAc-C12)

2-Acetamido-1,3,4,6-tetra-O-acetyl-2-deoxy-p-glucopy-
ranoside (Acs-GIcNAc) was prepared by reacting
N-acetylglucosamine (2.5 g, 11.3 nmol, GlcNAc, Sigma)
with Ac,0 (15 mL, 159 mmol, Wako Pure Chemicals) in
30 mL of pyridine according to the literature.'® Acs-Gle-
NAc (3g, 7.71 mmol) was mixed with TMS-OTf
(4.0 mL, 21.9 mmol, E. Merck) in CH,Cl, under nitro-
gen.”® The solution was refluxed at 50 °C with stirring
for 7h. 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), BF;-OEt; (21 mL,
7.9 mmol, Wako Pure Chemicals) in the presence of
4 A molecular sieves (2.5 g), and stirred at room temper-
ature for 22h.*' BF3-OFEt (20.1 mL, 0.79 mmol) was
added at 18 h to complete the reaction. The mixture
was neutralized with Et;N. After evaporation, the prod-
uct was purified by column chromatography (Silica Gel
60, E. Merck, 7 x 30 cm, 1:1 n-hexane-EtOAc). Yield:
63.8% (2.53 g). '"H NMR(CDCLy): 6 5.51 (d, 1H, Jonu
8.8 Hz, NH), 5.31 (dd, 1H, J,3 10.1 Hz, J34 9.5 Hz,
H-3), 5.06 (dd, 1H, J34 9.5 Hz, J4 s 9.9 Hz, H-4), 4.65
(d, 1H, J,, 8.4Hz, H-1), 4.26 (dd, 1H, Js¢, 4.7 Hz,
Jo.gem 12.3 Hz, H-6a), 4.12 (dd, 1H, Js6. 2.4 Hz, J6 gem
12.3 Hz, H-6b), 3.89-3.75 (m, 2H, Jonu 8.8 Hz, Ji>
8.4 Hz, H-2, OCH,CHx(CH,)sCH3), 3.69 (ddd, Jy4s
9.9 Hz, Jsea 2,4 Hz, Jsgp 4.7 Hz, H-5), 3.50-3.42 (m,
1H, OCH,CH,(CH>)9CH3), 1.94, 2.02, 2.02, and 2.08
(s, each 3H, Ac), 1.60-1.50 (m, 2H, OCH,CH,-
(CH;)sCH3), 1.35-1.14 (m, 18H, OCH,CH,(CH,)sCH3),
0.87 (t, 3H,OCH2CH2(CH2)9CH3).

Dodecyl 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-
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.*> mp 161 °C, [a]p —18.8
(¢ 0.12, CH;0H). '"H NMR (CD;OD): 4 4.38 (d, 1H,
J12 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, OCH,), 1.97 (s, 3H, Ac), 1.53-
1.51 (m, 2H, OCH,CH,(CH,)CH3), 1.34-1.22 (m,
18H, OCH,CH,(CH,)sCH3), 0.89 (t, 3H, OCH,CH,-
(CH1)oCH3s). MALDI-TOFMS: caled for CaH3sNOg:
(M+Na)*, 412.3, Found: (M+Na)*, 412.3. Anal. Calcd
for C2H39NOs-0.3H,0 (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 p-p-galactopyranosyl-(1—4)-2-
acetamido-2-deoxy-B-p-glucopyranoside (LacNAc-C12)

2,3,4,6-Tetra-O-acetyl-B-p-galactopyranosyl-(1 - 4)-2-
acetamido-1,3,6-tri-O-acetyl-2-deoxy-B-p-glucopyranos-
ide (Ac-LacNAc) was prepared by mixing N-acetyl-
lactosamine (982 mg, 2.56nmol, LacNAc, Yaizu
Suisankagaku Industry Co. Ltd, Japan) with Ac,O
(SmL, 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 CH;Cl, 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 x 23cm, 1:2:0.01 toluene-EtOAc-
Et3N). The collected products were mixed with 1-dodec-
anol (1.3mL, 5.89 mmol), (R,S)-camphor sulfonate
(27 mg, 0.12 mmol, Wako Pure Chemicals) in the pre-
sence of 4 A molecular sieves (350 mg), and refluxed
for 6 h. The mixture was neutralized with Et;N. After
evaporation of the solvent, the product was purified by
column chromatography (Silica Gel 60, 2 x 35 cm, 2:3
n-hexane-EtOAc). Yield: 50% (478 mg). 'H NMR
(CDCl3): é: 5.63 (d, 1H, Jnu2 9.3 Hz, NH), 5.35 (d,
1H, Jy 4 2.9 Hz, H4'), 5.11 (dd, 1H, H-2), 5.06 (dd,
I1H, J34 8.1Hz, H-3), 497 (dd, 1H, Jy3 10.3 Hz,
H-3'), 4.51-4.46 (m, 2H, H-1’, H-6a), 4.43 (d, 1H, J,,
7.3, H-1), 4.15-4.09 (m, 3H, H-6b, H-6b’, H-6a’), 4.03
(dd, 1H, J53 9.3 Hz, H-2), 3.87 (ddd, 1H, H-5), 3.78
(dd, 1H, H-4), 3.62 (ddd, 1H, J4s 5.6 Hz, H-5), 3.41
(dd, 2H, OCH,CH(CH,)9CH3), 2.15-1.96 (m, 21H,
Ac), 1.60-1.46 (m, 2H, OCH,CH,(CH2)9CH3), 1.30-
1.18 (m, 18H, OCH,CH,(CH,);CH3;), 0.87 (t, 3H,
OCH,(CH3)10CH3).

Dodecyl 2,3,4,6-tetra-O-acetyi-B-p-galactopyranosyl-
(1-4)-2-acetamido-3,6-di-O-acetyl-2-deoxy-B-p-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 3h. The reactant was
concentrated after treating with Amberlite IR-120B
(Organo Co., Japan). LacNAc-C12 was purified by dis-
tilling with EtOH, toluene, and CHCl;. Yield: 326 mg
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(99%). mp 246°C, [aJp —7.6 (¢ 0.2, DMSO). 'H
NMR(DMSO-ds): 6 7.74 (d, 1H, NH), 4.28 (d, 1H,
J12 7.8 Hz, H-1"), 4.19 (d, 1H, J,2 8.1 Hz, H-1), 1.7 (s,
3H, Ac), 142-141 (m, 2H, OCH,;CH,(CH,)yCH3),
1.17-1.29 (m, 18H, OCH,CH,(CH;)sCHj3), 0.85 (t, 3H,
OCH,CH,(CH,)sCH3;). MALDI-TOFMS: caled for
C26HsoNO,;: (M+Na)*, 574.3, found: (M+Na)*,
574.6. Anal. Calcd for Cy6H4NO;;-1.5H,O (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% CO,. 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% CO,.

4.4. Glycosylation of saccharide primers in cells

Stock solutions of 20 mM saccharide primers in DMSO
were diluted to 50 uM 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 x 10%) were incubated with RPMI 1640
medium containing 50 pM saccharide primer for 48 h.
The glycosylated products secreted in the culture med-
ium were collected with a Sep-Pak C;s column (Waters
Co.). The water-soluble compounds were removed with
water and 3:7 MeOH-H,0. The glycosylated products
were cluted with MeOH. The eluate containing the
glycosylated products was evaporated under reduced
pressure. The obtained products were dissolved in
100 pL of 2:1 CHCl;-MeOH, and an aliquot was sepa-
rated on an HPTLC plate (Silica Gel 60, E. Merck)
using CHCI3-MeOH-0.2% CaCl,. Acidic and neutral
products on the HPTLC plate were stained with resor-
cinol-HCI reagent and orcinol-H,SO, reagent, respec-
tively. B16 cells (2 x 10%) were similarly incubated with
saccharide primers in serum-free DMEM/F-12 medium
(Gibco BRL) containing 5 mg/L of transferrin, S 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% CacCl, 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 30s 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 CHCl:-MeOH.

4.6. High-performance liquid chromatography (HPLC)

Neutral products and acidic products separated using
a Sep-Pak C;s column were purified by HPLC. The
crude products dissolved in 70:28:2 CHCl;-MeOH-
H,O were injected into an HPLC system equipped with
an Iatrobead column (6RSP-8005, 4.6 x 250 mm, latron
Laboratories Inc.) and a light scattering detector (SE-
DEX?75, Sedere). Neutral products were separated with
70:28:2 CHCl3-MeOH-H,0. Acidic products were
separated with 70:28:2 CHCl;-MeOH-H,0 and 60:35:5
CHCIl3-MeOH-H,0. 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
S0mU of neuraminidase from A. wreafaciens
(EC.3.2.1.18, Sigma), or in S0 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 C,s column, separated on an
HPTLC plate with 60:35:8 CHCl:-MeOH-0.2% CaCl,,
and were stained with orcinol-H;S0,.

4.9. MTT assay

Cells (2 x 10%) in a 96-well microplate were incubated
with 50 uM GIcNAc-C12 or LacNAc-C12 for 48 h.
Ten pL 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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Abstract

The authors developed a method of synthesis of
oligosaccharides using cell function. By administering the
saccharide primer that is amphiphilic alkylglycoside into cell
culture medium, glycosylated products were collected from
the medium after 1-2 days. The sequences of the products
were dependent on the biosynthetic pathway of sugars in the
cells. By combining the saccharide primer and cell lines, it
was possible to synthesize many kinds of oligosaccharides.
The introduction of a functional group in an alkyl chain
of saccharide primer made it possible to polymerize and
immobilize to solid support. The saccharide primer method is
expected to become a new methodology for glycomics.
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A. Introduction

The application of glycans to biomaterials and
medicines has been anticipated. However, these applications
have not been developed to the degree expected. The
researches into genes and proteins are supported by the
technology of sequencer, automatic synthesizer, amplification
with E. Coli, and library. Remarkable improvements in
research on them were achieved by these instruments and
techniques. If there is an idea for research, it is possible to
perform experiments by purchasing the required materials.
Thus, for the research and development of glycans, it is
necessary to develop the technology for improving them
drastically. In the development of such technology, the
supply of glycans would be required to perform the potential
carbohydrate research.

Glycans available as materials are mainly
polysaccharide that is abundantly included in natural resources.
Polysaccharide such as cellulose, chitin, chitosan, pullulan,
and mannan are commercially available and inexpensive.
However, for oligosaccharides which are not abundant in
nature, the supply and variety is limited because the resources
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Structures of saccharide primers
OHol OH
1) Alkyl B-lactoside
H%&O\/\/\/\/\/\,
o OH

3) Alkyl 8-lactoside having azido group
Globo-

Ganglio- series

Fig. 1. Biosynthetic pathway of glycolipids and fhe typical structures of saccharide primers.
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Fig. 2. The principle of saccharide primer method and biocombinatorial synthesis.

are organs of animal in many cases. Then, organic synthesis
and enzymatic synthesis have been developing as a method
which does not depend on natural resources. The authors
have been developing a novel method for production of
oligosaccharide as the fourth method. The cell synthesizes
glycans in follicle and Golgi. That is to say, the cell is the
small factory which synthesizes glycans. Therefore, we aim to
establish the synthetic method of the oligosaccharide utilizing
such a cell function for sugar biosynthesis

B. The Principle of Saccharide Primer Method

To synthesize oligosaccharides utilizing glycan
biosynthesis system in cells, molecules as substrate for
glycosyltransferase in cells are required. We named such a
molecule “saccharide primer.” Glycolipids are synthesized
by connecting sugar molecules one by one to ceramide. This
lactosylceramide (LacCer) is a common precursor of many
series of glycolipids, including the ganglio series (NenAca2-
3Lac), globo series (Galal-4Lac), lacto series (GlcNAcB1-

W3, 22T, RABRCHES 2L HBAERPBERSRED
RBLTECWS, ZThicA <, 855134 oHOFHE
LT, Ffeded ) THEOEEFEZHREL T35, il
PMEP IV KB THEHOEAR 2fTo T3, Thbb,
MR E AR TN E L THETH S, 22T, RL B,
ZFOXOEHAGER BT 2 EBEE AL 4 o8
FHOEBREORLE BIELTw3,

W75 v —EoRE

MlEoBHEGRENEMAL LY TH#EL2ERT
270z, MBROBEEHARBEOREL 2 20 T8
Brabd, cOKIRTh HWHEHTIA2— (

)1 EEATV S, BIREORMSEE SRR T,
MERIGIR—EOHAIH > TITbh T3, BRECS
B2 hones 3 F DRI L 2D, ATV A
#51 o . Tu xR a .
57 F#5) B L HBIWIIRLT T RS

©2007 FCCA (Forum: Carbohydrates Coming of Age



3Lac), and neo lacto series (GlcNAcB1-3Lac)(Fig.1).
Therefore, it is possible to define the sequence of lactose as a
primer for sugar chain elongation reaction.

Dodecyl B-lactoside (Lac-C12) that mimics LacCer
is one of the useful saccharide primers (1-3). Lac-C12 is
an amphiphilic pseudo-glycolipid, and was a substrate for
glycosyltransferase. Because of its amphiphilic property, the
saccharide primer supplemented in culture medium could
internalize into cells. The products glycosylated in the cells
were secreted in the culture medium. Since the glycosylated
products existed in the culture medium, the isolation of them
was very convenient. This is the most important advantage
of the method of synthesizing oligosaccharides using cells.
Besides this, the features of the saccharide primer method
are as follows: Saccharide primers have monosaccharide or
disaccharide structure that can be conveniently synthesized.
Cells are treasuries of glycosyltransferases, and also synthesize
glycosyl donor. By utilizing the intact cells, it is not necessary
to prepare the glycosyltransferase and glycosyl donor (Fig. 2).

The cells were cultured in the serum-free medium
supplemeted with the saccharide primer for 1-2 days. The
unreacted primer and the glycosylated products in the
culture medium were collected with reversed phase column
chromatography. The glycosylated products were separated
on a HPTLC, and their molecular masses and sequences were
analyzed by MALDI-TOF-MS/MS and ESI-MS/MS. The
products could be isolated by a HPLC.

The primers as substrates for glycosyltransferase in
cells have been already reported. In ongoing research, it
has been found that B-D-Xyloside was an initiator (primer)
for the biosynthesis of glycosaminoglycan (4,5). After this,
Esko et al. investigated that GalNAca-O-benzyl . Xylgl-
6Gal-0-2-naphthol, peracetylated Galf1-4GlcNAcB-0O-
naphthalenemethanol(6), peracetylated Galf1-4GIcNAcp-
O-naphthalenemethanol (7) were substrates for the
glycosyltransferase in cells, and they determined the structures
of the glycosylated products. Furthermore, those primers were
also found to be inhibitors for endogenous glycan biosynthesis
(6-10). The primers having bezyl and naphtyl group as
aglycon tend to stay in cells because of their hydrophobicity.
Therefore, the activity as inhibitor for biosynthesis would be
induced. On the contrary, as the ability of dodecylglycoside
to remain in the cells is poor, the glycosylated products are
secreted into culture medium. As the glycosylated products
could be isolated without the lysis of the cells, the saccharide
primers employed in our study have an advantage from the
viewpoint of carbohydrate synthesis.

C. Idea of Biocombinatorial Synthesis of Saccharides
Using Cells Is Born
In the early 1990 s we were struggling to create new
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approaches for elucidation of glycosphingolipid functions.
If we synthesize glycosphingolipid mimicking precursor
molecules with which cells are to be incubated, there may
exist a possibility that cells incorporate the molecules for the
synthesis of their own glycosphingolipid. The glycolipid thus
synthesized and transported to the outer leaflet of the plasma
membrane must be distinct from the natural ones in terms of
stability and functions and cell physiology will be affected and
“thereby functions of glycosphingolipids may be understood.
An extensive search for the presence of this idea in the list of
publications led us to think that this was a new idea and that
artificial glycolipid precursor would become a powerful tool in
the study on the elucidation of glycolipid.

A chart of glycosphingolipids with special reference to
biosynthesis tells us that lactosylceramide is a key molecule in
the glycosphingolipid family; except for galactosylceramide
all species of glycosphingolipids in mammals are synthesized
through lactosylceramide. Therefore we aimed at the synthesis
of lactosylceramide analogues whose structure is simplified
for the chemical synthesis and that can be incorporated by
cells in culture and used in parallel with, or better than,
lactosylceramide for the synthesis of complex glycolipid
for the cells. Ceramide consists of two long hydrophobic
chains. It would be easy to synthesize a lactoside with a single
hydrophobic chain. If the length of the chain were not long
enough to give hydrophobicity to the lactoside, it would not be
incorporated. If the chain length were too long to be soluble
in the medium, the lactoside would fail in utilization. By that
time, synthesis of alkyllactoside of different chain length was
reported, but we ourselves wanted to synthesize them for our
own use. Conjugation of lactose with alkyl chain resulted
in alpha and beta isomers which were separated by column
chromatography. Synthesis of alkyllactoside according to
the published method did not bring us the joy of performing
an experiment and thus we synthesized a chromogenic
amphiphilic lactoside, 2-(N-hexadecanoylamino)-4-nitrophenyl
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Fig. 5. Priming of putative GM3 analogues by lactosides in B16 cells (see reference 2).

B-lactoside that can be used as a substrate for endo-type
glucosylceramidase such as endo-type glycosylceramidases
such as EGCase. We further synthesized novel lipophilic
alkylamidelactosides whose N-acyl structures were introduced
via ethanolamine. These lactosides, N-acylaminoethyl
B-lactosides partially mimicked the ceramide structure and it
was expected these lactosides should prove to be more suitable
precursor in the glycolipid synthesis following incorporation
into cells (2) (Fig. 3).

We wondered if these lactosides were utilized
by cultured animal cells. To begin with we used mouse
melanoma B16 cells synthesizing the simplest ganglioside
GM3, and administered lactosides in the medium at the
25 uM concentration. In order to facilitate the trace of
lactosides, these molecules were titrated with galactoside
oxidase followed by reduction with *H-NaBH, at the C-6 of
Gal residue. Following the incubation of B16 cells with the
radiolabeled lactoside, cells were washed and incorporated
radioactivity was determined. The uptake of Cl6-series
lactosides was dependent on incubation time and proceeded
to saturation. When cells were fed with 25 uM lactosides,
the Cl6-alkylamidelactoside amount was much larger than
that of C16-alkyllactoside. In 20 h incubation, 20% of
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Fig. 7. The amount of the products derived from the several saccharide primers (see reference 3).

radioactivity was incorporated into the cell with incubation
with either lactosides (2) (Fig.4). Lactosides subsequent to
incubation were far fewer in number at 4 °C compared to 37
°C, suggesting that accumulation of lactosides was due to
incorporation but not the diffusion of lactosides. Glycosylated
lactosides were found present in the ganglioside fraction of
cell extracts as confirmed by HPTLC, and it was shown that
the glycosylated lactoside had the same sugar sequence as
GM3 by EGCase treatment (2) (Fig. 5). ]
Saccharide moiety of the glycosylated lactoside was
found to be the same as that of GM3, except that they were
different from the native GM3 in terms of hydrophobic moiety.
23% of the molecular surface of bovine serum albumin (BSA)
is hydrophobic and thus it attracts the hydrophobic moiety
to the surface and serves as a lipid carrier in serum. Lipid-
removed BSA can in turn be used as an extractor from the
membrane of hydrophobic molecules with weak interactions
with other molecules in the plasma membrane. The process
is called back exchange. B16 cells were incubated with C16-
alkyllactoside or C16-alkylamidelactoside for 18 h and

DT, WORARIIEMY S QW TIER, 22 LF—
WEOBBHIM D AATH S L Bbh, @HICEATH
BHEERED CEEEZHER L L, ilBod Ty P LEON
2 ORISR SR LRUMEC > TR (F
Yo

PRSI L7 AVFANI 2P FEPAIAPIRS
7 P PR T7ABOERZZ G CORSEETI ERL
Ko THIBCRELTYEY, 2ERTHI2ET I FOB
BIHERTIRRTH S, B VAIVBNFRED %
PHAKETH D - I KHKENEEEEOI 20 THREX ¥
V7—LLTHISERTWE, IO BFEHR-OTEELT
VIBAREME R L. SERBUKEYHE % flERE > S
Flei{owErs, Zo#E2 twd,
MEEZT7AXIANGI TP FRTAIATIFI PSR LE
REFIGREL . T 7 3Hi%clllao i
BEFRLLIDL, PAFAF 7 by FERDRAA LT

©2007 FCCA (Forum: Carbohydrates Coming of Age



surface expression of GM3 was examined before and after
the back exchange. About 10% and 40% of the cell surface
GM3 was decreased from C16-alkyllactoside and C16-
alkylamidelactoside treated cells, respectively. The results
indicated that 10% and 40% of the cell surface GM3 was
replaced with glycosylated lactosides in Cl6-alkyllactoside
and Cl6-alkylamidelactoside treated cells, respectively. C16-
alkylamidelactoside was incorporated into the cells faster than
Cl16-alkyllactoside and it tended to remain within the cells
better than C16-alkyllactoside (Fig. 6).

Lactosides having different lipid moiety structures
affected the incorporation and glycosylation efficiency,
though each of these was not segregated. The amounts of
glycosylated lactosides accumulated within the cell and
culture medium fractions were determined (3) (Fig. 6 and
7). C8 lactosides (C8amideLac and C8alkylLac) were not
glycosylated, indicating that there were not incorporated
into cells. C16 series lactosides were glycosylated S times as
much compared to C12 series lactosides. Alkylamidelactoside
showed better glycosylation than alkyllactoside in the cell,
because the former could stably be present in the membrane
due to possible formation of hydrogen bonding with other
molecules. Glycosylation within the cell reached a plateau,
while accumulation of significant amounts of glycosylated
lactosides in the culture medium was found. C12 series
lactosides were found to be more effectively glycosylated than
C16 series lactosides. Since C16 lactosides can be packed
more tightly than C12 lactosides in the plasma membrane
due to their enhanced hydrophobic interactions, they tended
to remain in the membrane, while C12 lactosides, following
glycosylation in the Golgi apparatus and transportation to
the membrane, faced a shorter life span in the membrane due
to their weak hydrophobicity. This was also the case within
alkylamidelactoside and alkyllactoside; amidelactosides had
stronger interactions than alkyllactosides with other molecules
and the former tended to remain in the membrane.

The ratio of glycosylated lactosides between the
medium and the cell fractions was 1.5-2 and 5-6 in the case of
C16 lactosides and C12 lactosides, respectively. Cells used in
the experiment were mouse melanoma B16 expressing GM3
as a sole ganglioside. B16 cells were sialylating C12 lactosides
as a precursor for the synthesis of GM3, but sialylated C12
lactosides were easily shed from the membrane and thus
ganglioside-synthesizing machinery worked perpetually when
C12 lactosides were fed and thus glycosylated C12 lactosides
were accumulated in the medium far faster than the cells fed
with C16 lactosides. ]

Africa green monkey kidney cell COS7 is known
to express ganglio a series ganglioside. By supplementing
Lac-C12 in the culture medium, oligosaccharides of ganglio a
series are synthesized by the cells. Analysis of the products
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secreted into the culture medium by a mass spectrometer
indicated that the saccharide primer was connected with
N-acetylneuraminic acid, N-acetylhexosamine, hoxose, and
second N-acetylneuraminic acid in this order. These results
suggested that the products were GM3, GM2, GM1, and GD1a
of ganglio a series. When we started this research project, the
sequence of the glycosylated products has been determined in
combination with the substrate specificity by sugar hydrolase
and the binding specificity for sugar-binding protein such as
cholera toxin. Recently, many oligosaccharide structures can
be determined by mass spectrometry using MALDI-TOF-MS/
MS and ESI-MS/MS.

D. Biocombinatorial Synthesis

Looking at the above mentioned experimental
results, the idea of constructing a saccharide library by
biocombinatorial synthesis of saccharides using cells in culture
emerged. Artificial lactosides were first developed to modify
the glycolipid synthesis of cells and thereby expected to obtain
a clue to the glycolipid functions. But with a different point of
view, lactosides can be used as a primer to synthesize artificial
glycolipids using cells. Purification of glycolipids from
tissues and cells is rather easier than that of glycoproteins,
but still the purification procedure contains a collection of
cells from which glycopids are extracted using lipophilic
reagents. Administration of the artificial lactosides results
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Table I. Example of glycan structures expressed in the established cell lines.
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in glycosylation and the release of glycosylated lactosides
in the medium and purification of these products must be
simpler than the purification of glycolipids from the cell.
The lactosides served as primers for the synthesis of artificial
glycolipids. Provided with the suitable primer structures, they
can be used for the synthesis of proteoglycan saccharides and
glycoprotein saccharides.

The principle of combinatorial chemistry has been
utilized for producing chemical libraries such as medicines.
Through the improvement of such research techniques, the
time to know the correlation between structure and function of
the medicine article was rapidly shortened. The technique of
combinatorial chemistry has been adopted for the preparation
of a glycan library by organic synthesis. We utilize the
priciple of combinatorial chemistry for the preparation of
an oligosaccharide library using the living animal cells and
saccharide primer method (Fig. 2).

Each established cell line has specific glycan
biosynthesis pathways (Table 1). By administering Lac-C12
to those cells, it was found that Lac-C12 was elongated
with oligosaccharides equal to the endogenous glycolipids.
Besides Lac-C12, saccharide primers having monosaccharides
and other disaccharides also received the glycosylation in
cells. Besides the cells described above, there are enormous
kinds of cell lines that can be subcultured. In addition to
Lac-C12, several saccharide primers having monosaccharide
and disaccharides were synthesized, and were found to be
glycosylated in the cells. By combining the culture cells and
the saccharide primers, it is possible to produce many kinds of
oligosaccharides that are synthesized by the cells. This is the
principle of “biocombinatorial chemistry.”

E. Various Saccharide Primers

In order to produce many carbohydrate chains by the
method proposed by this project, the development of various
types of saccharide primers is required. On designing the
novel primers, we were interested in the following two, a basic
and a challenging subject: what arc the suitable structures for
the transfer of the primer from the medium to the carbohydrate
chain-synthesizing machinery in Golgi apparatus? how do the
carbohydrate chain-synthesizing enzymes recognize the primer
structure? For the former subject, we planed to examine the
effect of the aglycon structure on the behavior of various
novel lactosides, because some lactosides have been proved
by our college to work as an effective saccharide primer as
described below. For the latter and rather challenging subject,
if we consider the unique biosynthetic pathway of N-glycan,
several novel types of primer candidates having disaccharide
or two monosaccharide units were synthesized and tested as
primer.

The elongation of carbohydrate chain on the lactoside
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Fig. 8. The structures of saccharide primers used in section E.

primers was examined by Nakajima et al. (3) using those
with long chain alkyl residue as aglycon from C8 to C16
(Fig. 7). The best result as a primer, was obtained in the
case of C12. On the other hand, the chain elongation on
N-acetylglucosamine-containing disaccharide was reported
using its peracetylated a-naphtylmethyl glycoside (6).
Therefore, several lactosides having an aromatic ring in their
aglycon moiety (Fig. 8, lactoside 1-7), having also an alkyl
chain and so on (Fig. 8, lactoside 8-10) were synthesized and
the chain elongation was examined in B16 cell. The results
indicate that the lactoside having the aglycon whose calculated
logP (partition coefficient) value by the fragmentation
method (ChemDraw, CambridgeSoft Corporation) as the
corresponding alcohol is around 5-7 seems to be able to
behave as the primer. Although it might be criticized as a
hasty decision based on the result of a single cell, it is very
interesting that the behavior of a glycoside as a primer could
be predicted by the logP value calculated by the empirical
data.

It emerged very recently that the less complicated
but mysterious mechanism of the N-glycan biosynthesis is a
part of the quality control of protein. While the carbohydrate
chain of glycolipid elongates simply on the proper primers,
that of the N-linked one does so via a unique two-step
construction, the so-called tetradecasaccharide glycosylation
followed by processing, to form a variety of branched chain
structures. Thus it seems to be challenging to develop a novel
primer for the N-glycan, and we designed a new type of two
monosaccharide units-primer. At first, based on the assumption

10
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that glycosyltransferase may recognize the disaccharide unit,
the alkyl glycosides of N-acetylglucosamine and mannose
with B-1,2 (Fig. 8, 11-14) and B-1,6 linkage (Fig. 8, 15) were
synthesized. While the carbon numbers of the alkyl residue
were 8, 10, 12 and 16 for the former, for the latter, based on
the finding that the glycoside 13 has proved to be a good
primer, the carbon number 12 was selected.

On the other hand, considering the glycosyltransferases
which may recognize two monosaccharides on the different
chains, the glycosides having an alkylated benzene as aglycon
as well as two typical monosaccharides in the N-linked
chain, that is, mannose (Fig. 8, 16) and N-acetylglucosamine
(Fig. 8, 17) were synthesized. Cultivation of the above
described glycosides in B16 cell revealed that the additional
carbohydrate chains elongated on the disaccharide glycosides
13 and 15. Further, in the case of 16, the tetrasaccharide
structure 18 with the additional sialic acid and galactose was
confirmed by NMR and high mass data and so on. Further,
the elongation of the same two monosaccharides on 15 was
also confirmed by high mass. The finding would be very
exciting, if the result indicates not only the novel primer but
also the elongation by a novel, that is, N-glycan-synthesizing
machinery. To our regret, the observed chain elongation on
13 may be constructed by the biosynthetic machinery of
O-glycan. No elongation was observed for the parallel two
units-type primers 16 and 17 in three kinds of cells (B16,
CHO, and HLG60). Because the validity of the novel aglycon
has not yet been proved, the parallel recognition could not
be completely excluded. In order to develop the N-type
saccharide primer a breakthrough in the approach would be
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Fig. 9. Saccharide elongation on azido primer and conversion to the functional compounds.
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required.

F. Design of Aglycon of Saccharide Primers

It is one of the advantages of the saccharide primer
method that the functional group can be introduced to the
saccharide primer which is used for the subsequent chemical
reaction after the saccharide elongation. Azido (11,12),
vinyl (13), and fluoro alkyl (14,15) groups are usable for
the saccharide primer method. The azido group is used as
a precursor of the amino group. It is well known that the
azido group is used instead of the acetamide group in the
aminosugar which is often unstable in the cell (or chemically).
The position of the azido group in the aglycon of dodecyl
lactoside is the farthest (12-azidododecyl) or the nearest
(2-azidododecyl) place (Fig. 9). 12-Azidododecyl lactoside
(12-azido primer) can be reacted with the other compound
after the saccharide elongation, and the dodecyl chain is used
as a spacer (16). On the other hand, 2-Azidododecyl lactoside
(2-azido primer) is expected to be converted to an amino
compound after the saccharide elongation and reacted with
fatty acid to give a glycolipid analog.

Both 12-azido and 2-azido primers were investigated
to produce similar amounts of oligosaccharides as the non-
substituted primer (dodecy] lactoside). It is worth nothing that
the azido group remains intact. Both 12-azido and 2-azido
primers are taken up to the B16 cells to provide the sialylated
product which is the saccharide moiety of GM3, and provide
the trisaccharide, tetrasaccharide, and pentasaccharide of
ganglioside (saccharide moieties of GM3, GM2, and GM1).
The differences among these three primers are the amount
of uptake to the cell and the cytotoxicity. 2-Aazido primer
is easier to be taken up to the cell than 12-azido and non-
substituted primers. Critical micelle concentrations were
almost the same among these primers, while the difference of
surface activity (2-azido primer is most active) may affect the
amount of uptake to the cell (12).

The optimum primer concentration for oligosaccharide
production depends on the kind of aglycon, for example, the
optimum concentration of 12-azido primer which is added
to the culture medium of B16 is 200 M and the optimum
concentration of 2-azido primer is 100 #M. When the optimum
concentrations of these two kinds of primers are added to the
culture medium, the concentrations in the cell are similar and
the amounts of sialyl lactose derivatives produced are almost
the same. Therefore, it is indicated that the structure of the
aglycon affects the amount of uptake but not the release of the
elongated primer. Since the above optimum concentration of
the primer shows cytotoxicity and the amount of production
of oligosaccharide decreases, it is estimated that the primer
concentration in the cell is related to the cytotoxicity (12).

The saccharide-elongated product can be isolated from

12
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Fig. 10. Saccharide elongation on fluorous primer.

the culture medium by using 10-undecenyl lactoside which
has a vinyl group instead of an azido group. The 10-undecenyl
lactoside is taken up to B16 cells to afford the same sialylated
product as other primers (13).

It is noteworthy that the long alkyl chain which is
substituted by several fluorine atoms can be used for the
primer to produce the oligosaccharides. Since the fluorous
compound which contains many fluorine atoms has an affinity
for other fluorous compounds, it is usable for the separation
process organic synthesis. Therefore, the isolation of the
product becomes easy by using the fluoroalkyl lactoside as a
saccharide primer (Fig. 10).

The dodecyl (C12) group is most effective for
oligosaccharide production with saccharide primer method.
It is estimated that the fluoroalkyl chain whose length is C12
is suitable for carbohydrate production. Partially fluorinated
dodecyl lactosides which are C¢F,;C¢H,,-lactoside and
C,oF:C;H,-lactoside are synthesized and added to the culture
medium, showing the same behavior as non-fluorinated
primers (14). However, a high concentration of highly
fluorinated lactoside primer (C,.F,,C,H,-lactoside) shows the
cytotoxicity. On the other hand, C,,F,,C,H,-glucoside has low
toxicity while dodecyl glucoside shows strong cytotoxicity.
Such strong cytotoxicity may depend on the surface
activity which is caused by the balance of hydrophilic and
hydrophobic parts.

It is expected that the C¢F,,CsH,,-sialyl lactoside
which is produced by incubating B16 with C¢F;CcH,,-
lactoside is selectively extracted with fluorous solvent.
However, C¢F,;C¢H,,-sialyl lactoside is insoluble in fluorous
solvents such as perfluorohexane and perfluorotoluene, while
it is soluble in the polar solvents such as methanol which
does not contain the fluorine atoms. It is caused by the high
polarity of hydroxyl and carboxyl groups in the saccharide
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portion. Fluorous solvents having hydroxyl group such as
pentafluoro penthanol and nonafluoro hexanol are used for the
selective extraction of C¢F;3C¢Hj,-sialyl lactoside. Pentafluoro
penthanol and nonafluoro hexanol do not dissolve the dodecyl
lactoside and its sialylated compound. Therefore, both
hydrophilic interaction and fluorous interaction occur (15),
and it can be called “Fluoro-amphiphilic.”

As well as the kind of aglycon, the configuration of
the glycoside linkage in the saccharide primer is effective
on the saccharide elongation by the cell. Both dodecyla-
and B-lactosides can be used as primers for oligosaccharide
production, while only B-isomers of dodecyl galactoside is
usable for saccharide elongation (17).

G. Glycan Array

Though the research on the function of oligosaccharides
in cells and tissues has developed, the elucidation of the
whole picture of the function of glycan is not yet sufficient. To
achieve high-throughput analysis of carbohydrate recognition,
it is necessary to construct the screening system using the
glycan library. Fundamental research for the development
of glycan array has been increasing recently (18-21). For
the development of glycan array, the preparation of glycan
library and the method of immobilization to solid support and
detection are required. In many papers, the adsorption and
chemical immobilization of glycans to solid supports have
been described. As we established the methodologies to obtain
saccharide library using cell function, in the next step we
are developing the immobilization method for glycan library
produced by cells. For example, we investigated the utilization
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Fig. 11. Inmobilization method of azido glycoside and amino glycoside
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of saccharide primer having reaction active groups such as the
azido group. 12-Azidododecyl glycosides were successfully
immobilized onto a sensor chip by either the Staudinger
reaction (22, 23) or reduction of the azido group followed by
condensation reaction (Fig. 11). Specific bindings of lectin or
antibody to the immobilized glycan were achieved by the both
methods (16). Since the saccharide primers having a functional
group such as the azido group were also glycosylated in cells,
it is expected that the saccharide primer method will be useful
for the development of glycan array.

A consortium for functional glycomics of United States
of America urged the research and development on’glycan
array (24, 25), and we can freely browse the analysis for
carbohydrate recognition of lectins, antibodies, and influenza
virus on the website (26). It is very worthwhile to share
such research results for the researchers of glycobiology
and glycoengineering. Henceforth, the improvement of
glycan library will be carried out by the development of new
techniques for the immobilization method, detection method
and production of glycan library. Here, There is knowledge
to be considered in the development of glycan array. The
quantitative analysis on the carbohydrate recognition using
glycolipid monolayer by Sato et al. indicated that the optimum
glycolipid density for carbohydrate recognition was dependent
on the variety of sugar-binding molecules and lipid matrices
(27-30). This fact suggested the problem such as missing the
molecules that could recognize the glycan becauset the sugar
density on the glycan array was not optimum. Furthermore,
in the development of glycan array, improvement of the
immobilization method as well as the quality of the glycan
library will become important. By utilizing the merit of
saccharide primer method that synthesizes the oligosaccharide
by cells, we have planed the development of the glycan array
that covers the oligosaccharides appearing in specific cells and
organs.

H. Conclusion

The several methods to obtain glycans have been
established as described in the introduction. However, in
practice it is difficult to obtain all glycans by one method.
By utilizing the individual features, it is possible to construct
a comprehensive glycan library. The cells produce various
glycoconjugates using complex biosynthetic pathways.
Though the glycans expressed in cells should have important
functions individually, our understanding about them is
insufficient. Thus, the construction of a library of glycans
expressed on cells will certainly be behind the glyco-research.

The libraries of genes, peptides and proteins have
already become important tools for many researchers. The
research for selection of functional molecules from those
libraries has been frequently carried out. Therefore, the
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