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Expression of complex-type N-glycans in
developmental periods of zebrafish embryo

Tatsuya Takemoto,1 Shunji Natsuka,1 Shin-ichi Nakakita2 and Sumihiro Hase1

1Department of Chemistry, Graduate School of Science, Osaka University, Toyonaka, Osaka 560-0043, Japan, 2Department of
Functional Glycomics, Life Science Research Center, Kagawa University, Kita-gun, Kagawa 761-0793, Japan

As a first step to elucidate a role of N-glycans in development of vertebrates, we analyzed structures of the glycans
expressed in early stages of zebrafish embryo. N-glycans were prepared from zebrafish embryos at several developmental
stages followed by tagging with a fluorophore, 2-aminopyridine. The labeled glycans were analyzed by two modes of
HPLC’s. The comparison of the elution profiles of HPLC’s unveil the change of the oligosaccharide structure during the
development. These peaks were merely detected during 4–7 h after fertilization, however, increased from 12 h, and at 15 h a
fairly amount of them was appeared. Structure analysis revealed that they were bianntenary complex-type N-glycans with
or without fucose and/or bisecting N-acetylglucosamine residues. These results suggest that the complex-type N-glycans
are concerned in some developmental event from segmentation period downward in zebrafish.
Published in 2005.
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Introduction

Glycoproteins have various kinds of glycans. N-linked glycans,
one of them, were widely distributed in all eukaryote and even
in some prokaryote [1,2]. The N-glycans in eukaryote are clas-
sified into several types due to their blanching structures. Com-
plex, hybrid, and highmannose-types of N-linked glycans are
commonly seen through vertebrate. Especially, complex and
hybrid-types containing the N -acetyllactosamine structure are
characteristic in vertebrate, although oligomannose-type ex-
ist in all eukaryote. Recent works clearly demonstrated that
oligomannose-type glycans participated in protein folding ma-
chinery in endoplasmic reticulum (reviewed in [3]). This role of
oligomannose-type glycans are corresponding to their univer-
sal distribution over eukaryote. The complex and hybrid-type
glycans are not essential for viability of cultured cells [4,5].
While, they are necessary to construct of cell society in meta-
zoa. A gene knock-out of, N -actylglucosaminyltransferase-
I, which was a key enzyme for biosynthesis of complex
and hybrid-type glycans, caused embryonic lethality in mice
[6,7].
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Previous studies to detect stage-specific sugar chains were
mainly performed using complementary probes such as anti-
bodies and lectins. These approaches are useful to identify re-
gional differences in expression of the glycans, however, these
probes can detect only partial structures of the sugar chains.
Furthermore, the probes are not comprehensively applicable
to detect glycans, because most glycans are immunogenically
low to prepare specific antibodies and available lectins as exper-
imental tool are limited. On the other hand, chemical analysis
of glycan structures requires a substantial amount of material,
and is difficult because of their structural diversity. The other
choice is a 2-dimensional sugar mapping method of pyridy-
lamino (PA-) derivatives of glycans [8,9]. Pyridylamination of
glycans has several advantages, including high sensitivity and
high stability, and excellent separation by reversed-phase HPLC
[9]. Moreover, a combination of the pyridylamination with a 2-
dimensional sugar mapping method enables the glycan mass
for analyzing comprehensively and dynamically.

During the embryogenesis, several sugar chains expressed
stage-specifically on the cell surface have been reported (re-
viewed in 10). However, the roles of them were scarcely under-
stood. With the aim of elucidating the role of the oligosaccharide
during embryogenesis, we first identified the oligosaccharides
that were expressed in a stage-specific manner. Furthermore,
we analyzed the structure of these glycans using 2-dimensional
sugar mapping method.
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Materials and methods

Preparation of zebrafish embryo

Zebrafish were cared for and their embryos handled as de-
scribed elsewhere [11]. Briefly, they were maintained in aquaria
at 28.5◦C, and the day-night cycle was controlled with an auto-
matic timer (14 h light/10 h dark). Zebrafish are photoperiodic
in their breeding, and produce eggs shortly after sunrise. Thus,
the time when the light came on was defined as 0 h. Embryos ob-
tained were incubated at 28.5◦C in embryo medium [11]. Stages
of the development of embryos were decided by morphological
changes, referring to the time after fertilization.

Preparation of PA-sugar chains from embryos

Prior to the preparation of N-glycans, zebrafish embryos free
of corion and yolk were lyophilized. Glycan liberation from
glycoproteins and pyridylamination were performed as reported
previously [12]. Briefly, lyophilized embryos were subjected to
hydrazinolysis (10 h, 100◦C) and N-acetylation to liberate N-
glycans from glycoproteins. The glycans were tagged with a
fluorophore, 2-aminopyridine by reductive-amination reaction.
The excess reagents were removed by solvent extraction and
ion-exchange chromatography as described before [13].

High-performance liquid chromatography

Size-fractionation HPLC was performed at 25◦C on a
Shodex Asahipak NH2P-50 column (4.6 × 50 mm) (Showa
Denko,Tokyo) at the flow rate of 0.6 ml/min. Two eluents C and
D were used as the mobile phase. Eluent C was 93% acetonitrile-
3% acetic acid (v/v) titrated to pH 7.0 with aqueous ammonia,
and Eluent D was 20% acetonitrile-3% acetic acid (v/v) titrated
to pH 7.0 with aqueous ammonia. The column was equilibrated
with Eluent C:D = 97:3 (v/v). After injecting a sample, a linear
gradient elution was performed to Eluent C:D = 67:33 (v/v)
in 3 min and then to 29:71 (v/v) in 32 min. PA-Glycans were
detected by measuring the fluorescence (excitation wavelength,
310 nm; emission wavelength, 380 nm). The elution positions
of the PA-glycans were converted into glucose unit on the ba-
sis of the elution times of PA-isomaltooligosaccharides (Takara
Biomedicals, Kyoto) as described before [12].

Reversed-phase HPLC was performed using following con-
ditions on a Cosmosil 5C18-P column (1.5 × 250 mm) (Nacalai
Tesque, Kyoto) at the flow rate of 150 µl/min at 25◦C. The col-
umn was equilibrated with 20 mM ammonium acetate buffer,
pH 4.0, containing 0.075% 1-butanol. After injecting a sample,
the concentration of 1-butanol was increased linearly to 0.4% in
90 min. Elution of PA-glycans was monitored by measuring the
fluorescence (excitation wavelength, 320 nm; emission wave-
length 400 nm). The elution positions of the PA-sugar chains
were converted into reversed-phase scale as reported previously
[14].

Two-dimensional sugar mapping

The structures of the PA-glycans were assessed by two-
dimensional sugar mapping. The elution positions of more than
100 standard PA-N-linked sugar chains have already been re-
ported, and the introduction of a reversed-phase scale made it
possible to predict the elution positions even if standard PA-N-
linked sugar chains were not available [14]. PA-sugar chains
were separated by reversed-phase HPLC and size-fractionation
HPLC, and the elution position of each sugar chain was com-
pared with those of standard PA-sugar chains on the two-
dimensional sugar map. Then each PA-sugar chain was digested
with exoglycosidases, and the structures of the products were
analyzed on the two-dimensional sugar map as reported previ-
ously [15].

Figure 1. Size-fractionation HPLC of PA-glycans from zebrafish
embryos. HPLC was performed on a Shodex Asahipak NH2P-
50 column (4.6 × 50 mm). 1, PA-glycans obtained from 4 h
embryos after fertilization; 2, 7 h; 3, 12 h; 4, 15 h; and 5, 18 h.
The arrowheads G1–G12 indicate the elution positions of PA-
Glucose – PA-isomaltododecasaccharides. Fractions F1–F11
were collected as indicated by the partitioned bars.
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Enzymatic hydrolysis of PA-sugar chains

A PA-sugar chain was digested with 0.1 units of sialidase
(Arthrobactor ureafacience) (Nacalai Tesque, Kyoto) in 50 µl
0.1 M ammonium acetate buffer, pH 6.0, at 37◦C; with 0.5
units of jack bean β-galactosidase (Seikagaku Corp., Tokyo) in
50 µl 50 mM sodium citrate buffer, pH 3.5, at 37◦C; with 0.01
units of β-N-acetylhexosaminidase (Streptcoccus pneumoniae)
(Boehringer Mannheim, Germany) in 50 µl 50 mM ammonium
acetate buffer, pH 6.0, at 37◦C. The digestions were performed
for 16 h and terminated by heating at 100◦C for 3 min.

Results

Separation of PA-N-linked glycans from zebrafish embryos
by HPLC

PA-N-linked glycans were prepared from zebrafish embryos at
4, 7, 12, 15, or 18 h after fertilization. After sialidase treatment,

Figure 2. Reversed-phase HPLC of Fraction F7. HPLC was
performed on a Cosmosil 5C18P column (1.5 × 250 mm). For
numerals, see the legend to Figure 1. Fraction A was pooled as
indicated by the thickbar.

the PA-glycans were developed and separated into eleven
fractions (F1–F11) by size-fractionation HPLC (Figure 1).
Each fraction was further separated by reversed-phase HPLC.
Comparison of the glycan expression patterns of the chosen de-
velopmental periods using this two-modes of HPLC approach,
showed typical differences for Fractions F7 and F8. Five peaks,
designated A-E, were identified whose expression changed
during embryogenesis (Figures 2 and 3). Their expression
was detected from 12 h after fertilization, and increased dras-
tically in several hours. Peaks A–E were isolated to analyze
their structures. Both the Peaks A and B were eluted at 54.9
reversed-phase scale and 8.0 glucose units on size-fractionation
HPLC. These values were corresponding to those of Sugar
chain 6 (Tables 1 and 2), which is bianntenary PA-N-glycan.
Their position shifted to 49.5 reversed-phase scale and 6.4
glucose units by β-galactosidase digestion. On subsequent
digestion with N -acetyl-β-hexosaminidase a peak at 42.6
reversed-phase scale and 4.5 glucose units was observed. These
values coincided with PA-glycan 3 and 1. From these results

Figure 3. Reversed-phase HPLC of Fraction F8. HPLC was
performed on a Cosmosil 5C18P column (1.5 × 250 mm). For
numerals, see the legend to Figure 1. Fractions B–E were pooled
as indicated by the thick bars.
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Table 1. Structure, designations and elution positions of the standard PA-glycans.

HPLC

Structure Sugar chain Reversed phasea Size-fractionationb

1 43.0 4.5

2 52.5 4.9

3 49.4 6.3

4 59.2 6.6

5 65.4 6.7

6 54.5 7.8

7 63.6 8.1

8 70.5 8.2

9 80.0 8.5

aThe reversed phase scale data are from reference 11.
bGlucose unit.

on the 2-dimensional HPLC map, the structure of Peak A and
B was estimated as Galβ1-4GlcNAcβ1-2Manα1-6(Galβ1-
4GlcNAcβ1-2Manα1-3)Manβ1-4GlcNAcβ1-4GlcNAc-PA.
The Peak C was eluted at 63.8 reversed-phase scale and 8.3
glucose units on size-fractionation HPLC. These values were
corresponding to those of Sugar chain 7, fucosylbianntenary
PA-N-glycan. Its elution position shifted to 59.2 reversed-
phase scale and 6.7 glucose units by β-galactosidase digestion.
Subsequent digestion with N-acetyl-β-hexosaminidase a

peak at 52.1 reversed-phase scale and 4.9 glucose units was
appeared. These values coincided with Sugar chain 4 and 2.
Based on these results, the structure of Peak C was estimated as
Galβ1-4GlcNAcβ1-2Manα1-6(Galβ1-4GlcNAcβ1-2Manα1-
3)Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAc-PA. The Peak D
was eluted at 70.6 reversed-phase scale and 8.1 glucose units
on size-fractionation HPLC. These values were corresponding
to those of Sugar chain 8. The elution position shifted to 64.7
reversed-phase scale and 6.6 glucose units by β-galactosidase
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Table 2. Two dimensional HPLC analysis combined with sequential glycosidase digestion of Peak A–E

HPLC

Peak Successive glycosidase digestion Reversed-phasea Size-fractionationb Estimated sugar chainc

A No treatment 54.9 8.0 6
β-Galactosidase 49.5 6.4 3
β-N-Acetylhexosaminidase 42.6 4.5 1

B No treatment 54.5 8.0 6
β-Galactosidase 49.5 6.4 3
β-N-Acetylhexosaminidase 42.6 4.5 1

C No treatment 63.8 8.3 7
β-Galactosidase 59.2 6.7 4
β-N-Acetylhexosaminidase 52.1 4.9 2

D No treatment 70.6 8.1 8
β-Galactos idase 64.7 6.6 5

E No treatment 80.0 8.3 9

aThe reversed-phase scale are calculated as described previously (11).
bGlucose unit.
cCorresponding structures are listed in Table 1.

Table 3. Proposed structures for PA-N-linked glycans appeared at segmentation period of zebrafish embryo

Fraction Proposed structure Relative amount

A and B 1

C 0.2

D 0.1

E 0.06

digestion. These values coincided with Sugar chain 5. The
β-galactosidase digest of Peak D was too small to be analyzed
further. The Peak E was eluted at 80.0 reversed-phase scale and
8.3 glucose units on size-fractionation HPLC. These values
were corresponding to those of Sugar chain 9. This peak was too
small to be analyzed further by exoglycosidase digestion. From
these results, structures of Peaks D and E were estimated as
Galβ1-4GlcNAcβ1-2Manα1-6(Galβ1-4GlcNAcβ1-2Manα1-
3)(GlcNAcβ1-4)Manβ1-4GlcNAcβ1-4GlcNAc-PA and Galβ
1-4GlcNAcβ1-2Manα1-6(Galβ1-4GlcNAcβ1-2Manα1-3)
(GlcNAcβ1-4)Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAc-PA,
respectively. Differences of the values between samples
and standard sugar chains were less than 0.9% in reversed-
phase scale and 2.5% in glucose units of size-fractionation
HPLC. These small differences were within experimental

error. The proposed structures are summarized in Table
3. On the other hand, oligomannose-type N-glycans were
detected in fairly amount through developmental periods
we tested. Especially, Manα1-6(Manα1-3)Manα1-6(Manα1-
3)Manβ1-4GlcNAcβ1-4GlcNAc-PA and Manα1-2Manα1-
6(Manα1-2Manα1-3)Manα1-6(Manα1-2Manα1-2Manα1-3)
Manβ1-4GlcNAcβ1-4GlcNAc-PA were dominant struc-
tures throughout the stages. The oligomannose-type
glycans containing 6-8 mannnose residues were also
detected. Their major structure were Manα1-2Manα1-
6(Manα1-3)Manα1-6(Manα1-2Manα1-2Manα1-3)Manβ1-
4GlcNAcβ1-4GlcNAc-PA, Manα1-2Manα1-6(Manα1-
3)Manα1-6(Manα1-2Manα1-3)Manβ1-4GlcNAcβ1-4GlcNA
c-PA and Manα1-6(Manα1-3)Manα1-6(Manα1-2Manα1-
3)Manβ1-4GlcNAcβ1-4GlcNAc-PA. These and its isomeric
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structures of them were not significantly altered in any
period.

Discussion

In this study, N-glycans expressed in several developmental
stages were compared with each other. Whereas amounts of
most major N-linked glycans were not significantly altered in
the embryonic period we tested, the expression of several gly-
cans was drastically changed during segmentation period. The
peaks of these glycans were scarcely detected until 7 h after
fertilization, and then greatly increased by 15 h. The analysis
using a two-dimensional sugar mapping and glycosidase di-
gestion made clear that they were a diantennary structure and
its derivatives with α1-6 linked fucose and/or bisecting Glc-
NAc. They are common structures of complex-type glycans in
vertebrates.

N -Acetylglucosaminyltransferase I (GnTI) catalyzes the key
reaction in the formation of complex type and hybrid type N-
linked glycans. Mice lacking the GnTI gene die between embry-
onic days 9.5 and 10.5 [6,7]. Therefore, the glycans biosynthet-
ically regulated by GnTI in this period may critically involve
in embryogenesis. This stage of mouse embryo is roughly cor-
responded to that of 12–15 h after fertilization in the case of
zebrafish. Thus the complex-type glycans we observed in this
study might participate in some developmental event, although
a physiological role of GnTI in zebrafish is unknown. As a next
step, identification of the glycoprotein(s) bearing the complex-
type glycans are necessary for further elucidation of biological
function of the glycans in embryo.

A sialidase digestion was carried out prior to HPLC anal-
ysis in this study, it is unknown whether the diantennary gly-
cans observed were originally sialylated or not. It is known
that complex-type sugar chains with negative charges were im-
portant in neural development ([16], reviewed in [17]). Further
study is needed to determine whether these glycans serve as the
carrier of negative charge.
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