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Free iV-Glycans Already Occur at an Early Stage of Seed Development1
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As a part of our studies to elucidate the physiological significance of free iV-glycans in
differentiating or growing plant cells, we first demonstrate that two kinds of free N-gly-
cans already occur at an early stage of seed development. In this report, we used the
developing Ginkgo biloba seeds as a model plant, since we have already revealed a func-
tional feature of the Ginkgo endo-p-iV-acetylglucosaminidase and structural features of
iV-glycans linked to storage glycoproteins in the developing seeds [Kimura, Y. et al.
(1998) BioscL BiotechnoL Biochem. 62, 259-261; Kimura, Y. and Matsuo, S. (2000) BioscL
BiotechnoL Biochem. 64, 562-568]. The structures of free 2V-glycans, which were deter-
mined by a combination of ESI-MS, sequential a-mannosidase digestions, partial acetol-
ysis, and two dimensional sugar chain map, fell into two categories. One dominant
species is a high-mannose type structure having one GlcNAc residue at the reducing
end (Man^GlcNAcj). The concentration of this type of free glycan (as the pyridylami-
nated derivatives) is about 2.2 nmol in 1 g fresh weight. The detailed structural analysis
revealed that the high-mannose type structures have a common core unit; Manal-
6(Manl-3)Manal-6(Manal-3)Manpi-4GlcNAc The other minor species of free JV-glycans
is the plant complex type structure having an iV-acetylchitobiose unit at the reducing
end (ManjXŷ FYu^GlcNACj). The concentration of this type of free glycan (as the pyridy-
laminated derivative) was about 75 pmol in 1 g fresh weight.

Key words: free iV-glycan, Ginkgo biloba, iV-glycan metabolism, plant endo-p-N-acetyl-
glucosaminidase, seed development

Free iV-glycans have been found in various plant cells,
especially in developing or growing cells {1-6). As part of a
study to elucidate the physiological significance of such free
N-glycans in the growth or development of plant cells, we
previously purified and characterized several endo-{J-2V-ace-
tylglucosaminidases (endo-f$-GlcNAc-ase) (8-10) and one
peptideJV-glycanase (PNGase) from various plant materi-
als (11), which must be involved in the production of free
oligosaccharides, and revealed their detailed substrate spe-
cificities. Our detailed analysis of the substrate specificity
showed that plant endoglycosidase is highly active towards
the high-mannose type iV-glycans bearing the Manal-
2Manal-3Man(31- structural unit (8-10). Furthermore, we
revealed the structural features of free N-glycans occurring
in various plant cells (4-7); the high-mannose-type free gly-
cans always have only one GlcNAc residue at the reducing
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end, while the plant complex type free glycans have an N-
acetylchitobiose unit. These structural features clearly sug-
gest that the former structures must be produced by endo-
(3-GkNAc-ase and PNGase must produce the latter struc-
tures, although the endogenous substrates for the two en-
zymes remain obscure.

Concerning the endogenous substrates) for the plant
endo-f$-GlcNAc-ase, we have revealed the following facts
using the seeds of Ginkgo biloba as a plant model, (i) The
storage glycoproteins in mature Ginkgo seeds bear only
xylose-containing iV-glycans, although the endoglycosidase
(endo-GB) occurs in the same seeds (10,12). (ii) There are
no glycoproteins with high-mannose type N-glycans even
during early stages of seed development (13). This circum-
stantial evidence suggests that Ginkgo endoglycosidase
(endo-GB) already functions to produce the putative bioac-
tive free glycans at the stage of seed development, but not
at the stage of seed germination.

To confirm our working hypothesis, we surveyed the
occurrence of free N-glycans in Ginkgo seeds at early stages
of seed development, and analyzed the structures of the
actually occurring free glycans in detail. In this report, we
first show that the high-mannose type and plant complex
type free 7V-glycans already occur during the early stages of
seed development, showing that plant endo-(J-iV-acetylglu-
cosaminidase works during seed development in addition
to during shoot development (4-7).

MATERIALS AND METHODS

Materials—Developing seeds of G. biloba were collected
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on the campus of Okayama University during the first
week of July, 1997. A Cosmosil 5C18-AR column (0.60 X 25
cm) was purchased from Nacalai Tesque, and a Shodex
Asahipak NH2P-50 column (0.46 X 25 cm) from Showa
Denko. a-Mannosidase (jack bean) was purchased from
Sigma. a-l,2-Mannosidase (AspergiUus oryzae) was a gen-
erous gift from Dr. T. Yoshida (Tohoku University) (14).
M3FX was prepared from ricin D (15). Manpi-4GlcNAc-PA
was derived from Man6GlcNAcl-PA, which was purified
from the stems of pea seedlings, by a-mannosidase diges-
tion (4). ConA was purified from jack bean meal by the
method of Agra wall and Goldstein (16). Con A Sepharose
4B was prepared from CNBr-activated Sepharose 4B ac-
cording to Axen et al. (17).

Preparation of the Oligosaccharide Fraction from Devel-
oping G. biloba Seeds—Developing G. biloba seeds (411.7 g)
were homogenized in acetone (3 liters), and the resulting
defatted powder (119.3 g) was suspended in 500 ml of 25
mM Tris-HCl buffer (pH 8.5). The suspension was dialyzed
against deionized water (2 liters twice) and the resulting
outer solution (4 liters) was concentrated to about 25 ml in
a rotary evaporator. The concentrated outer solution was
desalted by successive passages through a Dowex 50 X 2
column (3.0 X 15 cm), a Dowex 1 x 2 column (3.0 X 15 cm),
and a Sephadex G-25 column (1.8 x 180 cm, in 50 mM
NH4OH). The eluent fractions from the Sephadex G-25 col-
umn (elution volume: 150 to 400 ml), which were confirmed
to contain the oligosaccharides by ESI-MS analysis, were
pooled. The oligosaccharide-containing fractions were also
examined by the phenol-sulfuric acid method (18). The re-
sulting salt-free oligosaccharide fraction was lyophilized.

Pyridylamination of Free N-Glycans—Pyridylamination
of free iV-glycans was done by the method of Kondo et al.
(19). After pyridylamination, the excess 2-aminopyridine
was removed by phenol/chloroform extraction as described
by Tokugawa et al. (20). The resulting PA-derivatives were
partially purified by passage through a Sephadex G-25
superfine column (1.8 x 180 cm) in 50 mM NJL.OH. The
pyridylaminated oligosaccharide-containing fractions were
monitored by a Fluorescence Spectrometer (Excitation 310
nm, Emission 400 run, Hitachi 650 10S) and by the phenol-
sulfuric acid method (18).

Con ASepharose Chromatography—PA-derivative that
were partially purified by passage through a Sephadex G-
25 column were evaporated to dryness. The resulting resi-
due was dissolved in 25 mM Tris-HCl, pH 7.8, containing
0.1 M NaCl, 5 mM CaCL,, 5 mM MgCL, (5 ml) and applied
to a Con A-Sepharose 4B column (2.2 X 33 cm) equili-
brated with the same buffer. After washing the column
with about 250 ml of the same buffer, the Con A-bound
[Con A (+)] PA-sugar chains were eluted by the addition of
0.3 M methyl-a-mannoside (Fig. 1). The PA-sugar chains in
each fraction were monitored by a fluorescence spectropho-
tometer (Excitation 310 nm, Emission 400 nm, Hitachi 650
10S). The Con A (+) fraction was concentrated and desalted
by gel-filtration through a Sephadex G-10 column (2.5 X 40
cm) in 50 mM NH^OH. The PA-derivativea obtained by gel-
filtration were further separated by HPLC on a Jasco 880-
PU HPLC apparatus equipped with a Jasco 821-FP Intelli-
gent Spectrofluorometer, using a Cosmosil 5C18-AR col-
umn (0.6 X 25 cm) or a Shodex Asahipak NH2P-50 column
(0.46 X 25 cm) as described in our previous paper (4).

a-Mannosidase Digestions—Jack bean a-mannosidase

digestion was done using about 100 pmol of PA-sugar
chains and 0.4 U of enzyme under the conditions described
in our previous report (4). Digestions with AspergiUus a-
1,2-mannosidase (15 \ug enzyme) were done in 50 ml of 0.1
M sodium acetate buffer, pH 5.0, for 4 h at 37'C. The reac-
tion was stopped by boiling for 2 min and a part of the
digest was analyzed by SF-HPLC. For analyses of the man-
nosidase digests, the PA-sugar chains were eluted by lin-
early increasing the water content in the water-acetonitrile
mixture from 20 to 47% at a flow rate of 0.8 ml/min.

Electrospray Ionization (ESI-) Mass Spectrometry—The
mass spectrometer used was a Perkin Elmer Sciex APT-TTT,
triple-quadrupole mass spectrometer with an atmospheric-
pressure ionization ion source (21). The mass spectrometer
was operated in the positive mode; the ion spray voltage
was 4,200 V. Samples were typically dissolved in 50% aceto-
nitrile/water (containing 0.05% formic acid) at a concentra-
tion of approximately 10 pmol/|xl and introduced into the
electrospray needle by mechanical infusion through a micro
syringe at a flow rate of 5 jjJ/min (21). The collisionally acti-
vated dissociation (CAD) spectrum was measured with
argon as the collision gas at a collision energy of 60-100 eV.
The scanning was done with a step size of 0.5 Da and the
CAD daughter ion spectrum was recorded from m/z 200.

Partial Acetolysis—Partial acetolysis was done with
about 10 nmol of PA-oligosaccharide essentially according
to Natsuka et al. (22). Fragments with GlcNAc-PA residues
were separated by SF-HPLC using the Shodex Asahipak
NH2P-50 column (0.46 X 25 cm). The pyridylaminated oli-
gosaccharides were eluted by linearly increasing the water
content in the water-acetonitrile mixture from 20 to 47% at
a flow rate of 0.8 ml/min. Each PA-oligosaccharide with the
GlcNAc-PA residue was analyzed by ESI-MS spectrometry.
For the analysis of fragments derived from the non-reduc-
ing end, we used a minor modification of this method as
described below. The resulting fragments were deacetylated
in the 0.2% sodium methoxide/methanol mixture at room
temperature for 30 min. The deacetylated saccharides were
pyridylaminated by the method of Kondo et al. (19) and the
excess reagents were removed by the method of Tokugawa
et al. (20). The resulting PA-oligosaccharides (Man3-PA,
Mai^-PA, Man-PA) were separated from the pyridylamina-
tion reagents by HPLC using a Superdex Peptide HR 10/30
column (Pharmacia Biotech). The PA-oligosaccharides were
eluted in 3% acetic acid at a flow rate of 0.25 mlAnin. The
partially purified PA-oligosaccharides were further purified
by SF-HPLC using the Shodex Asahipak NH2P-50 column
(0.46 x 25 cm). The pyridylaminated oligosaccharides were
eluted by linearly increasing the water content in the
water-acetonitrile mixture from 0 to 20% at a flow rate of
0.8 ml/min. The PA-derivatives were analyzed by ESI-MS
spectrometry.

RESULTS

Purification of PA-Oligosaccharides from Developing
Ginkgo Seeds—PA-Derivatives partially purified by Sepha-
dex G-25 superfine column chromatography were further
fractionated by Con A affinity chromatography (Fig. 1).
Since it has been revealed that the plant complex type free
iV-glycans can be purified from the non-absorbed fraction
[Con A (-)] and the high-mannose type free 2V-glycans from
the absorbed fraction [Con A (+)], we further purified the
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two kinds of free glycans from the both fractions by RP-
HPLC or SF-HPLC. The Con A (+) fractions were pooled as
indicated by the horizontal bar.

Structural A/ialysis of Xylose-Containing Free N-Gly-
can—On the RP-HPLC profile of Con A (-) fraction (Fig.
2A), three PA-derivatives were obtained, F-I, F-E, and F-
m. Each fraction was analyzed by ESI-MS and MS/MS
spectrometry to confirm which fraction contained N-g\y-
cans. The MS/MS analysis of F-I and F-m showed that
these PA-derivatives were not iV-glycans (data not shown),
since these PA-derivatives did not give a specific fragment
ion at m/z 300.0 corresponding to GlcNAc-PA. Further-
more, the major signal found at m/z 1,045.5 in F-II (Fig.
2B) was also not iV-glycan, since MS/MS analysis of this
signal gave no daughter ion at m/z 300.0. However, a rela-
tively small signal at m/z 1,268.0 in F-II (Fig. 2B) was con-
firmed to contain typical plant complex type //-glycans
(ManaXyl.FuqGlcNAc-PA; M3FX) by MS/MS analysis (Fig.
2C). Every daughter signal was well assigned to fragment
ions derived from M3FX as shown in Fig. 2C; m/z 1,121.5
for [Man3Xyl1GlcNAc2-PA+H]+, m/z 1,105.5 for [Mar^Xyl,-
Fuc1GlcNAc2-PA+H]+, m/z 990.0 for [Man3GlcNAc2-PA+
H]+, m/z 959.5 for [Man^XyljGlcNAcj-PA+HT, m/z 827.0
for [Man2-GlcNAc2-PA+H]+, m/z 665.0 for [Ma^GlcNAtj-
PA+H]+, m/z 503.0 for [GlcNAc-PA+H]+, m/z 446.0 for
[Fuc1GlcNAc2-PA+H]+, and m/z 300.0 for [GlcNAc-PA+
H]+.

After further purification of the plant complex type N-
glycans by SF-HPLC, it was confirmed that the elution
positions of the PA-sugar chain on both RP-HPLC and SF-
HPLC corresponded exactly to that of M3FX [Manal-
6(Manal-3)(Xylpl-2)Manpi-4GlcNAcpi-4(Fucal-3)Glc-
NAc-PA]. These results indicate that the structure of the

free iV-glycan could be M3FX as shown in Scheme 1. The
amount of plant complex type free glycan (as PA-derivative)
was 75 pmol/g fresh weight of developing Ginkgo seeds
(Table I).

Structural Analysis of High-Mannose Type Free N-gly-
cans—Several high-mannose type free AT-glycans were
purified from the Con A (+) fraction by SF-HPLC using a
Shodex Asahipak NH2P-50 column. As shown in Fig. 3-[A]

4* 8* 120
FractfaaNo.( AAmlltabt)

Fig. 1. Con A affinity chromatography of PA-derivatives pre-
pared from crude extracts of developing Ginkgo biloba
seeds. After desalting on Sephadex G-10, the mixture of pyridylam-
inated oligosaccharides was fractionated on a Con A Sepharose 4B
column (2.2 x 33 cm). After washing the column with 20 mM Tris-
HC1, pH 7.8, containing 0.1 M NaCl, 5 mM CaCl,, and 5 mM MgCL,,
the adsorbed PA-sugar chains were eluted with 0.3 M methyl-a-
mannoside. The non-adsorbed fraction was designated Con A (—)
and the adsorbed fraction was designated Con A (+).
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Fig. 2. RP-HPLC and MS/MS analysis of PA-sngar chains obtained in the Con
A (-) fraction. [A] RP-HPLC of the Con A (-) fraction in Fig. 1. F-I, -U, -HI were fur-
ther analyzed by ESI-MS. The elution position of F-II corresponds to that of M3FX;
Manal-6(Manal-3XXylpi-2)Manpl-4GlcNAcpl-4(Fucal-3)GlcNAc-PA [B] ESI-MS
analysis of F-II. [C] MS/MS analysis of a PA-oligosaccharide (m/z 1,268.0) obtained in
F-II. Analytical conditions are described in "MATERIALS AND METHODS."
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and -[B]-I, main five PA-sugar chains were purified; PA-
sugar chain A, m/z 1,110.5 ([Man5GlcNAc1-PA+H]+); PA-
sugar chain B, m/z 1,272.5 ([ManeGlcNAq-PA+H]^; PA-
sugar chain C, m/z 1,435.0 ([Man7GlcNAc1-PA+H]+) and

TABLE I. Amount of free iV-glycans in developing Ginkgo
seeds.

Structure
MansGlcNAc,
ManuGlcNAc,
Ma^GlcNAc,
Man,GlcNAc,
Man^GlcNACj
Ma^Fu^Xyl.GlcNAc,

pmol/g fresh weight
102
168
277

1,221
415

75

(%)
5
7

12
54
19
3

m/z 718.0 ([Man7GlcNAc1-PA+2Hp+); PA-sugar chain D,
m/z 1,597.0 (DSiangGlcNACj-PA+HT) and m/z 799.0
([Man8GlcNAc1-PA+2Hp+); PA-sugar chain E, m/z 880.5
([Man9GlcNAc1-PA+2H]2+). The two minor peaks appeared
just after PA-sugar chains D and E with the same molecu-
lar masses as D and E. The results of Mi-VMS analysis of
these pyridylaminated free iV-glycans are summarized in
Table H Every fragment ion could be reasonably assigned
as daughter ions derived from each parent ion. The four
PA-sugar chains (B, C, D, and E) were converted to PA-
sugar chain A [m/z 1,110.5 ([ManjGlcNACj-PA+H]*)] by a-
1,2-mannosidase digestion, whereas A was resistant to
digestion (Fig. 3-CB]-II). By successive a-mannosidase (jack
bean) digestion, the product was converted completely to
Mar^GlcNAq-PA (m/z 462.0 [M+H]+) (Fig. 3-[B]-DI).

Manal

Manaf

F-II

* Manpi-4GfcNAcpi-4GkNAc

Xyipi Focal

Manal.

Manal-2Manal

Manal' jManpi-4GlcNAc
-2Manal

Manal
! Manal

Manal
y

Manal-2ManalN

*Manalx D
Mtnal' jManpi-4GkNAc

Manal-2Manal-2Manal

Manal ̂

l

Manal-2Manal
B 6 E

Manal *Manpi-4GlcNAc Manal-2Manal ^Manpi-4GfcNAc

Manal-2Manal Manal-2Manal-2Manal/

Scheme 1. Proposed structures of free iV-giycans occurring in developing Ginkgo biloba seeds.

[A] [B] MulGlcNAcl-PA

100i

c

E

1
A •

[M+HT*

1
1

B
M+fir

1
i

c
[M+HJ+

1

I)

[M+HJ+

r

600 800 1000 1200 1400 1600

M/Z

Fig. 3. ESI-MS analysis and sequential a-mannosidase diges-
tions of PA-sugar chains in the Con A (+) fraction in Fig. 1. [A]
ESI-MS analysis of PA-sugar chains obtained in the Con A (+) frac-
tion. PA-sugar chains C, D, and E were observed as double charged

m I

MansGkNAcl-PA
mil 111OS

D

0 10 20 30
Retention Time (min )

ions [M+rTP+. [B] a-l,2-Mannosidase (Aspergillus oryzae) and a-man-
nosidase (jack bean) of PA-sugar chains obtained in the Con A (+)
fraction. I, Con A (+) fraction; II, a-l,2-mannosidase digest of I; HI, a-
mannosidase digest of n.

J. Biochem.

 at Peking U
niversity on O

ctober 1, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


Free N-Glycans in Developing Seeds 1017

TABLE II. MS/MS analysis of pyridylaminated free iV-glycans
in developing Ginkgo seeds.

Fragment ions [M+HT
Peak name on SF-HPLC

B
GlcNAc,-PA (300.0)
Man,GlcNAc1-PA (462.0)
Man1GlcNAc1-PA (624.0)
Man,GlcNAcrPA (786.0)
Man4GlcNAc1-PA (948.0)
Man5GlcNAc1-PA (1,110.5)
Man,GlcNAc,-PA (1,272.5)
Man7GlcNAc,-PA (1,435.0)
MangGlcNA^-PA (1,597.0)
Mai^GlcNAiyPA (1,758.5)

+ + + + + +

++
+
++
ND
ND
ND
ND

+ + +
++
++
+ + +
ND
ND
ND

++
++
+
++
++
++
++
+ +
ND
ND

+ + +
++

+
+
+

+ + + +
ND

+ +

+
+ +
+
+

+ , 10-25% relative intensity; + + ,
+ + +, 51-75% relative intensity; + + •
sity. ND, not detected.

26-50% relative intensity;
H + . 76-100% relative inten-

II

0 20 40 M
Retention Time (mtn )

Fig. 4. SF-HPLC of PA-oligosaccharides obtained from PA-
sugar chains A, B, C, and D in Fig. 3-|A] by partial acetolysis.
Fragments containing GlcNAc-PA were analyzed on a Shodex Asa-
hipak NH2P-50 column. I, PA-sugar chain A; II, PA-sugar chain B;
HI, PA-sugar chain C; IV, PA-sugar chain D. The arrows indicate the
elution positions of: a, Man^GlcNAq-PA (mlz 624.0); b, Man,Glc-
NAc,-PA (mlz 786.0); c, Ma^dcNA^-PA (mlz 948.5); d, Man,-
GlcNACj-PA {m/z 1,272.5). ESI-MS and MS/MS analyses of all other
minor peaks showed that these peaks were not iV-glycana

These results clearly indicate that four PA-sugar chains
(PA-sugar chains B, C, D, and E) are typical high-mannose
type iV-glycans with ct-l,2-mannosyl residues). Since PA-
sugar chain A was not digested by a-l,2-mannosidase, this
PA-sugar chain contains no a-l,2-mannosyl residue. From
these results (ESI-MS, MS/MS, and the sequential a-man-
nosidase digestions), PA-sugar chain A is assumed to
be Manal-6(Manal-3)Manal-6(Manol-3)Manpi-4GlcNAc,
and PA-sugar chain E could be non-trimmed high-mannose
type N-glycan [Manal-2Manal-6(Manal-2Manal-3)Man-
al-6(Manal-2Manal-2Manal-3)Manpl^GlcNAc] (Scheme
1).

To clarify the branching structures of PA-sugar chains A,

[B]

1
•JL
T--JL
IV

Mm-PA
mll2S9J

MnvPA
M/I42L7

1
4-
*•—>v

i . .L
46 S* <0 7* 0 2 A - H M

Retention Tbn« (mln) Retention Ttatt (mln)
Fig. 5. Gel-filtration and SF-HPLC of PA-oligosaccharides ob-
tained from the non-reducing ends of PA-sugar chains A, B,
C, and D by partial acetolysis. I, PA-sugar chain A; n, PA-sugar
chain B; HI, PA-sugar chain C; IV, PA-sugar chain D. [A] PA-oli-
gosaccharides containing GlcNAc-PA obtained by partial acetolysis
were analyzed on a Superdex Peptide HR 10/30 column eluted with
3% acetic acid. The pyridylaminated fragments were pooled as indi-
cated by the horizontal bars. [B] The partially purified fragments
were further analyzed by SF-HPLC. Every peak observed on the
chromatograms was further analyzed by ESI-MS and MS/MS (with
a step size of 0.1 Da). The ESI-MS and MS/MS analyses of a peak
eluted at just after Man-PA in I showed that this peak was not oli-
gosaccharide.

B, C, D, and E, the PA-sugar chains were subjected to the
partial acetolysis. As shown in Fig. 4, PA-sugar chain A
gave a fragment corresponding to ManjGlcNAcj-PA
([M+H]+: m/z 624.0); PA-sugar chain B gave a fragment
corresponding to Man3GlcNAc1-PA ([M+H]+: m/z 786.0);
and PA-sugar chains C and D gave a fragment correspond-
ing to Ma^GlcNAcvPA ([M+H]+: m/z 948.5).

Furthermore, the fragments derived from the non-reduc-
ing end were analyzed as shown in Fig. 5. The pyridylami-
nated oligosaccharides were partially purified by gel-filtra-
tion using the Superdex Peptide HR column (Fig. 5-[A]).
The PA-ohgosaccharide fractions indicated by the horizon-
tal bars in Fig. 5-[A] were further purified by SF-HPLC and
each purified peak was analyzed by ESI-MS (Fig. 5-[B]).
From PA-sugar chains A, B, C, both Man-PA ([M+H]+: m/z
259.5) and MaivPA ([M+H]+: m/z 421.7) were obtained,
while PA-sugar chain D gave mostly Manj-PA ([M+H]+:
m/z 421.7). The results of partial acetolysis on PA-sugar
chain A further support the deduced structure described
above.

Considering these results (ESI-MS, MS/MS, a-mannosi-
dase digestions, and partial acetolysis), the structures of
PA-sugar chains B, C, D can be proposed as follows: Man-
a l -6 (Mana l -3 )Mana l -6 (Mana l -2Mana l -3 )Manpl -
4GlcNAc for B, Manal-6(Manal-3)Manal-6(Manal-2Man-
al-2Manal-3)Manpi-4GlcNAc for C, Manal-2Mancd-6-
(Manal-3)Manal-6(Manal-2Manal-2Manal-3)Manpl-4-
GlcNAc for D (Scheme 1).

The amounts of these high-mannose type free iV-glycans
occurring in developing Ginkgo seeds are summarized in
Table!.
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DISCUSSION

In conclusion, we have first shown using developing Ginkgo
seeds as a model plant that free iV-glycans (both the plant
complex type and high-mannose type) are already present
during the early stages of seed development. This result
suggests that plant endo-p-N-acetylglucosaminidase al-
ready works to release the potent bioactive oligosaccharide
(23) during seed development in addition to during shoot
development (4—7) and fruit ripening (1).

Comparing the amounts of high-mannose type free gly-
cans (Man^jGlcNAcj) and plant complex type free glycans
(MangXyliFuCjGlcNAc;) in developing seeds, the amount of
the former type structure was about 2.2 nmol/g, while the
latter type was present at only 75 pmol/g (Table I). It is
noteworthy that, at least using the extraction method de-
scribed in this report, the amount of high-mannose type
free N-glycana (Mane_sGlcNAc1) always overwhelms that of
the plant complex type free glycans (GlcNAc2_0Man3Xyl1-
Fuc^GlcNAcj) (4-7). However, at present, it is not dear
whether this difference in the concentrations of the two
kinds of free iV-glycans reflects a difference in the potencies
of their biological activities.

In our previous papers (10,12), we have already reported
that Ginkgo endo-p-Af-acetylglucosaminidase (endo-GB),
which reacts preferentially with the high-mannose type N-
glycans bearing the Manal-2Manal-3Manpi- structural
unit, is present in mature seeds, although the storage gly-
coproteins carry the complex type iV-glycans but not the
high-mannose type. Furthermore, we proved that Ginkgo
seeds even during early developmental stages carry only
the plant complex type glycans (13), suggesting that the en-
dogenous substrate(s) for endo-GB may not be glycopro-
teins containing high-mannose type glycans. Considering
this circumstantial evidence, we assume that the endoge-
nous substrate(s) for plant endo-p-GlcNAc-ase may be
small glycoconjugates such as dolichol-oligosaccharide
intermediates or glycopeptides with high-mannose type
glycans derived from misfolded glycoproteins rather than
folded and intact glycoproteins with high-mannose type
glycans.

As shown in Scheme 1, the high-mannose type free N-
glycans in developing Ginkgo seeds have a common struc-
tural core unit, Manal-6(Manl-3)Manal-6(Manal-3)Man-
pi-4GlcNAc, which is the same unit observed in high-man-
nose type iV-glycans linked to numerous glycoproteins in
both animal and plant cells. It is noteworthy that the high-
mannose type free iV-glycans purified from animal cells
carry a common structural core unit, Manal-6 (Manal-
2Manl-2Manal-3)Manpi-4GlcNAc (24, 25), which is the
same unit observed in high-mannose type iV-glycans linked
to dolichol-pyrophosphate that occur on the ER during N-
glycan biosynthesis. At present, however, it is unclear
whether the remarkable difference in the free iV-glycan
structures between animals and plants indicates a differ-
ence in some physiological functions.

As the next step to elucidate the physiological signifi-
cance of plant endo-fi-GlcNAc-ase and free iV-glycans in
plant cell differentiation or growth, it will be necessary to
identify the endogenous substrate for endoglycosidase and
to analyze the distribution of free glycans in plant cells.

The authors are very grateful to Dr. Takashi Yoshida (Tohoku Uni-
versity) for the generous gift of a-l,2-mannosidase. The authors
are also grateful to the ESI-MS Laboratory of Okayama Univer-
sity.
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