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Changes in Asparagine-linked Sugar Chains of
Glycoproteins in Ricinus communis Seeds
during Callus Induction

Yoshinobu Kimura and Shigeaki Takagi

(Department of Bioresources Chemistry)

Using glycotechnology procedures, structural changes in asparagine-linked sugar

chains (N-glycans) of glycoproteins in Ricinus communis seeds during dedifferentia-

tion (callus induction) have been expiored. N-Glycans were released from the glyco-

proteins in the 2,4-D derived callus tissues by hydrazinolysis, and the resuiting

oligosaccharides were N-acetylated and coupled with 2-aminopyridine. Structures

of the purified pyridylaminated (PA-) N-glycans could be deduced by two-dimensional

(2D) sugar chain mapping method. Structural analysis clearly showed that the

relative amount of high-mannose type N-glycans of the endospermic glycoproteins

decreased as the plant cells dedifferentiated, while that of complex type N-glycans

increased. This observation suggested that enhancement of expression and/or

activation of certain a#—-mannosidase(s) involved in N-glycan processing could occur

during dedifferentiation of plant cells.
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Introduction

In the last decade, it has been revealed that
structural changes of N-linked sugar chains (N-
glycans) of cell surface glycoproteins or cytosolic
glycoproteins of animal cells do occur during
cellular differentiation or dedifferentiation.!”®
These observations have suggested that N-
glycans of various glycoproteins could be good
markers to indicate the differentiation or dedif-
ferentiation stage of cells. Indeed the N-glycans
of y-glutamyltranspeptidase (y-GTP),® a-feto-
protein (AFP),” and carcinoembryonic antigen
(CEA)® have already been used as the tumor
markers of hepatoma or colonic cancer. Since
these changes in N-glycan structure of various
glycoproteins should reflect the changes in
expressions of some glycosyltransferases
involved in the N-glycan processing, some

glycosyltransferases (GlcNAc-, Fuc-, NeuAc-

transferases) have been purified, characterized,
and cloned in order to help figuring out the rela-
tionship between the structural changes of N-
glycans and cellular dedifferentiation.®~ !V

On the other hand, little information is avail-
able so far concerning the structural changes in
N-glycan conjugated to plant glycoproteins dur-
ing cellular differentiation or dedifferentiation.
In this report, we carried out comparative analy-
sis of the N-glycan structures of endospermic
glycoproteins from mature Ricinus communis
seed and 2,4-D induced callus tissues. We have

used hydrazinolysis to release N-glycans from
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the endospermic glycoproteins, and prepared
fluorescence-labeled oligosaccharides to identify
their structures using a two-dimensional (2D)
sugar chain map.'*~'® Structural analysis of such
N-glycans in the callus tissue showed that the
relative amount of high-mannose type structure
decreased, while that of fucose/xylose-containing
complex type structure increased during callus

induction of R. communis seeds.
Materials and Methods

Materials—  The plants Ricinus communis were
grown during the summer of 1992 at the farm of
Okayama University. A Cosmosil 5C18-AR col-
umn (0.60 X 25 cm) was purchased from Nacalai
Tesque, Inc., and an Asahipak NH2P-50 column
(0.46 X 25 cm) from Showa Denko Co. Hydrazine
anhydrous was purchased from Pierce. Authentic
pyridylaminated sugar chains were prepared as
described in our previous reports.!*!
Callus

The threshed R. communis endosperms were ster-

induction from R. communis seeds—
ilized in 1 9% hypochlorous acid for 30 min and
then exhaustively washed by distilled water (3L).
The endosperms were incubated on solid (0.2 %
Gellan Gum) LS medium containing 10 4 M 2.4-D
at 25 °C for 7, 21, 28, and 35 days.

Prepavation of total glycoproteins from the seed or
callus tissue—
munis endosperm or callus tissue was suspended
in 50 mM HEPES buffer (pH 7.4), containing 0.1
9% Triton X-100. After centrifugation (10,000 g
for 30 min), to the supernatant was added 0.2 N
NH,OH to
proteases and to remove O-linked oligosacchar-

inactivate some glycosidases or

ides. After exhaustive dialysis against deionized
water, the dialyzate including the resulting pre-
cipitate was lyophilized.

Pyridylamination of the sugar chains— N-
Glycans were released by hydrazinolysis (100 °C,
12 hr, in 20 mi of hydrazine anhydrous) from the
lyophilized total glycoproteins obtained above
(250~300 mg). After N -acetylation of the

Defatted powder of R. com-
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hydrazinolysate with the saturated ammonium
bicarbonate (3 ml) and acetic anhydride (300 u1),
the acetylated hydrazinolysate was desalted by
Dowex 50 X 2 resin. Pyridylamination of the
sugar chains was done by the method of Kondo ef
al '® Separation of PA-sugar chains was done by
HPLC on a Jasco 880-PU HPLC apparatus
equipped with a Jasco 821-FP Intelligent Spectro-
fluorometer, using a Cosmosil 5C18-AR column
(0.6 X 25 cm) or an Asahipak NH2P-50 column
(0.46 X 25 cm). On the Cosmosil 5C18-AR column,
the PA-sugar chains were eluted by increasing
the content of 1-butanol from 0.05 to 0.25 % in
0.1M ammonium acetate buffer, pH 4.0, at a flow
rate of 1.2 ml/min. In the case of size-
fractionation (SF-) HPLC using the Asahipak
NH2P-50 column, ‘the PA-oligosaccharide was
eluted by increasing the water content in the
water-acetonitrile mixture from 30 to 50 %
linearly for 25 min at a flow rate of 0.8 ml/min.
a - Mannosidase Assay — PA - Sugar
(Man,GIlcNAc,-PA, about 100 pmol) was incubat-
ed with 36 xl (containing about 1.4 mg protein/

chain

ml) of the crude extract prepared from each
sample at each different stage and 100 xl of 0.1M
Na-acetate buffer (pH 5.0, containing 0.1 9%
Triton X-100) at 37 °C for 12 hr. The reactions
were stopped by boiling the reaction mixtures for
3 min. The resulting digests were analyzed by SF
-HPLC. The fragments were eluted by increasing
the water content from 20 to 50 9% linearly.

Results and Discussion

Purification of PA-sugar chains from the glyco-

proteins expressed in callus tissue —
Pyridylaminated derivatives prepared from the
total glycoproteins in Ricinus communis en-
dosperm and the callus tissue were first separat-
ed by Sephadex G-10 column, and the thus
obtained PA-sugar chains were applied to RP-
HPLC using the Cosmosil 5C18-AR column. As
shown in Fig. 1, four PA-sugar chain fractions

(F-1, -II, -1II, and -1V) were always found at each
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dedifferentiation stage (7, 21, 28, 35 days); how-
ever, the relative amounts of the several fractions
varied during callus induction. The relative
amount of F-II increased; on the contrary, that
of F-III significantly decreased (Fig.1). This
result clearly suggested that the N-glycan struc-
tures of glycoproteins in R. communis seeds
dramatically changed with time of dedifferentia-
tion.

To identify these N-glycan structures, the
partially purified PA-sugar chains were further
purified by SF-HPLC on the Asahipak NH2P-50
column, and each elution position of the purified
PA-sugar chains both on RP- and SF-HPLC was
compared with those of well-characterized PA-
sugar chains obtained from the endospermic or

microsomal glycoproteins in developing R. com-

munits seeds.’™® One major PA-sugar chain was
obtained from F-I and F-III (data not shown),
respectively; on the other hand, from F-II and F
-IV several PA-sugar chains were further separ-
ated and purified as shown in Fig. 2. By compar-
ing each elution position of these purified PA-
sugar chains with those of various authentic PA
-sugar chains both on RP- and SF-HPLC (2D
sugar chain mapping method!®'¥), several struc-
tures of N-glycans obtained from the total glyco-
proteins in K. communis callus tissue could be
deduced as summarized in Table 1.

N-Glycans in F-1 and F-III —
of the major oligosaccharides in F-1 and F-III
could be identified as Man,Fuc;Xyl,GlcNAc,
(M3FX) and MansGlcNAc, (M6B), respectively
(Table 1). These two N-glycans have been

The structure

revealed to occur in abundance in the storage and
microsomal glycoproteins of K. communis seeds;
the former (M3FX) is an antigenic plant complex
type structure and the latter (M6B) is a typical
high-mannose type structure which ubiquitously
occurs in both plant and animal cells. As shown
in Table 2, the relative amount of M3FX in F-1
was almost constant (35.4~51.3 %), while that of
M6B in F-III dramatically decreased from 26.5 %
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Fig. 1 RP-HPLC of PA-sugar chains prepared from
glycoproteins in the callus induced from R. com-
munis seeds.
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Fig. 2 SF-HPLC of Fraction-Il and -IV obtained in
Fig. 1.
M4~8, Man, ~GlcNAc,-PA; M2FX, Man,Fuc,
Xy1l,GIcNAc,- PA; GNM3FX, GIcNAc, Man,
Fuc,Xyl,GlcNAc,-PA; M4X, Man,Xyl,GlcNAc,
-PA.
A, day 0; B, day 7; C, day2l; D, day 28; E, day
35

Retention Time (min)

to 5.8 9 during the cellular dedifferentiation.

N-Glycans in F-II—  As shown in Fig. 1, the
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relative amount of F-II itself was very small in
the early stage of dedifferentiation; however, the
amount significantly increased after 21 days incu-
bation on the 2,4-D containing LS medium. In
F-II, the major structures were Man,FuclXyl;-
GlcNAc, (M2FX, Table 2) and Man,GlcNAc,
(M7B, Table 2) in the early stage (0-7 days). As
the cellular dedifferentiation proceeded, the rela-
tive amount of M2FX increased from 1.7 9% to
14.3 94; on the other hand, that of M7B decreased
from 4.5 % to 1.3 9 (Fig. 2 F-1II, Table 2). In
addition to M2FX, the relative amount of
GlcNAc,Man,Fuc, Xyl,GlcNAc, (GNM3FX,
Table 2) structure, which was a minor component
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at the early stage, significantly increased from
0.7 % to 12.9 9 (Fig. 2 F-1I, Table 2).

N-Glycans in F-IV— From F-IV in Fig. 1,
three major N-glycans (Man;GIcNAc, (M5A),
Man,GlcNAc, (M4C), and Man,Xyl,GlcNAc,
(M4X)) were found in the early stage (Fig. 2 F-1V,
Table 2). The relative amount of M5A, which is a
core structure of high-mannose type N-glycan,
gradually decreased from 7.1 9% to 1.2 9%. In
addition to Mb5A, the amount of M4X also de-
creased from 3.2 % to 0.2
amount of M4C did not show any dramatic
change for 4 weeks. This result may suggest that
(1) the M4C structure could be resistant to a-

9%: however, the

Table 1 Possible structures of N-glycans expressed in the callus tissue induced from R. communis seeds
F-1 F-IV
Manal-6\ Manal-ﬁ\
Manal 35’[an,6174G1cNAc,61-4GIcNAc (M3FX) Mana1-3/ Mang1-4GleNAca1-4GleNAc (M4C)
anal-
Xylp1-2 Fucel-3 Manal-3
F-11 Manal—G\
Mang1-4GlcNAc1-4GleNAC (M2EX) Manal1-3/ Mang1-4GIcNAcA1-4GleNAc (M4X)
Manal-3 Mana1*3/
Xylg1-2 Fucal-3 ) Xylp1-2
Manal—G\ Manalfﬁ\
Mang1-4GlcNAcB1-4GlcNAc (GNM3FX) Manal-6
GleNAcg1-2Manal-3/ Mana1-3/ Mang1-4GlcNAcg1-4GIcNAc (M5A)
Xylg1-2 Fucal3 Manel-3/
Manalfﬁ\ Manalfﬁ\
Manalfﬁ\ }Vlanalff}\
Mana1~3/ Mang81-4GlcNAcg1-4GIcNAc (M7B) Manal-2Manal-3 Mang1-4GlcNAcg1-4GlcNAc (M7D)

Manal-2Mana1-2Manal-3 /
F-111

Manal-6 \
Manal-6
Mana1*3/ Mangl-4GlcNAcB1-4GlcNAc (M6B)

Manal-2Manal-3

Mana1-2Manal-3

Table 2 Relative amount (%) of N-glycans linked to glycoproteins in the callus tissue induced from R. communis seeds

Culture F-1 F-11 F-11I F-1V
Days M3FX UN-1 UN-2 M2FX UN-3 GNM3SFX UN-4 M7B  MéB M4C M4X M5A M7D
0 354 ND 13 17 06 0.7 07 45 265 157 32 71 26
7 46 ND 21 27 ND 0.9 02 37 283 96 10 67 02
21 32.7 27 0.8 19 17 7.1 24 33 218 173 15 38 ND
28 363 62 1.2 1.0 33 13.8 37 28 97 93 15 12 ND
35 5.3 52 1.0 143 16 12.9 09 13 58 43 02 12 ND

UN, Unknown structure; ND, not detected
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mannosidase (s) in R. communis seed, or (2) a 5~

xylosidase, which is active with the M4X struc-

ture, could be activated during dedifferentiation
of R. communis seeds. The amount of Man,
GlcNAc, (M7D), which was found as a minor
component of N-glycans in the native seeds (2.6
9), also decreased and disappeared after 21 days
incubation.

Overview on structuval changes of conjugated N -
As described

above, N-glycan pattern of the endospermic

glyvcans duving dedifferentiation—

glycoproteins expressed in R. communis seeds
showed a dramatic change during cellular dedif-
ferentiation. To our knowledge, this is the first
report showing the structural changes of the
conjugated N-glycans during dedifferentiation
(callus induction) of plant cells. Qur finding clear-
ly indicated that N-glycosylation of plant glyco-
proteins should be profoundly associated with
plant cell dedifferentiation. Since the relative
amount of various high-mannose type structures
(M7B, M7D, M6B, M5A) significantly decreased,
and on the other hand, that of some complex type
structures (GNM3FX, M2FX) increased during
callus induction, we assumed that transcriptional
level enhancement or enzyme-level activation of
a-mannosidase(s) and/or N-acetylglucosaminyl
transferase (GT-I) could occur during plant cell
dedifferentiation. We first checked the a-man-
nosidase activity, using crude extract from the
callus tissue in each stage of dedifferentiation.
Although no a-mannosidase activity was detect-
ed in the starting sample (Fig. 3, day 0), this is
probably due to an enzyme inactivation caused
by hypochlorous acid, which was used for sterili-
zation of endosperm. From the other four sam-
ples (day 7, day 14, day 21, and day 28), «-man-
nosidase activities were detected using Man,
GlcNAc,-PA as a substrate (Fig. 3). Especially,
the crude extract prepared from the day-21 sam-
ple efficiently converted Man,GlcNAc,-PA to
Mang_sGlcNAc,-PA by hydrolyzing some a-1,2-

mannosyl residues, suggesting an elevation of a-
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Fig. 3 SF-HPLC of Man,GlcNAc,-PA incubated with
the crude extract prepared from R. communis
callus.

A day 0; B, day 7; C, day 14; D, day 21; E, day
28

1,2-mannosidase activity!” during callus induc-
tion. This observation indicated that the callus
tissue derived from K. communis seeds could be a
good source for isolation of «-1,2-mannosidase,
which is a useful restriction enzyme in the field of

“glycobiology” or “glycotechnology”.

The detailed structural analysis of the N-
glycans purified in this report will be described

elsewhere.
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