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Two Oligosaccharides Formed by Onion Sucrose: sucrose

1F-B-D-fructosyltransferase from Onion Seeds

Norio SHIOMI* and Shuichi ONODERA¥*
(May, 1989)

Introduction

We have described the purification and properties of fructosyltransferases from
liliaceous plants®~®2  We previously studied substrate specificities of sucrose:
sucrose 1F-g-p-fructosyltransferase (EC 2, 4, 1, 99; SST) from onion seeds?® and
asparagus roots®. We showed onion SST catalyzed the fructosyl transfer from
donor sucrose to fructosyl residue of acceptor saccharides, raffinose and stachyose
other than sucrose to produce a tetra- and a penta-saccharide. However, the
structure of the saccharides produced by the SST action has not been investigated.
We now report the isolation and structural determination of two oligosaccharides
formed by the action of SST from onion seeds.

Materials and Methods

Materials. Onion seeds (Allium cepa L. var. Early yellow globe) were purchased
from commercial sources (Sapporo Konoen Ltd.). Sucrose, raffinose and stachyose
were obtained from Wako Junyaku Co. Ltd.. 1-Kestose [O-8-p-Fruf-(2—1)-O--p-
Fruf-(2—1)-a-p-Glcp], and 1F, 6°-di-8-p-fructofuransylsucrose {O-B-p-Fruf-(2—1)-O-
[8-D-Fruf-(2—6)-O-a-p-Glep-(1—2)]-p-D-Fruf} were isolated from asparagus roots as
previously described®.

Onion sucrose : sucrose 1F-B-bD-fructosyltransferase (97 U/mg of protein) were
purified according to the method reported in the previous paper®”. One unit of the
enzyme activity was defined as the amount of enzyme transferring a D-fructose
group from sucrose to sucrose that produces 1 gmole of 1-kestose in 1h at 0.4M
of sucrose in Mcllvaine buffer (pH 5.4) and 30°C.

Quantitative determination of sugars. Total hexoses, ketoses and reducing sugars
were quantitatively determined by anthrone®, Roe’s'®, and Somogyi-Nelson’s'®%:2®
methods, respectively. Glucose was determined with commercial Glucostat reagent.
Paper chromatography (PC) and thin-layer chromatography (T LC). Two sol-
vents, 1-propanol-ethyl acetate-water (7:1:2) (I) and 1-propanol-ethyl acetate-water
(6:1:3) (I), were used for PC (Toyo No. 50 filter paper), and a solvent, 1-butanol-
2-propanol-water (10:5:4) (Ill), was employed for TLC [Kieselgel G (Typ 60)
containing gypsum by 13% and pre-coated TLC plates, Kieselgel 60 F-254, E.
Merck, Darmstadt]. After double to quintuple development, sugars were detected
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by anisidine phosphate!® and alkaline silver nitrate reagents?.

Isolation of oligosaccharides. A mixture (a) of onion SST (25U), 0.2 M sucrose
and 0.1 M raffinose in Mcllvaine buffer (0.2 M sodium hydrogen phosphate — 0.1 M
citric acid system : pH 5.4, 20 ml) was incubated at 30°C for 24 h. Another mixture
(b) of onion SST (25U), 0.2 M sucrose and 0.1 M stachyose in the same buffer
(10 ml) was incubated under the same condition. After the reaction was halted by
heating at 100°C, each aliquot of mixture (a) or (b) was chromatographed on paper
with solvent I. A tetrasaccharide corresponding to fructosyl raffinose from sucrose
and raffinose or a pentasaccharide corresponding to fructosyl stachyose from sucrose
and stachyose was produced by onion SST. Also, formation of each saccharide
was accompanied with that of 1-kestose from sucrose.

Reaction mixture (a) was applied on a charcoal-Celite column (5.5 X 45 ¢cm) and
eluted with 10% ethanol (31) and 30% ethanol (2.51). The yields of the eluates
as dry matter were as follows; 10% ethanol fraction, 1.517 g, and 30% ethanol
fraction, 0.280 g. Thirty percent ethanol fraction, estimated to contain the bulk of
tetrasaccharide was subjected to preparative paper chromatography with a solvent
mixture II, and a band corresponding to that of the tetrasaccharide was excised from
paper and extracted with water. The extract was desalted with Amberlite IR-120
B (H*) and IRA-410 (OH"), decolorized with a minimum of charcoal, concentrated
in vacuo and lyophilized to give a white powder (saccharide A, 0.162 g).

Reaction mixture (b) was chromatographed on a charcoal-Celite column (4.5 X
50 cm) with 102/ ethanol (21) and 30% ethanol (31). The yields of the eluates as
dry matter were 730 mg (10% ethanol fraction) and 325 mg (30% ethanol fraction).

Thirty percent ethanol fraction, containing a pentasaccharide was purified in

a similar manner as described above to give a white powder (saccharide B, 58 mg).
Methylation and methanolysis. Methylation of the isolated saccharides was
conducted by the method of Hakomori® as described in the previous paper®, and
the methylated saccharides were methanolyzed by heating with 1.5% methanolic
hydrochloric acid at 92°C for 30 min. The reaction mixture was treated with
Amberlite IRA-410 (OH™) to remove hydrochloric acid, and evaporated in vacuo
to dryness. The methanolyzate was dessolved in a small quantity of methanol
and subjected to gas chromatography.
Gas liquid chromatography (GLC). GLC was carried out using a Shimadzu
GC8A gas chromatograph with a glass column (2.6 mm X2 m) packed with 15%
butane 1, 4-diol succinate polyester on acid-washed Celite at 175°C for analysis of
the methanolyzate and packed with 5% SE 52 on chromosorb WAW DMCS at
125°C~280°C (8°C/min) for that of TMS-derivatives prepared by the method of
Sweeley et al?® Flow rate of nitrogen carrier gas were 40 ml/min.

Hydrolysis. (1) Partial hydrolysis: the isolated saccharide (2 mg) was dissolved
in 0.05N oxalic acid (0.5ml) and partially hydrolyzed by heating at 60°C for 15
min ; (2) Complete hydrolysis: the isolated saccharide (2 mg) was dissolved in 0.5 N
hydrochloric acid (0.5 ml) and hydrolyzed by heating at 100°C for 1 h ; (3) Enzymatic
hydrolysis : the isolated saccharide (2 mg) was hydrolyzed by incubating with B-
fructofuranosidase or a-galactosidase (0.2ml; 0.4 mg of Sigma VI yeast B-fructo-
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furanosidase or of Sigma green coffee a-galactosidase in 0.2 ml of Mcllvaine buffer,
pH 5.5) at 30°C for 15 hr.

High performance liquid chromatography (HPLC). HPLC was carried out by
use of a Jasco TRIROTAR-VI system with a column (8 X300 mm, Shodex sz
5532, Showadenko Co. Ltd.) at 65°C. The column was eluted with acetonitrile-
water (70:30, v/v) at 1 ml/min. Detection was done with a differential refracto-
meter RID-300.

BC-NMR spectrometry. BC-NMR spectra of the saccharides in D,O were re-
corded on a JEOL NMR spectrometer (JNM-GX 270) using dioxane as an internal
reference standard.

Field desorption mass spectrometry (FDMS). FDMS spectra were measured with
a JEOL mass spectrometer (JMS-OISG-2).

Results and Discussion

Saccharides A ([«]5+80.2) and B ([a]¥+100.2) were shown to be homogenious
by PC (Rgiucose : 0.35 and 0.13), TLC (Rgiueose : 0.30 and 0.14, pre-coated plate) and
HPLC (tggiucose : 2.59 and 4.46). They were non reducing, and on hydrolysis with
0.5 M hydrochloric acid or a-galactosidase and g-fructofuranosidase gave p-fructose,
D-glucose and p-galactose. The saccharides released from both saccharides A and
B by the action of a-galactosidase were only galactose and 1-kestose. The degrees
of polymerization were established to be 4 (A) and 5 (B) by measurements of the
[M+Na]* ions (m/z: A, 689 and B, 851) on FDMS, and molar ratios (A, 1.85:
1.0:1.1; B. 1.80:1.0:2.05) of p-fructose, D-glucose and D-galactose in acid hydro-
lyzates of the saccharides by HPLC.

Thus, the saccharides A and B were found to be a tetrasaccharide and a
pentasaccharide made up of fructose (A, B: 2mol), glucose (A, B: 1mol) and
galactose (A: 1 mol, B: 2 mol).

The saccharides A and B were permethylated by Hakomori’s method?. The
permethylated saccharides were methanolized with 1.5% methanolic hydrogen
chloride and were subjected to GLC. The GLC patterns and relative retention
times (tg) of the methanolyzates of the permethylated saccharides are shown in
Tig. 1 and Table 1.

The methanolyzate of the permethylated saccharide A gave seven peaks cor-
responding to methyl 1, 3, 4, 6-tetra-O-methyl fructoside (tz, 1.03 and 1.26), methyl
3, 4, 6-tetra-O-methyl fructoside (tz, 2.68 and 3.96), methyl 2, 3, 4-tri-O-methyl-
glucoside (tz, 2.50 and 3.53) and methyl 2, 3, 4, 6-tetra-O-methyl galactoside (tg,
1.70). The methanolyzate of the permethylated saccharide B gave one more peak
corresponding to methyl 2, 3, 4,-tri-O-methyl galactoside (tg, 7.06) in addition to
these peaks observed in that of permethylated saccharide A.

From these findings, saccharides A and B were proved to be 1F-8-p-fructosyl
raffinose and 1F-B-D-fructosyl stachyose.

The structural confirmation of saccharides A and B was made by ®*C-NMR
analysis. ®C-NMR data for saccharide A, saccharide B and reference saccharides ;
1-kestose” and raffinose® were shown in Fig. 2 and Table 2. The general assign-
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Fig. 1. Gas-liquid chromatograms of methanolyzates of permethylated
oligosaccharides synthesized by onion SST.
Table 1. GLC-analysis of methanolysis products of permethylated

saccharides A and B

Methanolyzate origin

Relative retention time®)

Saccharide A

Saccharide B

1F, 64-Di-3-D-fructofuranosyl
sucrose®)

Raffinose?)

Stachyose®)

Methyl 2, 3, 4, 6-tetra-O-
methyl a or $-D-galactoside®

Methyl 2, 3, 4, 6-tetra-O-
methyl-3-D-glucoside®)

1.03
1.03

1.03

1.03
1.03

1.00

1.26
1.26

1.26

1.26
1.26

1.70
1.70

170
1.70

1.72
or 1.68

250
2.51

2.50

2.50
251

2.68
2.69

2.68

3.63
3.54

3.54

3.52
3.54

3.96
3.98

3.96

7.06

7.06

a)
b)

c)

Retention time of methyl 2, 3, 4, 6-tetra-O-methyl-8-D-glucoside=1.

Reference methanolyzate.

a- or B-D-galactoside.

Specimens of 1F, 6G-di-3-D-fructofuranosyl sucrose was
previously isolated from asparagus roots?0).
Reference methylated sugars, which were prepared from methyl 8-D-glucoside, methyl
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Fig. 2. 13C-NMR Spectra of saccharides A and B formed by onion SST.

ment of resonances in the spectrum of saccharide A in D,O was tentatively made
by comparison of the observed chemical shifts with the data of 1-kestose and
raffinose. The spectrum of difructosyl residue in saccharide A was noted to resem-
ble to that of difructosyl residues in 1-kestose”. Also, the same interpretation
facilitated the assignment of resonances in the spectrum of glucosyl and galactosyl
residues in saccharide A by referring the carbon resonances of raffinose!® although
the signal assignment was not always unambiguous.

The resonance (§61.96) of C-1 of inner fructosyl residue in saccharide A were
sensitively deshielded with respect to that of the terminal p-fructosyl residue by
0.65 ppm suggesting that the C-1 of inner p-fructosyl residue was linked glycosidi-
cally with C-2 of terminal fructose. The resonances at § 104.56 and 6 104.20 were
assigned to C-2 of the inner and terminal fructosyl residues of saccharide A,
respectively by running a comparison with the spectrum data of 1-kestose”, sucrose®%
679 inulin®* and grass levan™?. The resonance at § 75.35 was attributed to C-4
of the terminal fructosyl residue in the sucrose group of saccharide A by comparing
the chemical shifts of C-4 in methyl-3-pD-fructofuranoside?, sucrose” and 1-kestose”.

The chemical shifts of carbons of glucosyl and galactosyl residues in saccharide
A were similar to those of carbons of the both residues in raffinose. Each carbon
signal except for C-4 signal of glucosyl residue and C-3 signal of galactosyl residue
in saccharide A were assigned as shown in Table 2.

A similar argument enables the preliminary assignment of carbon signals of
saccharide B by comparison with the signal data for reference saccharides, 1-
kestose” and stachyose’. Each carbon of difructosyl residue in saccharide B showed
a quite similar chemical shift to that of difructosyl residue in 1-kestose and sac-
charide A, although the assignment of carbon signals of digalactosyl residue in
saccharide B was almost equivocal. The resonances at § 98.88 and 99.21, or 4 61.86
and 67.35 were assigned to C-1, or C-6 of the terminal and inner galactosyl
residues of saccharide B by referring to the corresponding chemical shifts (6 99.0
and 99.3, or §62.1 and 67.4) of stachyose reported by Allerhand? et al.
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Table 2. 1BC-NMR chemical shifts of saccharides A and B formed

by onion SST
Saccharide A Saccharide B
gtz;r:lon (Fructosyl (Fructosyl 1-Kestose Raffinose
raffinose) stachyose)

Terminal fructose

Cc-1 6131 61.33 61.7
c-2 104.20 104.20 1045 _

C-3 7741 77.42 77.9 (76.4 in Me;SO-ds)
C-4 75.35 75.35 757

C-5 81.972 81.962 82.42

C-6 63.120 63.11° 63.40

Inner fructose

C-1 61.96 61.97 62.2 62.23
Cc-2 104.56 104.55 104.9 104.60
C-3 7751 7751 77.9 (76.9 in Me;SO-dg) 77.16
C-4 74.73 74.73 75.1 74.81
C-5 82.062 82.062 8242 82.15
C-6 63.18P 63.17b 63.5P 63.27
Glucose
C-1 93.23 93.22 93.7 92.90
C-2 71.86 71.82 72.4 777
C-3 73.55 73.61 73.8 73.48
C-4 70.24¢ 70.31¢ 70.5 70.25
C-5 72.28 72.15 73.6 72.21
C-6 66.68 66.65 61.6 66.72

Inner galactose

C-1 99.32 99.21 99.29
C-2 69.33 69.13¢ 69.30
C-3 70.29¢ 70.34¢ 70.25
C-4 70.06 69.654 70.03
C-5 71.86 70.21¢ 71.83
C-6 61.84 67.35 61.94

Terminal galactose

C-1 98.88
Cc-2 69.29¢
C-3 70.21¢
C-4 70.084
C-5 71.82
C-6 61.86

Chemical shifts are expressed in ppm down field from the signal for TMS relative to which
the 1, 4 dioxane signal appears at 4 67.40. The assignments of the resonances marked with
a, b, c, d or e respectively, may be exchanged. Data for 1-kestose and raffinose were obtained
from ref. 7 and 5, respectively.
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All of BC-NMR data were in accord with the clarified structures of saccharides
A and B.

From the findings described above, saccharides A and B formed by fructo-
syl transfer to raffinose and stachyose from sucrose with onion SST were confirmed
to be 17-B-p-fructofuranosyl raffinose, O-g-p-fructofuranosyl-(2—1)-8-b-fructofurano-
syl-O [-a-D-galactopyranosyl-(1—6)]-a-D-glucopyranoside and a new saccharide, 1F-6-
D-fructofuranosyl stachyose, O--p-fructofuranosyl-(2—1)-g-p-fructofuranosyl-{[O-a-
D-galactopyranosyl-(1—6)],} -a-D-glucopyranoside.

Previously we reported onion? and asparagus® SST catalyzed the fructosyl
transfer from sucrose to sucrose producing 1-kestose and glucose, and also trans-
ferred some fructosyl residues from sucrose to neokestose®, raffinose? and stac-
hyose?®. In this study, we first elucidated the structures of two oligosaccharides
synthesized in vitro by onion SST although the same saccharides whose structures
had not been clarified were produced by the transfer action of Aspergillus oryzae
invertase™¥. From this structural examination, onion SST was confirmed to
catalyze the fructosyl transfer to the 1-hydroxyl of the fructosyl residue of the
sucrose moiety in raffinose and stachyose from sucrose.

Kato et al.® reported the isolation and identification of 1F-8-p-fructosyl raffinose
and its related saccharide in cottonseeds but their synthetic pathways were not
studied.

Recently, we preliminary found?” that the onion seeds included fructosyl raf-
finose and fructosyl stachyose as well as 1-kestose nystose, raffinose and stachyose.
These fructosyl oligosaccharides may be synthesized in vivo by fructosyl transfer
to fructosyl residue of sucrose group in oligosaccharide with SST action.

Summary

A tetrasaccharide and a new pentasaccharide synthesized by p-fructosyl transfe.
from sucrose to raffinose and stachyose with a purified sucrose :surcose 1F-8-p-
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fructosyltransferase [EC 2, 4, 1, 99] of onion seeds, were isolated and identified
as 1F-B-p-fructofuranosyl raffinose, O-B-D-fructofuranosyl-(2—1)-8-p-fructofuranosyl-
O[-a-D-galactopyranosyl-(1-—6)]-a-D-glucopyranoside and 1F-8-p-fructofuranosyl stac-
hyose, O-g-p-fructofuranosyl-(2—1)-8-p-fructofuranosyl-{[O-a-p-galactopyranosyl-(1—
6)]s} -a-D-glucopyranoside respectively by examination of the constituent saccharides,

gas

chromatographic analysis of methyl derivatives, investigation of enzyme (8-

fructofuranosidase or a-galactosidase)-catalyzed hydrolysis products, and ®*C-NMR
measurements of the isolated saccharides.
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