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Preparation of Laminari-oligosaccharides
by
Acetolysis of Curdlan
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Abstract

A simple method for preparation of homologous series of laminari-oligosaccharides
was presented. Curdlan, a kind of (1-— 3)-8-p-glucan, was subjected to direct ac-
etolysis, followed by saponification to give a mixture of laminari-oligosaccarides.
Acetolysis for 1 hr at 60°C was found to be an optimum for the preparation of a
mixture of laminari-oligosaccharides having degree of polymerization 2 to 7. Each
oligosaccharide was separated by a size exclusion chromatography on Toyopearl HW
40 S and its properties were characterized.
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1. Introduction

In plant cell walls three types of B-p-glucans are known to be widely distributed,
i e, cellulose, (1— 3)-B-p-glucans (callose), and linear f-p-glucans containing both
1-3 and 1-4 linkages*”. Of these f-p-glucans with no detectable branching are
peculiar in that they are present as a component of special walls, e g., sieve plates*”,
pollen tubes”, and cotton seed hairs”. Compression wood cell walls also contain a
similar B-p-glucan, Laricinan®”. Deposition of (1 -+ 3)-8-p-glucans was also stimula-
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ted by wounding or by infection by microorganisms”. Analogous (1-— 3)-8-p-glu-
cans were also isolated from the bacterium Alcaligenes faecalis (curdlan)® and the
unicellular algae Euglena gracilis (paramylon)”, The conformation of the (1— 3)-3-
p-glucans was unique in their triple-stranded helix™" and some of them have been
interested in their high antitumor activity™'".

Recently, we are interested in the effects of CO, laser beam on polysaccharides and
found that in the cases of cellulose and starch various kinds of water-soluble oligo-
saccharides were produced by irradiation of the laser beam'™. The structure of
these oligosaccharides could be successfully characterized by using homologous series
of cello- and malto-oligosaccharides as standards. In order to extend this line of in-
vestigation, we nextly intended to characterize the effects of CO, laser beam on (1
— 3 )-A-p-glucans, because of their unique distribution, conformation and biological
activity. For this purpose, (1-— 3)-8-p-linked oligomers which were conventionally
designated as laminari-ocligosaccharides were required as the authentic standard.

Previously, laminari-oligosaccharides have been prepared from (1 - 3)-8-p-glucans

by  partial acid hydrolysis®'™,  enzymatic  hydrolysis®™, and enzymatic
transglycosylation®. Laminaribiose was also prepared by optimized acetolysis of

® analyzed the distribution profiles of laminari-oligosacc-

pachyman®. Koizumi et al
harides prepared by acid hydrolysis or acetolysis of the formolyzed curdlan and rep-
orterd that the proportions of higher oligomers in the acetolysate are higher than
those in the acid hydrolysate. Since curdlan is hardly soluble in water, partial acid
hydrolysis is not adequate for preparation of a large amount of laminari-oligosaccha-
rides. Previously, we showed that direct acetolysis of ivory nut mannan gave a
mixture of manno-oligosaccharides in a high yield®. In order to obtain a large
amount of laminari-oligosaccharies, the time-consuming formolysis prior to acetolysis
seems not to be necessary.

We now report a simple method for the preparation of laminari-oligosaccharides
by direct acetolysis of curdlan followed by size exclusion chromatography on Toyop-
earl HW 40 S.

2. Experimental

2.1. General

Curdlan, which was produced by Alcaligenes faecalis var. myxogenes 10C 3K, was
purchased from Wako Pure Chemical Industries, Ltd. The degree of polymerization
(D.P.) of curdlan has been reported to be 455", Gas liquid chromatography (G.L.
C.) was carried out on a Shimadzu GC- 15 AFs gas chromatograph equipped with
flame ionization detectors. Shimadzu Chromatopac C-R6A was used as an in-
tegrated recorder. Separation was performed on a column of SP-2330 (30 m x 0.28
mm) with temperature program from 150°C to 220°C at 1.5°C /min. Gas liquid chr-
omatography-mass spectrometry (G.L.C-M.S.) was carried out on a Shimadzu QP-
1000 system using a column (25mx 0.22mm) of CP-Sil 88 at 215°C.
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The proportion and purity of the laminari-oligosaccharides were analyzed by ana-
lytical size exclusion chromatography on a column (7.6mmXx 50 cm) of Asahipak GS-
220 at 60°C and a flow rate of 0.6 ml/min using distilled water as an eluent. The
purity and identification of the isolated laminari-cligosaccharides were also carried
out by reversed phase chromatography on an amino-bonded silica gel column (44.6
mn X 25 em) of YMC PA-03 at room temperature and a flow rate of 0.6 ml/min using a
1:1 (v/v) mixture of acetonitrile and water as an eluent. Both chromatographic
separations were carried out by using JASCO 880-PU intelligent HPLC pump, Shodex
RI SE-B1 differential refractometer, and Waters M-740 data Module.

Nuclear magnetic resonance (N.M.R.) spectra were obtained on a Varian XL-200
N. M. R. spectrometer (200 MHz for 'H and 50.3 MHz for "C in deuterium oxide),
The 'H-N. M. R. spectra were obtained at 80°C and chemical shifts in p.p.m. for ano-
meric protons were given with acetone (29.80 p.p.m.) as an internal standard. The
“C-N. M. R. spectra were obtained at 25°C with complete proton-deccupling and che-
mical shifts in p.p.m. were given with dioxane (67.40 p.p.m.) as an internal stand-
ard.

The other materials, instruments and experimental conditions not specified were

the same as described previously®®.

2.2. Acetolysis of curdlan
One gram of dried curdlan was added to mixtures of glacial acetic acid (3.8 ml),

acetic anhydride (3.8 ml) and sulfuric acid (0.8 ml) previously kept at four different
temperatures (40°C, 50°C, 60°C, and 70°C). After reaction under vigorous stirring for
15 min to 3 hr, the reaction mixture was poured into ice-water. The acetolysate
was extracted with chloroform after neutralization with sodium carbonate and sapon-
ified with 0.1 N potassium hydroxide in toluene-methano!l (1 : 3, v/v) as described
previously®, The water-soluble laminari-oligosaccharides were obtained by repeated
extraction with distilled water followed by deionization with Dowex 50 X 8 (M-
form) and Dowex 1 X 8 (acetate form) resin columns jointed in tandem. Distribu-
tion profile of laminari-oligosaccharides was analyzed by size exclusion chromatogra-
phy (8.E.C).

2.3, Isolation of laminari-oligosaccharides

The water-soluble laminari-oligosaccharide mixture was extracted with 80% aque-
ous ethanol and the extract was evaporated to dryness. About 300 mg of 80% aque-
ous ethanol-soluble laminari-oligosaccharides was dissolved in 5ml of distilled water
and applied on a column (4.0 X 92 cm) of Toyopearl HW 40 S (TOSOH), then eluted
with distilled water at a flow rate of 3 ml/min (Kusano Kagakukikai KP-7 pump).
The eluting position of each oligosaccharide was monitored by Waters Model R 401
refractometer coupled with Shimadzu Chromatopac C-R 6 A integrated recorder and
Advantec Toyo Model SF-139 peak collector which was actuated at 200 drops (8.5
ml) per one fraction. Each isolated oligomer was recovered by evaporation and pur-
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ified by repeated chromatography on the same column. Purity of the isolated oligo-
mers was checked by analytical S.E.C. on Asahipak GS-220 and reverse-phase chr-
omatography on YMC PA-03.

2.4, Methylation analysis

Each isolated oligosaccharides was methylated by the modified method of
Hakomori® followed by the method of Kuhn®.
des were hydrolyzed with 3N trifluoroacetic acid for 3 hr at 100°C. The partially
methylated monosaccharides were converted into alditol acetates and analyzed by
G.L.C. and G.L.C-M. S.

The fully methylated oligosacchari-

2.5, Determination of degree of polymerization

Degree of polymerization (D.P., n) of the isolated laminari-oligosaccharides was
determined from methylation analysis, 'H-NMR spectroscopic analysis, thin layer chr-
omatographic (T.L.C.) analysis, and molecular optical rotation ([M]) analysis.

3. Results and Discussion
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observed between the conversion rates acetolysis followed by saponifica-
: B o . tion. The amount of oligosaccha-
given at 40°C and 50°C. The reason of this rides soluble in water at acetoly-
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curdlan in the reaction medium; the peri- () 60°C (@), and (d) T0°C (O).

ods needed to solubilize curdlan completely were more than 3 hr at 40°C, 2 hr at
50°C, 1 hr at 60°C, and within 15 min at 70°C, respectively.

3.2, Influence of acetolysis temperature and time on composition of laminari-oligo-
saccharides

Figure 2 shows the dependence of composition of laminari-oligosaccharides on ac-
etolysis time and temperature. At 40°C and 50°C, laminari-oligosaccharides having D.
P. 2 to 7 together with glucose were detected during the whole acetolysis time (3
hr). At 40°C, the oligosaccharide formation reached plateau after reaction for 1 hr.
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Fig. 2 Effects of direct acetolysis time and temperature on oligosac-
charide distribution profile: glucose (O), laminaribiose (@),
laminaritriose ([C1), laminaritetracse (B), laminaripentaose
(A), laminarihexaose (A), and laminariheptaose (X).
Acetolysis temperatures at (a) 40°C, (b) 50°C, (¢) 60°C, and
(d) 70°C.

At 50°C, however, the proportion of pentacse to heptaose had a maximum at 60 min.
At 60°C, however, the proportion of tetraose to heptaose had a maximum at 30 min,
but neither hexaose nor heptacse could be detected after reaction for 3 hr. At
70°C, the proportion of oligosaccharides attained a maximum at 15 min. At this
temperature, no heptaose was detected and proportion of glucose predominated.
Based on the results presented above and those shown in Fig. 1, the optimal condi-
tion for production of laminari-oligosaccharides was concluded to be direct acetolysis
for 1 hr at 60°C. The S.E.C. elution profile given at this acetolysis condition is
shown in Fig. 3.

3.3. Separation of laminari-oligosaccharides

Dried curdlan was subjected to acetolysis for 1 hr at 60°C, saponified, extracted
with distilled water, and deionized to give a mixture of laminari-oligosaccharides in
a yield of 76%. Since this mixture of oligosaccharides contained higher molecular
weight components which seriously disturbed the clear cut separation of laminaribio-
se to laminariheptaose by S.E.C, the mixture was extracted with 80% aqueous etha-
nol to give 80% ethanol-soluble oligosaccharides in a yield of 82% of the water-solu-
ble materials. About 300 mg of this mixture of laminari-oligosaccharides was ap-



plied on a column of Toyopearl HW 40 S
which was eluted with distilled water. A
typical elution profile shown in Fig. 4 indi-
cates that the laminari-oligosaccharides
having D. P. 2-7 were well separated
within 5 hr. About 83 mg of laminaribio-
se, 81 mg of laminaritriose, 52 mg of lamin-
aritetraose, 26 mg of laminaripentaose, 12

mg of laminarihexaose, and 6 mg of lam-

inariheptaose were separated by a single
chromatography as amorphous powder.
Each oligosaccharide was purified by rechr-
omatography. Previously, Toyopearl HW 40
S gel was successfully used to prepare ho-
mologous series of malto-*, isomalto-*",
and manno-oligosaccharides®”. The present
study demonstrates that this gel can also
be wuseful for separation of homologous

series of laminari-oligosaccharides.

3. 4. Characterization of the isolated lam-
inari-oligosaccharides

The glycosidic 1i1{kage analysis of the
isolated oligosaccharides was carried out
by methylation analysis. The results are
shown in Table 1. The all isolated oligo-
saccharides gave two kinds of partially
methyvlated glucoses, 7. e, 2,3, 4, 6 -tetra~
O-methyl-p-glucose and 2, 4, 6-tri-O-
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Fig. 3 Elution profile of size exclusion
chromatography on Asahipak
(GS-220 of the mixture of laminari-
oligosaccharides  obtained by
direct acetolysis at 60°C for 1 hr.
The numbers (1 to 7) represent
the degree of polymerization.

1
0.5 0.6 0.7

I
0.8 0.9 1.0

Elution volume (1)
Fig. 4 Elution profile of laminari-oligosaccharides on Toyopearl
HW40S. The numbers (1 to 7) represent the degree of poly-

merization.
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Table I. Properties and methylation analysis of the isolated laminari-oligosaccharides

[a]lzf Partially methylated

Lo . - alditol acetates®
Oligosaccharides (c 1.0, H:0) 5.3.4.6Glc" 946Gl D.p
Laminaribiose +19.5° 1.0 0.9 2
Laminaritriose + 2.9° 1.0 1.8 3
Laminaritetraose - 3.0° 1.0 2.7 4
Laminaripentaose - 7.7° 1.0 4.2 5
Lominarihexaocse -10.5° 1.0 4.9 6
Laminariheptaose -12.8° 1.0 6.2 7

“Values are given as molar ratios.

2,3, 4, 6-Gle=2, 3, 4, 6-tetra-O-methyl-p-glucitol

2,4, 6-Gle=2, 4, 6-tri-O-methyl-np-glucitol

e -5 Cc-4 c-6
- C-2i
C-% C-3

C-ta C-lnp

F C-le C-¥g C-3cp C~3ra
i i i T 1 ! i i T i
105 100 85 S0 85 80 5 70 65 60

®C Chemical shifts (8, p.p.m.)

Fig.5 “C-N.M. R. specira of the laminari-oligosaccharides at 25°C
in deuterium oxide: laminaribiose (a), laminaritriose (b),
laminaritetracse (c¢), laminaripentacse (d), and laminari-
heptaose (e). Symbols : dioxane (s), reducing end residue (r),
internal residues (i), and non-reducing end residue (n).
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Table 2. "C-N.M. R. Data for laminari-oligosaccharides
(chemical shifts, in p.p. m.)

Laminari-oligosaccharides

Laminari- Laminari- Laminari- Laminari-
biose triose tetraose pentaose
- @ 96.50 96.51 96.53 96.52
‘ B 92.82 92.84 92.84 92.85
o a 7181 71.88 71.89 71.90
‘ 8 74.59 74.66 74.67 74.67
Reducin 03 a  83.38 83.19 83.24 83.14
& " B8 8561 85.40 85.46 85.46
end ) o 68.99 68.96 68.97 68.94
residue C-4: 8 68.99 68.96 68.97 68.94
o a 7203 72.04 72.06 72.06
' B 76.39 76.40 76.85 76.45
o6 a 6157 61.56¢ 61.56 61.53
‘ B 6144 61.44%° 61.56 61.53
o1, I igggg E% 103.38 103.37
Internal c-2 74.05 74.06 74.13
: c-3, 85.20 85.23, 85.07  85.12, 84.94
residue C-4, 68.96 68.97 68.94
C-5, 76.40 76.43 76.45
C-6, 61,57 61.56 61.53
C-1, { }gggg E;g 103.66 103.69 103.66
Non-redu- C-2, 74.30 74.98 74.30 74.29
cing end C-3, 76.39 76.40 76.43 76.45
residue C-4, 70.42 70,42 70.43 70.42
C-5, 76.82 76.82 76.85 76.84
C-6, 61.57 61.56 61.56 61.53

*Assignments may be interchanged.
*signals appeared as a shoulder.

methyl-p-glucose, indicating that glucose residues are linked each other by (1~ 3)
-glucopyranosidic linkages. The D.P. values of the isolated oligosaccharides were es-
timated based on the molar ratios of these partially methylated glucoses as listed in
Table 1. The structure of the isolated oligosaccharides was confirmed by the “C-
N. M. R. spectroscopic analyses as shown in Fig. 5 and Table 2,

The configuration of glucosidic linkages was analyzed by 'H-N.M. R. spectroscopic
measurements. The 'H-N.M.R. spectra of the anomeric regions of the isolated lam-
inari-oligosaccharides are shown in Fig. 6, and the assignments of the signals were
listed in Table 3. In the case of the oligosaccharides having D.P. higher than 4,
the chemical shifts of the anomeric protons of the reducing end, the glucose residue
adjacent to the reducing end, internal, and non-reducing end glucose residues were
assigned as signals appeared at 526 p.p.m. (H-L), 4.77p.p.m. (H-1;), 476 p.p.m.
(H-1.), 468 p.p.m. (H-1,), 479 p.p.m. (H-1), and 474 p.p.m. (H-1,), respec-
tively. The signals due to the intermediate glucose residues became larger with in-
crease of D.P. Based on the large coupling constants (/,. 7-8Hz), p-glucoses
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Table2. ¥C-N.M. R. Data for laminari-oligosaccharides
(chemical shifts, in p. p. m.) (continued)

Laminari-oligosaccharides

Laminarihexaose Laminariheptaose

c-1 a 96.52 96.52
N B 92.86 92.86
c.2 a 71.91 71.90
' B 74.63 74.66
. a 83.16 83.16
Reducing G5 85.39 85.40
ef‘d o a 68.95 68.95
residue o B 68.95 68.95
C.5 a 72.06 72.04
! B 76.48 76.46
c6 a 61.54 61.56
r B 61.54 61.56
C-1 103.38 103.37
C-2 74,13 74.18

Internal C-3 85.12, 84.96 85.12, 84.96
residue C-4; 68,95 68.95
C-5; 76.46 76.46
C-6; 61.54 61.56
C-1. 103.66 103.67
Non-redu- C-2, 74.29 74.28
cing end C-3, 76.46 76.46
residue C-4, 70.42 70.42
C-5, 76.84 76.86
C-6, 61.54 61.56

were concluded to be linked each other by B-glycosidic linkages.

The D.P. values of the isolated laminari-oligosaccharides were also estimated by T.
L.C. and optical rotation measurement. Figure 7 shows the linear D.P. dependence
of the values of Ri/(1-R:) using two different irrigants, indicating that the isolated
oligosaccharides were homologous. Similary, molecular rotation values of the isolated
oligosaccharides ([M],) were plotted against (n-1)/n, where n equals D.P. Figure 8
showed a good linear relationship, confirming that the present isolated oligosacchari-
des were homologous. Based on the results presented above, the isolated oligosacc-
harides were concluded to be a homologous series of (1-»3)-f-p-linked oligosace-
harides having D.P. 2 to 7.

As we have reported previously, acetolysis followed by saponification permits effe-
ctive preparation of manno-oligosaccharides from ivory nut mannan®. The present
results further extended the applicability of this method to prepare laminari-oligosa-
ccharides from curdlan.
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Fig. 6 'H-N. M. R. spectra of laminari-oligosaccharides at anomeric

region at 80°C in deuterium oxide: laminaribiose (a),
laminaritriose (b), laminaritetraose (¢), laminaripentaose
(d), and laminariheptaose (e). Symbols: anomeric protons
of the reducing end (H-le, H-1,), internal and adjacent to
the reducing end (H-lio, H-1,6), internal (H-1), non-reducing
and adjacent to the reducing end (H-l.., H-1,s), and non-
reducing end (H-1.) glucose residues.

Table3. 'H-N. M. R. Data for laminari-oligosaccharides

(chemical shifts, in p.p. m.)

HA, H-1, H-1,
Oligosaccharides H-1; ——————
H-1.a H-1.s H-lia H-1us H-1a H-1.zs
5.26 4.72 4,70 4.68
Laminaribiose 3.8)" (1.3 7.7) .9
[0.47° [0.6] [0.4] [0.6]
5.26 4.77 4.75 4,68 4,76
Laminaritriose (3.8) (7.9 (7.8 (7.9 1.1
[0.4] (0.6] [0.8] [0.7 (1.1]
: 5.26 4,77 4.75 4.68 4,78 4.74
Laminaritetraose 3.8 7.9 (1.8) (7.9 8.00 1.7
[0.4] [0.6] (0.4] [0.6] [1.1] (1.1]
5.26 4.717 4.76 4.68 4,79 4.74
Laminaripentaose (3.9 (7.9 (7.8) (8.0) (7.9 1.1
[0.3] [1.2] [0.3] [0.8] [1.8] {0.8]
5.26 4,77 4.76 4,68 4,79 4,74
Laminarihexaose 3.7 (7.8 7.8 7.9 (7.9 1.8)
[0.3] {0.8] [0.3] [0.9 [3.2] {0.9]
5.26 4.77 4,76 4.68 4,79 4.74
Laminariheptaose @0 (1.9 (7.8) (7.9 7.9 (7.6)
[0.4] [0.7] [0.3] [0.8] (4.3] [0.8]

‘Coupling constant (Ji ., Hz),
*Molar ratio.
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Acknowledgement

The authors express their sincere appreciation to Prof. Tetsuo Koshijima, Wood
Research Institute, Kyoto University for the use of NMR spectrometer.

4, References

1) AspinaLt, G.O.: Chemistry of cell wall polysaccharides. “The Biochemistry of Plants”
(Preiss, J.. ed.). Vol 3. Academic Press, New York. pp. 473 - 500, 1980

2) Bacic, A, Harris, P.J. and Stong, B. A.: Structure and function of plant cell walls. “The
Biochemistry of Plants” (Preiss, J, ed.). Vol 14, Academic Press, New York. pp. 297 - 371,

1988.

3) AspinarL, G.O. and Kessrer, G.: The structure of callose from the grape vine. Chem. Ind.
1296, 1967.

4) KessLer, G.: Zur Charakterisierung der Sieb réhren-Kallose. Ber. Schweiz. Botan. Ges. 68.
543, 1968.

5) Rag, A L., Harris, P. ], Bacie, A, and Crarke, A, E.: Composition of the cell walls of nic-
otiana alata Link et Otto pollen tubes. Planta, 166, 128 - 133, 1985.

6) Horrmann, G.C. and TimeLy, T.E.: Isolation of a -1, 3-glucan (Laricinan) from com-
pression wood of Larix laricina. Wood Sci. Technol. 4. 159- 162, 1970.

7) Suerwoon, R.T. and Vancg, C. P.: Histochemisiry of papillae formed in reed canarygrass
leaves in response to noninfecting pathogenic fungi. Phytopathology. 66. 503 -~ 510, 1976

8) Harapa, T., Misaki, A. and Sarro, H.: Curdlan: A Bacterial gel-forming A-1, 3-glucan.



9)
10)
1D

12)

13)

14)

16

17)

18)
19)

20)

22)

23)

24)

25)

26)

27)
28)

349

Arch. Biochem. Biophys, 124. 292 - 298, 1968.

Crarke, A E. and Srtone B.A.: Structure of the paramylon from ZEuglena gracilis. Bio-
chim. Biophys . Acta. 44. 161 ~ 163, 1960.

Bruume, T. L. and Sarxo, A.: The triple helical structure of lentinan, a linear 8-(1-+3)-p-
glucan, Can. J. Chem. 55. 293 - 299, 1977.

Marcuessaunt. R H, Destanpies, Y., Ocawa, K. and Sunpararajan, P.R.: X-Ray diffrection
data for S~ (1—3) -p-glucan. Can. J. Chem. 55. 300 - 303, 1977.

Sasaki, T, Amiko, N, Sucino, Y. and Nirra, K.: Dependence on chain length of anti-
tumor activity of (1-—3)-B-p-glucan from Alcaligenes faecalis var. mixogenes, IFO
13140, and its acid-degraded products. Cancer Res. 38, 379383, 1978.

WaisTLER, R, L., Busuway, A, A. and Sincu, P.P.: Noncytotoxic, antitumor polysaccharides,
Adv. Carbohdr. Chem. Biochem. 32. 235~ 275, 1976.

Suzuxky, J., Azuma, ], Kosminma, T, Oxamura, K. and Oxkamoro, H.: Characterization of
mono- and oligosaccharides produced by CO, laser irradiation on cellulose. Chem. Lett.
481 ~ 484, 1983.

Azuma, ], Funnira, M. and Okamura, K.: Degradation of wood by CO. laser (I1). About
the water-soluble melted materials obtained by CO, laser irradiation of Whatman CF- 11
cellulose powder. Abstract 38 th Annual Meeting of Japan Wood Research Society, Asahi-
kawa, 1988, p. 225,

Azuma, ], Oxamura, K., Karara, T, and Hososucnr, T.: Degradation of wood by CO, laser
(V). Effects of CO, laser beam on Starch. Abstract 39th Annual Meeting of Japan
Wood Research Society, Okinawa, 1989, p. 282, )

Peat, S, WheLan, W. ]J. and Lawiey, H. G.: The structure of laminarin. Part 1. The main
polymeric linkage. J. Chem. Soc, 724 - 728, 1958.

Baiey, R, W.: “Oligosaccharides”. Pergamon Press, New York. pp. 59~ 60, 1965.

Hanpa, N. and Nisizawa, K, : Structural investigation of a laminaran isolated from Eisenia
bicyclis. Nature, 192. 1078 - 1080, 1961.

SurvcuHeNko, N. M., Zvyacintseva, T.Z. and Ervakova, L. A.: Mode of action of endo-(l—
3)-A-p~glucanases from marine molluscs on the laminarin from Laminaria cichorivides:
The structure and the inhibitory effect of the resulting (1—3: 1—6)-8-p-gluco-oligosacc-
harides. Carbohydr. Res. 148. 57 - 62, 1986.

Bezukladnikov, P. W. and Ervakova, L. A.: Preparation of "C-labelled (1- 3)-B-p-gluco-
oligosaccharides by transglycosylation, Carbohydr. Res. 184. 268 ~ 270, 1988.

Triem, ], Sievers, A. and Karw, H.: Préparative Zuginge zu Mannobiose und Laminaribio-
se. J. Chromatogr. 130. 305 - 313, 1977.

Komzumy, K., Uramura, T and Oxapa, Y.: Analyses of homogeneous p-gluco-oligosaccharides
and -polysaccharides (degree of polymerization up to about 35) by high-performance
liquid chromatography and thin layer chromatography. J. Chromatogr. 321, 145~ 157.
Azuma, ], Sakanaka, M., Minc, Z. and Oxamura, K.: Preparation of manno-oligosacchari-
des by acetolysis of mannan. Bull. Kyoto Univ, Forests. 60. 319 - 329, 1988.

Sarro, H, Misaky, A, and Harapa, T.: A comparison of the structure of curdlan and pac-
hyman. Agric Biol. Chem. 32. 1261 - 1269, 1968.

Muravama, M, Cuun, B, Azuma, J. and Oxamura, K.: A convenient preparation method of
cello-oligosaccharides by high performance liquid chromatography. Bull. Kyoto Univ.
Forests. 59. 310~ 317, 1987,

LinpBERG, B.: Methylation analysis of polysaccharides. Meth, Enzymol. 28, 178~ 195, 1972,
WaLLENFELS, K, BecwrLer, G, Kuun, R, Trscumany, Ho and Ecce, H.: Permethylation of
oligomeric and polymetic carbohydrates and quantitaive analysis of the cleavage prod-
ucts. Angew. Chem Int. Ed. 2. 513~ 523, 1963.

Konpo, H,, Nakarant, H.and Hiromt, K.: Rapid preparation of maltooligosaccharides from
cyclodextrins by column chromatography of hydrophilic polymer gel. Agric Biol. Chem.
45. 2369 - 2370, 1981.

Taxaka, K, Krramura, T, Marsupa, T, Yamasagy H. and Saxaxi, H.: Gel permeation chr-
omatography of oligosaccharides using Toyopearl HW 40, Toyosoda Kenkyuhokoku. 25,
89 ~ 98, 1981.





