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Adhesion of S-glucans to Yeast and Tobacco Culture Cell
and Its Stimulative Effect

Takashi MisHIMA

Faculty of Bioresources, Mie University

Abstract

Schizophyllan secured from fungus, Shizophyllum commune, is a water-soluble (1,3)
- B-D-glucan with side chains consisting (1,6) - 8-D-glucosyl residues attached to 0-6 of
the backbone residues, at has a triple helical conformation and shows antitumor activity
foward Sarcoma 180. Schizophyllan is effective for promoting protoplast division of
Saccharomyces cerevisiae. The frequency of regeneration of yeast protoplast with
schizophyllan is 1,000 times times the control. The effect of stability mechanism was
examined and found to improve plant protoplast stability. Various water-soluble-
polysaccharides were examined stability to adhere to cellulose and effects on protoplast

stability.
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Table1l Characterization of Polysaccharides
Main chain structure (ratio) Side residue Reference
Pullulan (A-4)-a-Gle, (1~6)-a-Gle;2:1
Dextran (1-6)-a-Gle
Yeast mannan (1-6)-a-Man (1-2)-a-Man, (1~3)-a-Man
Cyclosopholan (1-»2)- 8-Gle 14, 15
Laminarin (1-+3)- 8-Gle Mannitol 16
Schizophyllan (1-8)-8-Gle (1-6)-B8-Gle 6-10
Lichenan (1-8)-B-Gle, (1~4)-8-Glec 16
Barley glucan (1-3)-8-Gle, (1-4)-8-Gle;1:3 16
Arabinogalactan (1--3)- 8-Gal (1-3)-B-Ara, (1-6)-B-Ara, (1-38)-B-Gal 16
Succinoglycan (1-+4)-f-Gle, (1-8)-8-Gal ;3:1 (1-3)- B-Gle, (1-6)-B8-Gle, T. B8-Gle, 15-17
Pyruvic acid, Succinic acid
Xyloglucan  (1-4)-B8-Gle (1~6)-a-Xyl, (1-+2)-B-Gal, (1~6)-a-Fuc 18-21
Xanthan gum  (1-4)-8-Gle (1-2)-a-Man, (1-4)-8-GleA, T. 5-Gle, 16,22
Pyruvic acid, Succinic acid
Locust bean gum (1-+4)- 8-Man 16

(1-4)- B8-GleNAc
(1-6)-B-Gle

Chitosan

Pustulan
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Pullulan o-Man o-Man
—6)-0-Gle-(1-4)-0-Gle-(1-34)-0-Gle-(1 -+ l i o-Man
1
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r [-——)2)-B-Glc-(1-—)] W i 1 i
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1 6 6 6 6
B-Gle T T T T
1 1 1 1
B-Gal R R-»3)-B-Gal B-Gal
Barley glucan 6 6
~33)-B-Gle-(1~4)-B-Gle~(1~>4)-B-Gle-(1-24)-B-Gle-(1—» T T
R 1
Lichenan B-Gal
~33)-B-Gle-(1-4)-B-Gle-(1
OB Gl R=pB-Gal(1-», B-Araf(1->, B-Arap(1—3)-B-Araf(1—
Chitosan

—4)-B-GleN-(1—

Xyloglucan(Tamarindus-amyloid)

B-Gal B-Gal
1 I
V) {
2 2
o-Xyl o-Xyl o-Xyl
1 1 1
{ ) 1
6 6 6

—34)-B-Cle-(1~34)-B-Gle-(1~4)-B-Gle-(1—»4)-B-Gle-(1-»

ot-Gal

1

l

6
4)-B-Man-(1—+4)-3-Man-(1—4)-3-Man-(1—4)-B-Man-(1

p—y

Locust bean gum

Pustulan
~6)-B-Gle-(1->

Succinoglycan

— 4)-B-Gle-(1—4)-B-Gle-(1-3)-B-Gal-(1-4)-B-Gle-(1—

6
1
1
B-Gle
6
T
1
B-Gle-(1-53)-B-Gle-(1-3)-B-Gle
A i
00 0
Vv !
C CH,CO
A
H3C COOH  CH,COOH
Xanthan gum
—4)-B-Gle-(1-34)-B-Gle-(1-
3
T
1
B-Man-(1—4)-B-GlcA-(1->2)-0-Man
A |
00 o}
v l
C CH20CCH;
A I
H3C COOH 0

Fig. 1 Structures of polysaccharides.
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Fig. 2 X-ray diffraction patterns of yeast glucan, schizophyllan, and its derivatives.
Schizophyllan derivatives were prepared by hydrolysis by sulfuric acid in DMSO.
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Fig. 83 Adhesive properties of water-soluble
polysaccharides to curdlan gel.
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Table 2 Characteristics of Schizophyllan and Degraded Schizophyllans

Molecular weight

A B A/B
native 542000 187000 2.9
90000 32100 2.8
63600 23400 2.7
31300 11200 2.8
23000 8700 2.6
5900 4700 1.8
4100 4000 1.0

Molecular weight was measured by GPC-LALLS method using

Tosoh a-M tandem column

A : Weight average molecular weight in 0.1N phosphate buffer (pH 6.5)
B : Weight average molecular weight in 95% DMSO
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Fig. 4 A max shift and circular dichroisms of schizophyllan-congo-red complex at different
molecular weight schizophyllan in 0.1N NaOH.
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Fig, 5 Conformations of curdlan and schizo-
phyllan.
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Table3 Correlation of Molecular Weight of Hydrolyzed Schizophyllan
and Division of Saccharomyces cerevisiae Protoplast

Weight average Frequency of Adhesion
molecular weight regeneration amount (ig)
475000 1200 630
90000 1400 080
66000 710 410
36000 240 280
3500 2 140

[the number of colonies on plate by treatment]

X100 (%)

"Frequency of regeneration=

[the number of colonies on 0.8M KCl]

**Adhesion amount adhered to yeast glucan (50mg) was measured from the difference
between the amount applied (1000 £g of sample) and the amount not bound
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Fig. 6 Adhesive properties of water soluble polysaccharides to cellulose I and I,
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Table4 Characterization of Modified Xanthangum and Succinoglycan

Acyl residue  Pyruvate

Glucuronic acid  Adheshive ratio

volume (ug) volume (ug) volume (zg/lmg) to Cellulose I (%)

Succinylated schizophyllsan 0.69
Xanthan gum 0.20
Deacylated xanthan gum 0.40
Depyruvate xanthan gum 0.14
Deacylated and depyruvate xanthan gum 0.30

Deacylated, depyruvate, and reduced xanthan gum 0.30

Succinoglycan 0.29
Deacylated suceinoglycan 0.40
Depyruvate succinoglycan 0.10
Deacylated and depyruvic acid succinoglycan 0.50

N.D. N.D. 0
0.18 0.36 1
0.17 N.D. 10
0.00 N.D. 0
0.00 N.D. 1
0.00 0.18 0
0.20 N.D. 10
0.12 N.D.

0.30 N.D.

0.30 N.D.

Acyl and pyruvate volume is quantity of the residue per 100 glucose moiety X100 (%)

N.D. ; Not tested
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Fig. 7 HPLC chromatograms of oligosaccharides of locust bean gum.
I, I, and Il were obtained from gel permeation chromatography, and IV, V,and VI

were obtained after through out the cellulose 1 column by I,

II, and II, respectively.

The peaks detected in HPLC are marked A to G in order to eluting sequence.
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8 Langmuir plots for the adhesion to cellulose I of schizophyllan,
xyloglucan, locust bean gum, barley glucan, and chitosan.
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Fig. 9 Images of BY-2 cells and protoplasts treated by polysaccharide

derivatives.

Cells were treated polysaccharide derivatives for1hour and
observed with fluorescent microscope under daylight (D) and
475nm band pass blue filter set (B).

magnification was the same in all images (bar is 10 um).
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Fig.10 Images of BY-2 protoplast’s surface by TEM after 2 hour of treatment, and time course
of population of the cells stained with calcofluor white.
Magnification is X 30,000. BY-2 protoplasts were regenerated in the LS medium with
0.4M mannitol and some cells were harvested at 0 min, 30 min, 1h, 1.5h, and2h, and
stained with calcofluor white, and counted ratio of stained cells.
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Fig.11 Images of BY-2protoplasts treated by polysaccharide derivatives on temperature
controlled and with and without plasmolysis.
Protoplasts were treated polysaccharide derivatives for 1 hour at room temperature and
4%C, and Cells were treated polysaccharide derivatives for 1 hour and observed with
fluorescent microscope, observed with fluorescent microscope under daylight (D) and

475nm band pass blue filter set (B).

magnification was the same in all images (bar is 10 ¢ m).
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Fig.12 Effects of polysaccharides on protoplast division of BY-2,
Protoplasts were incubated in the LS medium with0.4M
mannitol containing 0.1% polysaccharide.
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Fig.13 HPLC profiles of pisatin and other unidentified compounds accumlated in pea
epicotyle sections treated by veriousaccharides.
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