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Abstract

Glycans are essential for food, clothing, and human life.

Study was made of the

correlation of physiclogical activity (antitumor activity of animal cells, elicitor activity
of plant cells) and symbiosis with plant and Leguminous bacteria, and adhesion
between glycans that exists in plant and microorganism cell walls,
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Table1l Correlation of Molecular Weight of Hydrolyzed Schizophyllan and Division
of Saccharomyces cerevisiae Protoplast

Weight average

Frequency of

Adhesion amount (zg)

molecular weight regeneration
(in water) (in DMSO)

542000 187000 1200 630
90000 32100 1400 580
63600 23400 710 410
31300 11200 240 280

4100 4000 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 {rom the difference
between the amount applied (1000 ug of sample) and the amount not bound
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Fig. 3 X-ray diffraction patterns of yeast glucan, schizophyllan, and its derivatives.
Schizophyllan derivatives were prepared hy previous report™ .
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Fig. 4 Conformation of cellulose I and II.

Fig. § a-carbontrace of cellulose-binding domain of Tricoderma reesei.
Position of tyrosine5, 31 and 32 is important to combine.
(M., Linder et al., Protein Sci. 4 : 1056-1064 (1995))
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Fig. 6 Structure of oligosaccharide showing elicitor activity.
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B-(1,3) glycan  B-(1,3)(1,4) glycan  B-(1,4) glycan
N

Fig., 7 HPLC profiles of pisatin and other unidentified compounds of accumulated in
pea epicotyle sections treated by various polysaccharides for 18h and compounds
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) 0 20 o 20 ] 20

Retention time (min)

were extracted by MeOH.

10 41 compounds were analyzed by reversed phase HPLC system with ODS-80Ts
(Tosoh) eluted with 30% MeOH-70% MeOH gradient condition containing 1%

aceticacid and detected OD 310nm.
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Fig. 9 Effects of the DP of 8-(1,4) glycosyl residues on the binding

to cellulose of xyloglucan oligosaccharides
cellooligosaccharides (O)* .

(@) and

Table 2 Characterization of Modified Xanthangum and Succinoglycan

Acyl residue

Pyruvate

Succinylated schizophyllsan 0.69
Xanthan gum 0.20
Deacylated xanthan gum 0.40
Depyruvate xanthan gum 0.14

Deacylated and de pyruvate

Glucuronic acid  Adheshive ratio to
volume (#g) volume (ug) volume (ug/lmg) Cellulose I (%)
N.D. N.D. 0
0.18 0.36 1
0.17 N.D. 10
0.00 N.D. 0
0.30 0.00 N.D. 1
xanthan gum
Deacylated, eryruvato, and 0.30 0.00 0.18 0
reduced xanthan gum
Suceinoglycan 0.29 0.20 N.D. 10
Deacylated succinoglycan 0.40 0.12 N.D. 0
Depyruvate succinoglycan 0.10 0.30 N.D. 0
Deacylated and depyruvic 0.50 0.30 N.D. 8

acid succinoglycan

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

N.D.; Not tested
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Fig.10 HPLC profiles of locust bean gum oligosaccharides.

Sample was prepared by previous report™.

1, I, and HE were purified sample

number and IV, V, and VI were obtained after through out the cellulose I column by
1,1, and I, respectively. The peaks detected in HPLC were marked A to G in order
of eluting sequence. Peak E was analyzed by MS, and it is indicated that’s DP was

6 (Mainchain DP is 5).
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Fig.11 Models of infection and symbiosis of microorganisms to plant.
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Table3 Structure of lipopolysaccharides initiated root nodule

Species R1 R2 R3 R4 R5 n

R. meliloti -H -Cl6:2 (2, 9 -COCH, (0-6) -SO:H -H 1,2,8
-C16:3 (2, 4, 9 -H

R. 1. bv. viciae -H -C18:4 (2, 4, 6, 11> -COCH, (0-6) -H -H 2,3
-C18:1 (1D -COCHa

B. japonicum  -H -C18:1 (® -COCH, (0-6) MGO -H 3
-C18:1 (9, Me) -H
Ci6:1 ®
-C16:0

B. elkanii -H -C18:1 -COCH,: (0-6) MGO -H 2, 3

Me -H Fucosyl group GRO
CB (0-3, 04, 06)

R.sp.NGR 23 -H -C18:1 CB (0-3/0-3, 0-4) Sulfated MGO -H 3
-C16: 0 -H Acetylatd Mgo -H 2,8

A. caulinodans Me -C18:1 CB (0-6) D-Arabinosyl

ORS 571 -C18:0 -H -H

R. fredii -H -C18:1 -H Fucosyl group -H 1,2, 38

MGO
R. tropici Me -C18:1 -H -SO:H D-Mannosyl 3

-H

n : DP of backborn N-acetylglucosamine
R1-R5 : Residue touched mainchain
R2 : Touched Fatty acid (Location of unsaturated bond)
R3 : Touched residue
(0O-n) suggested location for N-acetylglucosamine
CB : Carbamyl group
GRO : glyceryl group
MGO : 2-0-Methylfucosyl group

R3

Rq
0 (o] O
R0 HO = HO. o O—Rs
0=< 0=<
CHs

CH
n
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Fig.12 Adhesive properties to cellulose I of chitosan and chitooligosaccharides.
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Fig.13 Models of adhesion from B-glycan to cellulose.
@ : 8- (1, 4 linked monosaccharide.
O B- (1, 3) linked monosaccharide.
other characters : other monosaccharides.



B- FEE BRSO & A BT & DAY 71

WREWEIRT, ¥v3 (Nicotiana tabacum cv.
‘Xanthine’) OERH L CENEFNOLPIRKE ¥
TEYFA 94 AR TMY EHEEORT NS4 b
IR B L, BRSSP F S IRBOTIE 0% E T,
I L TNH VTG TEWE THIDT B9, TOW, )
T v OBBALDOKE S L BEIEHRICZZNIEEK
ENEMNEONEV, O EBEMAEELS —¥IT
& BA Y TS, T v THEERIC Y vy~
EHERE S E TV AAMEERET 5, fthf, hd
OEFEDHIRRHCIRE T B &L 1S T &, R R
T B IR BE S DI SR SRR I i 4 A T M
RTe SREBCE T & YIS & - TIRBBRHRA >~ 2
FNERCFZIIE  EMNHKEDEE L,

Figlc

BBV T, HHEOERIEE &€ oALBFEEIo L
TOWEE, BV TR X AP v B0
BEH &S bic B 2 o {Lic o v TR X
NTVWARETHD, s T EEDFERRERLR
TR KR S 2 OHUERRIE T, EHiE & OBl
MEAICRE SNBSS E DRV, LA LEFERY
@,%hif&ﬁﬁ%%@&@ﬁ&&@@&éhf%k
ST & FOPEHIC D W T OBEDS IR A I S T
of, MBS BY A MEOEE: M %?.?“b%a‘:né £
- CE R, B, BHES>VTOWRE LT
NTVBOERES v HOIEE Th 2405, BiglE-+
OWRHFRF OHMA E, §FTRMSN TV R4Hcx
T B A BEYE & OBGUIAH B DTS W & 0 S B Hs
WS P ish, EhrORBR- L 27y —

KB ARG EHEULTO AT A5 X 5 5, AHi%E
F DR UHABETE, MicEob 3L nBlig %
B L, B h s OBIR A o B IR
LRSS M S B O TR W LRSI LS
EEITOID, FORDOBAMEIEASEE L5
BB TCERTATH o LnL, B, YL 2L
TR U Tl ISR A R ARG 4 T8 AR BETE
HBREF EEC T LW BEY, 72, 20
PR oI 2D, &SRB VERMSE
D BDBE LN,

FISCEH

BAEOWI» 5, BSOS 3 3 EBIR R O ER
REOHIE-TETH S, A B- (1,B), B-(L4),
BLUB-(1L,3) (L S A VIcEEL, Fhood
ST PRI, MR T U ORS AR I LT,
g oM B & OB OR B & oMtz oW Tl
WEBEDTH B,

E

FMEE LHBIMID, ROGERI D WTORE
D & U KBRS b SRV LEd,

B RSt

Lo /NI, S O & it X Uz oRAl, AR
FbBEaEE, 71 (8) : 617-620 (1997).

2: Mizuno, M., M. MoriMoTo, K.MINATO, and H.
TSUCHIDA, Polysaccharides from Agaricus Blazel
stimulate lymphocyte T-cell subsets in mice,
Biosci, Biotech, Biochem., 62 (3) : 434-437 (1998).

3: MAEDA, Y.Y.and G.CHiHARA, The effects of
neonatal thymectomy on the antitumor activity of
lentinan, carboxymethylpachimaran and zymosan,
and their effects on various immune responses, Int,
J. Cancer, 11 : 153-161 (1973).

4 ; TokuzeN, R. Comparison of local cellular reaction
to tumor grafts in mice treated with some plant
polysaccharides, Cancer Res., 31 (11) 1580-1593
187D,

5: TogUzEN, R. and W. NAKAHARA, Suppression of
autochthonous grafts of spontaneous mammary
tumor by induced allogenic graft rejection
mechanism, Cancer Res., 33 (4) 645-647 (1973),

6: Oxkupo, T., Y. YosHIOKA, T. IKEKAWA, G, CHIHARA
and K. NISHIOKA. Antitumor activities of lichen
polysaccharides, Nature, 238 : 102-104 (1972).

7: MaEDA, Y.Y., G.CHIHARA and K. ISHIMURA,
Unique increase of serum proteins and action of
antitumor polysaccharides, Nature, 252 (5480)
250-252 (1974).

8 WiMHEETF, HRF0T, FRERS, gy v oo HE
st A0, 7 v oo EAGERRER, 21 (6) ¢
425-435 (1976),



72

B B - SREESAM o AT - EIREER - A4

=8

10 :

1

12

13

4.

16 :

17

18:

. SASAKI,

: YosHIDA, T., Y. YASUDA, T. MIMURA, Y. KANEKO,

H. NakastiMa, N.Yamamoro and T.URrYU.
Synthesis of curdlan sulfates having inhibitory
effects in vitro against AIDS viruses HIV-1and
HIV-2, Carbohydr. Res., 276 : 425-436 (1995).
Yanagi, T., W.Ito, K. Tasara, T.Kosima, T.
NORISUYE, N, TAkAaNO and H, FuJitA, Correlation
between the anttitumor activity of a polysac-
charide schizophyllan and its triple-helical confor-
mation in dilute aqueous solution, Biophysical
Chem. 17 ; 337-342 (1983),

T.and N.TAKASUKA. Further
of the structure of lentinan, an

study
anti-tumor
polysaccharide from Lentinus edodes, Carbohydr.
Res., 47 : 99-104 (1976).

CHIHARA, G., J, HAMURO, Y.Y. MAEDA, Y. ARAL
and F, FUKUOKA. Fractionation and purification
of the polysaccharides with marked antitumor
activity, especcially lentinan, from Lentinus edodes
(Berk.) sing. (an Edible Mushroom), Cancer Res.,
30 : 2776.2781 (19700,

OuNO, N., N.N, Miura, N.CHiBa, Y. ADACHI
and T. YApoMAE, Comparison of the immuno-
pharmmacological activities of triple and single-
helical schizophyllan in mice, Biol. Pharm. Bull.,
18 (9) 1242-1247 (1995).

KITAMURA, S. and T. KUGE, A differentioal scan-
ning calorimetric study of the conformational
transitions of schizophyllan in mixtures of water
and dimethylsulfoxide, Biopolymers, 28 : 639-654
(1989,

: KITaMURA, 5., T. HIRANO, K, TAKEQ, H. FUKADA,

K. TAkaHASHI, B.T.FALCH and B.T.STOKKE,
Conformational transitions of schizophyllan in
aqueous alkaline solution, Biopolymers, 39 : 407-
416 (1956).

Saro, T., T.NORISUYE and H.Fudita, Melting
behavior of Schizophyllum commune polysaccha-
rides in mixtures of water and dimethylsulfoxide,
Carbohydr. Res., 95 : 195-204 (1981),

TABATA, K., W, IT0 and T.KoiiMa, Ultrasonic
degradation of schizophyllan, an antitumor poly-
saccharide produced by Schizophyllum commune
fries, Carbohydr. Res., 89 : 121.135 (198D,
WiLLIAMS, D.L., H.A.PrerUs, R.B. MCNAMEE,
E.L. JonNEs, H.E. ENSLEY and 1. WILLIAMBROWDER.
Deveropment of a water-soluble, salfated (1-+3)-

20 :

21:

22

23 .

24

26 :

27

28 :

B -D-glucan biological response modifier derived
from Saccharomyces cerevisiae, Carbohydr. Res.,
285 : 247-257 (1992).

+ KiHo, T., M. MATSUSHITA, S.Usul and S. UKAL

Bioclogical activities of (1->3)- 8 -D-glucans with
reducing glucose side chains, Biosci. Biotech.
Biochem., 62 (3) ; 270-572 (1998),

Hisamarsu, M., Y.Mivamoro, S.Kosexo, T,
Havano, T.Yamapa, K. NagasHiMa, W.ITon
and K. TaBara, Effects of schizophyllan on
regeneration of protoplast cells of Saccharomyces
cerevisiae, Biosci. Biotech. Biochem., 57 (8) : 484-
485 (1993).

Hisamarsu, M., T.Havano, T.MisHiMa, K,
TELANISHI and T. YaMmaba. Effects of degraded
schizophyllans on regeneration of protoplast cells
of Succharomyces cerevisice, Biosci. Biotech,
Biochem., 59 (12) : 2307-2308 (1995).

Hisamarsu, M,, T, MisuiMa, K. TERANISHI and
T. Yamapa. The correlation between adhesion of
schizophyllan to yeast glucan and its effect on
regeneration of yeast protoplast, Carbohydr. Res.,
298 ; 117-121 (199D

ONG, E., N.R.Guges, R.C.Jr. MILLER, R,
ANTONY, J, WARREN and D.G. KILBURN. The
cellulose-binding domain (CBDCex) of an Exo-
glucanase from Cellulomonas fimi : Production in
Escherichia coliand characterization of the
polypeptide, Biotech. Bioeng., 42 : 401-409 (1993).
TormMO, J., R.LAMED, A.J. CHIRINO, E.MORAG,
E.A. BAYER, Y. SHOHAM and T.A. STEITZ, Crystal
structure of a bacterial family-1I cellulose binding
domain : a general mechanism for attachment to
cellulose, EMBO J., 21 (21) : 5739-5751 (1996),

: Kanpa, T., K. WAKABAYASHI and K. NISHIZAWA.

Modes of Action of Exo-and Endo-cellulases in the
degradation of cellulose I and I, J. Biochem., 87:
1635-1639 (1980).

ANPRIEEE, REA AR LR P I B4 2 E i a i
{LEHTTEE, Wi LAeHam, 32 (1« 1-9 (1897,
Kagmoro, T, and H. SHIBAOKA. Synthesis of plant
polysaccharides in phragmoplasts isolated from
Tobacco BY-2 cells, Plant Cell Physiol., 33 (4) : 353
-361 (1992).

Havasul, T,, D.R, PORONENKO, A, CAMIRAND and
G. MACLACHLAN. Pea xyloglucan and cellulose IV,
Assembly of B-glucans by pea protoplasts, Plant



B- FiAIRS ORY

1 & AR & O

73

29 :

30

31:

32

33

34 .

35

36 :

37

38

39

Physiol, 82 : 301-306 (1986).

ALBERSHEIM, P, and A.G. DARVILL,
Oligosaccharins, Sci. Am., 253 ; 44-50 (1985),
Branka, C., G.DeLORENZO and F.CERVONE,
Competitive inhibition of the auxine-induced
elongation by a -D-oligosaccharides in pea stem
segments, Physiologia Plantarum, 72 : 499-504
(1988).

Hayvasur, T., T.Takepa, K.O0cawA and Y.
MiTsuisHL. Effects of the degree of polymerization
on the binding of xyloglucans to cellulose, Plant
Cell Physiol., 35 (6) ; 893-899 (1994),

STEPHEN, A. M. The Polysaccharides, Vol. 2, {(ed.
by ASPINALL, G.O. X, Other Plant Polysac-
charides. Academic Press, N'Y) p98-353 (1983).
MisHiMa, T., M. Hisamarsu, K. TERANISHI and
T. YAMADA. Adhesion of polysaccharides to intact
cells and protoplasts of Nicotiana tabacum BY-2
and its stimulative effect on the protoplast growth,
Journal of Biosci. and Biocengine., 87 (1) : 57.61
(1999),

Misuima, T., M. Hisamarsu, W.S.York, K.
TERANISHI and T. YAMADA, Adhesion of 8 -D
-glucans to cellulose, Carbohydr. Res., 308 : 389-395
(1998),

JANSSON, P.E., L. KENNE and B. LINDBERG. Struc-
of
Xanthomonas campestris, Carbohydr. Res., 45 :
275282 (1975).

IsHIZAKA, S., . Sucawara, T. HasuMma, S.
MoORISAWA and G. MSLER., Immune responses to
xanthan gum I. The characteristics of lymphocyte

ture extracellular  polysaccharide from

activation by xanthan gum, Eur. J. Immunol., 13:
225-231 (1983).

Tal, A.,, E Ousawa, K.KaAawAzu and A,
KOBAYASHI. A minimum essential structure of
LN-3¢licitor activity in bean cotyledons, Z.
Naturforsch, 51C : 15-19 (1996).

HAHN, M.G., A.G.DARVILLand P. ALBERSHEIM,
Host-pathogen interactions XIX, The endogenous
elicitor, a fragment of a plant cell wall poly-
saccharide that elicits phytoalexin accumulation in
soybeans, Plant Physiol., 68 : 1161-1169 (1981).
INuL, H., Y. YAMAGUCHI and S. HIRANO. Elicitor
actions of N-acetylchitooligosaccharides and
laminarioligosaccharides for chitinases and L

-phenylalanine ammonia -lyase induction in rice

41 :

42 ;

43 ;

45

46 :

suspension culture, Biosci, Biotech. Biochem., 61
(6) : 975-978 (1997,

: FIESEET. MO Nod 7 7 7 7 —. WO (L

i, 32 (2) : 172-185 (1997),

JOURNET, E.P., M. PICHON, A, DebiEy, DE.F.
BiLry. G, TRUCKET and D.G. BARKER, Rhizobium
Nod elicit
transcription of the ENODI12 gene in transgenic
6 (2) : 241-9 (1994).
Mmvami, E. Recognition of oligochitin fragments
in legume plant, TIGG, 9 (50) : 477-478 (1997,
RocHE, P. F. DEBELLE, F, MAILLERT, P. LEROUGE,
C. FAUCHER, G. TRUCHET, J.DENARIE and J.C,
PROME. Molecular basis of symbiotic host specific-

meliloti factors cell-specific

alfalfa.Plant Journal.

ity in Rhizobium meliloti : nodH and nodPQ genes

encode the sulfation of lipo-oligosaccharide

signals, Cell,

: HisaMATSU, M., J. ABE, A, AMEMURA and T.

HARADA. Structural elucidation on succinoglycan
and related polysaccharides from Agrobacterium
and Rhizobium by fragmentation with two special
B-D-glycanases and methylation analysis, Agric.
Biol, Chem., 44 : 1049-1055 (1980),

Hisamarsu, M., A. AMEMURA, T.Marsvo, H.
MaTsupa and T.HARADA, Cyclic (1—=2)- 8 -D-
glucan and the octasaccharide repeating-unit of
succinoglycan produced by Agrobacterium, J. Gen,
Microbiol., 128 ; 1873-1879 (1982).

STUBLER, D, and H. BUCHENAUER. Antiviral ac-
tivity of the glucan lichenan (poly-8 {1--3,1—4}
D-anhydroglucose) 1. Biological activity in
Tobacco plants, J. Phytopahthology 144 : 37-43
(1996).





