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2 Al (Boletus edulis) 0.2 3E 2]t} 1966
dxo] A7 g2 2= o] Gregory: 200
o] HAtR wAlEe AAAS HAle] wE
Ak Hddbgel w2 7000 o v A 25
FAEAS 259 HGreg ory, 1966). o] &
gloka] =48 3F 0] MHxEE o
A AlEE ], 22 ARSI 50w Rl A e
g o
755, leukemia L-1210 52| 5% Ao tist <
AEAE Kol Zow yeyth 2y, 248}
AL G. lucidum(Miyazaki & Nishijima, 1981;
Mizuno, 1997), Poria cocos(Kanayma, Togami,
Adachi, Fukai, & Okumoto, 1986), L. ed-
odes(Ch ihara, 1969; Chihara, Hamuro, Maeda,
Arai, & Fukuoka, 1970, Hobbs, 2000), Cor io—
las versicolor(Hiroshi & Takeda, 1993), Grifola
frondosa(Cun et al., 1994, Mizuno, Ohsawa,
Hagiwara, & Kuboyama, 1936; Mizuno & Zhuang,
1995), Auric ularia auricular-judae(Ukai et al.,
1982, 1983) so=5H &4 B vdFE Lo
3 WiSdtk & 1ol SAAQ vl o] 7]
A, 7Y, AASEE gt AAgEE 7
E‘rovt el A7) wE 37HA FEQl
TARA, A A, ?Sﬁ“OﬂH BE dgd g gtk

% 1o JgH 28 F& Av 30 W3k ug el

7} Sarcoma S-180, adenocarcinoma

1
LRl id?ﬂ g}t %%‘;e—% 0131 E‘ri D‘r&ﬂﬁﬂ
= U #HEl=9) AdtEo] gl=
F& X34 (Cun et al,

1994; Jong, Birmingham, &Pai, 1991; Mizuno&

Zhuang, 1995). 7141 3o t©lsto], chain
conformation? & thd-7o] wxp4-x 5 3

ol Ao T2 % kS 3t} (Wasser, 2002).

BBl g 287)2bo] oA x| &gk &
A7 8-2] chain conformation ©] TFHE#] go}
A, HSolA AAEAY EHdEA EFEel Stk

= TERAAEA A, FETH, T2E
3z of

w7 %

H oo
54, BEH 54, 3424, A
(‘)l_

= TAE sy chitin =
13 Ao, & sue mEYxe} 7
B-glucan, a-glucan, glycoprotein ©]tH(Ruiz-
Herrera, 1956). $=8/32] 16 branched B-(13)-
glucan?! schizophy llan& A|3EH 9] ulzg=o]] ok
Al Zollo] AEL7| R FH|H= AEe] v
Froltt. o2 84 glucane ¥HESE A4
2]Ho] ko] A3Fat}. Schi zophyllan®] <F
T O3 gz EEAol 100TeA 40%
KOHol = =#] ¢ka1 =t} X ups) Al (Schizo-
phyllum commune)?] ¢+&Z thd-F+ chitinase
& Agstd 84 =F7e] d& glucan®
chitin 2 A O]D}(Sietsman & Wessels, 1979;
Wessels & Sietsman, 1979). % W9 AA2
AR Fzol whet g2k A FEo] 7P
"4 Q1 Wi o]t} Mizuno(Mizuno, 1996)& A2

AU M FAAREEY JURE 228 a3
A e s dudom, 35 YL
HA A5 80% ethanols A ate] A=}
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3 1. Source, type and bioactivity of some macrofungal polysaccharides

Fungi source

References

Polysaccharide source Type

Main bioactivity

Pleurotus
tuber-regium

Ganoderma
lucidum

Auricularia
auricula

Schizophyllum
commune
Hericum
erinaceus

Lentinus
edodes

Sclerotinia
sclerotiorum
Polystictus
versicolar

Grifola
frondosa

Inonotus
obliquus
Agaricus
blazei

Flammulina
velutipes
Ganoderma
applanatum
Polypours
umbellatus
Clitopilus
caespitosus
Pleurotus
citrinopileatus
Trametes
robiniophila
Tremella
fuciformis

Tremella
aurantialba
Pleurotus
ostreatus
Morchella
esculenta
Omphalia
lapidescens
Phellinus
linteus
Armillariella
tabescens
Dictyophora
indusiata
Peziza
vericulosa
Tricholoma
mongolium
Cordyceps sp

Zhang, Cheung, &
Zhang, 2001; Zhang,
Chiu, Cheung, &

Ooi, 2006; Zhang,
Zhang, & Cheung, 2003
Miyazaki & Nishijima,
1981; Mizuno, 1997

Ukai et al., 1983;
Ukai et al., 1982

Yamamoto, 1981

Kawagishi, Ando, &
Mizuno, 1990; Mizuno,
1992; Mizuno, 1998
Chihara, 1969;

Chihara et al., 1970;
Hobbs, 2000

Palleschi, Bocchinfuso,
Coviello, & Alhaique, 2005
Cui & Chisti, 2003

Cun et al., 1994;
Zhuang et al., 1994;
Zhuang, Mizuno, Ito,
Shimura, & Sumiya, 1993
Kim et al., 2005

Mizuno, 1992;
Mizuno, 1998

Zeng, 1990

Nakashima, Umeda, &
Kanada, 1979
Yang et al., 2004

Liang, Miao, &
Zhang, 1996
Wang, Hu,

Liang, & Yeh, 2005
Zhang, 1995

Huang, 1982

Liu, Xie, Su, Han, &
Liu, 2003
Solomko, 1992

Duncan et al., 2002

Saito, Nishijima, Ohno,
Yadomae, & Miyazaki, 1992
Kim, Choi,

Lee, & Park, 2004

Kiho, Shiose,

Nagai, & Ukai, 1992

Hara et al., 1991

Mimura, Ohno,

Suzuki, & Yadomae, 1985
Wang, Ooi, Ng,

Chiu, & Chang, 1996
Hsu, Shiao, Hsieh, &
Chang, 2002

Sclerotium,
mycelium

Fruiting body,
culture broth

Fruiting body

Mycelium

Fruiting body,
mycelium

Culture broth,
fruiting body

Sclerotium
Fruiting body,
culture broth,

mycelium
Fruiting body

Fruiting body,
mycelium
Fruiting body,
mycelium
Fruiting body,
mycelium
Fruiting body
Mycelium
Fruiting body
Fruiting body
Mycelium
Fruiting body,
mycelium, culture
broth

Fruiting body,
mycelium
Fruiting body
Fruiting body
Fruiting body
Fruiting body
Mycelium
Fruiting body
Fruiting body
Fruiting body
Fruiting body,

mycelium, culture
broth

B-p-glucan

Heteroglycan, mannoglucan,
glycopeptide

Glucan

Glucan, schizophyllan®

Heteroglycan, hetero-
glycanpeptide

Mannoglucan, polysaccharide—
protein complex,

glucan, lentinan®

Glucan, scleroglucan (SSG)*

Heteroglycan, glycopeptide,
krestin (PSK)?

Proteoglycan, glucan,
galatomannan, heteroglycan,
grifolan®

Glucan

Glucan, heteroglycan, glucan
protein, Glucomannan—protein
complex

Glucan—protein complex,
glycoprotein

Glucan

Glucan

Glucan

Galactomannan

Proteoglycan

Heteroglycan

Heteroglycan
Glycoprotein
Heteroglycan
Glucan
Glucan
Heteroglycan
Heteroglycan,

mannan, glucan
Proteoglycan, glucan

Glucan

Glucan, heteroglycan

Hepato-protective, anti-breast cancer

Hyperglycemia, immunomodulating,
antitumor, antioxidative,
anti-decrepitude

Hyperglycemia, immunomodulating,
antitumor, antiflammatory,
antiradiative

Antitumor

Hyperglycemia, immunomodulating,
antitumor

Immunomodulating, antitumor,
antiviral

Antitumor

Immunomodulating, antitumor,
antiradiative, hyperglycemia,
antiflammatory
Immunomodulating, antitumor,
antiviral, hepatoprotective
Antitumor, immunomodulating
Antitumor

Antitumor, antiflammatory, antiviral,
immunomodulating

Antitumor

Antitumor, immunomodulating
Antitumor

Antitumor

Immunomodulating,
hepatoprotective, anticancer
Hyperlipidemia, hyperglycemia,
immunomodulating, antitumor,
anti-decrepitude, anti-thrombus
Immunomodulating, hyperglycemia
Antitumor, hyperglycemia,
antioxidant

Hyperglycemia, antitumor
Antiflammatory, immunomodulating
Antitumor

Antitumor

Antitumor, hyperlipidemia

Immunomodulating, antitumor
Antitumor

Antitumor, immunomodulating,
antitumor, heperglycemia

@ Commercially developed polysaccharide products.
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4 AAsA, =(100TC, 3h), 2% ammonium
oxalate(100C, 6h), 5% NaOH(80T, 6h)= <14

e = I mlm

finity chromatography 'o—J"’Jr 22 o
o2 A Hrth Ethanol 7
2R EeES AAEH A 2 5
o] %2+ DEAE-cellulose column <& 9]
wgte] ofs gAdd g vk EFAWS T4
FRe WA Adgh o] ofs S, At
ShoA &EdT T4
gel o133} affinity chromatography
AA  a-glucan(FFE4) % B-glucan(¥]F
oz ¢ ¥ 4 ot Affinity chro-
matography= AAAH Y F23 143 H
ligand= 58 21 &S 3]st 4ol
g st tigk v 5784

S22 GA7} 7Fs3th Sigma-Aldrich
ok
[e]

&
SN
3

Ev‘:

5
-

o] ZR o7 o

A
3l glycoprotein¥} EH3}E-o UHT
S Zh= wersteAst mEg A

Jl

F35F 3 o (http://www.sigma aldrich.com
/Area_of Interest /Life_S cience / Proteomics
and Protein Expr /Protein Analysis/ Chromato—
graphy/ Affinity Chromatography.html). 1.2507
I} 151472 O-linked glycoprotein, 1|3 «a
-D-galactoseZ $H13F glycoprotein® g #l|ol
AH&-EY L8775 5442 glycoconjugates =
o] a-D-mannosyl Z7]2] B3kAA kel 9l

t}. 14018<¢ @ete] a-D-mannosyl® a-D-glu-
cosyl Zb7]ell disll g 7HAaL glem,  gel
oA a-9F B-glucans £ o] &%t}
& A (polydispersity) S 7Hd tdHE= o
AA el Ao H%-§ permeation chromatog-
raphyell oJ3f yslol], A& t& EApo v
& thtAeE 7 gRd R E 2ed ¢ ok 7
7 g EAAQ 29 AL A=, A
(branch) 3 &= Hol &
g 24 we b=
Elg=y

flo

I~

AR oz 0431 Hot 7xs e
U9 A g9 dpsisien
20 VeI, o5 wet E}%%A
glucose, galactose, mannose,
xylose, arabi nose, fucose, ribose®} glucuronic
acid 5ol EZHrh ofd WA= tdFrt
v o} e =ok Agtste] thg- WH“@O]‘%
qr)r A= B3 = gAsh, u)$- 723k 3
< YEPATHCui & Chisti, 2003). 2+ %LEVJ
1/3-B-glucans °]eld], tt& F2& 7k
0431 Al 24 9 glucan ol & 20 Ao
glt}h, o]& glucane
9ee A 7RSS e A8 e 24

9 joln, QR ke $iAe) e

O.

i)
Dg o,

a- H+= B-linked glucose

side chain<
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3 2. Chemical structures of antitumor mushroom polysaccharides

Polysaccharide Linkages and types Mushroom resources Main chain Branch M,
Homoglucans (1—3)-B-p-glucan Lentinan from Lentinus (1—3)-p-p-glucan (1—6)-p- 5x10°
with 1—6 branches edodes (Mizuno, 1997)
Schizophyllan from (1—3)-p-p-glucan (1—-6)-p-
Schizophyllum commune
(Yamamoto, 1981)
Grifola from Grifola frondosa (1—3)-p-p-glucan (1—6)-B- 5% 10°
(Zhuang et al., 1994)
Scleroglucan from (1—3)-B-p-glucan (1—6)-B-
Sclerotium sclerotia
(Palleschi et al., 2005)
An alkali-soluble glucan from  (1-3)-B-p-glucan (1—6)-p- 2x10°
Pleurotus tuber-regium
(Zhang et al., 2003)
Linear (1—3)-B- Auricularia auricula (1—3)-p-p-glucan — —
p-glucan (Ukai et al., 1983)
Lyophyllum decastes
(Ukawa, Ito, & Hisamatsu,
2000)
Linear (1—6)- Armillariella tabescents (1—6)-B-p-glucan — —
B-glucan (Kiho et al., 1992)
(1—3)-B-p- Pachyman from Poria (1—3)-p-p-glucan (1—2)-B- or 1x10°
glucan with 1-2 cocos (Kanayma et al., 1986) (1—6)-p-
or 1—6 branches
(1—3)-a-glucan Armillariella tabescens (1—3)-a-glucan — —
(Ukawa et al., 2000)
Linear a~(1-3)-glucan from
Amanita muscaria (Kiho
et al., 1992)
(1> 4)-0-; (1 6)-o-glucan (1—-4)-0- —
(1—6)-o-glucan
(1—4)-0-; (1—6)- Agricus blazei (Mizuno, (1 6)-B-p-glucan (1—4)-a- —
B-glucan 1992; Mizuno, 1998)
(1—6)-B-; (1—3)-a-glucan (1—6)-B- —
(1—3)-a-glucan
Heteroglucans (1—3)-B- Ganoderma lucidum (1—3)-B- Glucuronic acid 5.3 x 10*
glucuronoglucan (Mizuno, 1998) glucuronoglucan
Xyloglucan Grifola frondosa (Mizuno & Glucan Xylose —
Zhuang, 1995; Zhuang et al.,
1994)
Polyporus confluens —
(Sugiyama et al., 1992)
Pleurotus pulmonarius —
(Wasser, 2002)
Arabinoglucan Ganoderma tsugae Glucan Arabinose —
(Wang et al., 1993)
Riboglucan Agricus blazei (Mizuno, Glucan Ribose —
1992; Mizuno, 1998)
Flammulina velutipes
(Zeng, 1990)
Galactomannoglucan Hohenbuehelia serotina Glucan Galactose, and —
(Ma, Mizuno, & Ito, 1991) mannose
Leucopaxillus giganteus
(Wasser, 2002)
Galactoxyloglucan Hericium erinaceus Glucan Galactose and —
(Kawagishi, Kanao et al., xylose
1990; Mizuno, 1992;
Mizuno, 1998)
Mannoxyloglucan Grifolan frondosa (Cun et al., Glucan Mannose and xylose ~ —
1994; Mizuno & Zhuang,
1995; Zhuang et al., 1994)
Xylogalactoglucan Inonotus obliquus Glucan Xylose, galactose —

(Kim et al., 2005)
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Polysaccharide Linkages and types Mushroom resources Main chain Branch M,
Heterogalactan Glucogalactan Ganoderma teugae Galactan Glucose —
(Peng, Zhang, Zeng, &
Kennedy, 2005)
Arabinogalactan Pleurotus citrinopileatus Galactan Arabinose —
(Wang et al., 2005)
Fucogalactan Sarcodon aspratus (Mizuno Galactan Fucose —
et al., 2000)
Mannogalactan Pleurotus pulmonarius Galactan Mannose —
(Wasser, 2002)
Fucomannogalactan Grifola frondosa Galactose Fucose mannose —
(Cun et al., 1994;
Mizuno & Zhuang,
1995; Zhuang
et al., 1994)
Other Xylan Hericium erinaceus Xylan — —
heteroglycans (Kawagishi, Kanao et al.,
1990; Mizuno, 1992;
Mizuno, 1998)
Glucoxylan Xylan Glucose —
Mannogalactofucan Grifola frondosa (Cun et al., Fucan Mannose and —
1994; Mizuno & Zhuang, galactose
1995; Zhuang et al., 1994)
Mannoglucoxylan Hericium erinaceus Xylose Mannose, glucose —
(Kawagishi, Kanao et al.,
1990; Mizuno, 1992;
Mizuno, 1998)
(1 —3)-o-mannan Dictyophora indusiata (1—3)-o-mannan — —
(Hara et al., 1991)
Glucomannan Mannan Glucose —
(1—-2)-B-; (1—3)- Agricus blazei (1—3)-B-linked (1—2)-p-glucan —
B-glucomannan (Kawagishi, Kanao mannose
et al., 1990;
Mizuno, 1992;
Mizuno, 1998)
Galactoglucomannan Mannan Galactose and —
glucose
Polysaccharide— Polysaccharide— Coriolus versicolor o-1,4 and B-1,3 Peptide mainly 1x10°
protein/peptide peptide complex (Cui & Chisti, 2003) glucoside linkage; consists of aspartic
complexes containing arabinose, and glutamic acids
rhmanose, but no
fucose
Polysaccharide— o-1,4 and B-1,3 Peptide mainly 1%x10°
protein complex glucoside linkage; consists of aspartic
containing fucose, and glutamic acids
but no arabinose
and rhmanose

X3F3it). Heteroglucan® side chaing glucur-
onic glucuronic acid, xylose, galactose, man-
nose, arabinose, %=+ riboseE ¥, thE
Z23s 7L T E Aok ARgd bdie
e 2 152 heteroglycansol 21l B8] ¢
=], 71EE9 o A& we} galactans, fu-

cans, xylans, mannans® & ¥t} Hetero-

glycan®| side chains< arabinose, Mannose,
Fucose, galactose, xylose, glucuronic acid, L
)3l glucose moietyS X3 & glow o
Zfol 9 4 vk AAHoR AHHE R

FaE U Wah web BAS 93 Aw
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49l AFPS A o] olFT B o
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high-performance anion-exchange chroma-

tography with pulsed amperometric detection

(HPAECPAD) Ho]"ﬂ 0] ]%—9] 01- S 5%5}7]
fle /EE el 19909 %HJO”%, reductive

aminationg ©]-&3te] 94979 4 A7}
a

ALE AL o] V&S gl FFHNS 53
A4 HPLCY] $-8, Gel 1719 %, & 14759
B A71gs 2 A dubAQl W] Hoh
PFEds o8& tdFe FAS fentomole
HAZ7HA] G2 =g ST 3 A7
AR = 4 a8, wWEst #£413% NMR #3-8to]]
o&) B2 4= 9lt}. Exoglycosidic ¥a) HH&
=S Eolio] AR F4w At WEs 2
Aol A, thdFe WA FEA o wEshE ace-

tyl alditol® ®Wa}ar v A€k Vet Ch-
romatographic peak + retention time } elec—

tron impactemass spectrometry(EI-MS)

¥ 3. Common methods for primary structure analysis (modified from reference (Varki et al.,

1999, chap. 38))

Primary structure features Methods Derivatization Information obtained
Monosaccharide composition  GLC—FID Complete derivatization Type, quantity and o
(nature and number of Developed in to produce volatile compounds;  or L configuration of
monosaccharide, including early 1960s complete derivatization with monosaccharide
absolute configuration of chiral aglycone
D or t, and ring size of GLC—-MS Complete derivatization to Type and quantity of
pyranose or furanose) Developed in 1970s produce volatile compounds monosaccharides
HPLC Pre- and post-column Type and quantity of

Developed in 1980s

HPAEC-PAD Not needed Type and quantity of

Developed in early 1990s monosaccharides
Configuration (o, B) IR Not needed Configuration of o or
of anomeric carbon NMR Not needed Configuration of a or B

Positions of glycosidic Exoglycosidase digestion

linkages with specific enzymes (limited to
a few enzymes of high specificity)
with proper on-line detectors
such as HPLC, HPCE
MS
NMR

Sequence NMR

derivatization: fluoresecent
tagging of reducing end

Fluorescent tag may
need to be introduced
at reducing end

Complete derivatization
to produce volatile compounds

Not needed

Not necessary

monosaccharides

Presence of residues in

o or B linkages to specific
positions of the underlying
saccharides

Linkage type and position might

be inferred from specific
fragmentations across sugar rings
Anomericity of each monosaccharide
residue obtained from the chemical
shift and coupling constant of H-1
linkage positions deduced from 2-D
HMBC experiment

Sequence may be inferred by
comparison with standards; sequence
deduced from 2-D HMBC experiment
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anomeric configuration F383(F o =& B)2
F g 2+ 3 2719 anomerity(a == B
NMR 39l o 44€ 4 vk 534 &
T3] & A ] AlE7kA 3 B
= AEo] ATt (Cui, 2005 Viiegelhart
& Dorland, 1983). T3H5-20 mg) == thd
F7F ATEgd, 54 g #7129 anomericity
= 'H NMR 248 9] | s 274
~

Hc}l. Anomeric resonances

o

Geloln U 5449 2AAE wolu),

27-9(2D) NMR 71%, &
1Hol A 2] corre lated spectroscopy(COSY)<}
total correlated spectroscopy(TOCSY)#} ®Coll
J2] Heteronuclear single-quantum coherence
(HSQC)Z o]Fof%t}h 2D heteronuclear mul-
ti-bond correlation(HMBC)&= A1 24d F&
stth 1ev HMBC+= % RIzbgk 719 e] oy
oA g er @ e AEo] 2D HISC
NMR 235 98] dasirh whd o] AFE 9

space effects(nuclear overhauser effect, NOEs)
E A A w419 SAR AREsi) da

oA FHEL T2 AR FHZTo IFHAY

(Verbert, 1995). th-wrild E3A= sodium
dodecyl sulfa te—polyacrylamide gel 717|952
2 £2]% 31 polyvinylidenedt difluoride (PVDF)
ol Ak ) shu B o]/e] E4F H(band)

g Ho FEd oA ©43EHE hetero-

it

geneity o] Z}olt}, - =2 Aol U v
F-did -FE == geloll FFEA] 2 WA

A olEetth, o1 7 §-o & agarose gelo]tt
polyacrylamide-agarose gel®] &3tA|7} A=
T Adrk wEl gaajero w glgef| s
PVDFY 275 A#2 of2H0.2M  trifluoro-
acetic acid, TFA), 2M TFA, 183 100TC, 24h
&< 6M HCIZ Aglste] 2 B, T3t
obr] Ak Z47F WkEAIZIYE N- 3} O-glycans
o] -3 AAE &4 2 hydr azinolysis, B
—elimination, ¥+ hydrogen fluoride *&]¢} 7
< 3} Aol ofal o] FolxIth(Ausubel et
al.,, 1996; Jackson & Gallagher, 1997, Town-—
send & Hotchkiss, 1997). & 7171849 =&
W7 =% polyvinylidene diflu oride(PVDF) 2ol
AL o -whel e o] 2ehQl A A

S 7} A 3t (Zdebska & Koscielak, 1999).
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of W& 1 walEel HA A s =
of At fE =y dmAds dl= ARl
itk tERe] 7R E P ARSI 7]
wol &t G THOR Vas WA
Aok & Ao|t} 7B T22 3 BE HRE
& ek AL dskE sshatel Al Al
T =xdo] d Aot
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- Rigid and crumpled conformation
FAG HEHAE, AR A, A1 wizi¥
2~ =0 IES == A )= O AN a-(1-3)-D-glucan
T o= XH ‘l-‘:]— EHT-‘E H-] /i E]V o‘l‘l‘oﬂ/‘i, 1o Extended and ribbon-like conformation
ol o] 22k 9@ 13} FE2E e F94 wit

a-(1-4)-D-glucan

—’é/\].a] 7‘_‘1261},];(] %}—l‘—_;l;} /\éfngh 0]%%_41 —‘,:4 }\]Z\_ Flexible and helical conformation
Qo)A cheks st SHe e Avel o

oo 7 Holgltt light scattering”] % (light scat—

vl
=

tering, X-ray neutron scattering), X-ray
diffraction analysis, small-angle neutron scat-
tering (SANS), atomic force microscopy(AFM)
2 SHYE NMR 53 2 1759 717] we
2 O9Re dATES 34 TEE BAL S
A Q7 sk Aol Ahsath, #A AAF% 7
FE3tE energy minimization methodell ¢Jal,
thdel 3D FRE BARRa 7 EsHE Flol

7Fe sttt

3.

Laser light scatterings(LLS)9} SANSZEHH
Aozl FHAF 9] v/ go] 7] %351e] Rees<}

AUNMFZEL chain rigidity

7191 585 (Rees, 1969; Rees & Scott, 1969,
1971)& A3 2 EA¥ pyranosic glucansS &

Abstal 7Hg 7hs st dATRE AR ™ 1).
a9 12 ohdet FAS 7H glucane] FEE
Lokt 14-B-glucan®} 13-a-glucan H| 523k
extended, ribbon-like BE|E 7Fx]a it} 13-B
—glucan® 14-a-gl ucane F3h UAE e
= 72 It 12-B-glucan® 12-a-glucan<
ok sk HEY FHE 7P vk B 7k
g JelE 7HAaL 7] wiwel 16-B- ¥ 16-a
-glucane & 29| glucan¥ o} th=t} o]
AL 16 Asrs B3l 4% 27|17 Eolgpr| vt
|

7Hel Aol ofsf FeEl¥7] wiitelH, A

S-(1-2)-D-glucan
Rigid and crumpled conformation

B-(1-3)-D-glucan
Flexible and helical conformation

B-(1-4)-D-glucan
Extended and ribbon-like conformation

S-(1-6)-D-glucan
Flexible conformation

BEE20

I3 1. Regular a- and B-glucan conformations,
deduced from computer outputs. Mo~
dified from Rees and coworkers (Rees
& Scott, 1971).

A

&l

“

o] e Aol tE A9 AAnt
=0 2B, 16 2389 wol He 48
Aot} (13)-a-, (12)-a-, (12)-B-, (16)-B-
(16)-a-glucan & A& At glucane] &
ejo]l gk i Rees S5(Rees, 1969; Rees &
Scott, 1969, 1971)9] o2 A= EA el <]
FHEA o|AL F2 ool Al F1A19] Al
Fo| A FEE = T]so] oFatn 2pddE ol A
= A FEE A9 A g

t} (16)-B-3F -a-glucans F7121¢1 B4
et APFAd FAs A& 54
Burton & Brant(Burton & Brant, 1983)-& t}ok
AgS 717 glucan®] YAT-F%
ergy s =98t 15

A3l7] 918 characteristic ratio(CN), persis—

do
(o]

=

=
&)

b

o

=]

i3 Ao en-

chain rigidity &

tence leng th(q) % configuration entropy(DSc)
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Kl
91_‘
ol

= = A wpyiETE AL
i glucan®] A} w7 H7F 3 490

o 1 extension¥} FHAle] *A wHluE & 4
lth. q@tgEel E9°F chain rigidity =5)°l
o5h4, glucans®| chain rigidity =A< oS3
2ok (14)-B- > (13)-a- > (14)-a- > (13)-B-
> (16)-a- > (16)-B- . °|#3 ZELS Rees
(Rees, 1969)°] 213 =gt}

=

WE 7z 3 A el EAske =
zol ARE-Eo]2 67 WA
o &o0A 3T HaE FElE 7t o
52 schizophyllan(Kashiwagi, Norisuye, &
Fujita, 1981, Sato, Norisuye, & Fujita, 1983;
Yanaki, Norisuye, & Fujita, 1980), scleroglu-
can(Sato et al., 1983), le ntinan(Saito, Yoshioka,
Yakoi, & Yamada, 1990), curdlan(Saito et al.,
1990),
Springer, & Stahmann, 1996; Gawronski, Con-
rad, Springer, & Stahmann, 1996; Gawronski
et al., 1997)3} (13)-B -D-xylan(Itou, Teramoto,
Matsuo, & Suga, 1986)°]|t}. Z-o]H Al (Aur icu-
weg A 84 (13)-B

-D-glucan& gNo| A T A AlER &)

cinerean(Gawronski, Aguirre, Conrad,

laria auricula)oll 4]

& Yang, 1995). WAd = /‘ﬂﬁi
4 QlAof Fod ke stoaH H A
f4g nHEoM 1 xRt
712A Q1 ola 7t o okA] &85 9l H JOLO}‘:‘r 3
7he] B-(13)-glucopyranosides 3 170¢] 1/6

S 7R E 7R FZ9 (13)-B-D-glucan
A 3% WHATERE 7H
Ao ® Yehsth
2170 nm'’
length(ML), 150 nm for persistence length(q)

o r-{m

rir

schizophyllan<
the molecular parameters of

for molecular weight per contour

and 0.30 nm for distance per turn of he-
lix(h)(Kashiwagi et al., 1981). Schizophyllan<
LM 3% WYATZRE Yepd ® oy} dime-
thylsulfoxide(DMSO)ol| A &=
£ YeR AT Sato et al., 1983). E°] DMSOe
F7}E ™) schizophyllan®] @Y Al&ES 4243
< PAste] Xk ¥X=E Mclntire and Brant
(McIntire & Brant, 1999), Young and Dong
(Young & Dong, 2000)2 ®2o] 3|45 &-olof A
renaturation process& &3 3% WA Fx27} ﬂ
HHS WAtk 3% Ao et AFAde 3

W ool DNA/RNA7TRS] Ao 28-S ?i?"
SI=E 1H39 T} (Anada et al., 2004; Koumoto,
Mizu, Sakurai, Kunitake, & Shinkai, 2004;
2005, Mizu, Koumoto, Kimura,

random coil &

Yang et al.,

i 4. Quantitative comparison of extension and flexibility of several glucans

Polysaccharides C. q AS, Description of conformation
0-(1-3)-p-glucan 32 70 0.15 Extended conformation, no pseudohelicity
B-(1-3)-D-glucan 3.1 15 1.1 Pseudohelical trajectory
0-(1-4)-p-glucan 5.0 28 -1.1 Pseudohelical trajectory, moderately compact chain
B-(1-4)-D-glucan 100 290 0.30 Extended conformation
0-(1-6)-D-glucan 1.5 7 4.0 Great randomness and tortuosity, frequent and random change in direction
B-(1-6)-D-glucan 1.7 6.9 3.4 Great randomness and tortuosity, frequent and random change in direction

Characteristic ratio (C

«), persistance length (g) and configuration entropy (AS,, cal/Kmol residue).




134 A4 -ANeB2/MAY FAs TSR

Sakurai, & Shinkai, 2004). Sakurait™ DMSO<&
ol Hrlete] EARE FAATS Waldo =M
schizophyllans @Y Al&EZ EE A HBae et
al, 2004). 1 & A&

polynucleotides(poly(C) )& %3
7ttt 7he] @l A&l g poly(OANES
Egete] 28 35 WA 53AE 4T 5 2
th= Ao o Hdrt Hghsl A2 vig- et
22 A (stoichiometric) &2 3% o] 2 schiz
ophyllan T4} 3 poly(C)91A|17F E-gHA ]
Agre th(Sakurai, Mizu, & Shin kai, 2001). X-
A AARTAR] AFEFE] A AEA A
= 3% W 5 Al A et ko] b
NAFHOA o} Hl=glont Aado] o o}
F& AFM 23 ERo] 7|tfE 4= Qivk= A& o
ERATHMizu, Koumoto, Kimura, Sakurai, &
Shinkai, 2003). ©] S| 2% WA IFsxE0o] 3
Z U tdF<9 DNA 2 RNAS AazeS
F3 A=A )5S JASES itk I o
B 9ex 5L schizophyllan® ©@Y  AlEol
poly(C), poly(A), poly(dA), poly(dT) €= A
A 54AE FAsk, poly(G), poly(U),
poly(D), poly(dG), poly (dO)&= A& A
34 fErhe S LoATHSaenger, 1934,
chap. 6). ] nucleotide specificity:= AAF2] nu-
cleotideE©°] hydrogen-bonding siteE 7}A|iL
YA &3 T2e] AELS 1 hydrogen-bonding
site & AN Al AR8-8l7] wjitel ¢4 A
ol EFA el A SAE Hoer
(Numata et al., 2003; Saenger, 1984, chap. 6).
o]#3t EAL schizophylland] ©e Al&o] 25
AFE poly(C)/poly(G) €] poly(G)A R F&d +
ATH= RS oJopr|dit}, o]jdt AMIEL anti-

sense DNA drugs, nonvirus vectors, affinity

renaturationS 93,
Fob g-olo] A

chroma tography %< vl@] f+dF8kelA vt
7 89 NEE &S dAH(Numata et al.,
2003). E=THE UAE wA o

(Bluhm & Sarko, 1977)2] X~ 3442, vl
5719] (1(3)-B-D-glucanel 27§¢] 1/6 BAE 2t
= (1(3)-B- D-glucan?! ZA¥ lentinanel 574
o K8, S U] gy, 2719 o]z, 270
o] ey oA vk Xu S (Xu, Zhang,
Zhang, & Wu, 2004)2 lentinan®] 0.5M NaCl5=
SR A= 3% HHdolw DMSOdlA+= Y
ez @A EAdT: A LLS9 AFM
(atomic force microscopy)el <& &latsich
Zhang 5(Zhang, Zhang, & Xu, 2005)2 3k
o] glucan®] 3% WA-v v - random coil®l
AR AolE #ZYE 3F U FEE e
e A FEHYMCE-7), da3sAd 9d
H(HL-60), {FHHpG2)¥ 22 k] ARE ¢
d A AEEHAT 15 ok 34 29

TS 1 A= Ves olslshet T2 A

3¢l lentinan

Chemical shifts, coupling constants, nuclear
overhauser effects (NOEs), relaxation time3}
2o mpisE 2 g = NMRS 9+9
Jeje} 32k 725 ATk A Wy
Coupling constants= HEHZIE 55 AA,
NOE =#H(Xu & Allen, 1996)2 %3 proton
7+ Al Aol ARg-¥t) Relaxation time 573
o7+ g ) x4 mobhility 9} behaviorel o
ARE deth XA 3] WS BE v
AR5 HARS= o] &H ) tiie o

e HAaE = AAset ¢A uat

oft 1o o
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BN
£

o
[o
oX
ol
ol
&
b
X,
toly
i)
T
X
[o

ol & omd

>~
=

A ook? Ju o
°

fo >
093

)
£
ox
Ho
>
BN
of
o =
Mo
M
Y
r

oX, .
°
r (%]
do
a
e,
X
Ac
o
ne
2
N,
o
f
rl
oo
2
2,
o

Aol YAl thA A, unit cell dimensions 2 lat-
tice type I £ WA Fxol g ARE AT
g 4 oloh 2y x -4 AkEe] AL o
ddolut Fearde] A4 FREFH U
31t ARG AR Ao mdE 248 2
T8 HRao, Qasba, Balaji, & Chandrasekaran,
1998, chap. 2). x-A 3|4 Fx9 =24 cur-
dlan(Deslandes & Marchessault, 1930)3} (13)-
a-D-glucan(Ogawa, Okamura, & Sarko, 1981)
o] Utk AFME Al =41 d7E i ate] e &
ZAsE T4 WUyol =AUt (Ando et al,
2001). AFM2> Ag]eh2] g3 nlszgh 4Fs of
ol A il DNA, thdoh 22 A st
o] Bk 25 AHPA LR A sk &

A} probes AHESH AAELe duvA HF
T B2 F#o] DNA °]54(Hansma, Laney,
Bezanilla, Sinsheimer, & Hansma, 1995)o4 2
HE ey SAs} DNAC] v, o7

AFM ~#ER e B3 T2, 58] w84 Al

)

of B9 Wl Fio] glow Qojxs] FET)
E3F probe ¥ WHFo] WAe] 1HA R kAo
2 9 avge A, 249 727t fedolge A,
o)A 5 i gl WA= A Sol

A gEHF2 AZEtHCamesano & Wilkinson,
2001; Mclntire & Brant, 1993). McIntire(McIntire
& Brant, 1998) ¢} Stokke(Stokke, Elgsaeter, &
Kitamura, 1994)3¥ Zhang %(Zhang, Chen et
al, 2005)2 2zt AFMo=z A/l 3% A
(13)-B-D-glucans(scleroglucan, schizophyllan,
lentinan) & #&3}R L, TELS A g E
Ao zRE A A9 glucand 2 FEE
el AS dohdidnh 28y 1 s EE o
& 379 YA X (helicity) S B& 370 =&
sHA] 9ktth. Kunitake & Ohira (Kunitake &
Ohira, 2002)% schi zophyllan ¥#¢] AFM 3%
e ‘/‘r“g] S Bt et wEE
WA= AR Ak dAskA] okt A
%3 ‘ﬂP@r 7+o] schizophyllan®] ©<

DNA/RNA¢®} o} Zaigh A3l E FAstd &

o
© AFM 2#E7o] 7lE 5 9tk o] W
& o

M& Agato] thafel YAl F2E 414
2 PBFAs= 2o wAS 4259tk Mclntire

(Mclntire & Brant, 1998)+=
(13)-B-D-glucan®] +x
94 3= Ur/q TZE Hiz%_qi :u}ﬂg].oﬂr/} 1
5 T o] i 45 Agstd 3% WAd-
2 UA-random coillZ Aol 3= S
s ﬂ@‘jr B0 &9 A ¥ (Piotr, Hongbin,
Andres, Oberhauser, & Fernandez, 2002)14]
KW force fielde] A&% <1 NMRo|W X-4 24
e 7R #EE g o) E B2 &
A HolE Yele AS THANY agEE,
AFM2 el £#¢k #A1e] 2ol cross-
linked network, 21 48 A5t =do] ¢
£ Hgrjojof sl LLS9F SAXS(small-angle
x-ray scattering)+:= & 1 A AES EA

2
A gy olgsel gtk FY WEEAY

7|[EHOo 2 16 A

£ 7HK= scleroglucan

al



136 =4 -YNePE/HHAY YL GTF : I 2YFY, A2H EF ¥ LYyl o9t 0%
(Mw), 8284(<s>"%), 23} virial coefficient AlZksit), o] A3l= FHA dAl ALSEY, 5
(A2) 5% =A¥E 4 AcH(Johnson & Gabriel, 7& Aol =79k AA A v 54
1994). 31-AFe] BeF2 -3 ¢]= random coil ©] AF-glel A9l 3]do] oH ZxeM= 7
= e <>V g 243 n]e] Ag Xav?l dEAg = S olgtE 7ol AT
2R #4884 9k olgd ABES un- FAF uEAE YeRA "ok AR GAd,
perturbed wormlike chains ¢l ™3} Yamakawa I HA3 ndy 7] odR 7Fe(strand) 9
o] 2of o3 #4130 ZM molecular weight per  ordered state & W=+ d o]&= Aot} 1]
contour length(ML), persistence length(q), A, dostyos st the 7o) 4
distance per turn of helix(h)3} Z& Ex}450 < gRls] ﬁOH T YA JAS A=T 5
AESE AT 4 k. Small-angle neu- At} Ordered statesolAe] td5F 3D +& 24
tron scattering(SANS)= /& &2, Aol dd HFA A= S i Bt
phase-separated systems, miceller suspen-— o] 7hset A Ago] Aot A} AlEdE oA
sions, &% 53] v5® & 59 o nE& 2 AHFQl A8 Y-S T xR} 7T Akl
A A 2'E EAEkE F&F Aol HAT 9 gugle dAddSs AsA R ZE S
(Higgins & Benoit, 1997). light scattering =} it} FR-7]soly FER-EAY ATe I %
g o] dAE Aot f-&3lth S50l A WA o3t WslE st gPgsl=del
93 labeling ¥ ZEAL & $54AstE 1EAFS] ol 8" ¢ gt}
straight synthesis7} 79t} 224 SANSE
LLSZ A3}, oS 5 miceller suspen-—
sions ¥ & BEHI /\]i |02 light scat- [V, &ebz-8-3} A|EZ 7] =+
tering pattern ©] E3gk 9o st LLS
o} npATIA R, SANSE 1 A|2Ele] Axel 10047 45 v377t Aol 4 35
Zo] 3t ARE AT}, Bxte dol= o 7 = =T T Avkes Zlo] BHHUAMTE T4
o AFE Zzgdow 7B proMyy 3D @l AmdA vdFe Tadol dAHAT
P22 AEEE Aol AeEoe] gt} (Tvaroska, — (Nauts, Swift, & Coley, 1946). 1960:dthell Chihara
1929). #AFE wadye Aty thdfola i (Chihara, 1969) o8] Azt thdsi7t e
24 =4 QAREY] FHA s A8 (steric inter— ZHgol ltha e ¥, o AyAaS A
actions)e] YUATZZH FHZ BA=d og  FUFAES UM, FXRALE Y BIRE &
Hoh 2l 2 QAT 99%= wjAEas  Edth AEAQ e keI 2 o] =45
7} G9gRE 4o ASo| 3 Foldu 7ids] & =79 ol HYNEE &4SAA Fetad
shd, 1 A BPo|Ae 4 BAZ A Perez, & WEHHOEA AA E A @=TtHWas-
Kouwijzer, Mazeau, & Engelsen, 1996). 21#s]  ser & Weis, 1999). M4l thd++= Sarcoma 180

HAE GEFe JAlTzol tidt HALS repeat-
ing unitel] A8=E A Tk A QAR

solid cancers, Ehrlich solid cancer, Sarcoma

37, Yoshida sarcoma, Lewis lung carcinoma
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we Fool PEsIsl oAEAE tehisict

(Wasser & Weis, 1999). HAl ttd-77} &5
2E YEE 718 o 2ol ANE F

Ak 1) kg WACIA Reld gRe TR
ofol oJ3f ok WL oAl (% 04]“& 214) 2) 4

A Fg dF WAy 4 (A93G A8
3 5% AT NS FEHE 4949 95

& A8 (AP FFGAZE) oOF8 WA v
ol & o8-S =Entrbe ¥ Al (Hypsizy -
gus marmoreus) A F-E Ao 1 72t

& gdie ¥
uj o] S th(Ikekawa, 2001). °F& WAl thdF2l
oF o zhg-2 dite] oM Al(Flammulina ve-
lutipes), B.etdo] 21EMAl(Agaricus blazei) 2
22, FE RS WS Asls sHEclAM
F5] 9 tHIkekawa, 2001). ©] FH-5<] o AFY
AukI R Th 40% 4 = FR Gkth 125k,
HEA oAl AEmAle] didFe
Ercq kAot A Aol izt Aol
B0l FRHUE AP Foll, AT A
o] Wkt A Fof thxurol A ] et AAlTE
] w8l tHIkekawa, 20). & LA 7iA19] HAaR
A ool sheld 28-S 1 = k0.

917} (immunopotentiation) 2H-&

m

(

r1o i

£
=

rﬂ o> o o e
o2

il

= AfHes ¥
FAEE FolA et A g 559
TR Az AR EE ARE AYste] tgE
A 2B R AEta vSeld 2dE
UEREE Stk At ofd s

2o} biological response modifier2 o] A%tk
Ho=7t2g o wo WA thgFo|a AR
=

o WA Odie SIS 50% o)

THEA Fo] TS AGATIE AoE e
tHWasser, 2002). Lentinan- %%k 37].3_ 90%
oY FAAZIAY, Bt
3l FES wer}y w3k Ei(allogemc)f"o]E w
olyzl o8 FF(synergic) ¥ A4 A (auto-
chthonous) E%ol = et JE+F S5 B
HWasser, 2002).
1809] 3tolup H(ascite)t B0l FESF
28-S YehRRl o™, Sarcoma 37 1289 Erlich
sarcoma, Yoshida sarcoma, Lewis lung carci—
noma o= ZH&-& YERN It Wasser, 2002). &
AS2E A i Fo TEAEE A
Zote] = ATHOoi & Liu, 1999). 32 &
& IS B Vst FHeo B FAHA
T 2719 S4aY IEEHE Al TEY T
A AE 7P A% Fol AAEHE S @
73 SAHAY =5 g vz
4 2 (host-mediated immunomodulatmg ac-
tivity)o] B2 Aol FHEAT o

¥}+= neonatal thymectomized rmce(v
o)EA WY Alzglo] gle FAE flom,
anti-lymphocyte serum FoIA| §243] 743}
(Maeda & Chihara, 1971). ©]&]gt Ay}= b+
o] &F% #-gol intact T-cell T847F &
Hu, 1 A8 FAAEA WY v EE T
g o] Fo|XIth= Z1& 9n|gitt Lentinan®] <5
UH7H7‘“Q“«] 7Vs e &7k A9 91 2. #(Chihara,
1992) %o S. P. Wasser(Wasser & Weis,
1999)ell sl A= ATt Lentinanol] ¢J3 w2
%<9 TNF-a(tumor necrosis factor), IL-1
(inter leu kin-1), IL-3(interleukin-3), IFN(in-
terferon)?] 7 fF=v &5 Wo712S 93k
3, 4

(maturation, differenti ation, proliferation)% %=

Schizophyllan<  Sarcoma

o

immunocompetent cells¢] A4,



138 A4 -YNeBE/HAY FANs HSF : 1 2937,

% 3ltH(Chihara, 1992). &3} Lentinan< 9%
WA Lo A helper T AlEZ 9] oAd 58 A
& AR 3 HAIA AY Wl vhE(humoral im-
mune responses)] ¢S FJEO0 2 o|F 4 9l
tHMaeda, Watanabe, Chihara, & Rokutanda,
1988). ot FTEH-L9 de-
layed-type hypersen sitivity 8, ©]o{2l natu-

3l lentinanel

ral killer cellse]4 cytotoxic T lymphocytest
722 immune effector cells®] %f-°] lentinan
FEFAR Fa 7| Folgt= 3lo] HalHr
(Suzuki, Iwashiro, Takatsuki, Kuribayashi, &
Hamuro, 1994). # 9| lentinan®] adenocar-
cinoma-26 ©] &g Fol| A Kupffer cellsS &
ABIA A 0 FM hepatic metastasisE A sH=
Ao 7 YeEPtTaki et al, 1995). 18{2 2 &
F oAAlel thal lentinan®] oW WA 37t

FgolAll g FRBAE olF WalAo} .

»

o

Schizophyllan & 24,

oF21-8- 7]2}o] lentinan ¥} FAFFHJong et al,
1991). 28y} schizophyllanell ¢]3F cytokines
42 23] kineticsi= peritoneal exudate
cell, splenocytes, liver cells oA tZtHNe-
moto, Ohno, Saito, Adachi, & Yasomae, 1993;
Okazaki, Adachi, Ohno, & Yadomae, 1995). <
AW A (Grifola frondosa)oll Al #2]¥ Grifolan-
schizophyllan¥} 71 27} H|SzébH, IL-6,
IL-17} TNF-a mac rophage?] mRNA level S
%7FA17]%= macrophage A4S =R A 7it}
(Adachi, Oka zaki, Ohno, & Yadomae, 1994).
AFAY FEFAAREo] B A vl A
BuEtHWang et al.,, 2002). In vitroollA &
FEol tigk el S aa= WA
AT, A Aol A gRFet FEAEE 2ol

NFA S SAENE W signal T3] W3ty

STPAE, T80 3F

jus)

= Qo vepg ol AEFE7 oA Ha

A A7 BASE = 9low | o] A2 in vitro ©ll

A vl A9 28-S AT Chen &

Chang, 2004; Li, Kim, Kim, & Park, 2004; Lin
et al., 2003). &M A (Trametes versicolor) el 4]

F=9 gd-HE= 2390 PSP7F et Al
¥91 MAD-MB-2319] 548 dA3 &A=

]
7o) B ¥ AtHChow, Lo, Loo, Hu, & Sham,
2003). 33 Al (Phellinus linteus)llA 2] gk
il A% ol PBP7E Bt SW4g09] 2
215 AgtE A% WX THLL et al., 2004).

N

w3l P. cocos, Lycium barbarum, Cladonia
furcata oA EE® tdF7E AlZo] ZAolA)

2Hgo] e Ao YeltHChen & Chang,
2004; Li et al, 2004; Lin et al, 2003; Zhang,
Chen et al,, 2005). o]2]g+ A5 WA thdF
7F T Q379 F413 H9 R 7 immunopoten—
tiation)& FX1& & ofu}, A 309 {7k AT
2 TF A AR ek gk As 2
3k} (Zaidman, Yassin, Mahajna, & Wasser,
2005). Levt ¢F Aol g ohRe] A5 A<l
e RE2E 3lo] gl Ao WgdAHo R
Z7F7 714 cyclin D1 23S
ATHChow et al., 2003).
T3 P. linteus 2 PBP2
gl o]g= itk PBPY A A

G2/M MEF719] JA cytochrome co H&E%
7}, cyclin Bl #de] 714 Foll 9fal] o]Fof Xt

I 9 A THLI et al., 2004). Lycium Barbarum
UEF(LBP) A2l= Al3E57] S phase®] A2t
MEAAFEZE QA hepatoma QGY7703 A|E
Aol A& =39 tHZhang, Chen et al.,

2005). Pleurotus tuber-regium -#1¢] carbox-
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ymethylated TF3H(CMPTR)o tigl o]He] &

T4, CMPTRe] AH&l®l MCF-7 SHA¥X= A

¥F71¢F #AE daAl cyclin D1 ¥ cyclin E
1=}

A 79 Bel-2 27t A, Bax ©d 7=

o5 SHIE %4

2)
up-r egulation¥ cyclin D12] down-regulation
S 53] o]Fojxtia 3t} E3F Bax proteing
pro—apoptosis®] up-regulation @& SFA| X 2] A
EIAE A H o2 FEgtH(Zaidman et al.,

2005).

Pz
TZE 7Fd 4 9.2 hetero—B-glucans(Mizuno,
Saito, Nishitoba, & Kawagashi, 1995), hetero-
glycan (Gao, Seljelid, Chen, & Jiang, 1996), B
Kanao et al,
1990), a-manno-B-glucan(Mizuno et al., 1995),

a- glucan—protein(Mizu no et al., 1995), heter-

- glucan—protein(Kawagishi,

oglycan-protein complexes(Mizuno et al.,
1996; Zhuang et al., 1993) o] 9t} Glucose$}

mannoseE X&3s= WA YFFE glucosest

Eo]AlS 7}A]+= <A macro-

mannose®] & E
o FeAd o) = 2ee
=]

phage®] ©t
T A= Alo] Wsl A thLombard, 1994). (1(3)-
B-glucan? 3% WATxE= WY 38 =
g3t BEgdoz ofAZY (1(3)-B-glucan 2%
Wzt A vgst AESH], W eked)
A 285 Yetdy, o E £W, lentinano]
DMSO, urea, NaOHol| oj&f HAw™H 7]& 13}
TEE FAEY 33 xR A, SR
B Wgo] g wel Astelth(Maeda et
al, 1988). &F%¥ 283 3T Wl g-xgte] A
ol ol 5Le 237} schiz ophyllanell A %=
Ao - tHYanaki, Ito, & Tabata, 1986). L&,
3}s] o]¥ A (13)-B-glucan? 3= AT=x7}

e gel e FEAE ofd BaeA 9

OO0 O T1ow =2

o

o5

flo

M= Folltl. Macrophage nitrogen oxide
synthesis, limulus factor G activation® 7+
B A=, ook s A8Eo] 3% Al
Tzl o]&3%tt} Wb interferon—y,colony stim-
ulating factor(Yadomae & Ohno, 2000) ¢} #Z-&
2852 3% WAz oFEsA] gtk (13)-
B-glucan®] =4 =7} 32k xR FQ3)
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