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Chemical Analysis of Acidic Proteo-heteroglycans
with Anti-complementary Activity from the
Hot-Water Extract of Fomitella fraxinea

Sang-Hong Yoon*
National Institute of Agricultural Sciences and Technology, Suwon 441-707, Korea

ABSTRACT: The hot-water extract of fruiting bodies in Fomitella fraxinea had potent anti-
complementary activities. After fractionation of water-soluble polysaccharides by DEAE-
Sephadex A-25 column chromatography, major anti-complementary activity was concentrated
into the FF-AP1 among three polysaccharides (FF-NP, FF-AP1, FF-AP2). FF-AP1 was
fractionated into FF-AP1la and FF-AP18 obtained from the adsorbed fraction and unadsorbed
fraction by affinity chromatography using a ConA-sepharose 4B column, respectively. FF-AP1g,
which exihibited the highest anti-complementary activities had an IR absorption peak of 890
cm™’, and a M.W. of about 15,000 (gel filtration). Anti-complementary activity of FF-AP1
decreased greatly by pronase treatment and periodate oxidation. FF-AP1f responsible for potent
anti-complemenary activities of Fomitella fraxinea was an acidic protein-containing heteroglycan
consisted of 48% glucose, 13% mannose, and 12% galactose as major component sugars, 9.6%
protein, 6% uronic acids.
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gl (Reid ¢} Porter, 1988).

At A ol EAFH UK vt HAlA EEF
tdAE AL BAER] GmE BAAL] A
25 dojFoe2xn RAES 1A QA =
Frl5& 2Ase AR dEiF glemz P
B el Ha gt §3, o]FdME FH
(Angelica acutiloba) +32] AR-arabinogalac-
tan IIb-1, A= (Lithospermum euchromum) -
e} 4 uidel LR-polysaccharide ITa, 2
(Artemista princeps) %EHPA A heteroglycan
3l AAF IIb-2 ¥ AAF IIb-3, &-5-(Coix lachryma-
Jjobi var. ma-yuen) -2 AFA heteroglycan
CA-139} CA-2 2@ &4} glucan(Yamada %, 1985,
1986a, 1986b, 1987), U4 =Zol(Aloe vera var.
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littoralis) -2 w-E=} o}t (Hart S-, 1989)7)
ZFEg R A S 71 e E ByE b gle
] o] 8 1R.A FAlL BAE A=, interferon AJA
= 2 99 24 75 2 35 Bafe} A
He ALE F35Fe] Zck(Okuda &, 1973;
Hamura %, 1978; Shimura 5, 1983). o]2]&t =
q 7159 A Aee FE AFAY A AEFH
T2 g EAERe] zlelel] 7ilgtthe Ay Hw2
v]20] & wj(Kumazawa %, 1982), t}d#<] 3}
A A A7 72 L o179 oA 7]
AL Tzl A2 Ak Wdsled 83
72 A8E Al £ Aol

weba £ el ARl 2 udh(Yoon 5,
1998) A Al AP A ZH-E] 0] dpFdoo] ofg]
A F RA B4 A3 =Yg fE A E B
2 2 AHAst 238 e E4E e o
S3} 2o AAE dglr)el| BoaslaAl gl

Mz = Uy

SA M=

el Al A=Al (Fomitella fraxinea
RDAGB-129)¢] A AE AF3te] A3 2 AA,
FAste] ARgEtdct. of Al ] 229 AAE A6
DEAE Sephadex A-25%} ConA-Sepharose 4B
+ Sigmaarl, Toyopearl HW-.65F%= <R.9]
TosohAl Al E-2 T4l3ted AHE-3lsict. A FA
AL #3 9 712 A¥F+(IgM hemolysine
sensitized sheep erythrocyte, EA cells)2} A34¢
qle] A (normal human serum)& U Biotest

QAT RE T3Jate] ALgatalct.

SHR 2M HA
311 A} 348 Kabat®} Mayer b (1961)¢)) 2]
Azl A sgich

e &4 oiERe] "Xl

DEAE Sephadex A-25 column chromato-
graphy(® 5x 20 cm)ol| &Js} 223t 359 31 A
Al th4A 22HFF-NP, FF-AP1, FF-AP2) 150
mgg 13 4= gk 20mM Tris(in 0.5M

NaCl, pH7.4)0l £33l S22 A34g 4L
ConA-Sepharose 4B columnol|(®@ 1.5X% 20 cm)
loading®} t}-g, 13} 4% 592 Z concana-
valin¥} 3ol gle B3 chdAlrt &4 Eels
AF F13 453 H, 23 &5 45960 mM
o-methyl-D-glucoside in 0.05M phosphate
buffer: pH 7.0)2.2 concanavalin®} 7}k 31314
°o] gl od tiAE EElsisich. oju) &2 &=
= 30 mi/hr, 3ok 2 mi/ftube 2 E-5 Higk o]
z} 232 phenol-sulfuric acid B8 (Dubois 5,
1956)2.2 3-& Aste] sl ohdA 23S
moly 24 B EAZzs] Fussgc

CIEtA|2] Gel electrophoresis

iAol gel 2171945 ¥2l= Chaplin®}
Kennedy?] %4 (1986)°] 3 f3lsich. & gel
matrixz 0.6% agarose?} 1.2% acrylamide &
g gel& AMESIE A #7] 54 252 10 mM
tris-acetate/0.25 mM sodium sulphate(pH 6.8)
& AREglon AgE 1 mgmlz f38)3te] 20 W
A loading®} ¥, gel| = 34 dyer} A% w7}
Z] 60VZE, o|F 120V Zrlsled #7]ed5glich.
229 t}A band: PAS 4o 28 A8}
gt &, A7)9E gel 2N (40% ethanol, 5%
¥ 2AF 55%)ellA] &5 v @ ¥ 0.7% periodic
acid --HdljA] 247t 2=lsl1 0.2% sod. metabi-
sulfite2 30¥wmic} S48 A SPHAA 2-34]7F vk
23}l Schiffs Alefoz 12417 FAAZIck
(basic fuchsin 10 g/2/ D. W.+1N HC] 200 mi+
17g sod. metabisulfite — charcoal® &3 —
glasswool & supernatant-g- ¢i3}),

BRI &

Toyopearl HW-65F column chromatography
2(@ 2.5x90 cm) gel filtration ol o}s) Exjek
o] u}sdxl dextran 7E-xHT2000, T500, T70, T
40, T10)3] 7+ EFo| 4FF& T3l Al
)&} logarithm ¢ 2 RH341-& 2T ¥ dd o
FA L) $EUE Tl REFA Aol B
ZA3sl9ic) £2371-& 0.1M phosphate $h3ol
(pH 7.002.2 120 ml/hre] £ 52 £&AF ).
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OfO|: =gt =M &4

ZopgA el FF-AP1 2 100 mgg X eks}o
#3 3] Y1 2-mercaptoethanols 33+ 6N
HCl 5 mi& 7}ela ALIbAS 221350 Axgt
¥, 110°Cel|A) 2442k 73R8 A H}. oAl 7}
FEHES st A FF AzxF, 0.02N
HCle|| 5o Hitachi model-835 aminoAl A5
A7|12 843314} 99)A chromatogram-& 5
otv]Al chromatogram} w)w3}e] peak area

methodol] 2]3] Aeksieic).

IR spectrum

% A2 0.5 mgs} KBr 0.5 mgg 41014 F
2 A Zo}l VIR dise: wHEe] IR
spectrophotometer<] €3] 43}t

=M BY

A E FAEE e 9Ee] 4L 98
3 vl A+ trimethylsilanizationsle] GLCZ
FAEG & ZF oAl 22 5mgs fEl Tl
Y3 4mile] 4% HCl-methanol(4.65 m! acetyl
chloride+100 m! dry methanol}g- 7}5lz A47}
225 FRAZ1ZE 70°CollA] 16417} Z<} methanol
£ E3Az. W7 o3kE  t-butylaleohol &
(20%, v/v) 7}3taL Al 55 vortex E33te] Al
A dry AaolA2 AzA). 5 ule) trifluoro-
acetic acidE 7}8la. 3027t zlekslo] 35°CelA
30% Wr&A17) ¥ Gas liquid chromatography
(Hewlette Packardx}, HP5890)2 ®A3}gic).
HP1 capillary column3} FID(Flame Ioni-
zation Detector) ZHZE7]E AR23lsin F9
(injection}2 == 210°C, oven &% 176°C, 7
ZE2L 176°CollA] 15828 BNt T3
2] molar ratiot= peak WA} FE3} 1o 2
3| Ag= o] Exlefol o] AAb=gc).

CIErA|9] pronase X{2|

Zrb} 40mge 10 mM CaCly}l 342 50
ml2] Tris-HCI buffer(pH 7.9)¢) 434171 3 20
mg$2] pronaseE 7}8}e] 37°Coilx] 4847t kLA
Ak o] uhgAl-g 587t ol W& AR A7 F

QA gelste] G JBAE 4°CoA 3UT 7Y
9 $A725 Zehae] pronasex|s) g
A5iet.

ZCEH|9] A=A ALS]

Zrigrd 40 mgs 40mle] 50 mM acetate
buffer(pH 4.5)] £-3]x)7] % 50 mM NalO, 20
mlg 71ete] 4°C HAlellA 347t AkskA et o]
ul-g-fe) ethylene glycol 5 ml-& 7}3le] 2= =}
[ EXe AAST 1A7F Bk A2ellA] wAIF
¥ 3U7 BAM3El 20 ml 2 FE3 FEA |
NaBH, 20 mg$ 78] Aox 12417k avls}

2 0.1M acetic acidZ £33+ ¥ methanol
2] 7)o} FHkE HHE-3le] A1 boric acidE A A
3 54 4 52 Azsle] ZodAe) AsHES
st

dat 3 g

EeH| g&ae| F g 22l

Fig. 12 Al A A 9] det32H(FF-CP)
© 245 ion exchange chromatographyol <]3j
3%, affinity chromatographyel 2]3} 6£<] v}
A7} el 3A4-E EA% Aolt). 914 DEAE
Sephadex A-25 column chromatographye] 2
3 #29 3%9 thFAlE immuno double-
diffusion® el 23] =7 w4 AL JAFLZ
n]2e] Kol concanavalin Aol i3 %348 7}
A oA #8853 S ¢ 4 ek
(Fig. 2). w24 ConAZE ligand® & ConA-

FF-CP

DEAE-sephadex A-25

FF-NP FF-AP1 FF-AP2

ConA Sepharose 4B ConA Sepharose 4B

FF-A’: F‘F-|APIﬂ FF‘—LPZG FF-AP28
Fig. 1. Flow-chart describing the purification . of
neutral polysaccharide and acidic po-

lysaccharides with ion-exchange and af-
finity chromatography.

ConA Sepharose 4B

FF-NP2 FF-NP8
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Fig. 2. Double-diffusion pattern of ConA with het-
eroglycans.
#1: FF-NP, 2: FF-AP1, 3: FF-AP2
*Portions (0.1 ml!) of the polysaccharide
solutions (0.5 mg/mil) were added to the
periphreal wells. ConA extract (0.1 mi, 6
mg/ml) was added to the center well and
precipitation bands were allowed to develop
overnight at room temper ature

sepharose 4B column chromatography 2 A}-&
3le] FF-NP=Z4%& FF-NPa¢} FF-NPB, FF-AP
1¢ 23¢| FF-APlas} FF-AP18, FF-AP22 2]
FF-AP20s} FF-AP282 o 221% 4 3t} o
Bk © 2 Concanavalin A= mannose?} 733} 21
3Ado] gle 2 a-methyl D-glucoside 2+3=olo))
o3 4= o} e i L83 5ol
2 tiA B¥E] Rt mannose §EFo] AbthA o
2 A 5 AR e o)ie g =
A FA(Table Delld ¥ 4 glsich AR
(Yoon &, 1998)ell4] M nle} zro] A4l
2 A &) g A &4 F oAl FF-AP1-2 Fig.
33} zre] affinity chromatographye< ]3] % 7
o oA 3oz FeiEg)w FF-APla:FF-
AP1B9] % W]i= oF 1:48] A2 tjeh} FF-
AP1f7} FF-AP19] & tgAdE & 5 sl
a=vt FXddAel FF-NP= FF-NPa:FF-
NPB2] gk u)7} 1.2: 1.0 3= 5 ou)y &
Ho] Qlgsle FuA BHE FF-NPR7L FF-
NPoxr} o S0t AJ=h).

3t FF-AP18¢} FF-NPB:= gel electro-
phoresis2 5-2]%¢l=d 7 band o}ite] F3lst

1.4
FF-AP18
1.2
- 1
3
=
goa—
E 5 - FF-AP10
(]
o 0.6 5 g
0 [
0.4 < m
0.2
o’lllllllll*llllllll

30 60 90 120150 O 30 60 90 120150180
Fraction volume(m!)

Fig, 3. Fractionation of FF-AP1 on a column of
ConA-sepharose CL4B (¢ 2.5%X50 ¢m) with
0.02M Tris buffer in 0.5M NaCl (A buffer,
pH 7.4) followed by 0.05M o-methyl D-glu-
coside in 0.05M phosphate buffer (B buffer,
pH 7.0).

*The carbohydrate content of each fraction
was measured by phenolsulfuric acid assay.

A 3 Hzl e 2 JeRgoh(Fig. 4). dutAdo g
AN 2 A= A 518 2o} T
T4 ExFEo] BQl wWhiiA A= g ¥4}
23 sket L2} fARE EAHES Al mR
703t 2]nel|A] homogenous 3}t} & 4~ ¢ich.
ol A-& Bakgt 24 F2F 7H Ad BA1=ke] o
A7 FF BElEe AA A s BAond
F27} fAReE oA dHES A AAYT s
o}87] wjFo)t}. &} Fig. 401+ FF-AP18%}
FF-NPB: 74z} o1& RmA|E 71% ¥%] band <
o8 HojF9) 3 Toyopearl HW-65F gel filtra-

Fig. 4. Electrophoresis of FF-AP13 and FF-NPJ on
polyacrylamide-agarose gels.
*Proteoglycan bands were stained with
0.2% toluidine blue A: FF-CP, B: FF-NPp,
C: FF-AP18
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tion chromatographye] ¢J3) 5&59l< u) 2k}
A<l shte] peakwto 2 EEEgloms vlw
A AAR GFAYE & 5+ At ,

ZAEA L2 Axd A AAA 1kgd 733
3 g RA 49 F FEARd FF-AP1B9} FF-
APloE 7 39mg7 1llmg AEE 9& 4 9
Sict.

E2a|CigHe] S2 &4 0

A A AAA de3Ede] g gnA &
A& <fA thFA Q) FF-APld] 7]Qlshs Aoz
B BaE v} 9o} dubd e 2 1,000 ug/ml
2] FEoNA 70% ©144e] A &AL 714 o
Ae 2 Gl FAALE ATy U=A
917} wj &4l (Yamada 5, 1992), 20 yg/mlo] %
FEAME 84%2] dqrRA 4L b= FF-
AP12 HA fA oA 715 vl Holx 50u)
olAke| nA ZA3 EAE ighE: o 5 9ok
¥3 FF-AP1& ConA-sepharose 4B affinity
chromatography 2 ©] A A3}l -2 FF-AP189}
FF-APle®] F=d 54 &A48 243 A=
Fig. 5oll4] BE vle} 7). o714 FF-AP19] &
thgdAo|n] FF-APloRt} &A4jo] iAo 2 o
FF-AP15:=10 ug/ml®] E5olAE 70% YEe]
fragh gRA GAEE RAFo 2N HI/A g
2A B o8] ANR A bFHAEF P
g3 zlow dalR  AZ(Lithospermum
euchromum) 3] A4 tidel LR-Ilae] £X]

100 - _—

—8— FF-AP1a
w@--- FE-AP1B

ITCH(%)
o
o
1

v J M L ] ¢ | ] v L] M L
0 20 40 60 80 100
Concentration(ug/ml)
Fig. 5. Anti-complementary activities on FF-APla
and FF-AP1J separated by ConA sepharose
4B.

%2 7Ee a9E BeFa gJrk(Yamada 7,
1986b).

A Al ZA L F 284 GRAA
60%% §&-§31= FF-NP= % #z2]% FF-NPos}
FF-NPBe oigt sxx &4 74 Z3}, FF-NPS
o4 FF-AP18xxc} YA|ut $-53k 3 nA] FAdo|
QA=A =g A=), 2} FF-NP & 3
S A o AeAl AAA degEde]
7% & A FAd o)Al AR 7|9 AL
2 Weizic}. ghA whiljvigA Q] FF-AP1e| 73
3 RA) FAJo) Tzl oA F ojr]olA] 7]Qls}
EAE 7] {8 9 2Es JleEdEe
pronase xJ&]2} tiFH-B-& A13}A] 7]+ periodate
AbENRS-o] 93] 2L ciFAR GRA 84 AA
< 33 A7, 25 S FAHg 34t el
o) whilAz) oA 25 gn A FA4e) P4
Al A< Aoz AZpHct(Fig. 6). o Ao A
7, B, A 2 E5A FE2E o oA ]
38A) FAjo] whlA R ohgAle] FE 711
t}= ®w(Yamada 5, 1986; Shin 5, 1992;
Shin 5, 1993)S3 Ux3R] ko) 2 A5u
A A A 25 Heldt hicigAe] i 33
o] B la}o] Al A F7kel| {irh= Cho
5(1995)9] B e} UxE= Aot 7|4 =
o] #2|3 Fomitellan Fr} 2 A3 £l

.8

&

Inhibition of TCH (%)

A B c

Fig. 6. Anti-complementary activities on periodate
oxidation and pronase treatment of FF-AP1
(1000 pg/mi).
A: FF-AP1
B: Pronase digests of FF-AP1
C: Periodate oxidates of FF-AP1
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FF-AP13} 513 71554 7Pl A 844l 7o s
ZAR=c). wAe] g I3t BAXS A
4% %7+, macrophage &4}l w2 THAE
3ok, T 24, o)) adel] o7t T oA
AL e A 19 WS oAt
B 7 (Reinhard %, 1986; Gigli %, 1968;
Linscott 5, 1969; Luettig =, 1989; Hart 5,
1989)5¢|| H|Zo] £ ), FF-APlae} FF-AP18+=
7#E% A9 37} ZA9E 7Rl A2 AR AL
2 7}5A4S 5 )t

St A| 8y CletRe] sty §4

gud gAe F FEAEe FF-NPBel FF-
AP1B¢] #z}#ke Toyopearl HW-65F gel filtra-
tion W}Hle) 2]3) 25,0005} 15,00091 A2 37
JoEsl(Fig. 7, oA Baga AEHA
(Agaricus blazei) 2] 3t AMATHRAQL
FF-1-a-8] £x}2ko] 2,000,0008] 3} w3 uf
o) Exjgko] zpgront At stumiXl (Hohen-
buehelia serotina) -2 3etAd FA-2 o}gA7}
25,0002 A3} fAlelgch 53] 742 dRA &

MW

10

E
P

O T2000

10* 3

10°

1 < FE-NPp

& FF-AP1
10% ?

T10

]
10° ey ————
220 240 260 280 300 320 340

Elution Volume (ml)

Fig. 7. A calibration curve for molecular weight de-
termination of FF-NPS and FF-AP1p.
*The used standard molecules are dex-
trans with molecular weights of 2x 10°, 5x
10°. 4x 10% and 1x10%

o] & th}el FF-AP1B9] Ex}eke] 15,0003
2R% o), G 571 Hol 1007] o)) =
o8 ) Fo) w71 Rad WA #
o] mEal ot chgAle] oelAe] ciwA|
A%, TAT AFFA], B, 3% 72 59 8
S 1A AR Gy B niFe &
w)(Sasaki %, 1976; Yanaki 5, 1986; Maeda
2, 1988), F4e) 47} Mk AR 0|79 7
gk g u A FAo] AERlEE e3h= 3AH
Fz9} ARA JFsAe) IS dAlE FE A
o2 AZEht 1 71 e Bl AU Age)
5 wbAziel & Aoz eixlct. wfciAQl
FF-AP19] opvlxAl 2A4E #4¢ 23} FF-AP
1] s gHeke- 9.6%c|w <F 1652 ofvlxAt
o] EFz|F93 53] glutamic acide} aspartic
acid Feko) T} oprlieAbEel vish AR ¥
gkt}(Fig. 8). FF-AP1e] AMAl-& <k 6% AHEo]
uronic acid & 2% A o}mlAbe] HL F
%o 7]algkckn ¥ 4 gich. FF-NPBe} FF-AP
182] ¢4 £33 (Infra-red spectrophotometer)
BEA 64 oF thdA 2F 3,400 cm 2ol A O-
H A= 2%, 2900em ! ¥22] C-H A3 A7,
1,650 cm ™! ¥-Zoj 4] C-0 A% 2%, 1,000 cm ™
Be] C-He C-0 Hz--53 2 AYA ot
t33)¢] spectrum oFAHE ielllgict. 53] FF-

oL,

[ed

BN g oX
He

Ry

A

ASD iy

Pro

His

Ala

Cys

Phe Val

Leu le
Fig. 8. Amino acid composition of FF-AP1.
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o \\tan NP & \emo AP 1

GO 184z,

b B8R

Fig. 9. Infra-Red spectra of FF-NP and FF-AP1.
*Two arrows indicated the weak bands at 890 cm ™ and 790 cm ™!
#1. O-H stretch: 3405 cm ™}, 2. C-H stretch: 2297-2973 em ™%, 3. N-C=O stretch: 1639 cm ™', 4. C-H
band: 1544-1346 cm ™, 5. C-O- stretch: 1049 cm™

Table 1. Chemical composition of 10 different polysaccharides partially-purified or purified from fruiting
bodies of Fomitella fraxinea

Constitutive Kinds of polysaccharides
monosaccharide FF-CP FF-NP FF-NPa FF-NPS FF-AP1 FF-APlo. FF-AP18 FF-AP2 FF-AP20 FF-AP28

Arabi 02 - 0.8 22 0.2 47 0.3 0.6 15.9 -
abinose O (O 032 (019 () (024 © G (083 (027
Rh 29 11 0.6 3.2 46 42 8.2 6.2 75 9.8
amnose 0.08) (0.1) (0.24) (0200 (009 (021) (017 (0.12) (0.39) (0.27)
Fu 95 156 235 164 4.0 9.5 4.0 3.8 4.0 47
cose 0.27) (143) (94) (1.03) (0.08 (048  (0.08) (007 (021) (0.13)
Xl 25 29 25 24 45 1.7 5.9 3.4 1.0 6.7
ylose 0.07) (027 (@1.0) (0.15) (009 (009 (0.12) (0.07 (0.05 (0.18)
M 238 269 261 236 170 287 134 148 299 30.4
annose (0.67) (247) (10.4) (1.48) (0.33) (145 (0.28) (0.29) (1.56) (0.56)
Galacto 214 425 439 342 115 266 11.7 127 187 153
actose 0.60) (4.00) (17.6) (2.15) (0220 (1.34) (0.24) (025 (0.97) (0.42)
354 109 25 159 514 19.8 479 516 192 36.3
Glucose

(1.00) (1.00)0 (1.0 (1.0) (L0 (1.00) (1.00)

#: % of constitutive monosaccharide
*. molar ratio of constitutive monosaccharide.

(1.00) (1.00)  (1.00)

NP2} FF-AP1 =5 890 cm ™! $-Zol4 A peak
(1) 7HHezZxn B glucosidic AL 714l o
A7} 243 r99F9 3, = FF-NP:= FF-AP
1o glE 790 em™! 24 4 peak(T)E 714
224 o-glucosidic A3e 7 A7} FF-
APl vl&) AviA o2 o dide & 5 A
thFig. 9). ©]71-2 ConA-sepharose 4B affinity

chromatographyei ¢]3] FF-NPa:FF-NPj2] 3
2 u]7} 1.2: 1, FF-AP1a: FF-AP189] 37} 1
142 FE|¥ ZAFelA FF-NPW Bye oAE
71Ee 2 ¥ o¥d ofFAe] A §Eko] FF-
AP1 2} A F97] wEel IR spectrumAell A
olu] A A7} A gl Aot

AEMA A AZTE BeE dFAEe] 3=
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A& GLCZ ¥43 Ax= Table 184 B u}
o} At} olF F A A F chFAQl FF-
AP1f= 729 X3} 4wk uronic acidE ¥
3k glom F Aol FAJYl= rhamnose:
fucose : xylose : mannose : galactose : glucose=
8.2:4.0:5.9:13.4:11.7:47.9019}.21, glucosed]
)3t ¢}-E ko] molar ratio: glucose : mannose
: galactose : thamnose : xylose=1.00:0.28:0.24:
0.17:0.12 o] =& galacto-manno-glucane|2} &
4 glom F A kel glucoseZtd IR H-4] o) 4]
2| A g 50] B-glucosidic linkageZ d4= o] 9J &
et FA . 28y ok e SRA 244
&}}el FF-APlox= gluco-galacto-mannan ©. 2
A ok FAE 2A4E 7R 2 k. =3 A
WAL AP A S F ohg o] i v A AT R
A AL ®-53F FF-NPB= gluco-manno-galac-
tane]™ uronic acide} Al geko] vf-§- Fgl
th AF7A] g R YE 22E g o
A 8499 A g Ar) el 2
B-glucan 2 o] IR AW} v)A Zhkat Hehe
heteroglycango] dubdojr} x4 o] FF-
AP1BAE wod 7S A9 gt Okuda 3,
1973; Hamuro 5, 1978). =3l i8] A EA4 )4
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