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Isolation and Chemical Analysis of Potent Anti-Complementary Polysaccharides from Fruiting Bodies of the Fomes
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The five anti-complementary polysaccharides (MVFKF-NP, MFKF-AP1a., 8, and MFKF-AP2a, 3) were separated from hot water
extracts of fruiting bodies of Fomes fomentarius by two subsequent column chromatography using DEAE-sepharose FF and
Concanavalin A-sepharose 4B. The order of anti-complementary activity was MFKF-AP13 > MFKF-AP1o. > MFKF-AP20. >
MFKF-AP2(3 > MFKF-NP > Polysaccharide Krestine (PSK). Especially, MFKF-AP18 among those showed the most excellent
anti-complementary activity (70% of ITCHsg value at 20 pg/ml). The monosaccharide composition analysis by gas chromatog-
raphy indicates that MFKF-AP1c. and 3 are a kind of homoxylan consisted mainly of xylose above 97%. Molecular weight of
MFKF-AP18, major anti-complementary polysaccharide, was estimated to be about 12,000 by high performance liquid chroma-
tography (HPLC). After the incubation of the serum with MFKF-AP1f in the presence or absence of Mg™ and Ca** ions, its
anti-complementary activity was investigated. This result indicated that MFKF-AP1f seems to be activator both on the classical
and the alternative pathway of complement activation.
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AUkl S9] FA o] HAF FobA| 1L Qo

A mA 2R E TFAE Eesto] AA w3 2HA
(biological response modifier)2 2JoFE UR|= 7|54 A&
o2 o]gsti= AR AFAH 26, 34]0 T Yo o] &ofof
T AF7F AP Qlet. o] 5 F v A AR A7t
A3PE HBO  F 7 A (Lentinus edodes)?] lentinan [26,
30] AW A (Coriolus versicolor)®] krestin [34], X]BHA
(Schizophyllum commune) [32], GRHA (Ganoderma lucidium)

1, =eF2] ¥ Al (Pleurotus ostreatus) [16, 17], F&o]H Al
(Agancus bisporus) [39], QM A (Grifola frondosa) [5, 31],
AW A (Formitella fraxinea) [40] 5225 E dEA| &4
W gt 94 A S0l A% RuEHT et ol 5L o3
2 oo WE AFol} oFoR e AgEoigd Az
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DEAE-Sepharose FF (CI” form)?} Concanavalin A-sepharose
4BE= ©|= Sigma-AldrichA} (St. Louis, MO, USA), &4
Al AFE-E B9 (MW cut-off 6,000y Spectrum medical
industries A} (Houston, Texas, USA), Ex&F 24 o] A&
H EFE4 pullulan series (P-800, 400, 200, 100, 50, 20,

10 ¥ 5)= 4E Showa DenkoAl(Tokyo, Japan)Z2+& <]
ko ALgelsict.

PSK (polysaccharide-K from Coriolus versicolor)x= 3t
= B5 A %k(Seoul, Korea)o] Al A @ate ZEFO 21
7He G&% AAIst] ARESHRITE SHH, FEA B0l A A
L5 k9 ZAAE L (IgM-hemolysis sensitized sheep
erythrocyte, EA cell)= ¥ 9] Biotest AH(Tokyo, Japan)
AES, 2z "9 A71FF°l AHEE anti-human C3&
SigmaAte] A|&ESE AHESHATH T ¢ 2 AFoJA AHEE &
£ A2 AT 17 o9 £48 AlEo] AREE
sy

Z F T2 glucosed ;ﬁ—r%é‘_i 59 phenol-sulfuric
acid YO 2[6], A TF2 P-D-galacturonic acidg EF
E4 2 3l m- hydroxyblphenyl‘ﬁ °Z[1], 9 A FgF2
bovine albuming ¥FEZZ 3}o] Bradfordd o2 Z+z2F A
% sl
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A Y A= 22 7Rl AFHste 34 & F &
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1‘4‘3}0“1 &Zo A otF Tt JAZE F ethanol &34 &2

= WY F E2 AFHS. of7]9] 10 LY &5 718l 100°C

oA 3AIZE o]} E& 7 5% A& Whatman No.4 o
A2 o 7}3lo] o] Hof 2,58 (viv) F1] 9] 100% ethanol
& 7hot 04 s BT g Aieel
(6000 rpm, 20 min, 4°C)E o|-&3dlo] AAES 345}, 9]
£ FFF &AM T BA FMW cut-off 6,000,
Spectrum)& o} §30] 37 4L Woto] A Ba BHL
A7 ¥ FAAZT $84 oA MFKFS 2900
o|Z28Y oA Y Ee2l2}t A= DEAE-sepharose FF (CI°
form, ¢ 5x50 cm) columni} Concanavalin A-sepharose
4B column (¢ 1.5 x 15 cm)< A} 2 A3} Fig. 19 E=A]
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Z AN T EEder 55 £8L2 fraction
collector (Model 2110, Bio-RadA}, USA)Z 5 mlX A&
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7o 24 Aol AHgstaict
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HEIL &8 Aro] ZAE & complement fixation test B
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2 522 FRo &8iAIZ 50 ul
oA £AS FAAA9 EHH} GVBT $FH (gelatin
veronal buffer pH 7.4, 0.1% gelatin, 0.15mM Ca'™,
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1x 108 cells/ml) 250 ul& 7}ake] 37°Co| A 60E-7F 22} HE
< A 7|2, A Y= QAFYS 9 (phosphate buffered
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488 3 7} TAGL alditol acetateZ FEA 3} 3+o] Gas
chromatography2 243ttt BdA A& 2 mgE 2 M
TFA (trifluoroacetic acid)2 121°C, 1.5A|7F ¥H-SA|A 7}
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NaBH,Z 4A]7F S A AT, acetic acidE AFF 71314
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SAI# alditol acetate® HFTAFH 21 ©]& chloroform/
Hy0 24 &uiA|2 £2jste] F&61a, o 7tAF oY
o] Az T 479 acetoneo] &3f5t TrEol%l 4 T
alditol acetate == gas chromatography ©48& A|&
2 ARSI & T 99 2ol AYste AT F
Ao AHgstaeH, ZF TG mole%= 2} peak HE, &
A1 9 FIDo]| Hjgt molecular response factorS Z+Zt AH&

o] AlAdst A

A" = FEA &4 oAl MFKF-AP1p2] 2} 4
I3 #AF A4S A9 dA 2=2rtE2 1 (356-LC,
VarianA}l, USA)o] 93] H4514ch 28-S Superdex™
Peptide 10/300 column (GE HealthcareA}), detector=
refractive index detector, &4 T+ 0.5 ml/min®]it}. Tt
FA 9 EXF FEE S 2= ShodexAt?] pullulan 7] E(P-
800; 708,000, P-100; 107,000, P-50; 47,100, P-20; 21,100,
P-10; 11,000, P-5; 5,900 dalton)S ARE3}ITH EX15F 24
Al 242t #FF pullulan peakd] §EFS 73 &
Kav gt [Kav = (Ve — Vo) / (Vt — Vo)| & AF&3}o] o oy
B2 log o) the REZHE YL olo] 2AH 3
T EAANE OBA Y Kav gto 25 E 2ATES 46
273t

b

1}
B} w oy

=34 oigxel 22 & Fr

DA AAA AN E4E 353 ZTEA (MFKF-CP)
o] ety xA4Es BEAT 2, FAT 87.04%, AT
12.76%, Tl 0.2%2] 24 Bt MFKFY| $&2 T
wHA 1 kg 2.4 o]t Fig. 1914 =AE 2 ol
e A9 MMy 29 A=nEIRYRE 559 84 o
FAE &2 A A 54 th. DEAE-Sepharose FF (CI” form)
L0l 2 Z+Y chromatographyS 433 23}, 10 mM Tris-
HCl (pH 7.002 &&% 1749 v] F& 3¢ F4UIA
(MFKF-NP)E WA Hg5l22 0.1 M, 0.4 M, 1 M, 2Me] Z+
NaCl $9002 27 $&5t0] §4 £8< 259 AT
| (MFKF-AP1, MFKF-AP2)E 912 2= 919ith(Fig. 2). 22
A S AFRYEE o FR42 390 F4 2
Azt S A Al TR dBAY A SFH
MFKF-NP : MFKF-AP1 : MFKF-AP2 =14 : 1: 521 A%
2 Jergen oSS uuaS Ag ZHEA Yooy ¢
BARE 2% FRE ISt o5l tiEt FEA E/olA
FATGZA R AP FA7F Hoh 43 o8 2 MFKF-
AP13} MFKF-AP2 tt& A S Concanavalin A-Sepharose
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Fruiting bodies of Fomes fomentarius

Dialysis

Hot water extraction

Ethanol precipitation

Lyophilization

MFKF-CP (Crude Polysaccharide)

DEAE-sepharose FF (CI- form)

MFKF-NP MFFK-AP1

(10mM Tris-HCl, pH7)

(0.4M NaCl in 10mM Tris-HCI)

MFKF-AP2

(IM NaCl in10mM Tris-HCl )

ConA —sepharose 4B

Elu.l Elu.2 ‘

MFKF-APla

MFKF-AP1B

Elu.1 ‘ Elu.2 ‘

MFKF-AP2a MFKF-AP2

Fig. 1. Schmatic diagram depicting the isolation process of water-extractable polysaccharides from fruiting bodies of Fomes

fomentarius.

Elu. 1: 20 mM Tris-HCI, 500 mM NaCl (pH 7.4), Elu. 2: 50 mM a-methyl-D-glucoside, 50 mM phosphate (pH 7.0).
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Fig. 2. Elution profiles of crude polysaccharides (MFKF-CP)
on DEAE-sepharose FF column (CI~ form ¢ 5 x50 cm).

The column was equilibrated with 10 mM Tris-HCI buffer (pH 7.0).
Each fraction (5 ml) was analyzed quantitatively on total sugar
(phenol-sulfuric acid assay), uronic acids (m-hydroxybiphenyl
assay), and proteins (Bradford assay).

4B column (1.5 x 15 cm)2.2 Z7} AASI 12 & &
20020 mM Tris-HCl, 500 mM NaCl, pH 7.4)02
Concanavalin A9} 21314 o] o 3g.0tdA|, 23 &5 &
ZF N (50 mM  o-methyl-D-Glucoside, 50 mM phosphate,
pH 7.002 2 Concanavalin A} 23A 0] =2 oF-tlFH]
= 77} Bejaiort.

=2|E CigHSe] S 24

7] BAE 559 thdAol gt sk E FEA 4 &
A Ad, 5% BF AT|EI e ‘Jdﬁﬂ*é%é]ﬂ PSK(T&
HA G2 B1,3-glucan) 2 TH34] T Y FEAA =2 FEA
gAS HYon, EF| o]E S MFKF-APlBE 20 pg/mL &
ZoAE 70% oY 7MY =2 FEA E4& UEHH
(Fig. 3). ¥¥t&A o2 1,000 ug/mL F oA 70% o]Are] 3
A €45 7 b Ale 1 gejido] FAAHeE A"
ot dHA UtH38]. o] 7]&T 4 MFKF-AP1p= ¢F
508, MFKF-APla= 208, MFKF-AP2-0. MFKF-AP2-B=
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Fig. 3. Anti-complementary activities of purified MFKF
polysaccharides on various concentrations.

PSK (krestin) was used as the control. All values were mean + SD
(n=3).

104H, 24} 9] MFKF-NPL X4 5] HEo] =2 3
HA &4 Boh @A7A] FEA &4 a3 A= A,
+Fol, HA, 27, AEA £ = gttt 535 MFKF-
AP1B= o|A7HA] AME HE FEASA dFA F M
g5t Ao 2 HuH AL A (Fomitella fraxinea)?] FF-
AP1 [40, 41] @ AZ(Lithospermum euchromum) ¥g] 2]
LR-211d-5a% the 3h8 %] EAJo] Wx|uH10], Shin So| 55
9 g e E et &1 (Areca catechu) [28],
3ol B2 A2 A< R A (Lentinus edodes) S22
Lentinan [30], =€}2] ¥ Al (Pleuroteus ostreatus)2] T
[16], @& (Artemisia princeps PAMP) 9[37], 14 (Panax

MFKF-AP1a

Inhibition of TCH (%)

100 50

ginseng) A[7], A7 ol (Plantago major L) Aot F4H21,
2514 Eejet chg AR FrA S0l v SahiiTt

A7) A ofu|= E3] BAA O] S5 Aol
TS T3 Okuda 59 E1[23), FAEAHL 7HA ot
BAE ol83dto] F 283} BAA EAo] foTt Aud
A7 Athe Tto 59 Bar[11]] B0 & o, T &
AA 2 o] MFKF-AP18 ot A4 7F |28 23 ot
A Y AraAz AT 5 Yrke Aot

iU

=

MFKF-AP1RS] HIA SIS Z2 XZ oA

B A 43 ARE ZA @A A E(classical
pathway)@} )7 Z (alternative pathway), FE FAZ2=2
e glon, MY HZ9 FAo= Ca™ E Mg™ 2F
7F #sta A H Zoll= MgT o] AgA o2 Hojstal
UThaL B Efof QIth[33]. webA HA A &4 5ol St
Ao 2 3HolEl MFKF-AP10®} MFKF-AP1p7} EA| A &4
ol £ A2 3 olk A2E Boio FHHADEA Fela)
7] A3 B F5012F AASAY H7Fet WA A 3
BHA 848 v)w 24359t MFKF-AP10®} MFKF-AP1f
£ Ca™a} Mg™o] B&F &4 a9 o &43}E= 244
BAEE B FE WhEo] o|]RofA At FE= Ca™ 7t A Y
Aoz AAF I Mg™o] EAst= WA oA BA3}E =
QA AFEE B3l BA| 43 dojdE Ko Stk (Fig.
4). £3] A 2 vrA A F=of Auldsto] FEA &
o] F7hE= AFE EH2n 1,000 ug/mLefl A 2 85%
o o|=2ltt. o] HREY FEA A thFASo] HAH
29 WA A sk F7to] Aglol FEA &40l 30%

MFKF-AP18

Inhibition of TCH (%)
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i —
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Fig. 4. Anti-complementary activities of purified MFKF-AP1o. and MFKF-AP1f on various concentrations in the presence or

absence of Ca™ and Mg**.
All values were mean + SD (n = 3).
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Table 1. Composition of neutral monosaccharides in 5 anti-complementary polysaccharides isolated from fruiting bodies of

Fomes fomentarius. (Mole%)°
Constitutive Isolated polysaccharides
Monosaccharide® MFKF-NP MFKF-AP1-o MFKF-AP1-8 MFKF-AP2-o. MFKF-AP2-3

Rhamnose - 0.01 0.02 3.98 2.57
Fucose 5.53 - - 4.49 2.52
Arabinose 13.19 1.66 0.66 1.89 -
Xylose 7.69 97.85 99.07 69.67 89.32
Mannose 8.71 0.41 - 9.46 5.54
Galactose 17.26 0.01 - 7.51 -
Glucose 47.62 0.07 0.24 3.01 -

@Monosaccharides were analyzed using alditol acetates.

PMole% was calculated from the detected total carbohydrate.

£ 94 Y AS A of - ot Aot 3, Ca™

100

9 Mg™ 257 AAE WAL Aol Aol ekt
Forch 9o AFE FWst] 2w MFKF-APL-09}
MFKF-AP1-f7} TR 20} YAZR RS 7-4ste] 1A
A BAFAAE BoiFo] B3 YAAR BT F w7
71 BaE 02 dud 84 09 B o S5 Ao
2 Uehieh.

AI

2| A CrExel stetx £

DA AAA A £ dFAEY 8T 24
gas chromatography®2 &3t 23}= Table 194 E+= v}
o &t} o] & F FEA 49 F thFA ¢l MFKF-APla
2} MFKF-AP1B%= xyloseZ} 97%4 99% ©]440] 1L arabinose=
Y7 0.66%, 1.66%% A ha5t1L Q1%ch 1 €] mannose
2} glucose’} v AZEH Tt MFKF-AP202} MFKF-
AP2B2] L= xylose §Fo| 70%2} 90% A= mannose
7F 247 9%, 6%4 ok Iute] ot ST eR
d¥ o] Qlth(Table 1). |23t AT 2= | Fo| & 0
o] 59 FX& xyloseZt A2 AYH xylano 2 T2 E7
32 UEY F1 E3) MFKF-AP1B= xyloseZ 99% oA}
o] FolA L B2 homoxylano|zt T 4= gt dWkA ¢l
xylano] S/JAH R FHA AL 7HA L Q=4 ofHH &
o 7 9] MFKF-AP10L} MFKF-AP1p xylan%He] 183 £
BAAE gst7] Y3l Aoz o= Je AT
oA &3 (1—4)-B-D xylan (xylose T 90%)& EEF
O 2 sto] FEA S HlAL A48T Fig. 5014 Ee
uhol Zho] A 88 xyland 1,000 ug/mL SEo] A%
FEA Aol 40%0 AUA @ES 2 & ¥ MFKF-
AP10¢} MFKF-AP1P= 5% thH] 20-508] o]Ake] Ht &
3 A S4E Heoh

AA7EA] B2 B4 xylan®] tE 2 43 AH] Q] Biobran

50ug/ml
1 100ug/mi
 1000ug/ml

=]
o
1

Inhibition of TCH (%)
' @
.7

N
o
1 !

0-
MFKF- AP1a

MFKF- AP1B

Fig. 5. Anti-complementary activities of purified MFKF-AP1c.
MFKF-AP18 and xylan.

Xylan (Sigma X0502) was used as the control. All values were
mean = SD (n = 3).

arabinoxylan)
SEATH(T0% o] 3f) 3
= @50l $5F Ao Hud v Yeks, 9, 2. o
e JREE FFoluft oA FEHACE g =
ZZdo| Al (Hericium erinaceum) AFAA A Hz]ot
heteroxylan(FIy-a-B; xylose 3F5F 58%)°] Fof o]21E A
ZSY A4S AT AU dH o] FAA E2g g7
heteroxylano] &3 7| FHE ATk BI7} gt
[20, 25]. 1Y 97% o)A+ xylose FS 714 xylano] oF
21 ggolu FEA S Mt Eis & A7 E
AZIA A 34 AL WL ol RS B3] xylose 2]
APFHU L2 E FHA FAo] S5t Yujo]ER o]
R0l tgt F2AT7 99 Fo2E 4 Atk

ES FEA S F thF Al MFKF-AP1P9] EA15
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MFKF - AP1 B
(MW 12,000)

Molecular weight
)
»
[

103 v ] L ] v ] v ] v I L
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Kav

Fig. 6. Standard curves for molecular weight determination of
MFKF-AP10.

When the flow rate is 0.5 ml/min., Kav = (Ve — Vo)/(Vt - Vo), Vit
is total volume of packed resins (retention time of galactose x 0.5),
Vo is void volume (retention time of P-800 x 0.5)

Ve is elution volume of MFKF-AP1f3 (retention time of sample x
0.5), Molecular weight of standard pullulan series are following. P-
800: 708,000, P-100: 107,000, P-50: 47,100, P-20: 21,100, P-10:
11,000, P-5: 5,900 dalton.
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