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Antitumor Components of Armillariella mellea
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Abstract: To find antitumor components in Korean basidiomycetes, the carpophores of Armil-
lariella mellea which were collected in Gyeong Gi Province were extracted with distilled water
at 90~100°C for eight hours. The hot water extract was concentrated under reduced pressure,
mixed with three-fold volumes of ethanol and allowed to stand at 4°C overnight. The precipitate
was centrifugated and lyophilized to yield a protein-polysaccharide fraction. It was examined for
antitumor activity against sarcoma 180 implanted in ICR mice. The fraction showed 75.7%, 83.9
%, and 94.1% of tumor inhibition ratios at the doses of 10, 20 and 50 mg/kg/day, respectively.
The chemical analysis of the fraction showed that it contained a polysaccharide(4l.3%) and a
protein(35.0%). The hydrolyzates of the polysaccharide moiety contained fucose(4.5%), xylose
(1.1%), galactose(17.4%), glucose(55.4%), mannose(19.4%), and one unknown monosaccharide.
The protein moiety contained seventeen amino acids. The protein-polysaccharide from A. mellea
was administered, i.p., to mice and caused an influx of polymorphonuclear leukocytes (PMN)
at 5~24 hours which was followed by an accumulation of macrophages and disappearance of the
PMN at 48~72 hours.

Keywords: Armillariella mellea, Tricholomataceae, Basidiomycete, Protein-polysaccharide, Antitu-

mor activity, Immunopotentiation.

BRAFFEFANA FEFFEE HHFE & DA phyllum commune®] W F o 4 o 28¥ schizophyllan
HE AT Gregory et al. (1966)0] A A 25 o & Begletyg on], Tsugagoshi et al.(1974)= Coriolus

Espenshades} Griffith (1966), Chihara et al. (1969) versicolor 258 ¢4 = AF odfFd PS-KE
o 4F mz7t #EHe Jdrt. F Chiharas} o J= Rl P

A5 & Lentinus edodes 2 5-¥ sarcoma 180% 7% 8] gl Atz gle FRATRY A AEFAA F
Adte o2a LC-33¢ 2333, ©|3 ¢ lentinan FF FE2 e AL E B E ATE AR
ol 2t B35l 3t o nl g(1—3) glucangd & ¥+ o} (Chihara £ Kim et al., 19798 dFA v xRyt F o
et al., 1970). ¥ Komatsu ez al. (1969)= Schizo- AFlA TFEAAR, Tz 2 g8y 22
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40 gz o) AG 18025 dARASE
B3 #gch ofgy o J_% 3450 S As ¢
BHz FAHe YeE ARG Park et dl,
1979).

olol A AAELE FAuAotAule FFALEMin e

l., 1980), B¥% S $F ¢ 4% (Kim et ol., 1980), A
u}ums} o4 F(Lee et al., 1981), FESHAY &
i EERe o8 ¥t e A4 (Shim, 1981), whd
A FA wikel A% FAGES A A(Kang et al.,
1981), >=zchdo) §F g4 L (Lee et al., 1981), &
A A9 Ty B (Kim et al., 1982), 7w A9 o
4 ¥ (Hong et al., 1982), £& Ay FLIE
(Yoo et al., 1982), oyl ZAM A9 T4 E(Kim
et al., 1982), #HoElviAY g B(Kang ef al.,
1982), HagwAY wFiAe 5% 4 £ (Chung
et al., 1983)o] #3ted w33 o).

ol¢h Ze AT dFeg, AVE LAT B34
Aol kB dte FATHE A st FEF 89 A
A AYEF BuFuide 447 §A% T A5
& deEd ¢ AFEA

a2etd o] ¥ Aol #AdtedE Yoon(1959)0 FTa&
o] #dte] 2 w8 v 93, Samakhvalov(1972; 1975)
b Ay Wil FA4 2 Azge] Felo #she d9
E% v et

Badyai(1973) 9} Poppe(1975)+ Z+7} o] w49 A
Az Hste], Zhuk et al. (1973)2 = %
Ao #8t], =28 Z Gregory(1975) & 3 2 E 7o
Aol Zete] Q73 u} vl Choisd Lee(1983) %=
HAFTAAY A 4 Augs EFE 2z @
At

ey o] WA FAFE Fd vt dng
b lem 2 o] Ao AFdEA HPow, ¥ EF
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z4¢ st RzstaA gl
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o] Age] A& BUFw A Armillariella mellea
(Fr.) Karst (the family Tricholomataceae)2] =43
£ 19814 9¢ A= F5AGAA AFF Aol

ANl of

1) D-(+)-glucose, D-(+)-fucose, D-(+)-galac-

tose, D-(4)-mannose, D-(4)-xylose, hexamethyl-

disilazane (HMDS) 2 trimethylchlorosilane (TMCS)
& WHEIEK (Tokyo, Japan)9] EFA && &35 2
ui, bovme serum albuming Sigmajitd S5 & A&
g A AGe A% SFE ATt

2) Balanced Salt Solutlon(BSS)

Stock No. 1: dextrose 10.0g, KH,PO4 0.6g, Nas
HPO,.-7H,0 3.58g, 0.5% phenol red solution 20. 0ml
£ 2% %4 1000mlel &3] gt

Stock No. 2: CaCly-2H,0 1.86g, KCl 40g, NaCl
80.0g, MgClzranhydrous 1.04g, MgSO.7H,0 2.0g
< 2% 55 1000mle] 43 gt

A& Aol & Stock No. 1 100ml, Stock No. 2 100ml
of, 235 F4 800mlE 713 ¥, pH 7.32.2 3o A
234l el o BSSE Al ZA Hol AE3H

3) Phosphate-Buffered Saline (PBS)

NaH,PO,-H.0 2.51g7} Na,HPO,-7H,0 22. 4g-% 500
ml 23 Z&Fo] 488 ¥ pH 7.2~7.4% 8tz NaCl
87.6g¢ gk ¥ & &% & UE &t AEAdE
W2 8 A ste] A8 T

4) Non-specific Esterase g4 A 9] g4 :

Stock Solution: a-naphthyl acetate (Sigmaijit) 1g%&
acetone 50 ml¢} distilled water 50 mlo] &3} & +}.

Working Solution: a-naphthyl acetate stock solution
2.0mlE 0.1M phosphate buffer (pH 7.3) 15mls}
distilled water 15mlo] 3 43 ¥ A&2dAe] fast red
TR salt (Polysciencesiit) 20mgE ¥o &l A7 F wtb
ZA o Fsie] £t

5) Giemsa Stain Solution

Giemsa powder (BDH Chemicals, England) 0.5g%
glycerol 33.0mle] $+A3 &3] (55~60°Cel A 1.5~2
A 78)3 3 absolute methanol 33ml& 7}8lx &3 38
o] o7} (glass wools-&)3te] AH-&-3kglet.

6) 0.83% aqueous ammonium chloride:

4 BAoz Agetgrt

8T &

g oy
D 3G AEd #5949
25g9] 7Azg BF WA AAAE blenderz Zw
= 2 A

FF 2AF 7N A 90~100°Col A 84 7+ 5-oF &F
ZANAA 2% F ofdbete] Rz AAdE 94
19 752 4719 ddez F&33ch

o] £2d & F&F F 34 ethanolg A A
AEL YAAF L 10,000x goll A QA F2] (Beckman
model J-21)3te AAEE dolA —65°ColA HFA
z (Edwards High Vaccum Model EFO 3)38tso] 74
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rm’ 171 A4 Cw% dE2T] HE FTF FAN Twe A
Extraction with distilled
water at 90~100°C

o
-1
for 8 hrs. 7 7Y AR EEE

Filtration 3wt 31 3tz A 5 50mg/kg

| & 4 mld %7 FAes)

| Filtrate | [Residue |+ WZE & PBS Lulg 11-45} TR

} . F 1A A7, 2447, 48417, T2A7HE EAR)
Concentration under Extracted

reduced pressure twice Z A 3£ (peritoneal exudate cell: PEC), macrophage

Addition of 3XEtOH

o .
Standing at 4°C overnight 9} polymorphonuclear leukocyte(PMN)-& o} 9} 7+
Centrifugation at 10, 000 X g < Aoz ZF8Ar).
| | mouseE cervical dislocationo. @ xA}A 71 3= BSS=
Precipitate } Supernatant S AAstd W 200xgol 4] 1057 QA Ha

Lyophilization at —65°C Btk 3 A F 94 3S 33l haemacytom-
eter® PECE &4 3¢t}

macrophage=

Protein-bound polysaccharide ‘ non-specific esterase(NSE)2] enzyme

reactiong ¢o]-&3le] GG F Hw|A)A reddish

Scheme I. Preparation of the protein-bound polysac-

charide from carpophores of Armillariella

mellea.
2 4.5g¢ 49t =z W2 Scheme I3 7t}
2) g 49
E AR A4E FEE AedATdr FEASA

o
A 7% FE A% 20g9
t}. moused A% A& F-o] sarcoma 180 cell 0.1ml
(1x107® celD & o3l o] A8tk 7 FL& 10vg A
22 gtx H2F AT A FozME 10mg/ky/
day, 20mg/kg/day, 50mg/kg/day?] 34 Fo 2 34 ).
FEFAE HE 184 ol 2447 FHH 1097

%A ICR-strain mouseo)

granule$ W 28 & celle A) g oh(Wier, 1979).

33, PMN& Giemsa stain@lo] multi-lobbed nuclei
& doughnut-type nucleig ZE celle 4 9 (Ger-
hardt, 1981).

D B AR 24

a) g5 @ 4

g i dEe xx9S ffxz8 oz slo] Anthrone
AE & 934 o (Norris, 1971).

¥ ga Ago] wfsled Anthroneut&-Az F UV
spectrophotometer (Unicam Sp 1805) & 625 nme] 4] &
FEE F4%d F4T AFF4oz 4y gdIF @
%2 A A

AgA oz A9 .

tol A d 2 HE 3094 =& 2 moused RF A}
AA =2ZdE AEHNo} 4o FAE dzFgd vz
3kl b e Aol o8 AAWEL  inhibition
ratio(=1L.R.)-& ¢},

b) F4 wdfe E4
Mitruka (1975) ¢ 2

vk Assk A7 BF d9F 20mg§ 75N

HCI-MeOH 2mlef] &3] dto] 80+

Cy—T, methanolysis& A 3l ff]-gi\:}
LR =% =W %100 o Lot Zul = >R
Cw AR F gAY T2 Atz 1mle pyridines)
J ICR Strain Mice l
Left groin, Sarcoma 180
1x10% cell/0.1 ml, After 24 hours
| | . | ! _
Test group ] i Test group 1 Test group } i Control group \
10mg/kg/day 20mg/kg/day 50mg/kg/c_1ay saline
10 days (i.p.) 10 days (i.p.) 10 days (i.p.)

| 10 days (i.p.)
<

Tumors were excised 30 days after tumor implantation.

Scheme II. Antitumor test of the extract of Armillariella mellea on sarcoma 180 in mice.
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Table I. Measurement Condition of G.L.C.

Column : 1.5% OV-1 (80~100 mesh shimalite)
4mm IDX 1.5m boronsilicate
glass column.
Temperature: Column: 160°C
Detector: 290°C
Injector: 290°C
Flow rate : N;. 50ml/min.
H;: 60ml/min (0.8kg/cm?)
Air:  88ml/min (1.2kg/cm?)

A 238 3l3 0.2ml9] hexamethyldisilazanes} 0.1ml
9] trimethylchlorosilane 2 2 trimethylsilylation3} 9
o} 3027 AHE3 TE ¥ Table 13 & 27z
GLC & 34 %% 9979 retention times} ]
23te} A7 BFHE FQAE =, 2 FTFE FFH
peake] WA o2 g

o BNAd FF 4

gl g2 bovine serum albuming o) 2 238}
Lowry-FolinA] 8¢ 3 &% =+ (Kim, T.B. et al., 1979).
bovine serum albumin®} A 8] W3] =4 Lowry-
Folin 448 & % UV spectrophotometer (Unicam
Sp 1805) & Ar&3le] 750 nmeld FFEE ZA 3}

o, 443 A% FAoL¥H VMY FE A4
g et

& F4 oplm A £4

e 74 oblxate ¥4 3 2 ¥FE B

24 Spackman et al. (1958)¢] 93t 4925 A A3
. ¢ AE 20mge U Eo] Yol 6N HCI 5mlej &
& 3tk

N; gas2 #AA71=2 W&34e. 25+ 11045°C
ol A 204 7+ B3k } o i s G S
Zu . 323tz 0.02 N-HCl 2mls] oA &8 A3

o,

Hitachite] Model KLA-5, Amino Acid Analyzer
& Agste Fikel @t 48

o] gt B wWA JEY otnlm4le] FFg #
2.2 standard amino acids®] chromatograms} u] =3}
o], peak height method2 #| ALa} % e,

get a1
EuReAe Az 2 F2d8 A4 924
7} sarcoma 180¢] o3t} }eldl #FHE& Table 1o
gA38 ek o] 49 10mg/kg, 20mg/kg ¥ 50mg/
kgd] R FollA 7 75.7%, 94.1% 2 83.9%9 F
FAAEE e es, ¢ 44 HPL AToA
100he] % 1vube), 20bE) 2 4nb}Th. o] FolA 20
mg/kg T A F¢ AAgo] A ¥%ov, #4 H
§& 2 we29 F7b Ad U AL 50mg/kg
Fol ol fdon o] F¢ 4atg gt
stet ¥ HY &X St
FuFeise FAHEL BN FAE F 4
Azed 7 48 E Argger 2 AHE Fig. 1
o A8}

macrophages $¢4£E FPH FAT F 2447
FRE Fohes AAAA RABANE AL §
A5 gl

b, PMNE 4} F 547 gte] Hz A 2
Porh, oFRy ZadHAy T AL IEH
%

PECE FLAEL Fo9& F Azte] Aol wpet
Zbetgeh. zEz 2UFeAe Fg4Eel

ARz ¢ 94 FE&E vl A

A%
qee &
o2 ¥ 4 9

Table II. Antitumor effects of the protein-polysaccharide of Armillariella
mellea on sarcoma 180 in mice.

Group Dose (mg/i{g/ Average tumor Tumor inhibition Complete

day, i.p.) weight (g) ratio (%) regression

Control group saline 11.27 £ 0.05* (p<0.001) — 0/10°
Treated group 10 2.42 + 0.811 (p<<0.001) 75.7 1/10
20 0.86 =+ 0.344 (p<0.001) 9.1 2/10
50 0.93 *+ 0.485 (p<0.001) 83.9 4/10

a: Values are means + standard error
b: Number of mice used.
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8 e PECs
r @@ PMNs
7r 42 Macrophages

Number of accumulated cell(]» 10¢)

Time after injection of sample and PBS

Fig. 1. Kinetics and composition of PEC following
i.p. injection of the protein-polysaccharide
from Armillariella mellea.

gtet A= glg =4

D@t ALY d3% 3% 9 74 94359 24

AnthroneWtd o 2 ot ® %3¢ 243z GL.C
E T4 9355 E48g9d. 2 A7 % Table I3
Fig. 2o 44 zAsger. G2/ §3FL 41.3%°
ek o] vluH & glucose, mannose, galactose, fucose,
xylose % & F7 vA F2F 6Fo2 FHHR
o, B93F%E glucoser} 54.5% 2 717 w9k}

2) ¢ ALY dA FF 2 A ohvimg B4

Table III. Contents of polysaccharide and mono-
saccharides of the antitumor compo-
nent from Armillariella mellea.

Content (%)

Total polysaccharide 41.3

Monosaccharides:
Glucose 55. 4
Mannose 19. 4
Galactose 17. 4
‘Fucose 4.5
Xylose 1.1
Unknown 2.2

glucose

\

urknown

mannese
l kalactose
Flimmn v
fucose

svlose

min
Fig. 2. G.L.C. pattern of the monosaccharides of

the polysaccharide moiety of the antitumor
component from Armillariella mellea.

Lowry-Folin -84 A%l % UV spectrophotometer
2 FRAEE 5% 92 FFe 2484

& A F& 3B%cl gz (Table §) o whild A
g ot AF 34 247 AT A5, F

F flmge® TSRS FAHYE, 2 F
arginine, serine ¥ tryptophano] 7}# o] Z g5 o]

Table IV. Contents of protein and amino acids
of the antitumor component from
Armillariella mellea.

Content (%)

Total protein 35.0

Amino acids:
Trp 25.
Lys
His
Arg
Asp
Thr
Ser
Glu
Pro
Gly
Ala
Val
Met
Ile
Leu
Tyr
Phe

S W

o
E
G k= U1 WO W OO W NN O

st
et

I =R R R U
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Sl SRl
NN ¢ R L T N RV A 8, ol

Fig. 3. Chromatogram of the amino acids of the
protein moiety of the antitumor compo-
nent from Armillariella mellea.

A%t
2 chromatogram-g Fig. 3¢] ¥.A gl ch.

> #

GIo ok FT YT FATHFIAAN TFF FE
¢ el E 45 B sad, 2T FAA
£ o2 338 ¥, A 9L P4 HBFE
20mg/kg/day &80 2 ul$2of 5ol 895 &9 sarcoma
180¢] oA &€ 94.1%% k. ul & 10mg/kg/day &%
B Ao AR g0 75.7%AAN zAE AT A
Aazetz & & 9= #Eut op# AR §FF
A & &2 50mg/kg/day FolTolA AA Lo
83.9%49 EAol FFo A HY & el vl
E 4ntEy Helde AL o B4 it 22
AA LS ebd g of28), F4 S4o M2 g5
Be] F3z JE Aolth st o 4L FFAL
of g AzFEecz FEHA ovel, FFA L
NEE w28 AFA L FAANA FozA TEE 4
A Aoz Fold 4 Ut

olg)al AL ¥ TAHe ¥y FHoz Py
vl Ale] gEqr A fo] uleao MoSe] WAL JF
& Agsgct. F AEY 290l dolA FAEE 4
A FA%E A4 £ )¢l macrophages] U E
58 7R85 $8ke, BuTese FFEF AEE
up-9- 0] Bol FAE ¥, Azke] A wet
208 6y 93 AXY £F AFSd 24 &
g & A xzs5st S48 B of, macro-
phagest &3 dAsA Frste d4¢ A
o] Atz wotA BUFuAle iy FFst whg
29] sarcoma 180o] W& HIE& FAAZ ALz 4
g3t 29=2 o) §5¢ 4EL AxFez A&

& Ao ol WAREAZA ASHATFT & 4
s

o] & A== Lentinus edodess) FXA wHF
lentinane] macrophage® Z7tA Z vt % (Bomford
and Moreno, 1977)3 ¢ A gch.  ¥wt ozt F&Y
A9 F& J2o) wpgz u P Sl FA AL A
ol 49FF F74A0 e A7 (Shim, 198D 9=
3=

wura el Gy i 4w 484 G49F
7t Ao v AL GEL vzdy) Ao, FE4 4
28 ohea B Ryl wh 2AdE 27
W & Azt Be Fhsgent 29 $3EE Fa
39+
o) ¥z A% AAR mol, BUFuAY FFF 4
o g3F 180 2% 4B AxddE ag
A& ¢+ 4

2UR A FFF 489 3 24¢ wE F
Hez, oF EAsd 2w, fdF 41.3% @Y
A 35.0%% FFdt= dgth o TEF FES AT
Efste GLCE EA43A" ul, glucose, mannose,
galactose, fucose, xylose 2 w]A] &394 6% 42
F2 F45 9% 2 2 99 F8E AFE
Aste] obrl At E4& AASFEA uh, serined 4]
ey 1759 ofvlxmatol F4= o g

A ALo] olu] wx g FEulA (Park et al., 1979),
Aw Aol ul Min et al., 1980), A (Kim et al.,
1980), g9 A (Kim et al., 1982)9] 4R A £
35 Bio]l 9x 4% "w3HFE T4 =,
i e oeF B3 559 de{E 744
o] Q& A4 (Lee er al., 19813 v =¥ =, o] ¥}
Tuiale gEg AEL A 4old, AxE 249
& AAsd Fz ek, Bt ope WA, =F
chub] A 2 veEuAly F¢ FEe @A FEE
FARZ YE otuxAF FHFel A F2A0
glutamic acide] z, H=#A7 ZTaiAY A FdE
aspartic acide}& Ab34 & ZHebd =, serineo] 34.9%
2 48 2PdARe FFF AL ARE £
g AL o das A 5z dd. w4 F
YR uAY FEF AE F dFFe dE 1E o
Yo = oj@ Edo) FHH JdeAd AHdAAe &
o2 o e ASstzA 3= vhol o

a B

BB A Armillariella melleas) AAA 2HE F
23 99y g3FE w20 o] A5 Sarcoma 180¢]

=)
oy
L
=
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Frob gelde AR 2 2
3% 9o glucose, xylose, mannose,
galactose, fucose =&l v 1&F¢ FH3tz Aol
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dA3 FAAHA.
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