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Abstract—To find antitumor components of Lyophyllum decastes, the mycelia of L.

decastes were cultured in artificial media and a new antitumor component which showed

potent antitumor activity against sarcoma 180 implanted in mice, was isolated and named

“Lyophyllan A”. Lyophyllan A was composed of a polysaccharide moiety (86%) and a

protein moiety (29). The polysaccharide moiety was found to be a heteroglycan which

consisted of glucose (48.1%), mannose (30.8%),

galactose, xylose and fucose. The

protein moiety contained 18 amino acids. Cultural characteristics of L. decastes were

investigated by shake culture method. The best result was obtained when L. decastes

was cultured in medium glucose 50 g, peptone 10 g, corn steep liquor 30 ml, KH,PO,
0.87 g, MgSO, « 7H;0 0.5 g, CaCl, 0.3 g, FeSO, - 7THO 10 mg, MnCl, « 4H,0 7 mg,
ZnS0O, « 7H,0 4 mg and CuSO, - 5H,0 1 mg per one liter at 26°C, 180 rpm, for g days.

Keywords—Lyophyllum decastes « antitumor component « Lyphyllan A « mycelial culture
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Table I. Compositions of media used

Ingredient@/ny T PN 1 2 3 4 5 6 7 8 9 10 11 12 13 4 15 16
Glucose 10 3 50 70 9 100 50 50 50 50 50 50 50 50 50 50
Peptone 10010 10 10 10 10 — 20 — — 10 10 — — — —
Yeast extract 10 10 10 10 10 10 20 — — — — — 10 10 — 5
Corn steep liquor (ml) - - - - - - - — 60 - — 30 — 30 30 45

— - - = = - = — = 20 10 — 10 — 10 -

Malt extract

a) Nitrogen content of corn steep liquor was 3.68%. One liter of each medium contains KH,PO, 0.87 g,

MgSO, - 7TH:0 0.5 g,
CuSO0; » 5H;O 1 mg.

CaCl, 0.3 g, FeSO4 - 7TH,O 10 mg, MnCl; « 4H,0 7 mg, ZnSO, + 7H;0 4 mg and

Compositions of media used (continued)

Medium No.
Ingredient(g/l) 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Glucose 50 - 50 50 20 25 30 35 40 45 55 60 65 21.4 35.7
Peptone — 5 2.5 50 45 40 35 30 25 15 10 5 43 7.1
Yeast extract 2.5 — —_ = = = = = = - —  — 43 7.1
Corn steep liquor (ml) 525 45 525 — — — — - — — = - — —
Compositions of media used (continued)
Medium No. T
Tngredient(g/0) 31 32 33 34 35 36 3 3B 30 40 41 42
Glucose 57.2 64.3 71.4 78.6 85.8 92.8 100 107.2 121.4 135.8 142.8 —
Peptone 11.4 12.8 14.3 15.7 17.1 18.6 20 12.4 24.3 27.1 28.6 .10
Yeast extract 1.4 12.9 14.2 15.7 17.1 18.6 20 12.4 24.3 27.1 28.6 10
- - - - - - - = = = 50

Starch
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Scheme I. Extraction, separation and purification of the protein-polysaccharide fractions from the
. cultured mycelia of Lyophyllum decastes (See Fig. 10). :
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Fig. 1. Comparisons of shake culture with surface
culture and distilled water with tap water
for biomass production of Lyophyllum decastes
in medium No. 3.
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Fig. 2. Effects of pH on biomass production of Lyo-
phyllum decastes.
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Fig. 3. Effects of inoculum size on biomass produ-
ction of Lyophyllum decastes cultured in
medium No. 3.
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Fig. 5. Biomass production of Lyophyllum decastes
cultured in glucose or starch.
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Fig. 6. Effects of glucose concentration on biomass
production of Lyophyllum decastes.
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Fig. 7. Effects of nitrogen sources on biomass pro-
duction of Lyophyllum decastes.
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Fig. 8. Effects of C/N ratio on biomass production
of- Lyophyllum decastes.
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Fig. 9. Growth of Lyophyllum decastes in different
concentration media and the conversion ratio
of medium components into mycelia (The
dotted line is the conversion ratio).
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Fig. 10. Separation of protein-polysaccharide from Lyophyllum decastes on Sepharose 4B.
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Lyophyllan B, Fr. I = Z+7} 56.4%, 47.5%
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. Table II. Antitumor activities of various fractions of the metabolites of Lyophyllum decastes

Tumor weight

Sam pi e D(ilse (mg/kg/ Inhibition ratio Complete Significance®
ay, i.p.) (g, mean+SE) (%) regression ®

Control Saline 3.721+0.52 — o» /109 —
Fr. IT 20 2.81+0.65 24.5 0/10 N.8.@
Control’ Saline 5.51+0. 86 - 0/10 —
Lyophyllan A 20 1.5140. 48 72.6 1/9 0. 001

j 40 0. 604-0. 15 89. 1 2/10 0. 001
Lyophyllan B 20 2.40+0. 45 b6. 4 0/10 0. 001
Fr. I-C 20 4.0610. 88 26. 3 0/10 N.S.
Fr. 11T 20 2.89+0. 82 47.5 0/10 0.05

a) The significance was evaluated according to student’s t-test. p<{0.05 was taken as the criterion of signi-

ficant difference.

b) The number of mice in which the tumor was completely regressed.

¢) The number of mice used.
d) Statistically not significant.
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(Table II),
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Lyophyllan A= 86% ti3Alel 2% wd=
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548 A3} glucose 48.1% % mannose 30.8%
% 4] %3o] fucose, xylose, galactose 202
4H o] A}t (Table IV).

Lyophyllan A9] =l 4d-& FA3H= ofn| x4k

& BA4% A3 lysine, aspartic acid, glutamic

Table III. Total polysaccharide and protein contents
of the antitumor fractions of Lyophyllum

decastes.
Total contents Polysaccharide(%) Protein (%)
Lyophyllan A 86 2
Lyophyllan B 58 32
Fr. 111 46 28

Kor. J. Pharmacogn.

Table IV. Monosaccharide contents in the polysac-
charide moiety of Lyophyllan A.

Monosaccharide Relative ratio (%)
Glucose 48.1
Fucose 7.1
Xylose 11.3
Mannose 30.8
Galactose 2.7

Table V. Contents of the total amino acids in the
protein moiety of Lyophyllan A.

Amino acid % Amino acid %

Trp + Gly 6.3
Lys 14.9 Ala 7.7
His 5.8 Cys +
Arg 6.0 Val 5.6
Asp 10. 4 Met 2.5
Thr 6.2 Ile 3.5
Ser 6.3 Leu 7.7
Glu 11.7 Tyr 2.5

Pro + Phe 2.8

Wavelength in

2.5 3 3.5 4 4.5 5 5.5

microns

6.5 7 75 8 9 10 11 12 14 16

] T T 1 T

1 1
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Fig. 11. IR spectrum of Lyophyllan A.
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A oAl dubAlQl 3,300~3, 400 cm™t 329
O-H A&4%, 2,900 em™ 229 C-H 5%3
5, 1,630 cm™ Bz C-0A2E, =ziHz

1,000-1, 100 cm™! 3-Zof A1 9] C-H, C-09 vz

AF 58 42T F Y=

£ K

Lyophyllum decastes®] 1 zAozAx 3
14 &R A Bk 4 el HHEstgen], i
W 2A) A FFF A FEES LT 4 9
2o, pH 4.0~7.09 Y& w94 Bk A
Aol $48H, AaPorA LEFTYE con
steep liquorg E A&l Bk A o] &
I3genz olyd EELS kR FEA 44
o] 3 <+ Urh

EEGY Fxrt 5%Q W it 58] 7}
F w%en, 2 o4 FRAAE LR,
C/N ratioz} 1. 17~2.209] & ¥glol A ik
4l FEaAh Axge webd Az FAF
F FEE 2 Holst & A Fig Ne=
2ol o] WS A I FA Al 2
9ol 8% Aor Au=d.

TT AT e TA 43L& 5%, 15%,
20%9 AFoz 74 WA Az FAFol
A AT Aoz Hol 5% AR Lol F
FToEE A3 Wit A gl estd

A Agol o] BtRe] vl o FAR YoE -2 8lof
Fi$3 Lyophyllan A ffslA @& =hict
S9REo o 53 89, 1%9 Fo AL v
e e}, Lyophyllan A9} whba) gk 862,
ol A ghake 2% 2 A A= 88%elgith o
A GeA e 24w HebertT o) whwl
& olgsigen, gl B FAA B4
furfural $=5 ¢} anthroneo] wh2-3ted pelu}
B AT 2 625 nmel| A] &4 8} glucoseE )
Z2ToE @ AFHder RH A& Hke
2 glucosed] 24 22 10022 ¥ =} mannose
+= 55, galactosel 66¢) @) F3}] wW £ Lyo-
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phyllan A9} vgAle] gk ZAXE AA gk
R} A vehd Zleg Atz Lyophyllan
Al ggAE GLC &4 A glucose= 48. 1%
o] 51 30.8%%] mannosed u]E3te] galactoses
EE 55o2 TAE 46 HR w49 hetero-
glycano 2 Aty v}, =3 Lyophyllan A9 =k
Wz BB &3l tryptophano] glucosed]
A=l FaAA oA 4% WEEE 2
SE 3

i g

T= Atk

Lyophyllan A¢] g}l 4 B 2.2 lysine, aspartic
acid, glutamic acidE® T &sled 18%9] olu] x4
oz A5l 9gleh. Lyophyllan A 53}
T ada SnAst 3 Fo] EREA A¢h
THA ol =R 2 EAge] dAA Gobd z
W ARL o AT HEE APH ok
Atz o] 3 FEARE FAG dEE TE
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stin) 24 g1, 411, 3 =% -1, 4:1, 6 glu
cans®} 18~38%2] proteino.® FTAHE Ak
°] °F 100, 0000] 3¢l FRhFR2 U A 9
o, 7,10

=3 Lyophyllan A9} gwld Ry oeg
A8 AAAF-E FTAAE AAHA ggkor,
PS-K9| 7o) B3 gl de] FHAFez A
g0 gl%o] dE g oxmg!® Lyophyllan A%
T3 gl de] FRAger AP Aoz A
BHrh

Lyophyllan Ae] £¢F oA &3+ 20 mg/kg
2 40 mg/kge] S-gkol Al ZF7 72.6% E 89.1
%] we AAEE HAGE T b 2
74 gubel g Lepe] 9 10mpe]E 2 mpejol A Fok
9 A EHIE ARY F JYBE G 9

A7 gue s,

B W

Lyophyllum decastes T2 Aul A AL
AAY A zAL AES 6, TA A #H
pHE 5.0015ler], TAAAE A7 Mga ¢
oz, dadoBzAs glucose, Fagoezn

A= peptonex} corn steep liguors T FALE-A
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Frotath = AFY TEY FEE 5%,
C/Nu|-¢2 1.17~2.200] A FAA Ao 53}
gorl, 5% o9 WA TR FA4H
< fFAbstg o

Lyophyllum decastes®) Wfhs A o)) ofa}dd
sarcoma 1800] djete] AHZ FF 94 FL&
Yebl s A2 S dgdAE FAZ Y 4
Btg a o] & 85 Lyophyllan Aslz =
3 3t ot ;

Lyophyllan A% LBy 2 HHTE MR 86%
o chuAls 2%9) WA olFojd A
A4S ke, 2 A £ glucosed: F2
8y 559 992 T4 3 heteroglycano] o,
2 @A lysineg A 1859 obvxge

= 347 ¢ B

Bigt—o] Pl £8HE AuE AL KER
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