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Studies on Development of New Basidiomycetes by
Protoplast Fusion and Nuclear Transfer |.
The Antitumor Components of the Protoplast fusants

Byong Kak Kim,” Chul Moon, Jong Myung Yoon, Chae Kyun Kim,
Ha Won Kim' and Eung Chil Choi

Department of Microbial Chemistry, College of Pharmacy,
Seoul National University, Seoul 151-742, Korea; and
'Seoul City University, Seoul 130-743, Korea

Abstract —To find pharmacologically active hybrids among the inter-order protoplast
fusants of Lentinula edodes and Ganoderma lucidum the antitumor test was performed and
the fusant P22 was selected among them. The hot water and alkaline extracts from the cul-
tured mycelia of P22 were purified and separated into four fractions by DEAE-cellulose aniort
exchange chromatography. When a dose of 20 mg/kg/day of each fractions was injected into
ICR mice by i.p.. the tumor inhibition ratio of Fr. IV against solid sarcoma 180 was the higher
than any other fraction. Fr. IV was a protein-hound polysaccharide which was composed of 69.
12% polysaccharide and 9.76% protein and the molecular weight of Fr. IV was 6.7x 10" dalton.

Key words — Lentinula edodes: Ganoderma lucidum: protoplast fusant P22 tumor in-
hibition ratio: protein-bound polysaccharide.
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(Curt ex FR.) Karsten DMC-1¢9] 94874 =
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aminoethyl(DEAE)-cellulose resin (Cl form,
Sigma Chem. Co., US.A)22 #ZAZ col~
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€ 2M NaCl 2 §2A12 ¥, $A% 4 280 o

& anthrone ¥ Lowry-Folin testE A8l t}
ZA ¢} AL HA% ¥ anthrone ¥ YA ¥
S & 2ol 4°CollM 39zt FXstn $4 =3
of 24 Az £ ()F Fr.Ive A 256 &
At -

cHlicielHiof §ot M - n¥etel A9 Iy
A% e 2L e s ARsgn, Eege
sarcoma 180 AXE G+ & 2x10° cells/
ml°] S5 254 E HER o] 279 0.1ml!
(2x10°cells/mouse) 2 ICR wh$-29] B7de]| o]
Mot B4 3o AMS3I AlRe Boe
FALE oj43tm 24412 TRE Qg =
A ANEE 77 9% $%0 2 Wiy 1314 1097
A&l B Weof FAEIG T dhzxFolEe ey
BFE. F4 dRTF L2 Krestin 20 mg/kg/day
£ 0.1 ml¥ FARINY. B8 Fo A8 121°C,
1.1kg/em®™iA 1582 sigt=rpdFaidct. 23
HHL Egqte] A GAE o]y F Ulzes) A
8 5o AE ARE ARE g7 H2Y
(mean survival day)& A4 oL, B2 A&
W22 (mean survival rate, T/C, %)= &% &

g ZAEt AT

T/C(%) = Mean survival days of treated mice
Mean survival days of control mice
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BA71 805 °ColA 20417t methanolysis &
ek AFatd et 7% ¥ pyridine 1 mlell &
¢! ¥, hexamethyldisilazane (HMDS) 0.2
mi¥} trimethylchlorosilane (TMCS) 0.2 ml&
7¥etm AEs| REsld, Gas Liquid Chrom-
atography(GLCYE AAM 3ttt BEE2ZE glu-
cose, galactose, mannose, fucose, xylose %
ribose(Sigma Chem. Co., U.SA)S $43% %=
o 2 AAEt 2} 29 retention timeC 2 Alg
o F& 5% gUstn peaks] WHOoZRE 4 &
FHE TG, G2 gF 23e glu-
cose, galactose, mannose, fucose, xylose %
ribose?] EHEE EFL 2 4ol anthrone {HE
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g Ao g Be thdae S S @
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Lowry-Folin Y2 & 4AJ55th. Bovine serum
albumin(BSA, Sigma Chem. Co., U.S.A)S&
Fo2 AHE3lY Lowry-Folin ¥H&-& #AE
F, 540 nmollM FBEE SH s 2 A
S2RE AR F9 9uA g} SHsKh
Hexosamine 3% ¥4& Elson-Morgan 3™ ol
wel sl £FE glucosamines] theh Alek
A-1& acetylacetone 1.5 mi+0.5N Na,CO; 50
m}, A&l ik Al A-2% acetylacetone 1.5
ml+1.25 N Na;CO; 50 mlZ &3 A1ek BE p-di-
methylaminobenzaldehyde 1.6 g& ¢HCI 30
mldl 814170 ¥ 96% ethanol 30 ml& 7}siod
2A A2 AR 10 mge 1 mle) 3N-HCIZ &
A capped test tubeol ¥ 3718 ALz A
T % teflone® FEsIH. 100 °CollA] 16AI1%E
Bt VR & A9 E AY vF3 HO
1mlol &8latdct. Zrzbe] Alse #F glucos-
amine 0.5 mlol A2} A-1 2 A28 242 1 ml 7}

Btm 96°CAA AT HgAZ F FWAAY

96% ethanol 10 mi¢t Al¢F B 1 mlE 718t 4-&
ol A 1A1ZF WA E F 535 nmellA FR=E &3
&9t} Glucosamined o]-8-3tod A A
© 2%E hexosamined ¥FE& ZFF3ct IR
X A& 1mge KBr disc Y22 Perkin-
Elmer IR 20& ]88l 2431t Fr. Vel &4
FE FFs) At EEZoR A 2,000,000,
480.000, 162.000 3 38.0002 dextran(e]’
Sigma Chem. Co., U.S.A)& °183le seph-
arose CL-4B gel filtration chromatography
AAEat.
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Table L Antitmor activities of parents, protoplast fusants and nuclear transferants between L. edodes
and G. lucidum against solid form of sarcoma 180 '

Group Dose Average tumor weight(g) Inhibition ratio Complete regression
(mg/kgday) (mean+S.D.) (%) (No. of mice)
Control saline 6.75+1.55 .
Krestin ’ 20 4.02+1.50** 40.44 0/6
L. edodes 20 2.54+1.52* 62.37 1/6
G. lucidum 20 3.29+1.43* 51.26 0/6
1AG1P251 20- 4.10+2.43* 39.26 " 0/6
252 20 4.54+2.02 32.74 0/6
18 20 3.30£1.98* 51.11 0/6
22 20 1.91+1.11 71.70 1/6
30 20 3.83+2.81* 43.26 1/6
33 20 2.81+1.70** 58.37 0/6
38 20 4.33+2.30 35.85 0/6
39 20 2.85+1.87" 7.78 1/6
40 20 4.49+1.93* ) 33.48 0/6
47 20 2.86+1.40** 57.63 1/6
58 20 6.20+2.56 8.15 0/6
60 20 4.31+2.90 36.15 1/6
6151 20 3.10%+1.25* 54.07 0/6
6152 20 5.24+251 22.37 0/6
68 20 3.69+1.07* 45.33 0/6
69 20 4.00+2.69 40.74 0/6
82 20 4.40+1.40* 34.81 0/6
LAGIN2 20 - 5.56+2.39 17.63 0/6
6 20 6.47+2.18 4.15 0/6
10 20 247+£1.07 63.41 0/6
12 20 1.75%0.77** 74.07 0/6
13 20 2.33+2.19* 65.48 0/6
15 20 4.63+0.89* 31.41 1/6
19 20 2.96+1.79** 56.15 0/6
24 20 4.68+1.59* 30.67 0/6
25 20 4.22+1.54 37.48 0/6
26 20 4.324+2.68 36.00 0/6
27 20 5.23+2.14 22.52 1/6
32 20 3.48+2.57** 48.44 0/6
34 20 3.80+2.65* 43.70 0/6
39 20 5.53+2.55 18.07 1/6
50 20 1.49+1.16™ 77.93 0/6
59 20 4.73£2.56 29.93 2/6
60 20 2471207 63.41 0/6
62 20 2.3341.85** 65.48 1/6
63 20 4.85+1.73 28.15 1/6
*p<0.05. **p(0.01 :
o ol ¥ BE N¥g Mk} 8 g€ YA Fr.lol DEAE-cellulose anion ex-

SISO 2a] W MR -8 AR §34 P change chromatography S 2Al3kd 24 o
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Fig. 1. The elution pattern of Fr.I by DEAE-cel-
lulose ion exchange chromatography.

Optical density

Fraction No.

Flg 2. The elution pattern of Fr.IV by sepharose
CL-4B gel filtration chromatography.

sepharose CL-4B gel filtration chromatogr-
aphyg 2Alsle}, I elution 432 Fig.2o v
B '

et A - 4P A SEA P22 o vt TAHA|
258 &2 AT 7+ 2ol distd sarcoma
180 3 ol v B AEE & A3 Fr. IV 20
mg/kg/daye] ¥ JA&o] 63%= 7HE =4 W
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E ‘Tab!e IL Antitumor effects of P22 fractions. on,»«
sarcoma 180 solid tumor

Dose Turmor e ‘
Fraction (mg/kg/  weight Inh%blt,l,on Complete
day) (gmeantSD.) ratio(%) regression
Control 12.54+£2.75 = — 0/8
Krestin 20 6.07+2.94* 51.59 0/8
Fr. | 20 6.51£3.13* 48.08 0/8
40 5.78+2.56" 53.90 1/8
Fr. II 20 8.53+2.56* 31.97 0/8 -
40 8.91+3.44" 28.94 0/8
Fr. 1II 20 7.86+1.98" 37.32 0/8
40 6.32+2.14" 49.60 1/8
Fr. IV 20 4.64+2.30" 62.99 1/8
40 7.86+£3.06 37.32 0/8

* p€0.01. ** p<0.05.
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Fig. 3. Effects of Fr. [V on the life span against
the ascitic form of sarcoma 180 in ICR mice.

ebdtH(Table D). ukehA], ghebado] 7h4 £ Fr.
V& F 3ot 28 o= AFsty, ol ¥ e A
ol AeaaArtt Fr. IV 50379 2% sarcoma
180 E4otel tld P B E&o] 20 mg/kg/day
o) 88N 129%, 50 mg/kg/day &%l 150%
2 v A% £94 A% ZHE 29 (Fig.3,
Table IID).
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eTable Il Effects of Fr. IV from P22 on ascitic
“forms of sarcoma 180

S D Mean
' OS¢ survival
: o
Tumor Group (nclg/k)g/ time (day. T/C(%)
Y’ Mean+S.D)
S 180 Control — 306104 100.0
Fr. IV 20 39.6+15.23 129.2
40 458+11.46™ 149.6

M - -
“T/C(%) = ean surv1.val t{me of treated group

Mean survival time of control group
** p€0.01

Table IV. Monosaccharide contents of the polys-
accharide moiety of each fraction from P22 by G.
L. C. analysis

Monosaccharide Fr. | Fr.11  Fr. 1l  Fr. IV
Glucose 327 68.1 284 53.9*
Galactose 8.2 44 23.9 6.7
Mannose 40.1 14.7 19.5 29.3
Fucose 5.2 3.4 4.8 4.7
Xylose 10.7 8.1 23.3 54
Ribose 3.1 1.3 N.D. N.D.**

* Mole percentage. ** N.D. means not detected.

Table V. Polysaccharide. protein, hexosamine
contents of antitumor components of fusant P22

Fraction Polysaccharide(%) Protein(%) Hexosamine(%)

I 76.54 18.04 1.54
i 57.23 20.88 1.23
Hl 82.89 4.69 0.89
1\ 69.12 9.76 1.20

BTk gl
hexosamine®] 7t %
Ho} chulvioha AgA z2
V). Fr. IVe] Bagg #138 Sepharose
CL-4B gel filtration chromatographyz 4]
SRS W Fr. Ve B4 ¢ 6.7x 10" dalton©]
Ak, 2t 429 IR spectra 27 LutAQ g
2 g Auret gAleRdc).
3 8
daeh Ao dgdA FFAE dal sar-

coma 180 TR Yol thet gt 4 & HAlsld &

229

deol g A P22E Mgt P29l
WG AR g4 2 2Y Fr. &
DEAE-cellulose anion exchange chromato-
graphy & B3l %9 Fr. I, IV2 ¥, 343}
A, FE e 4 84 £HA Fr IS
At} Sarcoma 180 E el Tl $oF oAl
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