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Studies on Antitumor Components of the Cultured Mycelia
of Interspecific Protoplast Fusant F-2 of
Ganoderma lucidum and Ganoderma applanatum

Kee-Ho Jeong, Won-Bong Park*, Ha-Won Kim, Eung-Chil Choi and Byong-Kak Kim

College of Pharmacy, Seoul National University, Seoul 151-742, Korea
*Seoul Women’s University, Seoul 139-774, Korea

ABSTRACT: On the five interspecific protoplast fusants of Ganoderma lucidum and G. applanatum
was the antitumor test performed. The fusant F-2 was selected, to examine the cultured mycelia
(protein bound polysaccharide) as antitumor components. When a dose of 20 mg/kg/day of each
components purifed from F-2 fusant was, i.p., injected into ICR mice, the inhibition ratio of Fr. Il
against the solid form of sarcoma 180 increased to 1.5 times as compared with that of their parents.
When Fr. Il was examined for immunopotentiation activity, it increased the amount of the superoxide
anion in activated macrophages to 1.2 times and the count of hemolytic plaque forming cells in
the spleen to 4.3 times as compared with that of each control group. Its chemical analysis showed
85.2% polysaccharide which'consisted of glucose, galactose, mannose, fucose and xylose, and 0.39%
protein of 15 amino acids. The content of hexosamine was 0.39% and the molecular weight of
Fr.V was 5.6X10* dalton.

KEYWORDS: Ganoderma lucidum, Ganoderma applanatum, protoplast fusant, tumor inhibition, pro-
tein-bound polysaccharide, hemolytic plaque forming cell, macrophage, cultured mycelia.
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MgSO0,:7H,0 0.5g, agar 20gS ZF UE 7}l
121T, lLlkg/em®ollA 1587t 39k57] =itsled
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(Scheme 1).

DEAE-celiulose column chromatography : A+~
o] 4] 22]%}t Fr. [(11g)4 DEAE-cellulose resin(Cl~
form, Sigma Chemical Company, U.S.A)2. 2 pac-
king#]7] column(6.00 X 43 cm)ol] #-&-3}o] wo] -
FPH7.2)Z 30 mi/hre} $4°2 elutiondled eff-
luent= 7 mi/fraction® 2 E-F3tgch 7 E3df
& F33 %= 625nmo| 4 anthrone ¥hS, 595 nm
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Culture broth (78 )

Filtration with d.w.
f 1
Mycelia Filtrate
Extraction with hot water
(85-90C, 6 hr, 3 times)
Filtration
R 1
Filtrate Residue

Concentration
~ Addition of 3 vol. of cold EtOH (95%)
Storage overnight at 4C

Supernatant Precipitate

Dialysis at 4T for 7 days
Centrifugation

I 1

Supernatant Precfpitate

Concentration
Freeze-drying

Fr.1 139
{brown powder)

Scheme 1. Extraction and separation of antitumor
fractions from the fusant F-2 mycelia of Ganoderma
lucidum and Ganoderma applanatum.
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Sepharose CL-4B gel filtration chromatogra-
phy : 4714 Fe2i3 Fr.l2gE o< A&k
fsted 001M <14kl hEd(pH 6.8)ell &3 A1)
% Sepharose CL-4B(Pharmacia Co)E Z214}71
column(2.7¢p X 87 cm)-&- ©]-&-sle] 001 M <l4kad b
ZH(pH6.8)°.Z 50mi/hre] %% 2 elutionA]Z L.
o 7 ml/fraction®. & ¥323}o] anthrone 4L kA
S Zol 5%, FAN=slY] I YEte] Fra-
ction V(600 mg)®} Fraction V(950 mg)& <At}
(Scheme 2).
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Fr. I (11 g)l

Dissolution in d.d.w.
Centrifugation

Supernatant Precipitate

I Column chromatography on DEAE-cellulose (Cl’form)l
| Elution with 2M NaCl

I Elution with d.d.w.

Nonadsorbed Fr. {Eluted}
(Neutral fraction)

Adsorbed Fr. {Uneluted}
(Acidic fraction)

Concentration
Freeze-drying

Fr. I 3g) Fr. 11
(White powder) 2g)

Concentration

Concentration
Freeze-drying

Fr. 1T (2g)
(brown powder)

Dissolution in 0.01 M sod. phosphate
buffer (pH 6.8)
Centrifugation

[ )

Supernatant Precipitate

|
l Gel filtration on Sepharose CL-4B

Elution with 0.01 M sod. phosphate buffer
(pH 6.8)

Concentration

Dialysis at 4C for 3 days

Freeze-drying
Fr. IV (600 mg) Fr. V (950 mg)

Scheme 2.Purification of the antitumor components
from the cultured mycelia of the fusant F-2.
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\ ICR mouse bearing sarcoma 180 cells, (ascites form)\

Sacrificing with cervical dislocation
Collecting the ascites fluid
in ice-cold saline

I Ascites fluid

Centrifugation at 400 xg for 5 min
Cytocentrifugate

Washing with ice-cold saline

Dilution to 2 x 10° cells/m/

Inoculation into left groin
(s.c, 0.1 mi/mouse)

ICR mice inoculated with sarcoma 180 cellsl

After 3 days, administrating samples .-
@@.p., once daily for 10 consecutive
days)

Sacrificing on 28th day
after the tumor inoculation

Excising the tumors

rWeighing solid tumors l

Scheme 3. Procedure of antitumor test in vivo.

2R o3l oel 4 A WE-E(percent
inhibition ratio=LR., %)< AArs}aict IR, %=
(CW~TW)/CWX 100, 3714 CW+= thzre] e
Fof Fopolw TWx Fola-9] o+ T4 Folrt
stot MEo| FHgJ|Mo| it HAsE @

1) vl$2o] 48wt A AES ulx= 3
CaE 94 Az 42 Cunningham(1973)
o] whS TfEkste] kgt el AldEsiti(Jerne
et al., 1963). AP FEL2 ICR v+2(8, 20-25g9)%
A4 o, Scheme 49} Zo} A¥slgich ICR v}
F2(8, 20-25¢)F AH8-3hodct. Ak HBSS(pH 7.
3), 0.83% NH,CI solution, DEAE dextran (0.05%,
Pharmacia Co.), Agar(0.5%, Difco, U.S.A)) % Sheep
Red Blood Cells(SRBC) ¢]9it}. SRBC+= &=
HEAYMANA ko] A8

oFE-5o] 9! immunization . 7+ A¥Fwl} 6v)
2]e] m-2F Algdle] tizTel= X ASE
= Fr.1l 40 mg/kg®-& vl 13]
el Fabete], HE AR
Fold ZHE 79 Fof SRBC(1X107 cell/0.1 m)E
ErdWo) FAbsted MAZA ZHKNiels ef al., 1963;
Kikuo et al., 1975; Klaus et al., 1987). v|AA|E
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e AZsle] whiel HBSSe} Al Ws4AA
13 2}A) 7132 400 xgol Al 587t LA
alsted Al NS AA F 37C 9 0.83% NH,Cl £
A 37 WA AHYTE AL
g]ste] wlve] HBSSe H-#A1A Ad
77} AAY AN EZFE SA5A 50% SRBC
Az Alsever's 4o ¥=5 SRBCE A4 d
222 33 A33L(400 xg, 53) 50%(v/v)7t HEE
AelAld el A7tk Agar g9 Alx
HBSSel| 0.5% agare} 0.05% DEAE dextran-g 2
Bl & o] g 47C B FA| 3tk vk Eqkey
Az 25uwWe 50% SRBC, 25/ complement, 350
wel agar A3 150w WAAE FfAEs F4
35} culture plateo)] ©] &3} 150 WE 7}skx
microscopic cover glassE o] Zdch wlka 2
A A - 91¢] agar plateZ 37C oA 3417 al Yk F
A5 4sar A AZPE 543 KScheme
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N : number of plaque observed in one cover

glass

C :count of spleen cells in 1 m/ of spleen

cell suspensions

Vm : volume of incubation mixture filled into

one cover glass (m/)
Vs :total volume of spleen cell suspension
(m/)

2) w}$~9] macrophage(M¢) s}l w]|
od8F : ICR w}$-2(8, 20-25g)5 AH-sidch Al<k
9 ) Z= HBSS (pH 7.3), PBS (pH 7.3), Ferricyto-
chrome C(Sigma Chem. Co., USA), 0.5% sodium
dodecyl sulfate solution, Human serum(Sigma
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I ICR mice

Sample (40 mg/kg/day, i.p.) injection for 5 days

On the 7th day after completion of injection,
immunization by SRBC @ip, 1 x 10® cells/ml)

After 5 days, sacrificing mice, weighing body weight,
excising spleen and weighing spleen

Homogenization with ice-cold HBSS

Centrifugation at 400 x g for 5 min

Hemolysis with 0.83% NH4Cl soln. at 37C
for 5 min

Centrifugation at 400 x g for 5 min

I Spleen cells without erythrocytesl

Washing with ice-cold HBSS 3 times
Cell counting with a hemacytometer

ISpleen cell suspension (1 x 107 cells/ml)l

Adding 150 W of the suspension, 25 W
of 50% SRBC and 25 W of complement to
350 w of agar soln. (47C)
Mixing
Placing 150 W of the mixture on the culture dish
Overlaying a microscopic cover glass on the mixture

lﬁg,ar plate with spleen cellJ

Solidifying the agar plate
Incubation in a 5% COq incubator at 37C for 3 hr

| Counting hemolytic plaque forming cells

Scheme 4. Assay procedure of hemolytic plaque for-
ming cells.

Chem.
USA),
USA), Opsonized zymosan : Zymosan A(Sigma
Chem. Co. USA)E 10 mg/m/Z PBSe) W 147}
#3l F 33 43 50 mg/mlE PBSel| o)L zymo-
san¥} human serum-2-
224 Wi} F A4¥eisiel PBSE HEBES 10
mg/m/o] SES Azahgeh
D B4 R BT Lovfele] ohp

Co., USA), RPMI-1640 medium(Gibco Co.,
Tissue culture multiplate well(Falcon Co.,

AgPFez vPre] 2372 sarcoma 180 “}—?——/:—4
AZ Ao o]l o} E 27 HAo 23l
25 478 oA dzas FEFAToR o
el Aot Fr.Il 2 Fr. V(40 mg/kg/day) o4
B-& v 13) 547k oS Fof sl c(Sabato ef al.,

1988 ; Richard et al., 1975 ; Ito et al., 1983).
@ BRAELF) Moo Az }EFo] gum

[Normal and tumor-bearing ICR miceJ

Injecting sample for 5 consecutive days
(40 mg/kg/day, i.p.)
On the 5th day after completion of injection,
sacrificing the mice
Collecting peritoneal cells with PBS
Cenirifugation at 2000 rpm for 10 min

Peritoneal cells

Adjusting to 1 x 10°% cells/m/ with a
hemacytometer

multiplate wells

Incubation in a 5% COj incubator at 37C
for 2 hr

Eliminating non-adherent cells by washing
3 times with PBS

Adding 1 m/ of PBS

@crophages adhering to the plate |

Adding 1.5 m/ of PBS containing 10 mM
glucose, 80 uM ferricytochrome C and
0.2 mg/m/ of opsonized zymosan

Incubation of the plate for 90 min at 37C

Centrifugation of the culture (3000 rpm.

10 min)
Transferring the supernatant into an

ice chilled test tube

[ Precipitated cells I

Adding 1 m! of 0.5%
sodium dodecyl sulfate

Storing for 5 min

Bradford test (595 nm)

———I The amount of protein (macrophage)

Supernatant |

O.D. at 550 nm

1:49) v)&= 37ColA 30 -

|SOA per unit protein [

Scheme 5. Procedure of superoxide anion assay in
activated macrophages.
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PBS 1.5mi¢ 7}slar 37C ¢4 903?‘7]- ufj o3t 3
3000 rpmell 4] 5E7F AFe]dte] A HLE P4
P &7 550 nmell A FF=F 5.“25‘3}93‘\‘:}- A
A% Mo AlEE 05% sodium dodecyl sulfate 1
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Adding 1.5 mi of each aliquot to tissue culture
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E 718 587 WA & HAE A kS Brad-
ford testZ &8} r}. ferricytochrome C-& 550
m &L =Zste] whlaln; SOARS A4k}
‘}iﬁ‘r(Scheme 5).
AEs=21X10*M 'em™!
SOA nmol/well=0.D. at 550 nm X 15.87
SOA nmol/mg protein=(0.D. at 550 nm X 15.87)/
M¢ amount(mg)
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79| ek .

D} Al geF S ohdAe) ek Herbert
s(Herbert et al, 1971)2] upH o2 anthrone A
okzl whg-dle] whAY A2 625 nmef 4 Shima-
dzu UV spectrophotometer @ =4 s}9]c}.

2) p}uﬂz] gef = D}Bﬂxl 'sl-al:_A Bradford
test(Scopes, 1987)9] whol| F3}413, bovine se-
rum albumin(Sigma Chem. Co.)& XFo8 Al
3to] AlgFe] ol ke =Aeiqdo)

3) Hexosamine ¥ =3

(A) Atef:

@O EF glucosaminedl] i3t 2] A : acetylace-
tone 1.5m/e] 05N Na,COs; 50 m/E 7}s}gdc). A
2ol gk AleF A: acetylacetone 1.5miel 1.25N
Na,CO; 50 miE 7}s}sdch.

@ A<k B: conc. HCI 30 mie]| p-dimethylamino-
benzaldehyde 1.6g2 =9 ¥ 30 m/ 9% ethanol-&
7}ghe},

(B) w4

Elson-Morgan methodol] F3lo] AA)slgdc}
(Chaplin et al., 1987). 7+ A% 5mgell 3N HCI 1
mlE 93 Ax 7hAE 2071 F 1007 <A 15
AL R bl Skl AZxAA 1ml
H,O00l =) ZHzhe] A1 8¢9} %% glucosamine 0.5
miell AloF A 1mlE 7}8har 96C ol A 1417} ukg-
A7) & Aol A A8 10 ml 96% ethanol¥} 1 ml/

=5 FA2 535 nmell A FREF
slgich glucosammea o]&-3}e] 2HAIF} stan-
dard curveZ € & A Arsted

: H

hexosamine &2F& A

4) e ¥4 g g s Qe v

< Mitruka(1975)9] Bbfel F8hgl.on
|5 5mge 4% HCI-MeOH9} &4 teflon-sealed
cap tubeel] Y3 HAxE A7) & 80% 5T off 4]

bd

20417t %<} methanolysisA Zith o] #sle] 72kt
Z % 1mlY pyridineel %3¢ ©}& 0.2 m/2] hexa-
methyldisilazane} 0.2 m/ trimethylchlorosilane-2-
7Velal 30%7F Aergt ¥ 308 #x3%F Gas Liquid
Chromatography(GLC)E AlA|3tgdct 24+ 5% 5
mgA%E 43 zre 2 GLCE A8l zh7he)
kR AE-2 relative retention timeo 2 FA 5}
AL AHuE peak WAL AAbste] Falr}
(Scheme 6).

5) o}u]ie Al 4] | il Al s FAFNE ofu] e AkS
£4317] 918 A& 5mgs 5m/9 6 N HCl= &4
teflon sealed cap tubed]| ¥ A4=E FAF o}
W55l 110+ 5T of| 4] 2447k 7]’4\—%3}]*]%’1‘4- |
o]zl 7R ES st AES Ax F 002
N HClel| o] opw]e it A5 #4712 F48kglrh
¢def#l chromatogram< %% o] 4t chromatog-
ram¥} ¥])i3}ed peak area methodel] 23] A=ks}

6) YAaE-A Alse] YAz Perkin-Elmer ¥
FA7) 5 o] &ste] Aakslsiv) AkAiv]EE A
=2 100"“*1 7she] AlAksld 31, ~;L7-1]'

Sepharose CL-4B gel filtration-& 4l
A)ske] YA skdc). Fraction V #3jeks 2748)7]
93te] EFE dextran #AE 2,000,00054 480,000
183 60,0008 o].&s]—o:] Qlate] gElo T 40
mi/hre] §40 % elutionA]|#] elution volumee
T8k, Fr.ll® %o A0 2 AAsto elution
volumeg 73§ BEFF<9 FAkel 3} logarithm
© 2 Fraction V& 22}=2F8 Fatgiti{Cooper ef al.,
1977).

2 o

QUHEH SEFF F-29| UL FAIZRE THY
ciedel 221 ¥ " dAMAT 2w 2y
Ao WFAA FPFF P20 ke 78RYE
ZAEeKFr. ) 13ge 993, Fr.I(11g}% DEAE
cellulose ©]&w3h& AlA])sle] A E}_r;}jﬂ Aol
AW RuKFr D) g2 A4 ohddl Adeel 742
(Fr.1ID 2g-¢ <tk 2 elution ookAO].% Fig. 1
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Assay material (5 mg)

Mixing with 2 m/ of 3% HCI-MeOH
Substituting air in the tube

with Ny and sealing
Methanolysis at 80+ 5C for 20 hr
Filtration

| Filtrate (methanolysat‘e)—J I Residue]

Evaporation in reduced pressure

Dissolving in 1 m/ of pyridine

Trimethylsilylation with 0.2 m/ of TMCS
and 0.2 m/ of HMDS

1 TMS-monosaccharide

Centrifugation at 1000 rpm for 10 min

Filtrate

G.L.C. analysis

Scheme 6. Procedure of monosaccharide analysis.

2t} =3t Fr. [1(2g)E Sepharose CL-4B gel filtra-
tione AAlsle] aEalEke} Fr. IV(600 mg)et =&
Z4e2] Fr. V(950 mg) F7H A#-& Ak 1 elu-
tion FA+& Fig 29} v}

solalE | F2ol Wik FARRE FelQ 7 2
3 E'_i‘-ridl tste] kA RE 3 A F29
7H JEEL 287T~6450%, BFFEL 40.81~49.
11%9] €% dA2-8-& JehickTable 1).

st Eol 27| et Hfely Fxf

1) vhfo] £3uk A A EGpol )3 od 3k Fr,
II Foi7-9] £8nt AN ZPFC= dlzTo 1))
4299 ZF7}3teic(Table 2).

2) macrophage 2413}ol| o3t 33 Fr. Il o
79 superoxide anion ¥B|gE tjFTo] w3
Aol A 121w A Frlstglon, Fr.V o
T 1179 4 £71819iciTable 3). E-7F A E.9}
90+ v o} ¥ culture plateell #2% macrophageZ
Zgslch
BISHEA ) 7 B Az
A ALsg FAEYY 1 tﬂahdl‘* Table 42}
o, 7t 4j3e] cpkAsh gl gk Table 59}
3 hexosamine 372 glucosamine standard cu-
rveZFE T3RivkTable 6). 2F A9 ©df &
A Z3= Table 73} o] AME Aboldt A& B
o, opiAs T3l olrimale] A A4

ol

, DDW. (pH 7.2) 2M NaCl |
] 1

3301_ Fr. III | bl | 625 nm
B ®-® 595 nm
[
A 20
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Fig. 1. The elution profile of Fraction I obtained from
the mycelia of F-2 by DEAE-cellulose ion-exchange
chromatography.
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Table 1. Antitumor activities of the fusant and their parents.
Fraction Dose Tumor weight (g) Inhibition Complete
(mg/kg/day) (Mean* S.D.) ratio (%) regression
Control Saline 7.40% 0.70* - 0/7**
Krestin 20 2.71+ 1.16 63.38 1/7
GL 20 377+ 1.23 49.11 0/7
GA 20 438+ 1.14 40.81 0/8
G1-108 20 3.8910.93 4743 0/8
Ga-880 20 416+ 0.69 43.78 0/8
Fr. I 20 3.23+0.92 56.35 0/7
Fr. II 20 2.62+ 1.16 64.59 1/7
Fr. III 20 3.72+ 0.56 49.73 0/8
Fr. IV 20 3.85+1.30 47.97 0/7
Fr. V 20 3.36% 1.50 54.59 1/7
Fraction Dose Tumor weight(g) Inhibition Complete
(mg/kg/day) (Mean=* S.D.) ratio(%) regression
Control Saline 5.69+ 0.70* - 0/7*
Krestin 20 2.75+ 1.02 51.62 0/7
Fr. I 20 2.74+ 1.06 51.85 0/7
Fr. 11 20 2.33+0.85 58.97 0/7
Fr. IV 20 408+ 1.09 28.77 0/7
Fr. V 20 297+ 1.02 47.82 0/7
$<0.01, *Mean= standard deviation, *Number of ICR mice used
Table 2. Effects of the antitumor component on the MW,
hemolytic plaque forming cells (PFC) in the spleen
of ICR mice immunized with SRBC. T-2000
Control group Treated group
Body weight(g) 2401+ 1.36* 21.32+ 182 10° -
Spleen weight(mg)  134.29+42.71 136.17+ 23.63 T-480
Spleen cell count(x107) 329+ 0.30 299+ 0.10
PFC/10° spleen cells 145.98+ 43.73 489.10+ 53.25
PFC/spleen(x10%) 3.37+ 0.83 1446+ 4.38 10 F
*Meant standard deviation, p»<0.05 ! T-60
Fr. V
(5.6 X 10%
whg-2ao] Wl gl chat J e Fr.llE FoiA
HIAAEE A 3ste] FAE A S8R
A4 ALB cell) & EH&LOH ul s 4.200 Z7}A) R vvam———
How, Fr.1l % Fr.VE 7 ojale] E7hl Al Elution volume (mf)

E %] macrophage$] &4 lei% superoxide anion
e R A A 747 digtel] Hls 121
Wl 1178) ko] Few %—7}7} P A

o] A%

Fig. 3. Standard calibration curve for the determina-
tion of molecular weight of Fraction V. The elution
volume was plotted against the logarithm of molecu-
lar weight.
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Table 3-a. Effects of the antitumor component (Fr. II) on the release of SOA by induced macrophage (Mo)

from normal and tumor-bearing mice.

Group Mo contents SOA released Ratio
(mg/mll) (nmol/mg protein) (t/c)
control 0.058+ 0.001 102.401+ 0.343*
Normal 1.21
treated 0.059+ 0.009 123.437+ 0.308
control 0.068+ 0.004 89.783x£ 0.514
Tumor 1.11
treated 0.063+ 0.014 99414+ 3.114

*Meant standard deviation, $<0.01

Table 3-b. Effects of the antitumor component (Fr. V) on the release of SOA by induced macrophage (Md)

from normal and tumor-bearing mice.

Group Mo contents SOA released Ratio
(mg/mll) (nmol/mg protein) (t/o)
control 0.013+0.001 481.934+ 12.649*
Normal 117
treated 0.012+0.001 563.023+ 15.523
control 0.012+:0.002 516.350+ 70.850
Tumor 1.03
treated 0.011+ 0.002 529.635+ 71.866

*Meant standard deviation, p<0.01

Table 5. Polysaccharide and protein contents of the
fractions of the fusants and their parents.

Table 4. Elemental compositions of the fractions of
the fusants and their parents.

Fraction C H 0 N . Polysaccharide Protein
Fraction
Fr. I 6.00* 10.08 6.68 0.26 contents contents
Fr. I 6.00 10.26 6.70 0.02 Fr. 94.42+ 7.58* 410+ 0.37¢
Fr. I 600 968 6.50 0.12 Fr. I 85.16+ 8.86* 0.39+ 035
Fr. IV 600 12.66 10.14 001 Fr. III 97.41+ 5.11* 652+ 0.23
Fr. V 6.00 13.98 701 0.12 Fr. IV 50,53+ 0.42* 0.31+ 0.08
GL 6.00 9.38 6.31 0.08 Fr. V 37.76+ 6.90* 041+ 031
GA 6.00 936 6.23 0.44 GL 90.32+ 8.31** 3.17+ 0.05
G108  6.00 9.76 6.48 0.05 GA 67.58+ 1.60** 6.72% 0.04
Ga-880  6.00 978 7.06 0.28 G1-108 81.394 8.14** 217+ 0.08
*Expressed as the mole ratio Ga-880 48.25+ 1.45%* 548+ 0.25

*Mixture 1: Glucose (68.46%), Mannose (17.58%), Ga-
lactose (9.18%) and Fucose (4.79%)

=& AAHd Mo 8437k HeblTh 2 = sviviure 2: Glucose (56.88%), Mannose (13.99%)
$on@ B celle] &3k o3 Hgztgoz 3 Galactose (24.72%), Fucose (342%) and Xylose
g vehdtkz @ 5 givh (0.98%)
“Mean= standard error (expressed as the weight per-
centage)

7 A TS ' pa, Ahdt s
TAEAL chgA e} A =
BT v)s) F- 28] crude AJ¥-9l Fr. 1< 94.42

9 Zsbodcth =g ool Al AgsE o}
ohd A o} 41%4 RS IR A AA 27] 94 hexosamine¥S ZAsE A7) 2d3st
sivtzell mhebd Hap oiebAel A Fefol 3+ FIEF AR EFNA hexosamineo] FHEH A
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Table 6. The contents of free hexosamine and N-ace-
tylhexosamine of the fractions of the fusants and
their parents.

Fraction Hexosamine (% w/w)
Fr. 1 0.83+ 0.02*

Fr. 11 0.39+0.04

Fr. III 0.79+ 0.09

Fr. IV 0.04%0.01

Fr. V 0.30+ 0.04

GL 0.63+0.01

GA 0.99+ 0.01
GI-108 0.37+0.07
Ga-880 095+ 0.12

*Mean= standard deviation
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Table 7. Monosaccharide contents of the polysaccharide moiety of the fractions of the fusants and their parents

by G.L.C. analysis.

Fraction Glucose Galactose Mannose Fucose Xylose
Fr. 1 69.36* 20.29 9.85 N.D.** ND.
Fr. I 35.80 34.13 18.03 7.14 491
Fr. 11 89.06 1.80 9.14 N.D. N.D.
Fr. IV 71.05 28.95 N.D. N.D. N.D.
Fr. V 18.65 3843 32.95 9.97 N.D.
GL 5243 18.92 14.36 14.30 ND.
GA 53.77 1491 2647 4.85 N.D.
Gl-108 90.76 2.89 6.36 N.D. N.D.
Ga-880 76.87 N.D. 2313 N.D. N.D.

*Expressed as the area percentage. **Not Detected
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Table 8-a. Amino acid contents of the protein moiety of the fractions of parents types.

Amino acids Retention time(min) GL GA GI1-108 (Ga-880
L-Aspartic acid 8.46 8.06 10.81 8.59 9.39
L-Threonine 9.32 10.93 6.33 9.00 8.70
L-Serine 10.04 15.28 11.14 12.61 - 1049
L-Glutamic acid 10.85 8.09 10.18 9.91 9.23
L-Glycine 15.92 10.31 15.23 11.29 1146
L-Alanine 17.34 12.80 9.48 13.13 10.15
L-Cysteine 19.69 0.42 0.27 N.D.** N.D.
L-Valine 22.56 6.33 5.83 5.5 8.08
L-Methionine 23.89 0.80 097 0.83 1.20
L-Isoleucine 26.01 223 201 2.05 2.54
L-Leucine 2725 4.45 348 3.67 447
L-Tyrosine 29.24 1.05 143 095 1.32
L-Phenylalanine 30.61 1.35 1.67 1.31 2.03
L-Lysine 35.28 321 411 3.02 4.27
L-Histidine 39.25 118 1.27 0.96 0.95
L-Arginine 46.25 1.35 1.96 1.15 1.78

Table 8-b. Amino acid contents of the protein moiety of the fusant components.

Amino acids Fr. I Fr. 1I Fr. 1II Fr. IV Fr. V
L-Aspartic acid 10.79* 413 9.00 5.32 401
L-Threonine 6.61 10.39 8.71 4.02 7.76
L-Serine 11.07 18.84 9.97 5.87 13.06
L-Glutamic acid 7.32 3.98 6.78 6.78 346
L-Glycine 11.33 8.96 11.56 6.61 7.08
L-Alanine 9.64 17.73 10.72 8.52 11.25
L-Cysteine N.D.** N.D. 0.34 N.D. N.D.
L-Valine 548 531 7.56 7.71 6.22
L-Methionine 0.85 154 1.11 N.D. N.D.
L-Isoleucine 1.69 2.08 1.87 3.34 1.24
L-Leucine 3.32 3.70 4.20 4.99 2.30
L-Tyrosine 1.74 0.87 1.56 N.D. 0.38
L-Phenylalanine 1.64 1.77 1.58 242 1.18
L-Lysine 343 2.70 321 4.52 2.62
L-Histidine 141 047 0.99 _ND. 0.39
L-Arginine 170 1.06 1.58 N.D. 0.84

*Expressed as the mole percentage, **Not Detected



Jeong, Park, Kim, Choi and Kim: Studies on Antitumor Components of the Cultured Mycelia of
Interspecific Protoplast Fusant F-2 of Ganoderma lucidum and. Ganoderma applanatum

443t o]2)9 thE 7)Aol o3 FatE-E veb

HE o g mEFet 3T F2d) “H?i}

a7 oAl Gl gee) Apolstel

359} olv|iake] FA gl peak pattern® A2

olg Zom Bol Fole] & F2i BiFe}
Z

A dr e LB

o
32 7
U

W =T

WA Ganoderma lucidum; )2 A A
Ganoderma applanatum 2] V3 AA F3HE3F 5709
3te] dtAlE-& AA|5Fe] 1 FollA K= Ao
W) Bqkele] Eo §UTFF F2g sl 2
P EE 2A] dobol SRAS) FAE Ay
Weksli W5FEERAE Qe ol o
DEAE cellulose ion exchange column chromatog-
raphy$} Sepharose CL-4B gel filtration-& ©]-8-35}¢]
5712 #H(Fr. I-V)eg §-2], AAste] ngrss
of Aol v, FAsch WFFo} Belg 7}
NEEE 20 mg/kg/day FHLE oh28] Bkl
Foi319dS& vl sarcoma 180 L3 gol tfste] F

B} §A ARFr Do FokdAlgo] Hi 15
R Z7bE 2e)a npese) W] ke
SlAE PULEE AT Ash ozl Wl &

A7-]E
)

P

Azt PALA FoljA] HuEls superox1de anion 2}
& 12w, NI EZF2] &3k A AEFE 43
ez Z7HA F ek Sk Ael ofFhd o) RS glu-
cose, galactose, mannose, fucose®} xyloseZE A1 %
thdF7h 85.2%0) 156%9] ofmkito g FAH
okl o] 0.39%°]%1 3, hexosamineo] 0.39%% T
AdEglen] FaleFe- 56X 10° daltone]sic).

Acknowledgments

This research was supported in part by a grant
from the Research Center for New Drug Develop-
ment, Seoul National University and we gratefully
acknowledge the support. This report is dedicated
to the late Professor L. R. Brady, University of
Washington for his encouragement and advice to
our research.

335

02k

rek

IpEs

Chaplin, M. F. and Kennedy, J. F. 1987. Carbohydrate
Analysis. IRL Press, Oxford, 174pp.

Chihara, G., Hamuro, T., Maeda, Y. Y., Arai, Y. and
Fukuoka, F. 1970. Fractionation and purification of
the polysaccharide with marked antitumor activity,
especially lentinan from Lentinus edodes. Cancer
Res. 30: 2776.

Chung, K. S. and Kim, B. K. 1985. Studies on antitu-
mor constituents of Pluteus cervinus. Seoul Univ.
J. Pharm. Sci. 10: 1.

Cooper, T. G. 1977. The Tools of Biochemistry. A Wi-
ley-Interscience Publication, New York, 169 pp.
Cunningham, A. 1973. Plaque assay for antibody pro-

ducing cells. Prog. Allergy 17: 5.

Espenshade, M. A. and Griffith, E. W. 1966. Tumor
inhibiting basidiomycetes isolation and cultivation
in the laboratory. Mycologia 58: 511.

Fujii, T., Maeda, H., Suzuki, F. and Ishida, N. 1978.
Isolation and characterization of a new antitumor
polysaccharide, KS-2, extracted from culture myce-
lia of Lentinus edodes. ]. Antibiotics 31: 1079.

Gregory, F. ]., Healy, E. M., Agerborg, H. P. K, Jr.
and Warren, G. H. 1966. Studies on antitumor sub-
stances produced by Basidiomycetes. Mycologia 58:
80.

Hamuro, J., Rollinghoff, M. and Wagner, H. 1980. In-
duction of cytotoxic peritoneal exudate by T-cell
immune adjuvants of the B-(1—3) glucan-type len-
tinan and its analogues. Immunology 39: 551.

Herbert, D., Phipps, P. J. and Strange, R. E. 1971.
Method in Microbiology. 5B: 265pp.

Hyun, J. W., Choi, E. C. and Kim, B. K. 1990. Studies
on constituents of higher fungi of Korea (LXVII),
Antitumor components of the basidiocarp of Gano-
derma lucidum. Kor. J. Mycol. 18: 58.

Ito, M., Hidehiko, S. and Saburo, Y. 1983. Superoxide
anion and hydrogen peroxide release by macro-
phage from treated with Nocardia rubra cell wall
skeleton. Gann 74: 128.

Jerne, N. K., Nordin, A. A. and Henry, C. 1963. Cell-
Bound Antibodies. Wistar Institute Press, Philadel-
phia, 109 pp.

Kang, C. Y., Shim, M. ], Choi, E. C, Lee, Y. N. and
Kim, B. K. 1981. Studies on antineoplastic compo-
nents of Korea basidiomycetes, mycelial culture
and antineoplastic component of Ganoderma luci-



336 Kor. ] Mycol. Vol. 20, No. 4, 1992

dum. Kor. Biochem. J. 14: 101.

Kikuo, N., Chikao, Y. and Kenji, T. 1975. Restoration
of antibody formation capacities by PS-K in tumor
bearing mice. Gann 66: 365.

Kim, B. K., Chung, H. S, Chung, K. S. and Yang,
M. S. 1980. Studies on the antineoplastic compone-
nts of Korean basidiomycetes. Kor. J. Mycol. 8: 107.

Klaus, C. G. B. 1987. Lymphocytes. IRL Press, Oxford,
119 pp.

Komatsu, N., Okubo, S., Kikumoto, S. Kimura, K,
Saito, G. and Sakai, S. 1969. Host mediated antitu-
mor action of schizophyllan, a glucan produced by
Schizophyllum commune. Gann 60: 137.

Lee, C. 0., Choi, E. C. and Kim, B. K. 1987. Immuno-
logical studies on the antitumor components of Ly-
ophyllum decastes (1), Yakhak Hoeji 31: 70.

Maeda, Y. Y. and Chihara, G. 1970. Lentinan, a new
immunoaccelerator of cell-mediated response. Na-
ture 229: 1971,

Min, H. K,, Choi, E. C. and Kim, B. K. 1980. Studies
on the constituents of the higher fungi of Korea,
Components of Russula pseudodelica and Micropo-
rus affinis. Kor. J. Mycol. 8: 13.

Miyazaki, T. and Nishijima; M. 1982. Structural exa-
mination of an alkali-extracted, water-soluble hete-
roglycan of the fungus Ganoderma lucidum. Carbo-
hydr. Res. 109: 290.

Niels, K. J. and Albert, A. 1963. Plaque formation
in agar by single antibody producing cells. Science
140: 405.

Park, D. W, Shim, M. J. and Kim, B. K. 1979. Studies
on the constituents of the higher fungi of Korea
(XVII), Production of antineoplstic components by
the submerged culture of Lentinus edodes. Seoul

Univ. J. Pharm. Sci. 4: 19.

Park, S. H., Choi, E. C. and Kim, B. K. 1989. Studies
on protoplast and nuclear fusion of Ganoderma
species. Proc. Intern. Symp. on New Drug Develop-
ment from Natural Products. May 2-3.

Peberdy, J. F. 1989. Fungi without coats-protoplasts
as tool for mycological research. Mycol. Res. 93: 1.

Richard, B. J., Bernard, B. K. and Hara, P. M. 1975.
The role of superoxide anion generation in phagoc-
ytic bacterial activity. J Clin. Investig. 55: 1357.

Roland, J. F., Chmiolewicz, Z. F., Weiner, B. A. and
Gross, A. M. 1960. Calvacin: a new antitumor agent.
Science 132: 1897.

Sabato, G. D. and Everse, ]J. 1988. Microassays for
superoxide and hydrogen peroxide production and
nitroblue tetrazolium reduction using an enzyme
immunoassay microplate reader. Meth. Enzymol.
132, 407.

Scopes, R. K. 1987. Protein Purification, 2nd ed., Spri-
nger-Verlag, New York, 306 pp.

Shim, M. J., Park, E. K. and Kim, B. K. 1979. Anti-
neoplastic activities of Coriolus versicoloy, Pleurotus
ostreatus and Lentinus edodes. Arch. Pharm. Res. 2,
145.

Shin, H. W,, Kim, H. W,, Choi, E. C., Toh, S. H. and
Kim, B. K. 1985. Studies on inorganic composition
and immunopotentiating activity of Ganoderma lu-
cidum in Korea (XLIII). Kor. J. Pharmacogn. 16,
181.

Tsukagoshi, S. and Ohashi, F. 1974. Protein-bound
polysaccharide preparation, PS-K, effective against
mouse sarcoma 180 and rat ascites hepatoma AH-
13 by oral use. Gann 65, 557.

Accepted for publication on December 23, 1992



