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Differenciation of Exopolysaccharide Produced by
Submerged Cultivation of Ganoderma Ilucidum
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Abstract

Exopolysaccharide (CBP) from submerged culture broth of Ganoderma Ilucidum
mycelium and the water soluble (BWS) and water insoluble (BWI) fractions of CBP
were prepared by gel filtration. Antitumor activity and effects on proliferation and
differenciation of human cancer cells and mouse NIH 3T3 cells were studied.
Cytotoxicity test of CBP, BWS and BWI fractions on human cancer cell lines was
performed by using sulforhodamine B (SRB) assay. A549 (lung carcinoma), Colo320 DM
and HSR (colon carcinoma), and NIH 3T3 cells were used. BWI fraction showed the
strongest cytotoxicity (maximum 20% survival) to all human cells tested. However it did
not induced apoptosis. Interestingly BWI fraction did not exert cytotoxic effect on NIH
3T3 cells at low concentration of cells (5x10) but strong toxic effect at high
concentration of cells(5x10°) which showed transformed morphology. These results
suggest that BWI may have cancer cell specific anticancer activity. However, BWI
fraction did not effect the amount of pRb and c-myc protein, which implied that BWI
fraction did not act at the early stage of signal transduction pathway. CBP fraction
induced differenciation of human leukemic cell line, HL-60 cells suggesting the
carcinogenesis prevention of normal cell and possible induction of normalization for

cancer cell.
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] A

o A ¢

4 gddBWS)H E84 g3 BWDeRE T8 5m,
BWSe} BWIE dzael #uz Ag o] 7
7} 97.8 2 99%o°l sttt BWSeF BWIS] 49
L g2 vAHF n3 7R 2 glucose, galactose,
xylose, mannose % fucoseE ¥TTOoZ g3ul
!
}

A

I

AWk gel permeation chromatography = 3 &
Ze 7h7 1.2x10° 2 1.0x10° daltono & uj¢-
ko, thE WA T FoAs Rolx e A
BYx, FATY =4 (glucose:
galactose: xylose: mannose: fucose)®=  Z}Z}
3.6:1:15:05:2.1: trace ¥ 1.7:1.9:1.0:1.2:02% 1%
Qho] mieobi= w9 EsiTi6]

wEtA] ols MEY Rl uig Aed 54
off tigk HES FaAdo] vg &2 d o2
T HEs AAolth. 53], dAEdd FolAd A
Aoy TEAA MEY HAAJA multi-
cellular organisms #A 3= F 23 mechanism
F9 Ul AxEste FA ) gEiAe dE B
¥ b gl

wEba] Al A= X ARA O] A ul) o]l
ofgt Mxe 7 v AEEy 24s AT
stua Wty ZEAEEZ o] 83t cytotoxicity,
AxS2 2 AEEste] uXE 9 55 HES

B A4S FEsaA Ak

O

=
=
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2. Mz 3 2y

21. M=
Ao A AME-I AHE Ganoderma Ilucidum
(FA 13)9] AAujFe] nfgoidozRE v}

~

2o Aoz A AEY thFHCBP, BWS %
BwWDelolth. PD.A A A RESFAT G4 15

E 10L &9 jar fermenter (Bioengineering,
L1523, Switzerland)& ©]&3ted HITHF 5%(v/v),
pH 50, +% 30C, wW&E% 100mpm 2 7%
05vvmo. = 74zt wigston, o wf AR&3 wuj
Aol AL glucose 5%, yeast extract 0.5%,
(NHy)2S04 0.1% % KHoPO, 0.05%(w/v)o] 1t}
Aol wjFAS 2500xgol A 30+3F YAl ElE
o TAE AAS L vjFdA S Aom o] F H)
A w2 o] 100,000 3+2] of 2474 ] (Sartocon Mini
SM 17521, Germany)® ¥ 33dlo] @0zl F3do
2vf o] acetones 7hstR i, AHE HAAES
A9 FARzste] A 293 (CBP)oZ 3
. CBPE= ThA] A9 T/HFZ 2443 53t
b gaflel AR ( 2500xg, 30%)3te] A
7 B84 AAES d9oH, 7 ¥ w5
gel chromatographysted 7zt =84 (BWS) %
B4 BWD ttdoz B3 FAse] Az
ATt

ol g ol é Bl 2

=

5.

FoE TS

22. M=ZF ek

2 Aol FEFEAAES HAsk=d ol 8" AE
= promyelocytic leukemiaq]l HL-60 (Peripheral
blood, human) A13*, A549 (Lung carcinoma,
human) A%, Colo320(Colon adenocarcinoma,
human) Al % Mouse fibroblast 3¢l NIH3T3
A o] AT}t Mouse NIH3T3 A 3 vl kol = DMEM
R o] 5% bovine calf serum (BCS, Hyclone)©]
A7t wjA 7 o] & E AT Wk, Uw ] AL
RPMI 1640 ®l#] (Gibco)®} heat inactivationA] %l
10% Fetal Bovine Serum (FBS, Hyclone)¥} 100
units®] penicillin-streptomycin (Gibco)E #7}3t

WA & Abgstol ksl u.

o
AME=E 8 B4

2 M
shol thgat el ZA st

2.3.1. SRB assay
Sulforhodamin B (SRB) assay® Al&3to]
cytotoxicityES T3 o] =A3IAtk 96 well
plate (Falcon)oll 5x10%/ml cells®] %= A549
cell& EF38te] 24A12F Bt vjds & A58 A
gstar 4 A A2 3, 10% TCAE A& shed
4Coll A mAXNAY. TCAR A3 & tap water
2 53] washing¥te. 24 growth medium, low
molecular weight metabolites®} serum proteins
AAZ & AZAAY. AZF 04% SRB solution
(in 0.1% acetic acid)& 3 7Fste] 3043t 22l A
AAMAAY. 9 T 1% acetic acidZ 53]
washing3}¢] unbound¥ SRB dyeE A A% & <
A3 AzxsIek 10 mM Tris'CIZ bound dyeZ
=9l % gpectrophotometer (Hitachi)Z ©]-&3}o]
520nm wavelengthol Al &3 =5 =43390 [14].

2.3.2. MTT assay.

AEE 24 well plated] EF3t31 CO, incubator
Al Al dAAIZE wle & ZF agents A8
AA A wlg = 100 x0 MTT solutiong 73}k
L CO, incubatoroll A 4A17F b wjksk 3 A4
&2 wAE AASL 1 M DMSO (IBDE 59

540nm wave lengtholl A &3 %=8 =743 oHI15]

2.3.3. NBT assay.

AEZ djgAozRE 02 me AEXE FHI F
1% NBT (Sigma)®} 1 pg/m¢ TPA (Sigma)E &
o 7§ 308 B¢t 37TolA wgste] dnA
o2 AAH AEE BEsATHI6]

24. NIH 3T3 M=ZE=ZQ
transfection.

c-myc DNA
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%A (Ganoderma lucidum)®| HA gl o) AE] vide] FAAga AT B Lol vA= T

DNA transfectione calcium phosphate-based
transfection WS AHESIATH17]. NIH 3T3 Al
ZE2 1x10% =2 BF3s 1 CO, incubatorol A
overnight B3t & HEE microtubed] 25 M
CaCl, €95 Hg=2 100 843t 05 m¢ H7F
3 & 200 pg (TE buffer) mouse c-myc DNAE
7k & 05 ml 2x HEPES-buffered saline [280
mM NaCl, 1.5 mM NaHPO,, 50 mM HEPES
(Sigma), pH 7.1]e.2 g 3sle] 20% St room
temperatureol A #x3tdth Culture flasks 2
swirling 3tH A EES AE A & & &
So] F11 CO, incubatoroll A 24A3F &< ) oks}
St} Aspiration® 2 HlSFHS A A & 10 ml2
PBSZ Aol Fth 2 me 15% glycerol (in
distilled water)S #7}8l1 swirlinge 2 1%
HALE &9 1% &< WA T aspiration o Z
WgFAs AAs A wAE #Hubsta CO,
incubatoroll A 24417t E<F wj sl

Ml

2.5. Western blot analysis.

gwds SDS PAGEZ ##3 % nitrocellulose
membrane®l| electrotransfersdtSith. @ o] blot
¥ membrane2 blocking buffer [10 mM Tris-Cl
(pH 8.0), 150 mM NaCl, 0.05% (v/v) Tween 20,
3.0% (w/v) nonfat dry milk]l2 1A]17F &b A g
3+ & polyclonal pRb antibody (Ab-2, Oncogene
science) =+  polyclonal ¢c-Myc antibody (UBI)
£ #7}38 binding Buffer [10 mM Tris-Cl (pH
8.0), 150 mM NaCl, 0.05% (v/v) Tween 20, 0.5%
(w/v) nonfat dry milk]ollA 1A)3F WESAIZ] 3
alkaline phosphatase”} label ¥ goat anti-rabbit
IeG & 1AzF F<F AHEsdrh. Alkaline
phosphatase®] #4& X-phosphate @ NBTEZ 7]
AZ2 A}E-3}9] color reactiono. & 2Helstd )

2.6. DNA fragmentation analysis.

AEE Al oste] 2o & 158
room temperaturel Al lysis buffer [5 mM
Tris-Cl (pH 8.0), 10 mM EDTA, 0.5% triton
X-10015 Agslel MAMEE Azl F 15000
mpml 2 20 Tk W8] pellets Al Ak
i 1 g0 RNaseZ 1AI7F B AH#d & 1 w
proteinase K (20 mg/ml), 1% SDSE g slo] 24|
s Fd 50TelA W2 8k T
phenol/chloroform (v/v, 1:1)& A &3ste] Z 43
F % 47T, 15000 rpmo 2 208 EoF AR
S A5de 37 % 1/10 volume? 3M sodium
acetate (pH 5.2)¢} 2.5 volume®| ethanolS 7}3}xL
=70CelA 30 &<k WS = 47T, 15000 g=
10% Fot 947735t pellets TE buffer® =
ol & 15% agarose gelZ 719533

3. da ¥ nH

3.1. SRB assayoll 2|5t &retsty
SRB(sulforhodamin B)& ¥ =4 ul =
aminocanthene dye® 270¢] charged-SOs; group®]
AfA Rt oA @l A1) positive
chargeol ZA3gstt}. Trichloracetic acid(TCA)Z
AEZE 1GAZl T SRB dyeZ A¥EW dds
st #AFst=d15], o] W 3-(45-
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT) assay[18,19]¢} ©j&of a&<¢ &4
o A FWLstA ALEHY, 53] ¥4 =4
Aol 2lo] A short term assayol A g3ttt
3H, A EF2 Colo320 DM % HSR¥ A549
AEE BF QA dAEANA 93] A= o
%42 oncogene?] U3l c-myc geneol G4 Al
Xo| Hls] 208 o] FEE AEER T LA
At}

B Ao o] Al dAE E mouse NIH
3T3 MXEE o] &3t Axe tie IAdIdAFdS
sulforhodamin B(SRB) assayZ ZA33th. =,
Ao A ufFel o MY T 2 F3F (9
3 BWIL, BWS % CBP= 7)) AA oA ¥E(
A549, Colo320 DM % HSR)$} mouse NIH 3T3¢ll
g Faeds FAAeH, 1 A3%E Fig 1
9 29 2t

Ztzk o] M EZEFE 5x104 1x10° 2 5x10° ¢ ¥ &
2 seedingdlil 24417+ A3 & BWI, BWS ¥
CBPE 0.2 pg/ul ~ 1.0 ng/ul =2 24413 A g
3l SRB assayE AAlst=d, BWS 8¢
cytotoxicityr EE A EoA #HHFR gl
CBPX= NIH 3T3 AXE A|93t vz A EZFo|
A gk 2S4S BS Wolr) %k BWI
T EE AEF s5 o4 FIEAHSE YE
e, 53], A549 L NIH 3T3 A3l dalA
et 245 e Y (20% viability). & BWI=
A AlET 7 Ast 248 BAAIRE Colo320 Al
XM= MEFAde] wEEe BWIY &4 o]
species specificdt WA 7heAo] e A=
5 A7tE S
wrekA] BWIZE 1A M EF 9 NIH 3T3 A&
of M dFs HESFIYoM, 2 A= Fig. 3
3} 2ok BWI #382 NIH 3T3 A ¥ tis) A549
Al Zoll A ¢} H] 423 maximum cytotoxicityS H.
Ak 2 A UE SHEE A4E HYrh
5, BWI #£80] 99 94 dAEd dairs v
FEo Ao diste] 7 E& A e

yT
tlo

o

S YR oy NIH 3T3 Alxe] ALoxeE 7
T Ee wE AEd Wt Y 3d 54
LERH FH o)
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Fig. 1. SRB assay. Various amount of A549(left)

A

o] 4l

3

, R

B

and NIH 3T3(right) cells (5x10*5x10° cells/m?) were
incubated with three different extracts.
A, BWI; B, BWS; C,

Viability (%)

Viability (%)

Viability (%)

Fig. 2. SRB assay. Various amount of Colo320 DM
(5x10475%x105
incubated with three different extracts(BWI,

and HSR

120
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BWI

1.5 1.5

] ;;
+ BWS

+ +
o o5 1 15 15

120

b 100
1 80 +
1 60 +
+ cBP 40 T
4 20 T
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0 0.5 1 15 o 0.5 1 15
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| © 5x10“ M 1x10°, A 5x10° |
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and CBP)

cells/mé)

were
BWS

Viablity (%,

0 + t t t +
0.4 0.6 0.8 1
BW!I concentration(ug/ x4)

1.2

[—+—NIH 3T3 —— A549 —=— Colo DM —a— Colo HSR|

Fig. 3. SRB assay. Four different cell lines were
incubated with various concentration of BWI.
A, 5x 104; B,1x 105; C, 5x 105 cells/mt,

=

o] Afe]% Sreln7] $1s) NIH 3T3 Alze] o)
2 4% dAnzjez pEEon, o A

Fig. 4¢} 2t}

i

Fig. 4. Phase contrast microscopic photographs of
NIH 3T3 cells with different concentrations (x400).
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g #(Ganoderma lucidum)®] Aol o) AL vhde] FAAGa AEF B 3ol WA= dTF

e A B upel o] FLdA AE9
morphologyell W&o] Z#dS & "EL T AATH
o] A¥:= BWI #8o] A4 NIH 3T3 AlZ]
= AEekA go}t dMxEe 22 morphology &

7HA = AEEe] Mz st e
&thE AS HolFa 9t

wEhA] ole] Fle 98 F FHY transform¥
NIH 3T3AZE o] &3le] HA] $J44 dnHd o=
#Zst Ak Fig. 5914 B vpe} o], 1 shus
long cultureo] 2]&}e] spontaneousdtAl W E A
¥ (ST)elH, vt 3ly+E mouse c-mye gene?l
transfection®l] 2]&te] Wy E AZ (MT)o]t}.

gRHow 2

A

Fig. 5. Phase contrast microscopic photographs of
NIH 3T3 cells (x400).

A: normal NIH 3T3 cells

B: spontaneously transformed NIH 3T3 cells

C: c—myc tranfected cells

webA] olE FAES Zo] WEFE o]4ke] NIH
3T3 AlEet AAe] NIH 3T3 HAXE o] &35t¢]
BWI #3829 g35 MTT assay® HAE3IH T,
I A= Fig. 63 2ok

0.75

074 Notreat [JTreat
v
0651 o
S v
' o .
o .
§ 055 o .
] a7 v
e v
%/E 7 .
0451 B4 v 7
Z vz 7
Z 7 vz
gz | gz
Normal ST MT

Cell type

Fig.6. MTTassay. Three different kinds of NIH 3T3

cells were incubated with 1 ug/xt of BWI for 24hrs,
ST, spontaneously transformed; MT, c¢-myc
transfected cells.

A AxolAE 9% Asizb #FEE Wb, ST
9 OMT AEAAE 77 26% 2 22%¢] A7)
AZHQt} o] Az BWIREE Y cytotoxic &I
7F A EolAHd wred steAS dAlEa
Ak 1 ¢ WA FE R FAEHS F
22 3 g eR d8A gtk

32 NIH 3T3 M=Z F7|of| o|X[= A&
BWI 32| NIH 3T3 Al¥o] thal Solx A%
54 Eﬂrg BT} © dAs] dotrr] faE Al
F719] ol TAA H&eAE HES LA
3Tt o] 98] serum starvationo] 2]8] Geel
Wi NIH 3T3 AlEES 5% serumell 93] =& Al
X o] FAd G()Oﬂﬁ G) phaseZ HPs}== 3
T dA Alzre] AE Fo] BWI #8& A st
o] AESHrE 2 NIH 3T3 AEZE 2x10Y/me =
24-well plated] =53 F 5% serumeZ 2¥ 3+
Wkt & 05% serum HHAE A Ee] 297+ wj
Fal e MEEC Gy AHd HERE It
Al 5% serum® A 2 nAto] A EEo] Al
A F7158 NSRS slF $ 2447 0, 05, 1, 3,
6, 127417t A3} Fof wjke FEES A ste] A
29 o= F7ldA FA4E YEidlEstE MTT
assay® wAstd o, 1 AIE Fig. 73 2ok
MTT assayt tetrazolium- based compound”}
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o] Al

ful

AL
mitochondria®] dehydrogenaseol] 23+ 3¢ wk
© = blue formazans A4ts|A ol 9l AlE
AR kg0 dojub= RS 7|2 E dA DNA F
AE AR AT F de Uy elt18,19].

olo

0.5

045 T

04 T —

0.35 T

0O.Ds40

03 T

0.25 1

0.2 - t t t t t t t
05% 0 05 1 3 6 12 5%
Time (hrs)

Fig. 7. The effect of BWI on the cell cycle.

After NIH3T3 cells were syncronized by serum
starvation, fresh media containing 5% BCS was
added and BWI was treated at different time point
after 5% BCS addition.

Fig. 7914 ¢} 2], serumeoll 28] AEEo0] A
3lE 3 308 olulo] ARE At Aol AE
A7 A ZEUE kzE ATk Yy 1 Sl A
YIS = A TUF AFHA Fokon, 14]
b ool 3o HElAlelE 938 oFztel 7S uEh

WAtk ol Av= BWIRE o] NIH 3T3 AlxX
F7lel dw GEFE vAA 52 dEla ok

g, BWIR 3 9] X F2e a38 #4357 9
}o] serum starvationol 2]3}e] quiescentA EE
WE 3 serume] H7FEA &S AbejolA BWI ¥
o] A= Fa3E MTT assayol 9ato] 332
g A3+ Fig. 8 ¥ 99 £t A¥Es BWIY 2
E XA A3k cytotoxic S YERNS o,
WA BWI E89 AEF2A o] gt Aslans
gelgk = AATh

33. MZZ3stol| o|xl=
HL-60(Human promyelocytic leukemia) AlXi=
c-myc gene®| FFo] dojul Apghe] WA AE
2 Tt 23 i od Mx &It A
oy ke Wl o3 Eslo] dEE #AFT
4 9tk HL-60 A%+ macrophage (monocyte)<}

chet o8

2l

s =it y) A267 B, 2000,

2~ Lo 9
T, I =

granulocyte (myeloid)Z 32 4 <9lt}. Vitamin
Ds, sodium butyrate, TPA % monocytes® 2]
232 fx33, DMSO, retinoic acids &

granulocyte® =3t} 20,21]. #3}%¥ monocyte
Az3 mokow TWAEW, granulocyter w317}
A gL AEe} dnAgdem sy olE
L} nitro-blue tetrazolium chloride(NBT) assay®
w3t AEE SAY 5 2 [16]

.

BWI
proliferation of quiescent NIH 3T3 cells.
Serum starvated quiescent NIH 3T3 cells were

Fig. 8. The effect of fraction on the

treated with 10 «g/ml (C), 10 wxg/mi(D) and 20ug
/mI(E) of BWI fraction for 36hrs. Cells were
incubated in 0.5% serum media (A) or 10% serum
media(B).

0.6

0.55 1

05 T

045 1

04 T

0.35 1

0O.Ds40

0.3 1

0.25
0.2 1
0.15 H H
0.1 ﬁ

0.5% 0.1 0.15
serum

10%
serum

BWI Concentration (ug/xf)

Fig. 9. Effect of BWI fraction on the quiescent NIH
373 cells.

Serum starvated quiescent NIH 3T3 Cells were
treated with 0.1 ug/# (C), 0.15 we/ut and 0.2 ug/ul
of BWI fraction for 36 hrs. Cells were incubated in
0.5% serum media (A) or 10% serum media MTT
assay was performed.
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wabA HL-60 Al EE 24-well plated] EF3F 3
BWI, CBP-A 2 CBP-B #£3& Xjg|ato] 2443
ol Al T2AI 7 A] AT A3 Fig 100149} 2ol
48417t o] CBPRE oA Axel Fef Wsrh &
= Ao

E "

- ....
- .. ..

Fig. 10. Phase contrast microscopic photographs of
HL-60 cells (x400).

HL-60 cells were treated with BWI(A), BWS(B),
CBP-A(C) and CBP-B(D) fraction for indicated
times.

HL-60 AMxze] #3 A WS Axe Fef W
st # gjo] ofg] kX7 dedl, #8hE AlEo]
A A stAl YEFUE specific surface markerZ
Q1A3E Mol, Mo2, My4 T3 22 antibody
marker ©]-&3tE WHlo] glom, B Ao Ag
¥ NBT assay %W¥Hol 9tk NBT+= AAMW
superoxideo] 28] A= FEM formazans
PAete Edolty HL-60 AE7F E3EYS o
o] 5 #3}% monocyte®t granulocytex= TPAol 2]
3 2ol )8le]  superoxideZ A A L,
o] A2 NBT¢} WHg-3l9] blue formazang 343k
oHi6]. o3 Yz HL-60 AEE  24-well
platel] ®F3 ¥ BWI, CBP-A % CBP-B &3
S AHgsle] 24 2L 4847 Fo NBT assay®
blue formazan® ¥/d& ¥z A}E= Fig. 117
paguy

CBP-A¢} CBP-B#& HF 4873+ A#43 &
blue formazan®] o] F7}s o= HAFHS
th o] A= CBP #3Fo] HL-60ME2 #3e}
e #AE A= AS dAs Ao
BWI #8o] dAxF9 35 Fxdte o=
Rol A4 /‘1]&4 carcinogenesis WA 9} 9FA| 3 2]
A4 AEE FEF 7HsAel AeS Al
pa=

AutH oz AEe EIrF FEHW AEL
AAH 22 MTT assays Al&@sle] Alx F2
A= JEFE APESReH, 1 A= Figl2

“

ot =EF) A25H BE, 2005,
%A (Ganoderma lucidum)9] A A ufFeoll o3t Axe thde] sy HEF2] 2

st A= 9

o} 2},

1day llll
Zday llll

Fig. 11. The effect of BWI, CBP-A and CBP-B
fraction on the differentiation of HL-60 cells.

After cells were treated with 100 xg/ml of each
fraction for 24 or 48hrs, NBT assay was
performed.

0O.Ds40

0 f }
0 0.5 1 1.5
BWI concentration(ug/ 1f)

[—o— 24hrs —o— 48hrs ——72hrs |

Fig .12. Effect BWI fraction on the HL-60 cells.
After cells were treated with BWI for the indicated

A G 724
MTT assay® 3ol
Free AxsAel 48 dAe 5 Atk

m?L' N
9
o
i
v

3.4. A549 M| 2| apoptosis
SAE BolHom gt 2
targeto. 2 FEWI Q= BEHE T suE o
Aol H3 T apoptosis

- 247 -



MG AT (FH NG Y e =)
] A

of A 9, %

Cytotoxic drugtt €29 =4 A= <93
apoptosis7t deold = 1=, o] wl Axe Py
A, Asglsty wisE #AFZT + JYo(Elis et al,
1991). Apoptosis®] F%%12+= ionizing radiation,
Ca2+ ionophores o & el# 1l 9™, apoptosis
o] oA <QIAEZ = phorbol ester, nerve growth
factor(NGF), serum, interleukin®} %2 cytokine
ol &&A qlrH22].

Apoptosis TAA FukEE dHoZE A9
e W3lel DNA fragmention, c-myc gene 2@
o] W3l & 5 & UvH23, 24]. A549 ALl A
BWI¢] &retstAdo] apoptosisE EWHalE A o}
27] 918t BWI £85& A3 & DNAE ¥
3t AUl oz EA% Ay Fig. 133 Zr)

Fig. 13. Agarose gel analysis of DNA fragmentation
in A549 cells.

A(\-Hindlll standard), B(Control), C(25xg/ml), D(50xg
/ml) and E(100xg/ml) of BWI fraction was treated
for 24hrs.

DNA fragmentation®] 57 <%l ladder bandv ¥
A=A gkgkon, welr] BWI =3 AS494| Z <]

apoptosisE ©F7]3HA] &&= AL & F AT

35. c-myc % pRb THe Zof of
QUA FAMIEO Al ool WA
oncogene®] 3l c-myc gene
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Fig. 14. Western blot analysis of A549 cells.

Cells were incubated with 100zg/ml of BWI fraction
and total protein was prepared. 50 ug of protein
was electrophoresed, transferred into nitrocellulose
membrane and incubated polyclonal pRB
antibody(oncogene science). pRB antibody was
detected by alkaline phosphatase labled goat anti
rabbitlg Ig G antibody. A(Control), B(25xg/ml), C(50
ug/ml), D(100xg/ml) and E(200xg/ml) of BWI fraction
was treated for 24hrs.

pRbE ¢lAtaEle] Ao
E3l= Awrl 2o 24 Western blot H470]
olate] geld 4 i AHS /XN 9tk BWI
o] get&@Ao] pRbe wde Ut e €9l
Abgte] QS Fuksle AE dolR7] st
Western blot 4] g3t A= AR3EA =
¥%2t pRb

= 9ol e A

2

2 SDS-PAGE°l A o]

do] ot AAFSE patternl
= NE Aoz et oAl Axe=
BWI &#3°] @484 #8&7]2te] A
QAA] 27 FEellA o] FojH A
AlAbataL ek ey CBP #&e] HL-60 A
B3kg frste A8 st AHE nFo o
o] AlEe Fiel uet vEA #gd 7};@;
A AbsEaL Qith ko g olE HFo] oW 7] Z
ojgte] HL-60 A9l ®3t5 feshs A& vl

§o
O K do foh
n 1o o 2 ¢

=

= A 2 89 48742 wsed a8
# oohlel 2 gl FAAZAL ARAE Fo
d 7elg o Aoz Zeh

4 4=

FA FAA ] AA el oS AatE AEZe] T
F(CBP) % ©]9 gel chromatographydl 93+ 4=
44 2 BgA BIBWS, BWDH sFgIAS
W e FEAE(A549; lung carcinoma, Colo 320
DM and HSR; colon carcinoma, mouse NIH

3T3)E ol &ste] XA, AESSTE ©]E BWS,
BWI &% % CBPE AFgsto A M2
A549, Colo 320 DM % HSR, mouse NIH 3T3Al
Xo] 3 cytotoxicityE SRBE o] &3dto] HAES
A3 A5499] tha] apoptosisE ©F7]8FA R U}
BWI 3o mE AFd sl A3
cytotoxicity (20% survival)E YERNATE E A

9] NIH 3T3 Mol vsixes 545 e
X] %k o 1} transformed morphologyE Hol&= i
%9 NIH 3T3 AlXel tairs 23 AxEA
< Yetdlo] A wAle] MEe o # o] &
Ao FolHog ZAgste Ao FAH:= 4
& At 28y BWIS| @84S pRb @
A HdEo F7ht A4S pattern ¥ and c-myc

L

n:

Hdols IS FASKkeH, naA FEEA 9
Aol AE Asdg AAY 27 FEAA
E olFoAA &S 143}314 4, CBP #

e GAHNEFHL-60)S EI}E
¥9] carconogenesis®] |9} o¥E 9]
53 7be A S gAlEkd T

Fresre] g
43E

ra

g2z

[1]1 Jong, S.C. and Birmingham, J.M., "Medicinal
benefits of the mushroom (Ganoderma,”
Advances in Applied Microbiology, 37,
101-134, 1992.

[2] Jong, S.C. Birmingham, J.M., and Pai, S.H.
"Immunomodulatory  substances of fungi
origin,” J. Immunol. Immunolpharmacol. 11,
115-122, 1991.

[3] Lee, S.Y. "Characterization and production
of antitumor active polysaccharide from
mushroom origin.” Biotechnology News,
3(2), 95-109

[4] Lee, S.Y., Kang, T.S. "Production conditions
and characterization of the exo—polymer
produced by submerged cultivation of
Ganoderma lucidum mycelium.” Kor. J.
Appl. Microbiol. Biotechnol., 24(1), 111-118,
1996.

[5] Lee, S.Y. Kang, T.S., Moon, S. O., Lew, L
D., Lee, M. Y. "Fractionation and antitumor
activity of the water soluble exo—polysaccharide
by submerged cultivation of Ganoderma
Iucidum mycelium.” Kor. J. Appl. Microbiol.
Biotechnol., 24(4), 459-464, 1996.

[6] Lee, S.Y., Kang, T.S. "Structural analysis
of the antitumor active exo—polysaccharide
produced by submerged cultivation of Ganoderma
lucidum mycelium.” The Korean Journal of

- 249 -



MG AT (FH NG Y e =)
] A

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

of 2 o, A&
Mycology, 27(1), 76-81, 1999.

Lee, K. M., Lee, S.Y. Lee, H.Y. "Bistage
control of pH for improving
exopolysaccharide production from mycelia
of Ganoderma Ilucidum in an air lift
fermenter.” Journal of Bioscience and
Bioengineering, 83(6), 646-650, 1999.

Lee, K. M,, Lee, S.Y., Lee, HY. "Effect of
ammonium phosphate on mycelial growth
exopolysaccharides  production  of
Ganoderma  Iucidum in an  air  lift
fermenter.” J . Microbiol. Biotechnol., 9(6),
726-731, 1999.

Lee, S. Y., Lee, K. M.. "Effect of different
pH processes on branched B -1,3-glucan
production from submerged culture of
Ganoderma lucidum.” Journal of Industrial
Technology(Kangwon Nat’l Univ.), 20A,
45-50, 2000.

Lee, H.S., Jung, J.H., Lee, S.Y. "Effects and
batch Kkinetics of agitation and aeration on
submerged cultivation of  (Ganoderma
lucidum. XKorean J. Biotechnol. Bioeng.”
16(3), 307-313, 2001.

Chung,W.T., SH. Lee, J.D. Kim, Y.S. Park,
B. Hwang, S.Y. Lee, HY. Lee, "Effect of
broth  of
lucidum on the growth characteristics of
human cell lines.” J. Biosci. Bioeng.,
92(6),.550-555, 2001.

Kang, T. S, Lee, M. Y., Lee S.Y.
"Characteristics of extracellular insoluble B
—glucan isolated from the culture broth of
Ganoderma Ilucidum mycelium.” Journal of
Industrial Science and Technology Institute
(Chungbuk Provincial University), 6, 1-10,
2003.

Mun, H.C., Lee, H.S., Park, J.H., Kim, D.H.,
Lee, S.Y. Lee, H.Y. "Enhancement of
immune activities of Ganoderma lucidum
mycelium cultured with garlic enhanced
medium.” Korean J. Medicinal Crop Sci.
12(1), 24-30, 2004.

Philip, S., Rita, S., Dominic, S., Anne, M.,
James, M., David, V., Jonathan, T. Heidi,
B., Susan, K. and Michael, R. B. New
colorimetric cytotoxicity assay
anticancer—drug screening. ]. Natl. Cancer
Inst. 82, 1107-1112, 1990.

Rubinstein, L. V., Shoemaker, R. H., Paull,
K. D., Simon, R. M., Tosini, S., Skehan, P.,

and

mycelial  culture Ganoderma

for

B

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

- 250 -

254 BZ, 200:

5.
=] >
RUSEE U

°
Scudiero, D. A., Monks, A. and Boyd, M.
R. "Comparison of
drug-screening data

in vitro anticancer—
generated with a
tetrazolium assay versus a protein assay a
diverse panel of human tumor cell lines.” J.
Natl. Cancer Inst. 82, 1113-1118, 1990.
Andrew, Y. and Guernsey, L.
c-myc RNA levels associated with the
precommitment state during HL-60 myeloid
differentiation. Cancer Res.” 46, 4156~4161,

"Increased

1986.

Ausubel, F.M., Brent., Kingston, R.E.,
Moore, D.D., Smith.,, J.A., Seidman, J.G.,
and Struhl, K. Current protocols in

molecular biology, Wiley interscience, Inc,
1991.

Yamaue, H., Tanimura, H. Noguchi, K.,
Hotta, T., Tani, M., Tsunoda, T., Iwahashi,
M., Tamai, M.
"Chemosensitivity testing of fresh human
gastric cancer with highly purified tumour

and  Iwakura, S.

cells using the MTT assay.” Br. J. Cancer
66, 794-799, 1992.

Teruaki, H., Yuji, F. and Yoshio, I. "An in
vitro chemosensitivity test for the screening
of  anti-cancer  drugs in childhood
leukemia.” Cancer 65, 1263-1272, 1990.
Andrew, Y. Debra, B., and Justin, F. "Control
of HL-60 Monocytic Differentiation.” Exp.
Cell Res. 168, 247-254, 1987.

Andrew, Y. Mary, F., Gwen, D., and Justin,

F. "Control of HL-60 cell differentiation
lineage specificity, a Late event occurring
after precommitment.” Cancer Res. 47,
129-134, 1987.

Fesus, I, Davies, P. and Piacentini, M.
"Apoptosis:  Molecular ~ mechanisms  in

programmed cell death. Eur.” J. Cell Biol.
56, 170-177, 1991.

Ellis, R. E., Yuan, J. and Horvitz, M. R.
"Mechanisms and functions of cell death.”
Annu. Rev. Cell Biol. 7, 663-698, 1991.
Seamus, J. M., Douglas, R. G. and Thomas,
G. C. "Decing with death: dissecting the
components of the apoptosis machinery.”
TIBS. 19, 26-30, 1994.

Patrick, A., Michael, K. and Wyn, F. "c-fos
and c—myc oncoprotein expression in human

”

hepatocellular carcinomas.” Anticancer Res.
11, 921-924, 1991.

Barbu, V. and Dautry, F. "Mevalonate



MG A (GY I G AT =) A26H BE, 2000,
% A (Ganoderma lucidum)®] vl Foll o3t A E 2] tpde] ety A3

deprivation alters the induction of fos and
myc by growth factors.” Oncogene 5,
1077-1080, 1990.

[27] Bernard, W. F. and Leonard, C. E.
"Changes in c—myc and c-s expression in
a human tumor cell line following exposure
to bifunctional alkylating agents.” Cancer
Res. 50, 62-66, 1990.

[28] Karl, L. M. and Can, S. "Inhibition of DNA
synthesis and oncogene expression in
tumor cells by the biological factor DIF.”
Anticancer Res. 11, 981-986, 1991.

[29] David, M., Michael, C. Samuel, Y.
Katherine, B., James, A., Vikas, S. and
John, C. R. "Phorbol ester-mediated
inhibition of growth and regulation of
proto-oncogene expression in the human T
cell leukemia line JURKAT.” Oncogene 6,
455-460, 1991.

[30] Wolf, D. A. Kolhuber, F. Schulz, P,
Fittler, F. and Eick, D. Transcriptional
down-regulation of c¢-myc in human
prostate carcinoma cells by the synthetic
androgen mibolerone. Br. J. Cancer 65,
376-382, 1992.

[31] Mirian, E., Dalia, R. and Adi, K. "Close
link between reduction of c-myc expression
by interferon and Go/G; arrest.” Nature
313, 597-600, 1985.

[32] Anat, Y. and Adi, K. "Tumor necrosis
factors reduces c¢-myc expression and
cooperates with interferon-y in HeLa cells
Science,” 234, 1419-1421, 1986.

[33] Spandidos, D. A. Zoumpourlis, V. and
Lang, ]. C. "Cis-platin  responsive
sequences in the human c-myc promotor.”
Anticancer Res., 11, 1339-1342, 1991.

- 251 -

o2
o



