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The effects of carbon sources on antitumor and anticomplementary
activities of Ganoderan extracted from the mycelium
of Ganoderma lucidum 1Y009
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ABSTRACT: Ganoderan, antitumor B-glucan from Ganoderma lucidum was extracted from the
mycelium of G.lucidum TY009 which was cultured in various carbon sources. The mycelium was
shown to be capable of utilizing various carbon sources, e.g., soluble starch, fructose and glucose,
and differs in morphology on carbon sources. In radioisotope assay, about 5.2~16% of glucose
was to be incorporated in ganoderan of the mycelium. The monosugars of these ganoderan were
mainly consisted of glucose, mannose, galactose. The galactose was not good carbon source for
growing the mycelium but the best carbon source for producing the potentialized-ganoderan on
the antitumor and anticomplementary activity. The tumor inhibition ratio of ganoderan-GAL, obtai-
ned from galactose medium, was 83.6% at the dose of 20 mg/kg/day. This crude polysaccaride
was composed of five monosaccharide and the protein contained 16 amino acids. Also, ganoderan-
GAL increased the anticomplementary activity than that obtained from any other media. This fact
suggests that the structural differences of ganoderan influence the antitumor and anticomplementary
activity.

KEYWORDS: Ganoderma lucidum, ganoderan, polysaccharide, antittmor and anticomplementary
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ARG 1AL o} Al yhsAA] gghond,
T2 W94 F4E FALE ATFH gom(kEF
B 5, 1992), £3) in vitros| A BAA &4, 2=)n
n vivoel A HIANEZ BIAE wE QHEE o]
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2 Ago) A3 75 e dSENA Basln
azt G. lucidum TY0092] FAMA|o]v, RA-L wujz]
+ potato dextrose agar(PDA) Abd #)=] & A}4-3)
At v ok& wlx]3= yeast extract 5g, K,HPO, 0.01
g KH,PO, 5g, MgSO,-7H;0 1g< & 1/¢] =
712 AIYSM)Z ARk, of7ol] gtales ¥
3, A dE e Zetr s fof Ay 7184
-5 7z 20g4 Arlsle] ARl 2 Abg-ste]
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Afet

BA 2+ guinea pig serum(AHS-ZAh3 AlA
AA AL Agsld)h AT HpHH TR
v|t}e}), &A= anti-sheep hemolysin(Difco Co.)E
AHg-shodeh sk 2A) & 9lste] A}-4-3 barbital &

&

MerckAl AEL& A183t93, gelating EGTA %2
MgCly= Sigmarte] A& A3 [U-1C] glu-
cose(specific activity; 250~360 mCi, Total activity
5 mCi, NEC-042B)+= New England NuclearrHU.S.
AExR¥E F<lstdrh

HMEHSE U BUAX

wheaE 20~25ge] ICRA $Ho2 A§34
o 4] F9lste] AHg-atgd s, obAl Eal sarcoma 1802
M ET 2o g HE] Hof wol AREIIgrh

AL HH ek

23 500m/ AH7} Sehaz Sl 100 e WX
£ Y3 pHE 0.IN HCIE A}23le] 452 =3
ohS 15 Ib/1587F 23F "WaFslsdoh o17]o potato
dextrose brothollx A wjkst G lucidum IY009
A 2 homogenizer(Nihonseiki Kaisha AM-10)
AN 2 FARAZ F FFE 10mi¥ HE3)
o] 27ColA 647 120 rpm o2 kel F3lsin}.

A A" 55

v FARA AE o x|(Aldrich No)E o=}
glo] 90CollA] 12A17F Eot AZxAIH ek Az FA 9
FAe AAFANA AR FAE A9sted A4t
stgit). Datat ©auic) 3719 flaske]A] 2
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“C-labelled TEEE 0|23t ganoderane| T &
s

grgdezd Alg-d Fxrdo] ganoderan W2 &
dEE ARE dolry] flste] FHUAE o]43)
At Ao A3 wix)E IYSM wiA19] B8 F
7}8 A¥(soluble starch) thAlel] WdFal 299
glucose® 23 [U-4C] =5vdg Arisigdct 7+
23] dHste, xxcto] Arbg 7]Eu=] 100 miol
10% FAME HE3 F 275C, 130rpmo2 24
A7k v ekgr F 150 uCi, 1 mCi % 10 mCie) [U-4C]
Exgrd A7 Arisigdh 64 B U3 2A
L2 Fehufokil F, FAM wjokEd] HE 2No|
HEE NaOHE 7}ate] 12417F gk Hwbx|8hgict
Waike 2 Fatsta 5% 9gE 7H-4 gano-
deran 42 YAielsdn. 94T 459
o] Bl Eof 34z FAslg ek F49 gano-
deran & FAZ =3 F4U2E EA9 gano-
deran$ 9¢x}k “C-labelled ganoderan-g scintilla-
tion counter® ©]&-3}ed labelled ¥ 39 945zs
FAskdch A S e, 5 mge) “C-label-
led ganoderan®} 10 m/¢] liquid scintillation cock-
tail(Beckman)& & &3} )-8, scintillation coun-
ter(Beckman LS 6000TA)¢) “C channelol)4] =3
atsirk. Ganoderan 422 “C-E %39 incorpora-
tion rate= T3} o] AkEsgith

total radioactivity

Incorporation of the product
=X 100(%)
rate total radioactivity

of the precursor

Ao o 9 ChiE 2N
2] §tek2 phenol-sulfuric acid®(Chaplin ef al.,
1986)<ll 9l SAsielon, bl Feks 23
3}7] $)si41= BCA protein assay reagents A%
B} cHSmith ef al., 1985). T4 @ EM37] ¢
sl AlE 10mge 0.IN HClo] £8iA1# ALxE
SR F 100TA| A 52]7F F4F 7R A H ok
of 7)ol 3ufEke] oeb-&-& Jla) 4ToA Tt Bk
WA F AAE] s 4 AE RS viale] Yo
50CelA AREEEde] s SEe A A g
AE| 100 we] =3} pyridineo] 43217k Az
wde] AL a-Fxt}d B-F X} arabinose,

ZeeEe s wros BH oA FAROAE 5ml
£ vialol 10 mg 93, 1 m/ pyridineS 7} 43
At 7+ vialell A 100 W) £F 3H-E 3
8}ar, o17]ol 20 W] hexamethyl disilazanes} 10 pl
2] trimethyl chlorosilane 7}t &3 At} 80T
oA 307t wHAIZ F, whSlS 1WE # 3k
G.L.C(Shimadzu GL 9A)2 ¥-43lit}

#2748 g3 )l Column; 3% OV-17
(80~100 mesh Shimalite) 3 mm(D)X 3 m(L)borosi-
licate glass column, column temperature; 150~
180C gradient, Detector temperature; 240C, Inje-
ction temperature; 240C, Carrier gas; He, Flow
rate; H,-60 m//min, He-60 m//min, air-600 m//min,
Detector; FID, Attenuation; 10?X2!afs.

A#59) olm:Are Beckman system 6300
amino acid analyzerZ o]&3je] BAslgich A8
4mgs 1m/9] 6N HClofl &aA)A, A4g Fx13
F Wg3te] 110Co A 2427k Feb 7R A)z]
¥ A3t FAAHES AAT F AksSsld R
2% Al5-E 0.08M sodium citrate?} 02N HClo]
e 489 2mie) SEA|A olF 50 WE of
# o] z713}el| 4 #4351} Column ;Beckman 2.6
mm(D)X 200 mm(L), ion exchange resin No. 338
076, Flow rate; buffer solution 0.33 ml/min, ninhy-
drin 0.17 m//min, Analysis cycle time; 60 min, Co-
lumn pressure; 147 kg/cm?, Ninhydrin pressure;
7kg/cm?, Column Temperature; 50~70C gra-
dient, N; Pressure; 2.8 kg/cm?, Reaction bath tem-
perature; 130C, Wavelength; 440 nm, 540 nm, De-
tector; tungsten.

Hexosamine2| #H2F

Zkzke] ©4lS ol83ted 3%, Fe® ganode-
ran W] hexosamine 22 Elson-Morgan HY
(Chapline et al., 1986)2 th7} 7o) <F7F M &3l
239t 2+ A& 5mgel 3N HCl 1m/& 92
Ax gasZ FRAA F 10064 1547} 73]
AR F, A7 FhsbEEate] AxAgch Adxg A
B 1m/Y] FFE 718k bd3d] =<l £ 05
m/E F kel A1H e 91, A 5ol HEF Ak A(LS
m/2] acethyl acetonex} 50 mi2] 125N Na,COs
Z3tol)2} EF glucosamineel] th3k x| ek B(1.5 m/ <]



212 THE KOREAN JOURNAL OF MYCOLOGY, 23(3), 1995

acethyl acetones} 50 m/<] 0.5N Na,CO; &3S
ganoderan3} XZF glucosamineol So19lE A3
of Ztzt 1mi4 ge 96°C°ﬂ*1 141752k vhg-A1 71
o} B2 RS AR A A)E oL, 10 M/ 96% o
eh&7t 1mi9] AoF C(31& A4t 30 mio) p-dimeth-
ylamino-benzaldehyde 1.6 g& Folal 95% olghg
0 mE AR SAE Fiete 117 Fot HA
% 535 nmellA FHEE FAsA A8l F
hexosamine ] & EF glucosamine-g o]-4-3}o]
ZAg ZFETA o 2 e - Aatslgch

LAL Kit€ 0|23t B-glucan 249!

% A AT Al Ad2el LPS(ipopolysa-
ccharise)”} Limulus amebocyte lysate(LAL)Z
gelsl AlZlcke B ole(Levin et al, 1968), W}
40 A g A3 AgYeE ogHw
9JtHFDA, 1983). Z#+} Limulus test+= LPS 2w}
o2l 1—->3)--D-glucanel] A= FARo=
gel3l7} doldriKakinuma ef al., 1981). B A8
| M= gA FAAZRE] 9 ganoderan Y1
—3)-B-D-glucan®] & FA3}az} LAL kit(Kine-
tic-QCL™, 192 Test Kit, Biowhittaker Co)E o]
43ke] A5tk 24712 ganoderang F-FH o
pyrogen-free S5l HF 2 pg/mio] =HEZE 3}
=<9] & ToxidometerE o]&3le] ZAslac).

IR Spectrum

A7) ganoderanel] 400u12} potassium bro-
mideE A7}l & B A7) £ discE S5 FT-
IR(Bruker, IFS-48)& %3to] ZA3lgc). 2 AJg}
81 9] scanning®ted IR spectrum$ A3tk

A 22

A2 10 mg2 1m/2] 0.3N NaOHel) &3} ]5 se-
pharose CL-4B columnollA £ZA1F)l ofm co-
lumn sizee 16 mm(D) X530 mm(L)3lx, flow
rater 6 mi/hr, fraction volumed 2m/2 A3}
vt 47el column chromatographyol 4 2-&
elute phenol-sulfuric acid W& o)L} uke
A7l 3 490 nmeol| 4] absorbance & &A8t9t). Sta-
ndard dextran®} molecular weight: 2,000,000/
124,000/70,000 Z2]X 9,300¢) Sigma dextrans

s EEe HH

3} 1 5 &) (anticomplementary activity)2- Yama-
da$-(Yamada et al., 1984)2] ¥HH-& W3 sl 24
stk 10ml Al el 150 we] GVB* sha4-
(gelatin veronal buffered saline: 0.15mM CaCls,
0.5 mM MgCl;, 1.8 mM sodium barbital, 3.1 mM
babituric acid, 141 mM NaCl 2 0.1% gelatin, pH
747} 250 ygyml ¥=2] Z+ A& 50 WE 7 o
2, o37]ell 50 wW(100 U/mf)2] guinea pig serum-3
complement 24 7}8led 37T} A 308-7F wH-3-4] 7
¥, 475 m/9] GVB* ehgdg rlsle] HA 9
FHE ¥5EF lunt/m/Z2 233} =2HF com-
plement E3E$S 10unit, 1.2 unit ¥ 1.6unit7}
HA 7k APl 53 o}, anti-sheep hemo-
lysin2 MHU/m3} FF2] SRBC(5X 108 cells/m))
E Eg3be] AedA 3087 e F gk
SRBC 2miE Al@ 3] Hsbsiar #F Smic] =
== GVB* _9,].2;:.9_011 o2 zAYr). dzte] A8
& vortexdt ¥ 37Col| A 6087 vkg-A|F ) wb
$& F74717] $15ke} 70 ) 05M EDTA £4&
7bsted B F, 400X gl A 5383} A1F-2]sho]
g2 AMsde F3EEF 541 nmelA A3
FRAGAL g2 divl F 2A $2(60% of to-

“tal complement hemolysis, TCHsp)2] A x]-&(inhi-

bition of TCHy, ITCHs)ZE “Jehfisieh

TCHso Of COHtI‘O]-TCHy)

treated with sample
ITCH; (%)= X100
» (%) TCHs, of control

s
ICRA wh-2o] E7ho] d5U7 72 o]
Alsle] HEST 9JE sarcoma 180 A EE APL

FHANLE A AHEES] B HellA] 7
97t wieks sarcoma 180 AMEZEZ Beol A 3
sty W, S3t A=ilgeE 7ieled 400X g2
387 dAdEH st AEIAEES Eesialek &
‘3]5] AZE WY, BFATE 38 AHT F 1X

0" cel/mi7} H =& 38k r) o] B8 0.1 mi¥
(1><106 cell/mouse)d APEFE2 UZE A4
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A3} o)A EtATh FHANEE AR 2 107te]y T
¥ whpsme)] A7t o) A3kal 72417 & UdEF
o5 Alatsts, vl 134 1097} d<43le] B7h)
FAEkEeE dz2ddle A=AA5E, HXTAe
AelAlgael 48A12 AlEE 20 mg/kgd FAls)
gdor FAREEL 0.1 miE 35t FUYAES o]
Al 304 5= d AREES AAMAA
1P AET F 3 TS FAH HF T4
FHE 43, FAAAELE AAdTE FA%
Y2 wlwste] FofA AW E-&(Percent inhibi-
tion ratio=LR., %)& A4}t

Cw—Ty
LR.(%)= ————X100
o
Co=dlzTe) B FF 74
To=AA1e 37 FF 7

eI

Eoflofl WE A ME U CiERe £8

IYSM wiAle] 24 7k2-d 7184 58 oAl oy
HaUE 47 ot FAbAE vl kstdek 7%k
¥ ¥ AAbAle] AFF ganoderan®] &S
ZAgE A3, Table 13 o] °dA] dAbA o] AARe
74 5, TRes, g 9 FEFA 43

At} £3) Fgeo] TrFr) FAMAY AAe] 5
Fale). whadlel] web gAY A zlelE
2 5 oolglen, ARe] % AL 5 7
A8 =27l Z7H)E, septad] ¢, 22|l £ 9
Axe Hgich gl det wioks FAA =4
ganoderang 37| $]3te] wWkH FAAE FHE 2
Ne] H==% o] Ayt dz= 744 gano-
deran(AS)& 43, o|A& ofetg IAE T3
LAAWS v]FE WD g 2233l c) Gano-
deran®] °©)3}3}3 EAds Azjd EAzie) BAE
ol ] 3l T FEHow Feg AR+
AR 2] AAbo] -7k JHEA el e A 92 mg/
100 m/®] ganoderan-WS<} 188 mg/100 m/ 2] gano-
deran-WIZ 2 ¢it}. uiwlel] eb492 218311 -
wiR]of| A= AbAl e AAFe] A9 o] FoJAA] 943
o, 15.8 mg/100 m/2] WS} 3 mg/100 m/®] WIZ
53] A& 2] ganoderane] T ek FAH 2
AAyo] §-53 wagle] Ae WI E3o] WSEH
Hr} 2~3v] Ao o] weka, AR e
o Ael 1l ZetE 9 A% el4gdo 7 o] 843 w
el A ARG FANZRE $8% ganoderan-g
WSE-go] W3Rl 3~8u|7pA]| & ko] Wk
t}. ¥4 o] 2 ganoderan?] &L HEA =,
To) WEQA F£o g wWo 2 £33

Table 1. Yields of ganoderan obtained from Ganoderma lucidum 1Y009

Carbon sources Mycelial dry

Ganoderan (mg/100 m/)

Total Ganoderan Yield

(2%) Weight (mg/ml) WS Fraction WI Fraction (mg/100 m) (%)
Carbon free 1.37 15.8 3.0 18.8 0.02
Glucose 12.87 873 186.0 2733 0.27
Fructose 13.08 41.6 142.3 183.9 0.18
Mannose 11.48 57.8 103.0 160.8 0.16
Galactose 3.32 333 4.3 37.6 0.04
Lactose 11.78 459 1284 174.3 0.17
Maltose 13.07 82.3 155.7 238.0 0.23
Sucrose 2.77 26.7 84 35.1 0.04
Starch 13.67 92.0 188.0 280.0 0.28

Abbreviation: WS; Water soluble, WI; Water insoluble

Values represent the mean of two independent experiment done in triplicate
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Ganoderan2| & Elp312, & THHA 9 hexosa-
mine #2F
7ke] BhAdS o)43le] 3R] FAMAE W oks)

Table 2. Total carbohydrate, protein and hexosamine
of the ganoderan obtained from the myce-
lium of G. lucidum I1Y009 which was cultu-
red in various carbon sources,

Gano- Solu- Total Total Hexo-
deran bility carbo-  protein samine
hydrate (%) (%)
(%)

G-C AS-WS 82.9 2.3 0.2
-WI 86.2 4.1 0.7

G-GLU  AS-WS 76.7 36 0.9
-WI 80.1 4.7 0.9

G-FRU ASWS 826 24 5.2
-WI 91.8 29 1.3

G-MAN  AS-WS 773 3.2 13
-WI 90.1 58 11

G-GAL  AS-WS 912 49 0.2
-WI 90.2 5.0 0.8

G-LAC  AS-WS 795 35 0.7
-WI 848 45 0.1

G-MAL  AS-WS 785 54 17
-WI 752 41 04

G-SUC  AS-WS 87.1 34 0.1
-Wi 89.7 45 1.0

G-STA  AS-WS 846 40 1.0
-WI 85.8 47 2.1

Abbreviations: G-C; Ganoderan obtaind from carbon
free medium. GLU; glucose GAL; galactose, FRU;
fructose, LAC; lactose, MAL; maitose, MAN; man-
nose, SUC;sucrose, STA; soluble starch

3, o] B ollekg Ayl o3 F& Y ¥t
ganoderan®] €k<p3}E chulAdl 1l hexosamined]
gk e Table 20| 4 B vl9} Zro] Zhzhe] whaflo
w2l 8 FA EAY gk zelst stk F
% g53Ee 75~91%, @A L . 2~5%, LB
hexosamine& 0.1~5% o|W& E3t=o] g} F
A A kg A 25 Wie WSEIE
o AR wBeIEe] Idge] Wtk WIEES
75~91.8%<] wr3EE TAE dslen, WSE
3L BE 77~91%9] "d53ERE A" 3R
t}. 92482 2% ganoderan W] hexosamine]
gare diRRo] 1% olstot, Hg wiae
z3lo] E)" G-FRU-AS-WS¥-39] 7% 52%%
zgstn A%k o8 784 ganoderan 714
% ekp3hg0] gheko] 71 & S G-GALLEH
91.2%% =3l

“C-labelled ZT 22| ganoderan E=8I8

Ere eado 2 § [YSM wix| oA FAAE
197 vkl uniform “C-labelled TE=3& A
7}8l9l& o, ganoderan WZE FHUxe] =418
(incorporation rate)& ¢o} & Az}, Table 35} 7o)
odzre] 7184 ganoderane 100 mi2] w4
200~600 mg$ FH 3t 1, 150 uCis A7 v
HojjA] %%% ganoderand 0.04 pCi/mge] -5
A X (specific activity)2 B2, 9949 F50}
FE4E A58 EE ke 10mGiE 37t
g wjzje] FARRZYE 8% ganoderan?] I
T = mgd 26uCiien, AA AFHo2 B
o D-[U-*C] =4 =482 <F 5~15%%ch
oj¢} 2 AFZ & w), =g X A M
Al g fdo g o)8d A, UM 2xw kel
52~16%7} oz} 7184 ganoderan(AS)S +A

Table 3. Radioactivity of D-[U-“C] glucose incorporated into ganoderan in the mycelium of G. lucidum IY009.

D-[U-%C] glucose Ganoderan DPM Specific activity Total “C-labelled IR
(nCi/100 mi) (mg/100 m/) (10* /mg) (uCi/mg) Ganoderan (pCi) (%)
150 600 6.7 0.04 24 16.0

1000 : 250 88.0 04 100 10.0

10000 ) 200 570.0 2.6 520 52

*LR.; Incorporation rate
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Table 4. Monosaccharide content (%) of ganoderan obtained from the mycelium of G. lucidum IY009 which

was cultured in various carbon sources.

Monosaccharides contents (%)

Ganoderan Solubility
Ara Rib Xyl Fru Man Gal a-Glu B-Glu
G-C AS-WS - - 37 95 359 5.2 23.3 225
-WI 19 09 10.3 18.2 0.3 1.0 270 40.4
G-GLU AS-WS — 14 53 10.3 21.0 9.9 26.6 25.6
-WI — - 1.0 2.1 2.5 1.7 36.0 56.7
G-FRU AS-WS - 1.1 7.5 12.6 0.2 5.0 29.7 439
-W1 - 04 45 8.5 6.0 22 29.1 494
G-MAN AS-WS - 04 3.3 9.0 18.1 9.7 - 285 311
-WI - 0.9 8.0 15.2 7.2 24 25.2 41.1
G-GAL AS-WS - 14 7.9 12.1 136 9.7 29.9 254
-WI - 1.2 114 21.2 8.1 4.5 228 308
G-LAC AS-WS - 0.8 4.3 21 215 89 30.2 32.2
-WI - 07 31 2.2 14 15 371 539
G-MAL AS-WS - 0.7 3.0 29 12.6 11.8 354 33.6
-WIL - 02 15 34 1.8 22 37.3 53.6
G-SUC AS-WS - 4.0 7.5 13.9 222 5.7 23.7 23.0
-W1 - 14 10.3 17.7 6.6 18 26.9 354
G-STA AS-WS - 0.2 1.2 4.1 86 37 323 50.0
-WI — 0.1 0.7 2.0 1.3 22 384 55.2

Abbreviations: G-C; Ganoderan obtaind from carbon free medium. GLU; glucose GAL; galactose, FRU; fructose,
LAC; lactose, MAL; maltose, MAN; mannose, SUC; sucrose, STA; soluble starch, AS; alkali soluble, Al; alkali
insoluble, WS; water soluble, WI; water insoluble ganoderan

shedl Ao olgHeAe & 4 alch

Ganoderan2| At HA

TAZE 457 A8 44 vade A
g wiAZRE 4-33F ganoderan 10 mgg 0.IN
HClol) 7}p8-8)X12) & trimethylsilyls} 3}e] G.C
(Gas Chromatography)= 3%} 23}, Table 48} 70|
ganoderan FE EEw, w9 A do}r gE)a
AgEe A~ Fog FALY glomFig 1, 2),
Eo] tfREolr] we ganoderand glucand
OgFHE B ¢ ddoh =3 G-C, G-GLU, G-MAN,
G-LAC 2#]x G-SUC$} %2 ganoderan®] WS-
e gt oyt date g w3tee] gl glucoma-
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Fig. 1. G.L.C. pattern and monosaccharide composi-
tion of the ganoderan-GAL-AS-WS fraction.
This ganoderan was obtained from G. luci-
dum 1Y009 cultured in galactose medium.
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Fig. 2. G.L.C. pattern and monosaccharide composi-
tion of the ganoderan-GAL-AS-WI fraction.
This ganoderan was obtained from G. luci-
dum IYO09 cultured in galactose medium.
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Asp
4.3 Glu

Fig. 3. Amino acid composition of the ganoderan-
GAL-AS-WS. This ganoderan was obtained
from G. lucidum 1Y009 cultured in galactose
medium. k

Ser
3.0z 6lu
Gly

w4 3¢ His

Fig. 4. Amino acid composition of the ganoderan-
GAL-AS-WIL. This ganoderan was obtained
from G. lucidum 1Y009 cultured in galactose
medium,

F3L olzr|de] kel 244%(WS), 20.7%(WI)
24 oE 9AaY9s AL A 223 £3
B} ge ekg 29} Ganoderan-WSe} WIE
o] o)t AL wws) £ w Pro, Gly, Ala,
Val, Met, lieu, Try, Phe} & u]ZAo)n] FAde)
ofullmate] A FeF2 Ao Fdslgou), Ley,
lle, Ala, Tyr 53} & o}v]4ke ganoderan-WI7}
WS} <7} wgir). whddl ganoderan-WS& WI
Hr} Asp, Glue] Adjdoz ol TF= o] 4
o}

fB-glucan &¢I
LAL kit( Kinetic-QCL, 192 Test kit, Biowhitta-

Table 6. Estimation of the B-glucan by Toxidome-

ter
Ganoderans  Solubility ~ Reaction Glucan
time Unit
(Sec) (2 ug/m))

G-C ASWS 1219 0.696
-Wl 1288 0.546
G-GLU AS-WS 1543 0.246

-WI 729 >50
G-FRU AS-WS 1211 0.717
-Wi 1045 1374
G-MAN AS-WS 1615 0.201
-WI 1400 0.378
G-GAL AS-WS 1007 1.618
-WI 1091 1.136

G-LAC AS-WS 356 >50
-WI 1477 0.298
G-MAL AS-WS 1018 1.542
-WI 1095 1.118
G-SUC AS-WS 907 2.566
-Wi ©o1221 0.691
G-STA AS-WS 882 2.902
-WI 1153 0.890

Mannan(Sigma Co.) 779 >5.0
Laminarin(Sigma Co.) 844 3.525

Abbreviations: G-C; Ganoderan obtaind from carbon
free medium. GLU; glucose GAL; galactose, FRU;
fructose, LAC; lactose, MAL; maltose, MAN; man-
nose, SUC;sucrose, STA; soluble starch, AS; alkali
soluble, Al; alkali insoluble, WS; water soluble, WI;
water insoluble ganoderan

ker Co) %3l ganoderan®] pB-(1-—>3)-D-glucan®
ek &3 A3, Table 63 Fo] RE A8:
LALS gel3} 3}tk Ganoderan F%7} 2 pg/miol
A WHEAIZb0) 350~1600& o]tfel) WHg-o] o]Fo]
Al B35 G-GLUZ AS-WI, G-LACS] WSS9} 7-&
fraction B-glucan unit7} 5.0 GU( 2 ug/mi) o]
Raich

Ganoderan2| H2|M spectrum
gkiglo] wel 483 ganoderand IR spect-
rum$ £33}, Baker 59 #AWHE F3}od
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Table 7. LR. spectrum of the ganoderan obtained from the mycelia of G.lucidum IY009 which was cultured

in various carbon sources

Ganoderan Frequencies (cm™!) of absorption peaks
G-C AS-WS 3421 2348 1720 1708 1691 1656 1648 1631 1612 1571
1550 1529 1460 1078 896
-WI 3414 2927 1720 1708 1687 1656 1631 1571 1550 1460
1369 1043
G-GLU AS-WS 3428 2929 1720 1708 1691 1656 1648 1631 1612 1571
1550 1529 1460 1265 1082 883
-WiI 3414 2920 1720 1702 1691 1656 1648 1631 1571 1550
1535 1460 1370 1073 893
G-FRU AS-WS 3428 2919 1708 1687 1656 1648 1631 1612 1571 1550
15635 1460 1370 1272 1080 861
-WI 3436 1725 1691 1678 1656 1648 1639 1631 1612 1571
1467 1444 1432 1077 883
G-MAN AS-WS 3413 2926 1733 1717 1695 1694 1652 1635 1616 1576
1559 1535 1521 1506 1456 1271 1081 882
-WI 3421 2921 1733 1699 1684 1652 1635 1558 1539 1506
1456 1074 884
G-GAL ASWS 3423 2924 1652 1263 1083 894 707
-Wl 3414 1630 1368 1043 887
G-LAC  AS-WS 3415 2927 1653 1279 1080 885
-WI 3398 3398 2921 1653 1635 1521 1506 1373 1161 1073
1040 890
G-MAL AS-WS 3394 2929 1652 1272 1083 888
-WI 3406 2921 1695 1652 1635 1576 1559 1539 1506 1456
1373 1078 887
G-SUC AS-WS 3394 2930 1652 1550 1539 1506 1264 1079 897
-WI 3420 2926 1631 1378 1045
G-STA AS-WS 3412 2923 1652 1272 1077 888
-WI 3427 2920 1635 1376 1261 1075 887
B-Glucan 3408 2919 1659 1625 1551 1079
Mannan 3408 1439 1421 1059 975 825
Laminarin 3432 1631 1144 1122 1088 1054 1042 1020
Zymosan A 3416 2924 1656 1631 1546 1528 1383 1083 1039 878

Abbreviations: G-C; Ganoderan obtaind from carbon free medium. GLU; glucose GAL; galactose, FRU; fructose,
LAC; lactose, MAL; maltose, MAN; mannose, SUC; sucrose, STA; soluble starch, AS; alkali soluble, Al; alkali
insoluble, WS; water soluble, WI; water insoluble ganoderan
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TF2& FAsc) dubH 2 g-anomer ©53E
£ 811~855 cm™ o] A F-a}Abo] e, B-ano-
mer 52 895+ 9cm 'Y HZoA el E
A ZHH dFE9] ganoderand Table 891
Ajo} o] REE 890 cm~} Rl F4 AL
yeldoax gA3 g-AHE s ogdiFds g
adleiel. 22 ganoderan G-C-WI 2 G-SUC-
Wi 890 cm™ AF2) F-ZoA] Fuhite] e}
A ekghot, peaks el 4 glgloernw Ak
o) o] Ao FAANLREE HEFHA] L Ao
#rlFig 5). &53E 714 carbonyl group(C=
0)-& 1725~49 cm ™, acetamido group-< 1648 cm ™!
F2ol F594E RolxdHl, ganoderand] 7%
ol#g spAtell A T peakE vJeligic) 3] 3
g9 o Al 19 shae) 5 gtAE ether lin-
kage(C-0-CO)F oEtt oleld &+ 1150~1080
cm ™ Xring form), 1150~ 1060 cm™alky! ether)sl]
A FFAE Jehied), dRtie A2 olef
ZE W92 FAeolr] peakd Rt}

Ganoderan2| EAj2t 2%

oe] gAdg o] 8-ste] FAMNE w3l He
%l ganoderan®| Hi F-AlEE alaly] 9sie
Sepharose CL-4BE ©]£§ column chromatogra-
phyE Adsqct. A7) X888 $EA7 Az
Fig 62} 2t chromatogramg ¢t} 2E gano-
deran®} AS-WS¥-8-& ¥-3 M3 45~5004]
peaks H o 2H|, o|&e] HF Exlgke 27~60
kD9] thg-ial o2 vepgr) ASWIREL A
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Fig. 5. LR spectrum of the ganoderan-GAL-AS-WS.
This ganoderan was obtained from G. luci-
dum 1Y009 cultured in galactose medium.

2% A wEo| Z538 chromatogram$g o}
epyoud, HHAoE fraction No.20~30:04 F
727} et Hd ] 900~3000kDel o
FHE B 5 itk

HiA &4

dzte] 7184 ganoderan(WS+WI)o) in vitrooll
A BAA wXe e AsE A3, Fig 74
A} 7o) oA dlzFo 2 A3 Krestin®] ITCH
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at 490nm
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Fig. 6. Gel filteration patterns of ganoderan-GAL.
This ganoderan was extracted from the my-

celium of G. lucidum 1Y009 which was cultu-
red in galactose medium.
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Fig. 7. Anticomplementary activity of the ganoderan

(WS+WI). These ganoderan were extracted
from the mycelia of G. lucidum IY009 cultu-
red in various carbon sources.
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Antitumor activity{l.R.%)

G~C. GLU. FRU. MAN GAL. LAC. MAL. SUC. STA,

Fig. 8. Antitumor activity of the ganoderan (WS+
WI). These ganoderans were extracted from
the mycelia of G. lucidum IY009 cultured in
various carbon sources.
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Fig. 9. Correlation between anticomplementary acti-
vity and antitumor activity of the ganodern.
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HYHESAE WAoo g o] 43 wix 2 e iy
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=& ggIAS Mok
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ot AL Hyrh

EtARlol e ganoderan?| Rl mt SHEA|
EAZEol Al 2|

J\I

7Zrzbe) whaglel wel WA G lucidum vk
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s g4z ARAAE ot B fiste] 24
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AR &L plot SRk Fig 99k ol ShAz P
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vepgton, ZHEe~E BAQoR AR WA
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2 A °°"

kl
2

ATl Sehs A WAL ek WY &
H7F v Wttt EE 238ty 9vHKim ef al.,
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NS EAE TS RS 4 3 9ED
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AR AN FLAWS)H iAW) eE &
3} & & ook ol9} e AL Larriba 5(Lar-
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ste] FHetAH, S cerevisiae} cell-free extract
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B odfiMm e FE2ES Sl d9gR
2 23 I A ethanolE AHE-s1 o 9] ¢lo]
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44 ganoderan(WS, WDo] +4 ojn|ilke Ehi
WFe & Ao 48 AL Bonh 22y
gaglo]l AW wiAEYY F¥3I GC £
obzride] ko] 244%(WS)Sh 20.7%(WDEH ©
T dadEvt g §E8 sk Jleg Rol
47 A7} ganoderan® AL w whualo)
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