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Abstract — Alkali soluble(AS) fraction, revealed the highest antitumor activity of the alkali extracted

fractions of G. lucidum 1Y 009, was loaded on DEAE cellulose(OH

form) column. AS-1, AS-2,

AS-3, AS-4 and AS-5 were obtained by stepwise elution with H,O, 0.1 M NaHCO;, 0.3 M NaHCO,,
0.5 M NaHCO; and 0.5 N NaOH respectively, and their antitumor activities(LR. %) against the
sarcoma 180 were 97.5%, 68.0% 73.0%, 81.0% and 66.0% respectively. AS-1 observed highest antitu-
mor activity was appeared as single peak on the Sepharose CL-4B column chromatography, and
their molecular weight was about 580,000 dalton. The carbohydrate content of AS-1 was 98.9%,
their monosaccharide consisted of 67.5% of mannose, 22.5% of xylose, 5.8% of glucose, 1.8% of
galactose and 2.0% of ribose. AS-1 was assumed a-linkaged xylomannan having infrared absorption
at 864.3 cm . The main alditol acetates of AS-1 were identified as 1,5-Di-O-acetyl-2,3,4-Tri-O-meth-

ylxylitol,

1,4,5-Tri-O-acetyl-2,3,6-Tri-O-methylmannitol and 1,34,5-Tetra-O-acetyl-2,6-Di-O-methyl-

mannitol by methylation analysis, and their molar ratio was 1.2 1. The core portion of AS-1
might be a-(1->4)mannopyranosyl unit branched with side chain, C1 of xylopyranosy! residue linked
to C3 of every 3 mannopyranosyl units, and the degree of polymerization of structural unit in

AS-1 was about 835,
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Fig. 1. Elution profile of the alkali extracted crude pol-
ysaccharide fraction AS obtained from G. lucidum 1Y
009 on DEAE cellulose chromatography.

0.2 g of fraction AS was loaded on the column and
eluted at 1 m//min. Each column fraction volume was
10 mi, and elutate was checked by measuring absorba-
nce at 490 nm after phenol-sulfuric acid reaction for
carbohydrate (-@-), at 280 nm for protein(--),

Kor. J. Appl. Microbiol. Biotechnol.

19mg, 0.1 M NaHCO; 2. 8-%% AS-28-3 58 mg, 0.3
M NaHCO;2 £%% AS-3%-3% 58mg 05M Na-
HCO;2 8%% AS4%-3 23mg 2 05 N NaOH=
455 AS-53-8 38 mgs At Table 1). AS-1, AS-
2, AS-3, AS4 2 AS-5e] ek 7z 98.9% 96.6
Y%, T7.1%, 77.7% % 795%1 1, whilal gepe zbrt
1.0%, 2.7%, 11.3%, 7.1% % 24%%3 oo, slergrae.
7F7} 97, 5%, 68.0%, 73.0%, 81.0% = 66.0%% E=2
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olo|mAke  67.3%7} tryptophane] ]2 m(Table 4),
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Table 1. Yields of the polysaccharides fraction from
liquid culture of G. lucidum 1Y 009

*Subfractions Yields of polysaccharide

of fractions from 1 / culture

AS fraction (g/D) (% of total Wt.)
AS-1 (.082 4.36
AS-2 (.245 13.02
AS-3 0.098 0.21
AS-4 0.106 5.63
AS-5 (.164 8.72

*AS designated alkali extracted, ethanol precipitated
water soluble fraction of the myceha of G. lucidum
IY 009. AS-1, AS-2, AS-3, AS-4 and AS-5 were obtained
from fraction AS by column chromatography on DEAE
cellulose.

Table 2. Carbohydrate content, protein content and an-
titumor activity of the polysaccharide fraction of G. fu-
cidum 1Y 009

subfraction  Carbohydrate  Protein  Antitumor
ol content content activity
AS fraction (%0) (%) (1.R.%)
AS-1 98.9 1.0 97.5
AS-2 96.6 2.7 68.0
AS-3 77.1 11.3 73.0
AS-4 77.7 7.1 81.0
AS-5 79.5 2.4 66.0
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Fig. 2. G.L.C. patterns of monosaccharides of AS-I1
obtained from G. lucidum 1Y 009,

Table 3. Monosaccharide contents of the polysaccha-
ride fraction of G, lucidum 1Y 009

Contents(area %)
Monosaccharides

AS-1 AS-2 AS-3 AS4 ASH
Arabinose — — — — -
Ribose 20 139 3.0 1.4 1.0
Xylose 225 120 65 27 15
Mannose 67.5 135 163 167 173
Galactose 1.8 177 139 175 165
Glucose 58 429 603 622 639

8643 cm 'ol| A infrared &-3H3Fe] vleh-HFig. 3), a-
xylomannan®.2 Azt i) o|eigr Adbe= atd
g vepd e o i g2 F412 B-1.3-glu-
can®. 2 o grh= vkl ®5(20-22)%= =
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Table 4. Amino acid contents of the polysaccharide fra-
ction of G. lucidum 1Y 009

Vi by by it e,

. . Amount{area %)

Amino acids

AS-1 AS-2  AS-3  AS4 ASH
Aspartic acid - 2.5 85 17.1 15.2
Threonine 1.4 1.2 3.3 3.8 3.1
Serine 5.7 2.1 4.1 3.3 3.5
Glutamic acid — 2.6 6.1 14.3 9.0
Proline - 0.9 2.7 4.9 3.6
Glycine 13.2 43 106 168 14.7
Alanine 4.9 0.1 4.6 6.9 5.5
Valine - 7.2 3.9 1.9 1.7
Methionine — - — 0.8 —
Isoleucine 0.6 0.2 0.8 1.9 1.2
Leucine 1.7 09 2.1 3.9 2.8
Tyrosine 0.3 0.3 0.5 (.7 0.7
Phenylalanine 0.3 0.3 0.9 14 0.8
Tryptophan 673 767 498 152 322
Histidine 2.4 — — 1.7 1.5
Lysine 2.2 0.7 2.1 3.5 3.0
Arginine — ~ — 1.8 1.5
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Fig. 3. LLR. spectrum of AS-1 obtained from G. luc
idum 1Y 009,

4 g AS-12 A o A3 &5F

AS-153]-&8 A st7] 98l 20 mg& 0.3 N NaOH¢4j|
#al A] 7 Sepharose CL-4B columnel| loaddte] 0.3
N NaOH=E §%213] A7}, Fig 4o 49} o] AS-1
B-3].2 2000l 4] 269 Apelo] HE el 7o §E5E
o] tiel peaks Moivh wdF AS-19] H-xjgks ofol
¥ 7] 2188, molecular weight standard= dextrang
o] 83}31, fraction volumeS 2mi%, 47]et U
#7122 Sepharose CL-4B columne| 4] chromato-
graphy2 #8gk A}, AS-19] #-=eF2 <F 580,000
daltone] i ch(Fig. 5).
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Fig. 4. Elution profile of the polysaccharide fraction
AS-1 obtained from G. lucidum 1Y 009 on the Sepha-
rose CL-4B chromatography.

The volume of each f{raction was 10 m/, and eluates
were checked by measuring absorbance at 490 nm af-
ter phenol-sulfuric acid reaction for carbohydrate(-@-),
O.D at 280 nm for protein(-_-).

Blue dextran (MW 2,000,000)

Dextran AS-1 (MW 580,000}

(MW 480,000)
Dextran (MW 266,0001\2

Dextran (MW 124,000)
Dextran (MW 87,000)

Log Molecular Weight{dalton)

4 X i 1
150 200 250 300 350

Elution volume(m/)

Fig. 5. Determiantion of molecular weight of the poly-
saccharide fraction AS-1 obtained from G. lfucidum 1Y
009 on the Sepharose Cl.-4B chromatography.

The volume of each fraction was 10 m/, and elutates
were checked by measuring absorbance at 490 nm af-
ter phenol-sulfuric acid reaction for carbohydrate.
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Fig. 6. G.L.C. pattern of methylated, hydrolysed, redu-
ced and acetylated polysaccharide fraction AS-1 obtai-
ned from G. lucidum 1Y 009,

2,3,5-Xyl = 1,4-Di-O-acetyl-2,3,5-Tri-O-methyl xylitol, 2,
3,6-Man=1,4,5-Tri-O-acetyl-2,3,6-Tr1-O-methyl manni-
tol, 2,6-Man—1,3,4,5-Tetra-O-acetyl-2,6-Di1-O-methyl
mannitol.
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Fig. 7. Mass spectra of the methylated, hydrolysed, re-
duced and acetylated polysaccharide fraction AS-1 ob-
tained from G. lucidum 1Y 009.
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Table 5. GC-MS of the methylated alditol acetates derived AS-1 of G. lucidum 1Y 009 and sugar linkage of

AS-1
Retention® Mass fragment Position of” Sugar Molar
time{min) methylation linkage ratio
25,70 59,75,87,101,129,161,175 2,35-Xyl Xyl]1—> ]
26.15 45,117,161,233 2,3,6-Man —1[Man }4— 2
27.22 45,87,101,129,161,189,261 2,6-Man —1[Man]3 1

“Column; HP OV 101(0.2 mmX25 m, most nonpolar dimethylsilicone) capillary column, Column temperature;
100TC -240C gradient, Rate 4C /min, Initial time; 1 min, Final time; 10 min, Injector temperature: 250C , Detector
temperature; 250C, He flow rate; 14.4-15.2 m//min(2 kg/cm?), H2 flow rate; 2 kg/cm? 02 flow rate; 3 kg/cm®

»2.3,5-Xyl=
Man=1,3,4,5-Tetra-O-acetyl-2,6-Di-O-methyl mannitol.

al—4 combination ol—4 combination

CH,gOH CHQOH CH; OH

a1—3 combination

OH
OH
OH

Fig. 8. Possible repeating units of polysaccharide frac-
tion AS-1 obtained from G. lucidum 1Y 009.

G. lucidum 1Y 009 Cigt
A

AS-12] %} linkage& #43}7] #18] 10 mg-& me-
thylation, hydrolysis, reduction % acetylation*]#
GLC.E A& 23 Fig 6o 4]} 7o) AS-1¢] 9
methylated alditol acetate®] G.L.C. peak+= retention
time 25.70%, 26.10% % 27.22%F-o A }e}yto
o]=-2] molar ratiox= th=f 1.2 : 199} Retention
time 25.70% peak®] mass fragmentt 59, 75, 101,
115, 129, 155, 175°]3, 26.15% peak$] mass frag-
ment< 71, 87, 117, 129, 161, 173, 189, 233%l 2
27.225- peak®| mass fragment+ 101, 129, 161, 261

2 epbgdohFig 7). 7+ peak®] mass fragment-£ stan-
dard methyldted alditol acetate®] mass fragmente}
B gk A3, o]l gol 7z} 1,4-Di-O-acetyl-2,3,5-Tri-O-
1,4,5-Tr1-0-acetyl-2,3,6-Tri1-O-methyl-
1,3,4,5-Tetra-O-acetyl-2,6-Di-O-methyl
mannitol . &3l = 1 (Table 5), ¢]-52] molar ratio
« 1.2 1332822, AS-12] core portion-& (1

=&, AS-19] & linkage

methylxylitol,
mannitol %!

1,4-Di-O-acetyl-2,3,5-Tri-O-methyl xylitol, 2,3,6-Man=1,4,5-Tri-O-acetyl-2,3,6-Tri-O-methyl mannitol, 2,6-

—4}linked mannopyranosyl unit® = 3712 (1—4)
linked mannopyranosyl residuev}c} 1712} xylopyra-
nosyl residue?} mannopyranosyl residue2} (1-—3)
A4S 3l Qi+ structural vnitE 7}% xyloman-
nan® = F2 =9l o v(Fig, 8), structural unit®} ¥ =}
7ol 6189 2 AS-12] F=R}gkel 580,000¢i2 % T3
¥+ oF 83593},

2 ¢

Ganoderma luctdum 1Y 0092 H-E] o)zl zclod
B8l ASH-3] 0.2 g& =l =of DEAE cellulose(OH -
form)E &% % columnel 4 &, 0.1 M NaHCO,, 0.3
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3, AS-4 % AS-52] sarcoma 180l ol g+ o} x| &4
2+2y 97.5%, 68.0%, 73.0%, 81.0% % 66.0%EFE BF
$50 F40 LA ASL) A e
AS-145-3].8- Sepharose CL-4B columnell 4 -&-%A]7)
S ol kel peakE ¥.odom, F-xekE oF 580,000 da-
ltonol&lt}, AS-13-3]2] o} §ef2 98.9% 5 mannose
67.5%, xylose 22.5%, glucose 5.8%, galactose 1.8%
1l ribose 24% 2 FAEe] 2le0, LR. spectrum
864.3 cm ‘ol FriAbe] vlel} g-xylomannane]
etal A aE ok

AS-12] F82. methylated alditol acetater= 1,4-Di-
O-acetyl-2,3,5-Tri-O-methyl-xylitol, 1,4,5-Tr-O-ace-
tyl-2,3,6-Tri-O-methylmannitol % 1,3,4,5-Tetra-O-
acetyl-2,6-Di-O-methylmannitol = #Fix] ol
ratiox= thek 120 199222 AS-12] core portion
+ (I—4)linked mannopyranosyl unit® o} 37921
—>4)linked mannopyranosy! residue=}ct 17§ 2] xylo-

AL, molar

pyranosyl residue”} mannopyranosy! residue2} (1
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—->NAYE 332 9+ structural unitE 7} xyloma-
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