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Abstract

The cultured mycelial cells of Ganoderma lucidum was extracted by alkali, and then neutralized by acid. The
extract was passed through the column of DEAE cellulose for more purification. The neutral fraction was con-
centrated and precipitated with 95% ethanol. The precipitate was lyophilized and then PSG (polysaccharides)
was obtained. PSG was composed of 82.2% polysaccharide, 0.7% protein and 17.1% uronic acid. Sugar
conjugates of its hydrolysates were produced using with fluorescent compound (7-amino-1,3-naphthalene disul-
fonic acid : 7-AGA), and then fluorescent labeled sugar conjugates were separated by reverse phase high per-
fomance liquid chromatography. Hydrolysates of PSG were composed of sixteen amino acids and 95.7%
glucose, 2.7% xylose, 1.6% fucose and trace amount of galactose and mannose. The immunomodulating effects
of PSG on macrophage were perfomed using murine macrophage cell line ATCC TIB 71 cells. PSG augumented
the phagocytic activity of TIB 71 cells against fluorescent latex beads.

Key words : Ganoderma lucidum polysaccharide, 7-amino-1,3-naphthalene disulfonic acid (7-AGA),

phagocytic activity

M o=

MAE 2a A FE B3} ool ERT AFoE
P T Sa02 44l st vl 3
=%, 6714, R ukAl, ol Ak, A E.2 ojokAly

%

DA Ao B ope} AJF daH Y
& Fol AR 2R A3 AHE, AU,
A, 4k, vlebel, 545, 27198 S A A
23 BA2A AFUE I glon H e WA
Fol Felol Sl AT Yo ¥ Wz 1
§ 53} B=Ask] B A7} AP 3 QAP

B ol Fol| 25 AW A Ganoderma lucidium (Le-
A dE AL Alo], A, WA 5

bR

yss. ex Fr.) Karst. &

'To whom all correspondence should be addressed

L2 BEte A5THE EFIE TA Mycota) A
3] Fo} A (Eukaryomycota) A -FF (Eumycota) &2}-Fo}
¥ (Basidio-mycotina) Fg2}#¢}7} (Hymenobasidio-
mycetidae) %13=2-E- (Aphyllohorales) ¥ 2 % 3} (Gano-
dermataceae) ¥ 2 %= (Ganoderma ITO) 2 2 &
(Ganoderma KARST. em MURR)e]| &-glc}i-2782,

o2 3 $2 22T of2 AL 30650 Dot
=eldzafe A ea 245 Gl Agtahe] o
AR ohA el Al B 2 g R e,

dzluw oz 2H 2% AeAY = za g
& Zka gle ] ol 5L S AR A F
== P A FAo] da whepr] ek Ae] wi$ &
2 FATRA 7 A A el e, o
AW A S nEA BAL A HE ANA, ddadsiat
4 5& 2 g, o2 R FeElg ot fe g



148 A% . 7

G715l Aol dFof i At Bl e,

G A ThF A Ao NG W) e A &
2}43 (homeostasis)=} DA & FAE Zr gl.on 47
WAooz vel Reld vhdFeol W abga s slod
2 shsbA AR W R ojg ATl sl ol E
o] w Ao tfgF B 3= cheFsjrprns,

a2y B2 B E Bt el 71 rj e
He O E TR SlE 933 2579 =
ol F2u ) B4 w2} 4] d2a 933
ol ool o) B} A&y ARl Ay
o] & T Abgho) e,

wepi] B ood el x| Ale] FAA wlFER
FE wEA BAHA dFAE 5 - B - AHAEA,
2 AR 2AL 2 o Ao} A i Ry

A 24 B8 A% F, dAA oA s}
uhf- 2 A A £9) BhA ol vl x| o a5k Aahg]

Gx|H M

£ AgelH A4 dF AEe A dg FEL
oA} 2L 3= A AW Al (Ganoderma lucidum)g 7]
sted AA AR e BRI FALE 2 FOE sl o
Aokt FAAZAM S AL A" o3t A -
galstodct.

HH |

Z7-& potato dextrose agar (PDA : Difco Co.) A4
Wi & A5kl em v ok-8- A AR = glucose 508,
peptone 20g, KH2PO4 0.87g, MgSO4 - 7H20 0.5g3} 0.
5% FeClz - 6H20, 0.36% MnCl2 - 4H20, 0.3% ZnCl2,
0.05% CuSOs4 - 5H202 % basal medium 20m!& @31
€ 7HE) AR 128 2 g AR (pH 4.5)5 121°C
o4 1587 = Esho] AHg-ahedct.
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form)e. 2 21A)7) A9 (size : 20mm D X 600mm L)
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AZAZ 7AAL 2 dGF EEE (glucose, mannose,
galactose, fucose, rhamnose, xylose, arabinose, N-ac-
etylgulcosamine, glucuronic acid, N-acetylgalactos-
amine, galacturonic acid)oll z}z} methanol-pyridine-
water (35 : 15 : 10) 55ule} 2ule] acetic anhydride-&
7tate] AlgolA 3087t whg-AlZioh whg- o g
F 2EE -3 30ul¥ S A3 3o coupling A] %k
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1M NaCNBH32} 0.2M 7-amino-1,3-naphthalene disul-
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A71d 28 AAIF & UV lamp (UV-Retrachter, Cam-
ag)& AHg-sho] 366nmell 4] 2helshgdch.
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Y Y& AxstEw o] of W3- F71 0 2 = stack-
ing gel 6% gel$-, separating gel& 10~20% gel&- A}
4-3k9d 2., spacer®] FA+= 0.75mme] & A2-519d
t}. 9], o}l Awjo] 2.2 0.1M-boric acid, 0.1M
Tris-EDTA 2Na (pH 8.3)& A}8-3}%] 31, A] & 104% 50
%2 sucroseel] Ao H-LAF 31, 300V A] 3X| 7} Al A
3}¢d o}, Marker2.3= phenol red @ methylene blue-&- A}
goiglom, W/ EE @ Fol F U= B2 e
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Table 1. HPLC condition for the analysis of monosaccharides

Column Spheri Cis+ Spheri phenyl( 5 x 150mm)

Eluent 0.1M Triethylamine (adjust pH 4.0 acetic
anhydride)

Flow rate 1.0m!/min.

Detector UV 250nm

Injection volumn 5yl

2, glucose 13.6-8-1), xylose 15.2%-t, fucose 21.5%
o o]t

A
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TIB 71 tHA M| ZZS vH Ot

American Type Culture Collection (ATCC)2] w}-9-~
Al M 2541 TIB 71 Al 2= Fo}d)] v] A &3 oA
ol 4] Houkglel. A Zul k-2 10% FBS2} &A1 A (pen-
iciline 100unit & streptomycin 100ug/ml, GIBCO)7}
71 DMEMe| A 3 3tgd et o3t 5% COz vl
7]l A 48217t A FAA 2 A EE FBSE A&
DMEM9] 2417 Fat adAulof Fof A3 2183}
A}t Aol 2123 A EE trypan blue exclusion 7
ALZ A EE 95% o] Aral Ae A= Alg-3slg )

BAHA crFA2 M2 A

PSG dukAl B-& 243k % phosphate buffered
saline (PBS, pH 7.2)¢l) 2 83 5 & sl d#3}
Atk v NS FBS7T 235 A] ¢ % DMEMO. 2 .5t
3lar, vjokA Lol &] PSG A2l Z-g-3Fo] 100u
7t S A 472 AP &xg stol.oH, 2447}
e} g 7] oA ke 2 slsdt

EHAs 5T

PSGE 8] v=& 24A7t A7 F 242 110719
TIB 71 A 2} 1 x 107} 2] green fluorescent polystyrene
latex spheres(1.83um %73, Polyscience Co., USA)Z 3}
Frgt vl Ao 453 59k 3°CH D¥¢ 5% CO2 v e}7] el A
3t elloFgt ¥ PBSE Tl A A stedch galee
104 3£ & latex spheresZ Fd'é]z{l— AEE 72 Al EE
21712} Consort 302} histogram-g- o] &8} A A N xF
o chah W R TRHAM T4 w28 2 skl Th,

SHAE|

A A= FF+EER A Mean£5.D)Z £ A
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Table 2. Components of protein bound polysaccharide extr-
acted from Ganoderma lucidum

Content (w/w%)

Component

Neutral sugar 82.2
Uronic acid 17.1

Hexosamine trace
Protein 0.7

Table 3. Amino acid compositions of protein bound polysac-
charide extracted from Ganoderma lucidum

Amino acid Amino acid/PSG (ug/g) Molar ratio
Lysine 184.3 2.3
Histidine 68.5 0.2
Arginine 3223 33
Asx." 7101 9.5
Threonine 228.2 3.4
Serine 314.2 5.4
Glx.» 1012.0 12.2
Proline 586.3 9.0
Glycine 880.4 20.8
Alanine 604.9 12.1
Valine 475.6 7.2
Methionine 37.2 0.2
Isoleucine 2909 4.0
Leucine 432.7 5.9
Tyrosine 126.1 1.3
Phenylalanine 290.6 3.2
Total 6564.3 100.0

"Asx. ; Asp. and Asn. *Glx. ; Glu. and Gin.

A& - ey
g o 2 A Foob A o] ARG ol ek
& AR T TR ogAE vl 3 5 TMSE
Al GLCe] o sff &-43F AabERA] 7] 58 od 2
Al thed A o] Al el F-= glucose, mannose, galact-
ose, xylose(72.5: 158 : 8.3 : 3.4t B89 o,
7h Bl oA ) Al FARA] sl ekE2] 79 galactose,

2 3 4

10~20% gradient SDS-PAGE analysis of protein bou-
nd polysaccharide extracted from Ganoderma luci-
dum (PSG).

The hydrolysate of PSG was conjugated with 7-
amino-1,3-naphthalene disulfonic acid (AGA). These
were electrophoresed by SDS-PAGE.

The main band indicated by arrow was analyzed with
standardizated sugars which conjugated with ACA usi-
ng UV lamp at 366nm. : Lane 1. Ganoderma lucid-
um ; Lane 2. Xylose-AGA ; Lane 3. Glucose-AGA ;
Lane 4. Xylose-AGA +Glucose-AGA. *Ganoderma
lucidum : Neutral fraction separated from DEAE ion-
exchange chromatography.

i

Fig. 1.

Table 4. Compositional sugar analysis of polysaccharide fr-
om Ganoderma lucidum

Sugar

*Content (%)
Glucose 95.7
Xylose 2.7
Fucose 1.6
Galactose trace
Mannose trace

*is area percent in HPLC chromatogram




oAl u Ao 4] Baldh ghebad ciekale] gk ol 151

N
=
= :
3
_ g
i = B
H z
5]
<
T
o Z
z 'f: o
i -
oy
il
<t s tj 4,
€22

Man

£

12,

« 4.8%
T.3r €25
3, 08

T

3>
Fig. 2. Chromatograms of protein bound polysaccharide extracted from Ganoderma lucidum (PSG).
The hydrolysate of PSG was conjugated with 7-amino-1,3-naphthalene disulfonic acid(AGA). These were electrophores-
ed and were separated by SDS-PAGE. The main band was extracted and analyzed by HPLC at UV 250nm. (1) Chromato-
gram of protein bound polysaccharide extracted from Ganoderma lucidum using Cis column. (2) Dopped chromatogram of
protein bound polysaccharide extracted from Ganoderma lucidum with galactose- AGA, glucose-AGA, xylose-AGA, fucose-
AGA and N-acetyl glucosamine-AGA using Cis column. (3) Dopped chromatogram of protein bound polysaccharide
extracted from Ganoderma lucidum with mannose-AGA using Cis— Phenyl column.
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Fig. 3. Phagocytic activity of protein bound polysaccharide
extracted from Ganoderma lucidum(PSG) on ATCC
TIB 71 cells (Mouse monocyte-macrophage).
After incubation of cells with various concentrations of
PSG, they were consequently cultured with fluorescent
latexs beads. The beads phagocitized cells were deter-
mined by computer aided subtraction of histogram of
stained cells from unstained cells. Each value is mean-
+S5.D. of 5 samples. ** is significantly different from
the control at 0.001 level.
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