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BioRad 125 Solvent Module CS- Raw264 .7 DMEM 10%
15R Beckman 132 Gilson 100EU/mL 100pg/mL
Virtis 2KBTES-55 2x10°  /mL 96 501/
1.2 CO, 37°C 5%CO, 2h
1.2.1 6 200y1g/mL
50p.L/
CO,
1.2.2 24h Griess NO
1:30 W/V 10
95°C 1h NO NO _
3 oD - 0D / OD - 0D x 100%
95% 4% 1.3.2
i Raw264.7 200pg/mL
Co, 6h PBS
1.2.3 ) 50pL. 0.072%
8 1h PBS 2
1.2.4 100,
HPGPC Shodex lmol/L =1:1 550nm
Ohpak SB-800HQ 7.5mm x 300mm .
0.05mol/LL 0.5ml/min 25°C
= 0D —
Rt Lge MW Rt
R 0D / OD - 0D x 100%
GPC 9 1.4
1.2.5
A RPMI1640 10% 100EU/mL
ol Ma Gal Xyl 100pg/mL CRPMI 1 x
Fue Rha ClcUA 100 /mL 96 5001/
GalUA GleN 9 2p1g/ml. ConA
PMP 50uL/ 100pg/mL
HPLC Hypersil  37°C 5%CO, 68h MTT S5mg/mL
BDS-C18  250nm A 15% VIV 10pL/ 4h 550nm
50mmol/L, pH6.9 B op " RPMI1640
40% VIV 50mmol/L
1.0mL/min 25°C = 0b - 0D /oD -
4mol/L TFA 120°C 0D
6h 1.5
PMP HPLC +
1.3 One-Way
1.3.1 NO ANOVA
a 9 PMP HPLC
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Fig.1 The standard curve of molecular weight-retention time 24 1

1 5
Table 1  The mycelial biomass and polysaccharide yield of five Ganoderma species cultured by using submerge fermentation
Species Biomass Yield of polysaccharide Contents of Yield of polysaccharide
/ g/L extract / g/LL polysaccharide/ % / g/L
GL 18.75 0.81 35.99+0.12 0.29
GO 11.40 1.11 39.67+1.47 0.44
GR 21.01 0.34 53.02+0.90 0.18
GS 12.38 0.32 34.30+£1.04 0.11
GT 15.01 0.24 62.23 £2.66 0.15
average 15.71 0.56 45.05+1.19 0.23

GL  G.lucidum GO G.oerstedii GR G.resinaceum GS G.subamboinens GT G. tsugae.
Yield of polysaccharide = Yield of polysaccharide extract x Contents of polysaccharide .

2.2 5
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Fig.2 HPGPC chromatograms of mycelial polysaccharides extracted from five Ganoderma species.
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Table 2 A comparison of five polysaccharide extracts distribution in different molecular weight segments
Molecular Different molecular weight segments ratios
weight Da <1x10° 1x10° ~5x 10 ~1x10° ~2x10° >2x10°
GL 40.16 53.86 1.98 1.37 3.33 100.00
GO 45.45 48.57 2.12 1.33 3.22 100.00
GR 32.99 47.27 4.09 3.87 12.57 100.00
GS 31.81 53.64 5.49 3.24 6.67 100.00
GT 21.62 66.00 4.39 4.04 4.83 100.00
GL G. lucidum GO G. oerstedii GR G. resinaccum GS G. subamboinens GT G. tsugae.
2.3 GL GS GT GalUA GL
5 Rha GT Xyl
Gle Gal Man GleN Fuc 5 3 GT 4
GT
3 5
Table 3 The monosaccharide compositions and molar ratios of five mycelia polysaccharide extracts’ derived from different Ganoderma species
Speci The monosaccharide compositions and molar ratios
pecies Cle Gal Man GLeN Fue Xyl Rha CleUA GalUA
GL 5.268 2.078 1.000 0.108 0.243 - 0.061 - trace
GO 5.3064 3.699 1.000 0.920 0.568 - = - -
GR 6.628 1.236 1.000 0.708 0.347 - = - -
GS 5.202 2.442 1.000 0.112 0.256 - - - trace
GT 16.448 1.253 1.000 0.327 0.481 0.195 - - trace
— undetected trace molar ratio < 0.01.
2.4 Raw264.7 55
No
5 2001&% /ml, Table 5 Statistical results of the significant difference among
Raw264.7 NO polysaccharide extracts from five Ganoderma species on the
aw - stimulation of NO production or phagocytosis of
4 mouse macrophage Raw 264.7 cells
GS GR GO GT GL NO GS GL GT GR Sample GL GO GR GS
GO GS oL
GO * %[+ 4
GL P <0.01 G e
Raw264.7 GS * %[+ * x4+ X x4+
NO GT * [ = * ¥ [+ + % % [ = * %[ =
GL G. lucidum GO G. oerstedii GR G. resinaceum GS G.
5 subamboinens GT  G. tsugae. Note SPSS10. 0 statistics software was
employed. Method ANNOVA 1SD Least Significant Difference . * or
4 *%  the significant difference among five polysaccharides on NO production.
x+s n=3 * P<0.05 *¥p<0.01 + or — the significant difference among five

Table 4 A comparison of the stimulation activities on mouse macrophage
Raw 264.7 cells by different polysaccharides

extracted from five Ganoderma species

Sample NO synthesis index phagocytic index
Control 1.00+0.01 1.00+0.05
GL 2.00+0.71° 1.26 +0.02"

GO 5.80+0.28" 1.11+0.05"
GR 7.00£0.01* 1.18+0.02>

GS 13.44 £0.79" 1.31+0.01™

GT 3.18+0.21" 1.22+0.05
Fruiting body 2.83+0.24" 1.10+0.01"

Fruiting body-G . lucidum. a P <0.05 vs Control b P <0.01 vs
P <0.05 vs Fruiting body d P <0.01 vs Fruiting body.

Control ¢

polysaccharides on phagocytic activity + + P<0.01 + P<0.05 -
P>0.05.
2.5
5 100p.g/mL
P<0.05 P<0.01 6
P>0.05
ConA 2pg/mL 5
100pg/mL ConA
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P <0.01 G. lucidum G. tsugae
P>0.05 3
6 5
Table 6  The stimulation effects of polysaccharide extracts from different Raw264 .7

Ganoderma species on mouse splenocyte proliferation

Sample Ii’olysa(?cha.ride Polys-acchal.ide .+ ConA

stimulation index stimulation index
Control 1.00+0.05 1.00+0.01

GL 1.11+0.04% 0.76 £0.04"
GO 1.15+0.01% 0.70£0.01"
GR 1.18+0.06 0.64+0.05"
GS 1.15+0.03" 0.70+0.04"
GT 1.20£0.06" 0.74+0.01°
Fruiting body 1.24+0.02" 0.70 +0.01"

Fruiting body-G. lucidum a P <0.05 vs Control b P <0.01 vs
Control ¢ P <0.05 vs Fruiting body d P <0.01 vs Fruiting body.
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Abstract Five Ganoderma species including G.

A comparison study on the physical/chemical properties and immunomodulatory activities

of mycelial polysaccharide extracts from five Ganoderma species

CHEN Chun-feng' YANG Xiao-tong'~ LI Xu-quan' MI Ke' YANG Qing-yao' >
U Institute of Microbiology and Immunology Shanghai Normal University Shanghai 200234 China

% Shanghai Yang' s Herb Institute Shanghai 200234 China

lucidum G.

tsugae G. oerstedii G. resinaceun and G.

subamboinens were parallel studied under an identical condition. These species were cultivated using liquid fermentation

and their mycelia polysaccharides were extracted and compared on the physical/chemical properties and in witro

immunomodulatory activities. These results showed that the polysaccharide yields varied markedly among different

species and G . oerstedii was the highest among the five. However HPLC analysis showed all the polysaccharide extracts

had similar molecular weight distributions and monosaccharide compositions. They all contained glucose galactose

mannose glucosamine hydrochloride and fucose. In witro assays these polysaccharide extracts significantly stimulated

phagocytosis and nitric oxide production by RAW 264 .7 macrophage cell line and G. subamboinens exerted the strongest

potency. When Con A was not or presented they all showed an up-or-down immunomodulatory effect on mouse splenocyte

proliferation. The results illustrate that in addition to G. lucidum and G. tsugae which are the two mostly studied and

applied species other Ganoderma species can also produce polysaccharides with similar physical/chemical properties and

with similar immunomodulatory activities.

Keywords polysaccharide molecular weight distribution monosaccharide compositions  immunomodulation
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