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Abstract. A kind of water-soluble homogeneous polysaccharide  named as TFB was isolated and 
purified from Tremella Fuciformis by DEAE-Sephadex A-25 and Sephadex G-150. its chemical and 
physical characteristics was determined by chemical methods, gas chromatography, mass specturm and 
size exclusion chromatography. Colony-forming unit of spleen(CFU-S), number of nucleated cells in 
bone marrow (BMNC) and spleen index were adopted to investigate the effect on hematopoietic 
function of TFB at 6mg/kg、12mg/kg、24mg/kg  in mice irradiated with 7.5Gy 137Cs γ-rays. The 
results indicated that TFB is composed of glucose, mannose and serine in closely molar ratios of 
8:2:0.1. Its relative molecular weight is estimated to be 68,000 by HPGPC. Its main chain is comprised 
of 1,4 linked glucose and 1,2,3,4,6 linked mannose, the branch point is at the site of mannose. Side 
chain is comprised of terminal glucose, Serine, H2N-1,4,6 linked mannose. Glucose uronic acid may be 
in main chain because of its 32.88% content The numbers of nucleated cells in bone marrow，

colony-forming unit of spleen and spleen index increased markedly compared with the negative control 
group in mice treated with WTF-B administered 6mg/kg ip. for three days prior to  137Cs-γray 
irradiation, and the number of nucleated cells in bone marrow increased markedly but the CFU-S  
manifested no difference in mice treated with WTF-B administered 12mg/kg and 24 mg/kg ip. 
compared with the negative control group. We can make conclusion that Polysaccharides of Tremella 
fuciformis has protective effects on hematopoietic function in radiation-injured mice, its optimal dose 
is 6mg/kg . 
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1. Introduction  

Tremella Fuciformis Berk belongs to tremellaceae of Heterobasidiomycetae, it is known as 
nutritious mushroom and important medicine by people all over the world. Polysaccharide is 
one of the main bioactive components of Tremella fuciformis Berk. Great advances have been 
made in chemical and bioactive studies of polysaccharide from Tremella fuciformi in the last 
twenty years[1,2,3]. Experiment results dicate that it has immunological[4,5], anti-radiation[6], 
anti-cancer[7]and anti-HIV[8] activities. In our early experiments, crude fuciformis 
polysaccharide has irradiation protection on mice and monkey[6]. It was also used to treat 
patients who were radiated in the accident of nuclear power plant in former Soviet Union. To 
study the main ingredients and protective mechanism, in this study, the homogeneous  
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polysaccharide named WTF-B had been obtained and identified from crude materials. Their 
chemical and physical characteristics were determined. Its protective effects on hematopoietic 
function in radiation-injured mice were explored. 

2. Materials and methods   

2.1. Materials  

Spores of Tremella fuciformis Berk was purchased from Hangzhou Huadong Medicine 
Group Co.Ltd, Zhejiang Province, China. It was identified by Professor Zhang Lijuan in 
Department pharmacy, Tianjin University of Traditional Chinese Medicine. Trifluoroacetic 

acid (TFA) and the standard monosaccharides (d-glucose, d-xylose, d-galactose, d-mannose, 
l-arabinose) were purchased from Sigma Chemical Co. (St. Louis, MO). DEAE-Sephadex 
A-25 and Sephadex G-150 and dextrans of different molecular weights were from Pharmacia 
Co. (Uppsala, Sweden). Cyclophosphamide (03062421) and Cytarabine(050403A) were 
obtained from Shanghai Hualian Pharmacy Co. Ltd.  Freshly prepared deionised and 
redistilled water was prepared in our laboratory.  
ICR mice were obtained from Animal Centre of Chinese Academy of medical Sciences .Half 
are Female mice and other are male mice. 12-15 weeks old (ICR) were used. 
Total body gamma irradiation (TBI) was accomplished using Cesium-137 source 
 with a dose rate of 22.99MC/ (Kg.min). Mice irradiated on a rotating platform to ensure 
even dose delivery to all tissues. 
 

2.2 Isolation and Purification of the Polysaccharide of Tremella fuciformis Berk 

 
The Spores(150g) were extracted three times with hot water, The extract was concentrated in 
a rotary evaporator under reduced pressure, precipitated by ethanol at 4℃ for 24 h, and then 
centrifuged (5000r, 10 min). The precipitate was dissolved in water and then deproteinated 
with chloroform and n-butanol for eight times. The resulting aqueous fraction was extensively 
dialyzed against running water for 3 d and then against distilled water for 1 d (molecular 
weight cut off(30—500 Da). The retentate was concentrated under reduced pressure to a 
small volume, and 4 volumes of ethanol were added stepwise with stirring at 4 °C. Then the 
mixture was stored overnight at 4 °C . The resulting precipitate obtained by centrifugation 
was crude Polysaccharide.  
  
To purify crude polysaccharide, sequential column was performed. First it applied to 
DEAE-Sephadex A-25, eluted with 0.1 M NaCl. No carbohydrate was detected by 
phenol-sulfuric acid color reaction in the fractions, then eluted with linear gradient , 3.9 M 
and 0.1 M NaCl. Thus the corresponding fractions, WTF-A and WTF-B were pooled, 
dialyzed, and lyophilized. WTF-B with the highest activity was further fractionated on a 
Sephadex G-200 column (2.6390 cm) eluted with 0.1M NaCl, resulting in one fraction. This 
fraction was purified by rechromatography on the same exclusion column for three times. A 
kind of homogeneous polysaccharides named as WTF-B was abtained(yield: 2.5 g). 



 
2.3 General Analysis:  

 

The carbohydrate and protein contents were measured by the phenol-sulfuric acid 
method and the Lowry experiment, respectively. 
IR spectra (KBr or Nujol pellets) were recorded on a Perkin-Elmer 599B FTIR spectrometer. 
Gas chromatography(GC) was carried out with a Shimadzu GC- 9A apparatus, equipped with 
5% OV225/AW-DMCS-Chromosorb W (80—100 mesh) column , as well as a 
hydrogen-flame ionization detector. GC-MS was conducted With Shimadzu GC-MS-QP2010 
spectrometry equipped with an DB-5ms capillary column. High performance size exclusion 
chromatography (HPSEC) was performed with a Waters instrument fitted with GPC software, 
using a Waters 2410 as detector. The 1H- and 13C NMR spectra were obtained at 400 MHz in 
D2O, respectively, with a Bruker AM400 spectrometer with a dual probe in the FT mode at 
room temperature. UV and visible absorption spectra were recorded with a Shimadzu UV-260 
spectrophotometer. 
 
2.4 Homogeneity and Molecular Weight 

 

Measurements were made with HPSEC on a linked column of UltrahydrogelTM  2000、
UltrahydrogelTM500 and UltrahydrogelTM Linear serial columns,using 0.003 M NaOAc as the 
mobile phase at a flow rate of 0.5 ml/min. The column was calibrated using standard 
T-dextrans (T-500, T-110, T-70,T-40, and T- 10). All samples were prepared as 0.1% (w/v) 
solutions, and 20ml of solution was analyzed in each run[9]. 
 
2.5 Compositional and Methylation Analyses  

 

The sugar composition was analyzed by GC after conversion of the hydrolysate into 
alditol acetates as described by Hordq et al.[10,11] .The polysaccharide samples were 
methylated three times by the method of Needs and Selvandran,[12] and the resulting 
permethylated product was hydrolyzed, reduced, acetylated, and analyzed by GC-MS as 
described previously. The partially methylated alditol acetates were identified by their 
fragment ions in electron impact (EI)-MS and by relative retention times in GC, 
and the molar ratios were estimated from the peak areas and response factors. 
 
2.6 Effect of polysaccharide (WTF-B) on hematopoietic function in radiation- injured 

mice 

 
Mice were randomly divided into five groups: the normal group(no irradiation), the mode 
group( only irradiation, without polysaccharide), the irradiation and 6mg/kg polysaccharide 
treated group, the irradiation and 12mg/kg polysaccharide treated group, the irradiation and 
24mg/kg polysaccharide treated group(n=15 in each group) .Polysaccharide was administered 
intraperitonally to mice once a day for three consecutive days at the doses of 6, 12, and 24 
mg/kg body weight before the radiation with 7.5Gy by 137Cs irradiator. Mice from the mormal 
group and the mode group were treated with saline intraperitonally once a day for three days. 



Mice were sacrificed by cervical dislocation on the 9th day after irradiation. Spleens and bones 
were collected. 
 
2.6.1 Spleen index 

 

 Spleens were collected and weighed to count spleen index 
 
2.6.2 Clone forming unit of spleen 

 

Spleens were put into solution of Bouin( trinitrophenal and methanal), count the number of 
clone forming unit of spleen after 24 hours. 
 
2.6.3 Bone marrow nucleated cells    

 

Bones were collected and bone marrows were washed with 2% acetic acid, the number of 
bone marrow nucleated cells was counted under microscope.  
 
2.7. Statistics  

 

All data were statistically analyzed by the T test method. P < 0.05 was considered statistically 
significant. 

3. Result 

3.1 Isolation and purification of polysaccharides: 

A kind of acidic polysaccharide, was isolated from the aqueous extracted by DEAE-Dextran 
gel A-25 eluted with  liner grade 3.9M and 0.1M NaCl, then purified by gel filtration 
chromatography repeated, dialysed against distilled water and lyophilized. The 
polysaccharide was eluted out as a single symmetric peak on UltrahydrogelTM  2000、
UltrahydrogelTM500 and UltrahydrogelTM Linear serial columns, corresponding to a molecular 
weight of 68000,which suggested WTF-B to be homogeneous. 

3.2 Composition of WTF-B 

The composition of WTF-B determined by PC and GC as alditol acetates, indicated that 
WTF-B consisted of Glc and Man and Ser in the molar ratio of 8:2.0.1.The strong absorbtion 
in IR spectrum of WTF-B at 1747.2cm-1 and PC analysis confirmed that WTF-B contained 
uronic acid. The content of uronic acid is 32.88% by the method of Sulfuric acid-Carbazole. 

3.3 Linkage analysis of WTF-B 

Methylation analysis of reduced WTF-B, together with 13C NMR spectrum of WTF-B 
showed that glucosy residues were pyronosidic form. 



The GC-MS analysis of permethylated product of reduced WTF-B revealed the presence of 
1.4-linked glu p, 1-linked glu p. and 1.2.3.4.6 linked manp. (Tab 1) 

 

Table 1: GC／MS analysis of alditols derived from methyl WTF-B 
 

Methylated sugar Relative molar 
ratio 

Linkages Primary Mass fragment 

(m/z) 

2,3,4,6-tetramethyl-1,5- 
di-O- acetyl -glucitol 

0.06 Glc(1- 43,71,87,129,161 

2,3,6-tri-O-methyl-1,4,5
- tri-O-acetyl-glucitol 

7.99 Glc(1,4- 43,58,71,87,101,117 

2,3-di-O-methyl-4,5,6- 
tri--O-acetyl- 

1-N-mannonitrile 

0.12 1-N-Man(4,6
- 

43,87.99,115,129 

hexaacetate- mannitol 1.9 -1,2,3)Man(4
,6- 

43,69,103,115,139 

 

3.4 NMR studies 

Due to the severe overlaps of signals of carbons in the 13C NMR specturm of, it was difficult 
to assign all signals without any ambiguities. According to the references, the signals at 
δ176.5and 174.9 revealed the presences of uronic acid and serine, assigned to the carbons of 
C=O of glucuronic acid. In anomeric region, the signals at δ104.1,102.9 indicated that the 
configurations of the residues in WTF-B were a-D-GlcA and 1,4-β-D-Glcp, respectively. 
Based on the analysis above, some chemical shifts were assigned (Tab2). 
 
Table 2: 1H and 13C NMR chemical shift (ppm) of WTF-B polysaccharide  

 

 Residue     H-1/C-1 H-2/C-2 H-3/C-3 H-4/C- H-5/C-5 H-6/C-6 
1,4-β-D-Glc

p 
4. 799 3.325   3.666 3.844 3. 627   3.681 

104.1 73.5 74.2   77.9   76.3 61.1 
t-a-D-GlcAp 5.211 3.646 3.425 3.491 4.054 — 

102.9 72.4 74.2 70.08 73.5 176.7 
 

3.5 Radioprotection on hematopoietic function. 

 
These results indicate that numbers of nucleated cells in bone marrow，colony-forming unit of 
spleen and spleen index increased markedly compared with the negative control group in 
mice treated with WTF-B administered 6mg/kg ip. for three days prior to 7.5Gy 137Cs-γ ray 
irradiation, and the number of nucleated cells in bone marrow increased markedly but the 



CFU-S  manifested no difference in mice treated with WTF-B administered 12mg/kg and 24 
mg/kg ip. compared with the negative control group (Tab3). 
 

Table 3: Effect of WTF-B polysaccharide on hematopoietic function in radiation-injured mice 

( x±s,n=15) 

   

Group BMNC 

(×106) 

Spleen indices 

(mg.g-1) 

CFU-S 

Normal 2.67±0.21 4.651±1.270 0 

Model 1.31±0.18 △ △ △  0.993±0.206 △ △ △  1.29±1.14  △ △ △  

6mg/kg 1.53±0.33* 1.115±0.196 2.80±0.32*** 

12mg/kg 2.01±0.38*** 1.084±0.188 1.07±0.96 

24mg/kg 1.73±0.49** 1.134±0.186 1.38±1.02 

* P<0.05      ** P<0.01     *** P<0.001 vs Model group 

△ △ △  
P<0.001 vs Normal group 

4. Discussion 

According to the present study, WTF-B is the main gradient of spores from Tremella 

Fuciformis. It is composed of glucose, mannose and serine in closely molar ratios of 8:2:0.1. 
Its relative molecular weight is estimated to be 68,000 by HPGPC. Its main chain is 
comprised of 1,4 linked glucose and 1,2,3,4,6 linked mannose, the branch point is at the site 
of mannose. Side chain is comprised of terminal glucose, Serine, H2N-1,4,6 linked mannose. 
Glucose uronic acid may be in main chain because of its 32.88% content. 

 
As hematopoietic organs are sensitive to irradiation, the injury of hematopoietic tissue after 
irradiation is the severe and manifest. Recover of hematopoietic function is the mark of 
radioprotection. As described above, numbers of nucleated cells in bone marrow ，
colony-forming unit of spleen and spleen index increased markedly compared with the 
negative control group in mice treated with WTF-B administered 6mg/kg ip. for three days 
prior to  137Cs-γray irradiation. We can make conclusion that Polysaccharides of Tremella 

fuciformis has protective effects on hematopoietic function in radiation-injured mice, its 
optimal dose is 6mg/kg .  
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