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Abstract: The structure characterization of two new polysaccharides from Agrocybe aegerita (AA-P) 

and Hygrophorus olivaceoalbus (HO-P) by HPGPC, GC-MS, NMR and FT-IR indicated that AA-P was 

composed of Galactose, Glucose and Arabinose, in the ratio of 3:2:1. Its skeleton structure was 

consisted of (1→4)-Arap, (1→4,6)-Glup and (1→6)-Galp with one branched chain. The HO-P was 

consisted of mannose, galactose and glucose in a ratio of 1:1:2. Its skeleton structure was consisted 

of (1→6)-Galactose residues, (→1)-glucose residues, (1→4)-glucose residues and (1→4,6)-D-

mannose residues. There were two branched chains connected to the main chain. AA-P and HO-P 

had the best stimulation effect on B cells and RAW264.7 cells, respectively, and could both mainly 

by impacting and reducing G0/G1 phase which lead to a significant proliferation of B cells, T cells 

and RAW264.7 cells. In addition, AA-P and HO-P could significantly promote the secretion of TNF-

α from T cells, the secretion of IgA, IgD, IgE, IgG and IgM from B cells, and the secretion of TNF-α 

from RAW264.7 cells, but neither of them could impact the secretion of IL-1β from RAW264.7 cells.  

Keywords: Agrocybe aegerita; Hygrophorus olivaceoalbus; polysaccharide; structure characterization; 

biological activities 

 

1. Introduction 

Polysaccharides from edible fungi and medicinal fungi are important components of 

endogenous bioactive molecules, and also involved in the cytoskeleton formation. In the past 20 

years, research reports on the polysaccharides biological activities of edible and medicinal fungi have 

mainly focused on immune regulation, antiviral, antioxidant and hypoglycemic aspects, and their 

effects are multi-channel, multi-link and multi-target [1-4]. Immune experiments have proved that 

polysaccharides from edible and medicinal fungi could not only activate natural killer cells (NK), B 

cells and T cells, but also promote the production of cytokines, activate complement and play a 

multifaceted regulatory role on the immune system [5-7]. However, the complexity and diversity of 

polysaccharides pose significant challenges to the structural determination and characterization of 

polysaccharides, as well as the molecular mechanisms underlying their biological activities [8-10].  

Agrocybe aegerita belongs to the Agrocybe, Bolbitiaceae, Agaricales, Basidomycetes, which mainly 

grows in tropical or subtropical areas and distributed in Sichuan, Fujian, Yunnan province in China. 

Fang et al. found that the average molecular weight of Agrocybe aegerita polysaccharide (ACPS) was 

11 863 Da. The animal experiment results showed that polysaccharide ACPS can improve 

phagocytosis rate and phagocytosis index of macrophages, the spleen index and thymus index in 
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mice [11]. Yi et al. reported the molecular weight of Agrocybe aegerita lectin (AAL) was 15.18 kDa. The 

results of antitumor activities in vitro indicated AAL has strong antitumor inhibition and apoptosis 

inducing effects on SGC7901, MGC80-3, SW480, HL-60, BGC-823, HeLa cell lines and mouse sarcoma 

S-180 cell line [12]. Ji et al. extracted polysaccharide (AAP) from Agrocybe aegerita, and found that 

AAP decreased TNF-α and increased IFN-β to regulate the immune function of endothelial cells and 

enhance the anti-tumor ability [13]. Jing et al. extracted two polysaccharides (Al-MPS and AC-MPS) 

from the fruiting body of Agrocybe aegerita. Al-MPS and AC-MPS had antioxidant and anti-aging 

effects by scavenging ability of hydroxyl radical and DPPH radical [14].  

Hygrophorus olivaceoalbus belongs to Umbelliferae, Umbelliferae, Agaricales, Basidiomycetes, which is 

scattered or clustered in the forest in autumn and summer, and are widely distributed in Jilin, 

Sichuan, Heilongjiang province in China. Yajiang County is located in the south of Garzê Tibetan 

Autonomous Prefecture. The natural geographical advantages of Yajiang County make it rich in 

forest resources and agricultural resources, and provide a superior growth environment for large 

fungi. At present, the structure and activities of Agrocybe aegerita and Hygrophorus olivacoalbus 

polysaccharides from Yajiang County have not been reported. In this study, Agrocybe aegerita and 

Hygrophorus olivaceoalbus were collected in Yajiang county, Sichuan Province, China, and two new 

polysaccharides AA-P and HO-P were extracted from them, respectively. The structure and activities 

of AA-P and HO-P were also studied to provide a data foundation for the further application of 

polysaccharide. 

2. Materials and Methods 

2.1. Polysaccharide Extraction and Purification 

Polysaccharides were extracted from 300 g of dry fruiting body of Agrocybe aegerita and 

Hygrophorus olivaceoalbus, which were named AA-P and HO-P, using hot water extraction method 

and purified by DEAE cellulose (DE-52) column. 

2.2. Polysaccharide Structure Characterization 

The molecular weight was tested via HPGPC [15]. Fourier transform infrared spectrometer 

(Nicolet 5700, Thermo Scientific) was used to get the FT-IR data. The methylation derivatized 

polysaccharide product was determined by GC-MS (Agilent 7890A, USA). The NMR spectra was 

determined by the Varian Unity INOVA 400/45 (Varian Medical Systems, USA). 

2.3. Effects of Polysaccharide on T Cells, B Cells and RAW264.7 Cells 

Proliferation effects of polysaccharide on cells was determined via CCK-8 method [25]. The cells 

cycle were measured at 488 nm in BD Flow Cytometry. The cytokines was detected by the ELISA kit 

(Wuhan BOSTER Biological Technology Co., Ltd.; Wuhan).  

2.4. Statistical Analysis 

All statistical comparisons were analyzed using a one-way analysis of variance (ANOVA) test 

followed by Student-Newman-Keuls test. *: P < 0.05; **: P < 0.01. 

3. Results and Discussion 

3.1. Molecular Weight of AA-P and HO-P 

There were both two main elution peaks, respectively, with the NaCl concentration increased. 

The neutral polysaccharide in distilled water were collected as the subject of research. The yield of 

AA-P and HO-P in the total fruiting body were 0.2% and 0.3%, respectively (Figure 1A,B). The 

weight-average molecular weight (Mw) of AA-P and HO-P were 21062 Da and 24481 Da, respectively 

(Figure 1C,D).  
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3.2. FT-IR Analysis of AA-P and HO-P 

In the Fourier transform infrared spectrum of AA-P (Figure 1E), the O-H stretching vibration 

peak was the broad absorption peak at 3415.37 cm-1, the -CH2 stretching vibration peak was at 2925.53 

cm-1, the C=O stretching vibration peak was at 1637.29 cm-1, the C-H in-plane bending vibration peak 

of - CHO was at 1402.02 cm-1, the C-O stretching vibration peak was at 1079.96 cm-1, and the C-H 

rocking vibration peak was at 619.05 cm-1.  

In the Fourier transform infrared spectrum of HO-P (Figure 1F), the O-H stretching vibration 

peak was the broad absorption peak at 3428.87 cm-1, the -CH2 stretching vibration peak was at 2923.60 

cm-1, the C=O stretching vibration peak was at 1633.44 cm-1, the C-H in-plane bending vibration peak 

of - CHO was at 1402.02 cm-1, the C-O stretching vibration peak was at 1049.10 cm-1, and the C-H 

rocking vibration peak was at 673.05 cm-1. In addition, there was no signal near 1730 cm-1 in both FT-

IR spectrum of AA-P and HO-P, indicating that these two polysaccharide didn't contain uronic acid. 

3.4. Monosaccharide Composition Results of AA-P and HO-P 

The monosaccharide composition of AA-P and HO-P were analyzed using HPLC. The retention 

time of seven standards is as follows: Rhamnose: 4.581 min, Xylose: 5.419 min, Arabinose: 5.954 min, 

Fructose: 6.489min, Mannose: 6.751 min, Glucose: 7.574 min, Galactose: 7.934 min. According to the 

peak time of monosaccharide standard, the peaks with retention time of 5.464 minutes, 7.625 minutes 

and 7.986 minutes were arabinose (Ara), glucose (Glc) and galactose (Gal) respectively. The ratio of 

arabinose: galacto: seglucose was about 1:3:2 (Figure 1G). 

The retention time of seven standards in HO-P experimentis as follows: Rhamnose: 4.253 min, 

Xylose: 4.894 min, Arabinose: 5.364 min, Fructose: 5.763 min, Mannose: 5.931 min, Glucose: 6.589 min, 

Galactose: 6.847 min. The peaks with retention time of 5.908 minutes, 6.600 minutes and 6.845 minutes 

were mannose (Man), glucose (Glc) and galactose (Gal) respectively. The ratio of glucose: galactose: 

xylose was about 2:1:1 (Figure 1H). 

A 
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Figure 1. (A-B) Column chromatography results of AA-P and HO-P, respectively. (C-D) The 

molecular weight of AA-P and HO-P, respectively. (E-F) The fourier transform infrared spectra of 

AA-P and HO-P, respectively. (G-H) Monosaccharide composition results of AA-P and HO-P, 

respectively. 

3.5. GC-MS Analysis of AA-P and HO-P 

The GC-MS results, consistent with the results of HPLC, indicated that AA-P was consisted of 

three kind of monosaccharides: Ara, Glc and Gal, with the ratio of Ara: Glc: Gal was 1:2:3. The glucose 

residues were 4,6-di-O-methy-1,2,3-tris-O-trimethylsilyl-Glcp and 2,3-di-O-methy-1,4,6-tris-O-

trimethylsilyl-Glcp, which indicating glucose residues were 1,2,3-linked and 1,4,6-linked in AA-P. 

The galactose residues were 2,4-di-O-methyl-1,3,6-tris-O-trimethylsilyl-Galp and 3,4-di-O-methyl-

1,2,6-tris-O-trimethylsilyl-Galp, which indicating galactose residues were 1,3,6-linked and 1,2,6-

linked in AA-P. The arabinose residues was 1,2,3,4-tetrakis-O-trimethylsilyl-Arap, which indicating 

arabinose residues were 1,2,3,4-linked in AA-P. Considering incomplete methylation caused by the 

steric hindrance of C2 and C3 on the monosaccharide ring, it indicated that glucose residues were 1-

linked and 1,4,6-linked, the galactose residues were 1,6-linked, and the arabinose residues were 1,4-

linked in AA-P (Figure 2A-I).  

The GC-MS results of HO-P showed glucose residue were 2,3,4,6-tet-O-methyl-1-O-

trimethylsilyl-Glcp, 2,3,4-tri-O-methyl-1,6-bis-O-trimethylsilyl-Glcp and 2,3,4-tri-O-methyl-1,4-bis-

O-trimethylsilyl-Glcp, indicating glucose residue in HO-P was 1-linked, 1,6-linked and 1,4,6-linked. 

The galactose residues were 3,4-di-O-methyl-1,2,6-tris-O-trimethylsilyl-Galp and 6-di-O-methyl-

1,2,3,4-tetrakis-O-trimethylsilyl-Galp indicated galactose residues in HO-P were 1,2,6-linked and 

1,2,3,4-linked. The mannose residue was 1,2,3,4,6-pentakis-O-trimethylsilyl-D-Manp indicated 

mannose residue was 1,2,3,4,6-linked. Considering incomplete methylation caused by the steric 

hindrance of C2 and C3 on the monosaccharide ring, it indicated that glucose residues were 1-linked, 
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1,6-linked and 1,4,6-linked, the galactose residues were 1,6-linked and 1,4-linked, and the mannose 

residues were 1,4,6-linked in HO-P (Figure 2B–J). 
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Figure 2. (A-I) The methylation results of AA-P. (B-J) The methylation results of HO-P. 

3.6. 1H-NMR Analysis of AA-P and HO-P 

Nuclear magnetic resonance spectroscopy (NMR) is a powerful tool for analyzing the exact 

structure of how functional groups within molecules are connected [16,17]. 1H-NMR spectra of AA-

P showed AA-P had five anomeric protons signals which were at δ 5.09, δ 5.00, δ 4.96, δ 4.88 and δ 

4.42, respectively. Anomeric protons signals at δ 5.09, δ 5.00, δ 4.96, δ 4.88 and δ 4.42 belong to (A) 

(1→6)-Galp, (B)(1→4,6)-Glcp, (C)(1→6)-Galp, (D)(1→4)-Arap, (E)(→1)-Glcp, respectively. The 

hydrogen signals of H2-H6 in monosaccharides overlapped between δ 3.09 and δ 4.31(Table 1, Figure 

3A). 
1H-NMR spectra of HO-P showed HO-P had three anomeric protons signals, which were at δ 

5.03, δ 4.96 and δ 4.91, respectively. Anomeric protons signals at δ 5.03 and δ 4.91 belong to 

(A)(1→4,6)-D-Manp and (D)(1→6)-Galp, respectively, and signals at δ 4.96 belong to (B)(1→4)-Glcp 

and (C)(→1)-Glcp. The hydrogen signals of H2-H6 in monosaccharides overlapped between δ 3.29 

and δ 4.16 (Table 2, Figure 3B). 

Table 1. Chemical shifts of hydrogen and carbon atoms in Agrocybe aegerita polysaccharide (AA-P). 

Glycosyl residues 

(AA-P) 

Chemical shifts (ppm) 

H1/C1 H2/C2 H3/C3 H4/C4 H5/C5 H6/C6 

(1→6)-Galp (A) 5.09/96.22 3.73/74.27 4.09/69.74 3.58/69.01 3.87/71.75 3.50/77.43 

(1→4,6)-Glcp (B) 5.00/104.03 3.69/80.60 3.96/71.33 3.52/69.74 3.80/69.32 3.56/77.34 

(1→6)-Galp (C) 4.96/100.56 3.66/72.32 3.96/69.32 3.62/70.96 3.85/74.27 3.50/69.74 

(1→4)-Arap (D) 4.88/100.39 3.73/74.27 3.87/70.80 3.50/77.43 3.80/70.80 -- 

→1)-Glcp (E) 4.42/105.51 3.21/75.58 3.52/74.27 3.41/75.08 3.62/70.96 3.33/69.01 

Table 2. Chemical shifts of hydrogen and carbon atoms in Hygrophorus olivaceoalbus polysaccharide 

(HO-P). 

Glycosyl residues 
Chemical shifts (ppm) 

H1/C1 H2/C2 H3/C3 H4/C4 H5/C5 H6/C6 

(1→4,6)-D-Manp (A) 5.03/98.25  3.86/77.05 4.09/68.25 3.63/70.39 3.87/66.85  3.29/76.21 

(1→4)-Glcp (B) 4.96/98.25  3.68/68.49 4.00/70.39 3.53/69.30 3.86/72.88 3.29/66.85 

→1)-Glcp (C) 4.96/101.67  3.77/69.50 4.09/68.74 3.65/68.49 3.84/61.10 3.53/72.88 

(1→6)-Galp (D) 4.91/97.85  3.74/71.73 4.16/69.13 3.63/68.74 4.09/61.10 3.84/67.67 
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Figure 3. (A-B) The 1H NMR spectra of AA-P and HO-P, respectively. (C-D) The 13C NMR spectra of 

AA-P and HO-P, respectively. (E-F) 1H-1H COSY spectrum of AA-P and HO-P, respectively. 

3.7. 13C-NMR Analysis of AA-P and HO-P 

13C-NMR spectra of AA-P showed that AA-P had five anomeric carbon signals at δ 105.51, δ 

104.03, δ 100.56, δ 100.39 and δ 96.22, which belong to anomeric carbon signals of (A)(1→6)-Galp, 

(B)(1→4,6)-Glcp, (C)(1→6)-Galp, (D)(1→4)-Arap , and (E)(→1)-Glcp, respectively. The signals of C2-

C6 in monosaccharide residues appeared between δ 59.43-80.60 (Table 1, Figure 3C). 
13C-NMR spectra of HO-P showed that HO-P had three anomeric carbon signals at δ 101.67, δ 

98.25 and δ 97.85. The signals at δ 98.25 belong to (A)(1→4,6)-D-Manp and (B)(1→4)-Glcp, and signals 

at δ 101.67 and δ 97.85 belong to (C)(→1)-Glcp and (D)(1→2,6)-Galp, respectively. The signals of C2-

C6 in monosaccharide residues appeared between δ 61.10-78.22 (Table 2, Figure 3D). 

3.8. 1H-1H COSY Analysis of AA-P and HO-P 

1H-1H COSY is mainly a technique for determining the coupling relationship between adjacent 

hydrogen in molecules [18]. The 1H-1H COSY spectrum of AA-P showed the signal A (δ 5.09/3.73), B 

(δ 5.00/3.69), C (δ 4.96/3.66), D (δ 4.88/3.73) and E (δ 4.42/3.21) belong to the resonant coupling signal 

between H-1 and H-2 of the (A)(1→6)-Galp, (B)(1→4,6)-Glcp, (C)(1→6)-Galp, (D)(1→4)-Arap, and 

(E)(→1)-Glcp groups, respectively. According to the resonant coupling signal between adjacent 

hydrogen in molecules, the signals of H2-H6 of the A group are δ 3.73, δ 4.09, δ 3.58, δ 3.87, and δ 

3.50, respectively. The 1H signals of B-E groups were also deduced (Figure 3E). 

The 1H-1H COSY spectrum of HO-P showed that signal A (δ 5.03/3.86), B (δ 4.96/3.68), C (δ 

4.96/3.77) and D (δ 4.91/3.74) belong to the resonant coupling signal between H-1 and H-2 of the (A) 

(1→4,6)-Manp, (B)(1→4)-Glcp, (C)(→1)-Glcp, (D)(1→6)-Galp groups, respectively. The signals of H2-

H6 of the A group are δ 3.86, δ 4.09, δ 3.63, δ 3.87 and δ 3.29, respectively (Figure 3F). 
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3.9. HMQC Results of AA-P and HO-P 

HMQC spectrum reflects the direct correlation between hydrogen and carbon signals, from 

which the correlation between 1H and 13C can be obtained [19]. HMQC spectrum of AA-P showed 

that signal A (δ 5.09/96.22), B (δ 5.00/104.03), C (δ 4.96/100.56), D (δ 4.88/100.39) and E (δ 4.42/105.51) 

belong to the resonant coupling signal between C-1 and H-1 of the (A)(1→6)-Galp, (B)(1→4,6)-Glcp, 

(C)(1→6)-Galp , (D)(1→4)-Arap and (E)(→1)-Glcp groups, respectively. According to the resonant 

coupling signal between directly connected 1H and 13C, the signals of C2-C6 in (A)(1→6)-Galp group 

are δ 74.27, δ 69.74, δ 69.01, δ 71.75 and δ 77.43, respectively (Figure 4A).  

HMQC spectrum of HO-P showed that signal A (δ 5.03/98.25), B (δ 4.96/98.25), C (δ 4.96/101.67) 

and D (δ 4.91/97.85) belong to the resonant coupling signal between H-1 and C-1 of (A) (1→4,6)-D-

Manp, (B)(1→4)- Glcp, (C)(→1)-Glcp and (D)(1→6)-Galp groups, respectively. According to the 

resonant coupling signal between directly connected 1H and 13C, the signals of C2-C6 in (A) (1→4,6)-

D-Manp group are δ 77.05, δ 68.25, δ 70.39, δ 66.85 and δ 76.21, respectively (Figure 4B) .  

3.10. HMBC Analysis of AA-P and HO-P 

HMBC provides a hydrocarbon relationship for remote coupling [20]. The HMBC spectrum of 

AA-P showed the signal (δ 4.09/71.75) and (δ 3.96/69.32) belong to the resonance signal between H-3 

and C-5 of (A)(1→6)-Galp and (B)(1→4,6)-Glcp , respectively. The signal (δ 3.62/69.74) belong to the 

resonance signal between H-4 and C-6 of (C)(1→6)-Galp, the signal (δ 4.88/70.80) belong to the 

resonance signal between H-1 and C-3 of (D)(1→4)-Arap, and the signal (δ 3.41/75.58) belong to the 

resonance signal between H-4 and C-2 of (E)(→1)-Glcp (Figure 4C). 

The HMBC spectrum of HO-P showed that the signal (δ 5.03/68.25), (δ 4.96/68.74) and (δ 

4.91/69.13) belong to the resonance signal between H-1 and C-3 of (A)(1→4,6)-D-Manp, (C)(→1)-Glcp 

and (D)(1→6)-Galp, respectively, and the signal (δ 4.00/72.88) belong to the resonance signal between 

H-3 and C-5 of (B)(1→4)-Glcp (Figure 4D). 

 
A 
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Figure 4. (A-B) HMQC spectrum of AA-P and HO-P, respectively. (C-D) HMBC spectrum of AA-P 

and HO-P, respectively. (E-F) Predicted chemical structure of AA-P and HO-P, respectively. 

All the results above showed that AA-P was composed of Arabinose, Galactose and Glucose in 

the ratio of 1:3:2, and its skeleton structure was consisted of (1→4)-Arap, (1→4,6)-Glup and (1→6)-

Galp. The 4-O of the (1→4,6)-glucose residue of the AA-P main chain is connected to a 1→)-Glup 

(Figure 4E). 

The HO-P was composed of mannose, galactose and glucose in a ratio of 1:1:2. Its skeleton 

structure was consisted of (1→4)-Arap, (1→4,6)-Glup and (1→6)-Galp. Two mannose residues 4-O 

on the main chain are each connected to a →1) glucose residue (Figure 4F). 

3.11. Effect of AA-P and HO-P on T Cells Activity In Vitro 

Polysaccharides activated immune cells including B cells, T cells, macrophages and natural killer 

cells to produce cytokines. Immunomodulatory effect can be used as a preventive means for 

metastatic tumors [21]. T cells was a type of lymphocytes developed in the thymus and regulated the 

immune activity of the body [22]. The T cells proliferation efficiency increased by 49.12 % and 35.80 

%, respectively, when the concentration of AA-P was 10 μg/mL and HO-P was 15 μg/mL(Figure 

5A,B). The morphological changes of T cells activitied by AA-P and HO-P showed that the T cells 

grew well and the cell shape was round. The number of T cells clusters also increased, which was the 

same in the positive group (Figure 5C,D). 

The percentage of cells number of G0/G1 phase in AA-P group (10 μg/mL) and positive group 

both significantly reduced (P < 0.01), which were 42.47 % and 38.93 %, respectively, while cell number 

in G0/G1 phase of blank group was 45.77 %. Meanwhile, the percentage of cell number in G2/M phase 
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of AA-P group and positive group increased to 15.77 % and 15.73 %, respectively (P < 0.01), while cell 

number in G2/M phase in blank group was 12.23 %. These results indicated AA-P could promote T 

cells entering G2/M phase from the G0/G1 phase. The percentage of cells number of G0/G1 phase in 

HO-P group (5 μg/mL) and positive group both significantly reduced (P < 0.01), which were 30.03 % 

and 30.00 %, respectively, while cell number in G0/G1 phase in blank group was 31.83 %. HO-P could 

only affect G0/G1 phase and had no significant effect on the G2/M phase and S phase of T cells (Figure 

5E–H).  

Cytokine (CK) is a low molecular weight soluble protein produced by a variety of cells induced 

by immunogen, mitogen or other stimulators. It has many functions such as regulating innate and 

adaptive immunity, hematopoiesis, cell growth, APSC pluripotent cells and repairing damaged 

tissues [23]. The proliferation results showed that when final concentration of AA-P and HO-P were 

10 and 5 μg/mL, respectively, the T cells stimulating effect were the best. The results showed AA-P 

(10 μg/mL) could stimulate T cells to secrete TNF-α with amount of 27.86 pg/mL( P < 0.01), which 

was lower than positive group (33.74 pg/mL) (Figure 5I). But when concentration of HO-P was 5 

μg/mL, it could not stimulate T cells to secrete TNF-α (Figure 5J). 
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Figure 5. (A-B) Cells proliferation of T cells in AA-P and HO-P group, respectively. (C-D) Cells 

morphology of T cells in AA-P and HO-P group, respectively. Notes: LPS: 5 μg/mL. (E-F) Cells cycle 

of T cells in AA-P and HO-P group, respectively. (G-H) Statistic results of T cells cycle in AA-P and 

HO-P group, respectively. (I-J) TNF-α secretion of T cells in AA-P and HO-P group, respectively. 

3.12. Effect of AA-P and HO-P on B Cells Activity In Vitro 

B lymphocytes can also be abbreviated as B cells which was pluripotent stem cells and played 

an important role in the immune activity of the body [24]. The results showed that polysaccharide 

AA-P (1.25, 2.5, 5, 10 μg/mL, respectively) could lead to the proliferation of B cells, and the 

proliferation rates were 22.06 %, 24.66 %, 28.13 % and 32.47 %, respectively. When the concentration 

of AA-P was 10 μg/mL, The proliferation efficiency of B cells increased by 32.47 % (AA-P: 10 μg/mL), 

and was higher than positive control group (LPS was 5 μg/mL, 30.86 %) (Figure 6A). The B cell 

proliferation rate were 37.35% and 35.38%, respectively, when the final concentration of LPS and HO-

P were both 5 μg/mL. When the concentration of HO-P is 2.5 μg/mL, the B cell proliferation efficiency 

reached the maximum by 48.61% (Figure 6B). The results also showed that the B cells morphological 

changed in AA-P and HO-P group(Figure 6C,D). 

Compared with blank group (cell number in G0/G1 phase: 40.97 %), the percentage of cells 

number of G0/G1 phase in AA-P group and positive group both reduced (P < 0.01), which were 35.60 

% and 36.27 %, respectively. Meanwhile, compared with blank group of cell number in S phase (36.77 

%), the cell number percentage in S phase of AA-P group and positive group increased to 41.67 % 

and 41.47 %, respectively (P < 0.01). However, AA-P had little impact on G2/M phase of B cells. These 

results indicated AA-P could promote B cells entering S phase from the G0/G1 phase. Compared with 

blank group of cell number in G0/G1 phase (40.43 %), the cells number percentage of G0/G1 phase in 

HO-P group and positive group both significantly reduced (P < 0.01), which were 35.30 % and 36.77 

%, respectively. Meanwhile, compared with blank group of cell number in G2/M phase (19.07 %), cell 

number percentage in G2/M phase of AA-P group and positive group increased to 20.70 % and 22.33 

%, respectively (P < 0.01). And compared with blank group of cell number in S phase (35.00 %), cell 

number percentage in S phase of HO-P group increased to 38.07 % (P < 0.01). These results indicated 

HO-P could promote B cells entering S phase and G2/M phase from the G0/G1 phase (Figure 6E–H).  

Both AA-P and positive groups could promote the secretion of IgA, IgD, IgE, IgG and IgM from 

B cells( P < 0.01) , with secretion amounts were 694.39 μg/mL, 477.68 μg/mL, 582.66 ng/mL, 29.57 
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mg/mL and 2169.18 μg/mL, respectively (Figure 4I–M), and both HO-P and positive groups could 

also significantly ( P < 0.01) promote the secretion of IgA, IgD, IgE, IgG and IgM with secretion 

amounts were 671.81 μg/mL, 479.15 μg/mL, 571.11 ng/mL, 29.23 mg/mL and 1966.69 μg/mL, 

respectively, and the amount of IgA, IgM and IgG in AA-P was higher than positive group (Figure 

6N–R). 
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Figure 6. (A-B) Cells proliferation of B cells in AA-P and HO-P group, respectively. (C-D) Cells 

morphology of B cells in AA-P and HO-P group, respectively. Notes: LPS: 5 μg/mL. (E-F) Cells cycle 

of B cells in AA-P and HO-P group, respectively. (G-H) Statistic results of B cells cycle in AA-P and 

HO-P group, respectively. (I-R) IgA, IgG, IgE, IgD, IgM secretion of B cells in AA-P and HO-P group, 

respectively. . 

3.13. Effect of AA-P and HO-P on RAW264.7 Cells Activity In Vitro 

Macrophages are cells differentiated from monocytes. They can participate both in the specific 

and the non-specific immunity of the body [25]. AA-P (5 μg/mL) could promote RAW264.7 cells 

proliferation ( P < 0.01)(the maximum proliferation rate: 99.90 %) and it was higher than in positive 

group (Figure 7A). Compared with the blank group, when the final concentration of HO-P were 2.5, 

5, 10 μg/mL, the proliferation rate of RAW264.7 cells were also increased (P<0.01) (the proliferation 

rate were 21.45%, 38.59% and 32.14% respectively). When both the concentration of LPS and HO-P 

were 5 μg/mL, the proliferation efficiency were 38.59% and 32.09%, respectively (Figure 7B). 

Morphological changes of RAW264.7 cells under AA-P and HO-P stimulation showed the number of 

RAW264.7 cells in polysaccharide group and LPS group increased and the cell space became smaller 

(Figure 7C,D).  

Compared with blank group cell number in G0/G1 phase (48.17%), the cells number percentage 

of G0/G1 phase in AA-P group and positive group both significantly reduced (P < 0.01), which were 
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45.50 % and 45.67 %, respectively. AA-P had no significant effect on the G2/M phase and S phase of 

RAW264.7 cells. These results indicated AA-P could promote RAW264.7 cells quickly finish the 

G0/G1 phase in cell cycle. Compared with blank group cell number in G0/G1 phase (48.17 %), cells 

number percentage of G0/G1 phase in HO-P group and positive group both reduced (P < 0.01), which 

were 45.50 % and 45.67 %, respectively. Meanwhile, compared with blank group of cell number in 

G2/M phase (19.43 %), the cell number percentage in G2/M phase of AA-P group increased to 24.47 % 

(P < 0.01). These results indicated HO-P could promote RAW264.7 cells quickly entering G2/M phase 

from the G0/G1 phase and S phase in RAW264.7 cell cycle(Figure 7E–H).  

Both AA-P (5 μg/mL) and the positive group could promote the TNF-α secretion of RAW264.7 

cells ( P < 0.01) , and secretion amounts were 602.12 pg/mL and 14558.57 pg/mL, respectively, that 

were 2.55 and 61.55 times of blank group, respectively, but IL-1β secretion in AA-P group was not 

statistically significant, while the positive group could significantly promote IL-1β secretion in 

RAW264.7 cells, with secretion amount of 373.75 pg/mL( P < 0.01) (Figure 7I,J). Both HO-P (5 μg/mL) 

and the positive group could promote the secretion of TNF-α from RAW264.7 cells ( P < 0.01) with 

secretion amounts of 7819.30 pg/mL and 14182.14 pg/mL, respectively, that were 22.16 and 40.20 

times of blank group, respectively, but IL-1β secretion in HO-P group was not statistically significant 

neither, while the positive group could significantly ( P < 0.01) promote the secretion of IL-1β by 

RAW264.7 cells with secretion amount of 475.79 pg/mL (Figure 7K,L). 
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Figure 7. (A-B) Cells proliferation of RAW264.7 cells in AA-P and HO-P group, respectively. (C-D) 

Cells morphology of RAW264.7 cells in AA-P and HO-P group, respectively. Notes: LPS: 5 μg/mL. 

(E-F) Cells cycle of RAW264.7 cells in AA-P and HO-P group, respectively. (G-H) Statistic results of 

RAW264.7 cells cycle in AA-P and HO-P group, respectively. (I-L) TNF-α, IL-1β secretion of T cells 

in AA-P and HO-P group, respectively. 

4. Conclusions 

The structure and activities of Agrocybe aegerita polysaccharide (AA-P) and Hygrophorus 

olivaceoalbus polysaccharide (HO-P) were first studied. The molecular weight of AA-P and HO-P were 

14 552 Da and 26 606 Da, respectively. AA-P was composed of Galactose, Glucose and Arabinose, in 

the ratio of 3:2:1. Its skeleton structure was consisted of (1→4)-Arap, (1→4,6)-Glup and (1→6)-Galp 

with one branched chain. The HO-P was consisted of mannose, galactose and glucose in a ratio of 

1:1:2. Its skeleton structure was consisted of (1→6)-Galactose residues, (1→6)-Galactose residues, 

(→1)-glucose residues, (1→4)-glucose residues and (1→4,6)-D-mannose residues. There were three 

branched chains connected to the main chain. The immunoassay showed that AA-P and HO-P had 

the best stimulation effect on RAW264.7 cells and B cells, respectively. AA-P could promote T cells 

entering G2/M phase, promote B cells entering S phase and promote RAW264.7 cells finish the G0/G1 

phase, respectively. HO-P could only affect G0/G1 phase and had little impact on the S phase and 

G2/M phase of T cells, could promote B cells entering S phase and G2/M phase, and promote 

RAW264.7 cells entering G2/M phase, respectively. In addition, AA-P and HO-P could significantly 
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promote TNF-α secretion in T cells, IgA, IgD, IgE, IgG, IgM secretion in B cells, and TNF-α secretion 

in RAW264.7 cells, but neither of them could impact IL-1β secretion in RAW264.7 cells.  
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