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Introduction

Edible fungi are a type of large fungi with dual medicinal 
and edible functions, which have been used as folk medi-
cine and healthy food since ancient times. In China, there 
are abundant edible mushroom resources and a long history 
of consumption. About a quarter of the world’s edible mush-
room species can be found in their footprints on the land of 
China. Armillariella tabescens (Scop.ex Fr.) Sing belongs 
to the Basidiomycota, Umbelliformes, Tricholomataceae, 
and Armillaria genera, which mainly grows in tropical 
or subtropical areas and is distributed in Sichuan, Yunan, 
Guangxi province in China. Its cap is 3–8 cm wide, flattened 
and semi spherical, gradually flattened at the back, and blunt 
in the middle; the cover is not sticky, honey yellow or yel-
low brown; the edge of the lid is slightly upturned. The 
mushroom flesh is white or milky yellow in color. The stalk 
is 3-12 cm long and 0.3-1 cm thick, almost equally thick. 
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Abstract
Polysaccharide is one of the four fundamental substances that make up life and have various important biological activi-
ties. A deep understanding of the structure and activity of polysaccharide molecules is of guiding significance for the 
development of polysaccharides. The structure characterization of two new polysaccharides from Armillariella tabescens 
(AT-P) and Tricholoma portentosum (TP-P) by HPGPC, GC-MS, NMR and FT-IR indicated that AT-P was composed of 
glucose and galactose in a ratio of 3:8. Its skeleton structure was consisted of (1→6)-galactose residues and (1→3,6)-galac-
tose residues with three branched chains. The TP-P was consisted of composed of rhamnose, xylose, glucose, galactose 
in the ratio of 1:1:2:9. Its skeleton structure was consisted of (1→4)-galactose residues, (1→4)-glucose residues and 
(1→2,6)-galactose residues with one branched chain. Within the concentration range of 1.25 and 40 µg/mL, both AT-P and 
TP-P could enhance the proliferation ability of T cells, B cells, and RAW 264.7 cells. AT-P and TP-P could significantly 
(P < 0.01) improve the proliferation efficiency of B cells at 20 µg/mL and 10 µg/mL, respectively, with a maximum of 
70.16% and 76.28%, respectively. Both AT-P and TP-P could promote the secretion of IL-1β and TNF-α by RAW 264.7 
cells and promote the secretion of IL-1 by B and T cells. However, neither of they could not promote the secretion of 
IL-10 by RAW 264.7 cells and T cells. Their effects on the secretion of TNF-α by T and B cells were also different.
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The upper part is white, and the middle part is gray brown 
to black brown below, often twisted. Tricholoma portento-
sum (Fr.) Quél belongs to Basidiomycota, Umbelliformes, 
Tricholoma family, and Tricholoma genus, which is widely 
distributed in Jilin, Gansu, Liaoning, Sichuan, Heilongjiang 
province in China. Its cap has a diameter of 5–10 (12) cm, 
initially hemispherical in shape, later nearly flattened, with 
a central protrusion and a nearly smooth surface with radiat-
ing dark stripes. The mushroom flesh is white, with a yel-
lowish color in the later stage, slightly thin, and no obvious 
odor. The stalk is nearly cylindrical, rod-shaped, slightly 
thick, 3.5-10 cm long, 0.5-1.6 cm thick, white, and appears 
as yellow brown patches in the lower part.

Polysaccharides from edible fungi and medicinal fungi 
are important components of endogenous bio-active mol-
ecules, 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-chan-
nel, 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, 6]. However, the complexity and 
diversity of polysaccharides pose significant challenges to 
the structural determination and characterization of polysac-
charides, as well as the molecular mechanisms underlying 
their biological activities. Due to the difficulty in separat-
ing and purifying polysaccharides from edible and medici-
nal fungi, as well as the complexity of their own structures, 
there are not many studies that can purify homogeneous 
polysaccharides and elucidate their structures. Moreover, 
most studies on the immunomodulatory activity of polysac-
charides from edible and medicinal fungi have focused on 
the biological activity of their crude extracts, and it is not 
clear which components or main components play a role in 
their mixtures or complexes, greatly restricting the appli-
cation of active polysaccharides from edible and medicinal 
fungi [7–9]. At present, the structure and activities of Armil-
lariella tabescens and Tricholoma portentosum polysac-
charides from Maerkang County have not been reported. In 
this study, two new polysaccharides AT-P and TP-P were 
extracted from Armillariella tabescens and Tricholoma por-
tentosum, respectively, and the structure and activities of 
AT-P and TP-P were also studied to provide a data founda-
tion for the further application of polysaccharide.

Materials and methods

Polysaccharide extraction and purification

The Armillariella tabescens (fresh fruiting body was 3 kg, 
No. AT-1) and Tricholoma portentosum (fresh fruiting body 
was 3 kg, No. TP-1) were collected in Maerkang County, 
Sichuan Province, China. Collect the fresh fruiting body of 
fungus and observe the characteristics of its cap, cover, edge, 
and stalk. Refer to Mao Xiaolan’s ‘Large Fungi in China’ for 
morphological comparison and identification of the strains. 
The Identified fungus was preserved in the Key Laboratory 
of Southwest Wildlife Resource Conservation Ministry of 
Education, College of Life Sciences, China West Normal 
University. Grind the completely dried fruiting body (300 g 
for each mushroom) into powder using a high-speed grinder, 
add distilled water in a 1:3 ratio of material to liquid, soak 
at 100℃ for 6 h, centrifuge at 8000 rpm for 30 min, collect 
the supernatant and concentrate it to 200 mL, add anhydrous 
ethanol in a 1:4 ratio for alcohol precipitation, and collect 
the flocculent precipitate [10]. The Sevag method was used 
to remove proteins from crude polysaccharides. The acti-
vated DEAE-52 cellulose was packed in columns and eluted 
with different concentrations of NaCl (0, 0.05, 0.1, 0.2, 0.3, 
0.4 mol/L NaCl) as eluent. The elution flow rate was 5 mL/
min, and the amount collected in each tube was 5 mL. 50 
samples were collected in each elution section. Detect the 
polysaccharide content in each tube using the sulfuric acid 
phenol method and draw the elution curve. Collect the elu-
tion peak with the highest OD value, concentrate the elution 
to 5–7 mL, dialyze in a dialysis bag with a capacity of 7000 
Da, centrifuge, and lyophilized to obtain pure polysaccha-
rides, which were named AT-P and TP-P, respectively.

Polysaccharide structure characterization

Fourier transform infrared spectrometer (Nicolet 5700, 
Thermo Scientific) was used within the wavenumber range 
of 4000 cm− 1 to 400 cm− 1 to get the FT-IR data [11]. The 
molecular weight was tested via HPGPC [12]. High-per-
formance liquid chromatography (HPLC) was used for the 
analysis of the monosaccharide composition of polysac-
charides. HPLC determination conditions: zorbax Carbo-
hydrate Analysis col (4.6 mm x 250 mm) chromatography 
column; 75% acetonitrile as mobile phase; RID detector; 
constant column temperature of 30℃; RID detector tem-
perature of 35℃; flow rate of 1.4 mL/min; injection volume 
10 µL; keep for 15 min [13]. The methylation-derivatized 
polysaccharide product was determined by GC-MS (Agilent 
7890 A, USA). The measurement conditions are as follows: 
the chromatographic column is an HP-5ms column (30 m x 
0.25 mm x 0.25 μm). The carrier gas is high-purity helium 
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with; an injection volume of 5µL; and an injection port tem-
perature of 250℃. The heating program starts at an initial 
temperature of 80 ℃, maintains it for 3 min, and then rises 
to 200℃ at a rate of 10℃/min for 10 min [14]. The NMR 
spectra were determined by the Varian Unity INOVA 400/45 
(Varian Medical Systems, USA) using tetramethylsilane 
(TMS) as the internal reference. MestReNova 9.0 software 
was used to analyze data [15].

Effects of polysaccharide on T cells, B cells and 
RAW264.7 cells

The proliferation effects of polysaccharides on cells were 
determined via CCK-8 method [16]. The experimental 
setup includes experiment groups (AT-P, TP-P), blank 
groups (Control), and positive control groups (LPS), with 
6 replicates in each group. Dilute cells of the logarithmic 
phase of growth to 1 × 105 cells/mL. 100µL/well cells were 
added to a 96-well plate and incubated in a constant tem-
perature incubator at 37 ℃ and 5% CO2 for 24 h. Different 
concentrations of polysaccharide solution were added and 
incubated with CCK-8 solution at constant temperature for 
3  h, the absorbance value was measured at a wavelength 
of 450  nm using an enzyme-linked immunosorbent assay 
(ELISA) reader, and the cell morphology was observed 
under a microscope. The cytokines was detected by the 
ELISA kit (Wuhan BOSTER Biological Technology Co., 
Ltd.; Wuhan) [17].

Statistical analysis

All statistical comparisons were analyzed using a one-
way analysis of variance (ANOVA) test followed by Stu-
dent‑Newman‑Keuls test. *: P < 0.05; **: P < 0.01.

Results and discussion

The molecular weight of AT-P and TP-P

There were both four main elution peaks, respectively, 
with the NaCl concentration increased. The neutral poly-
saccharides in distilled water and 0.05  mol/L NaCl solu-
tion were collected, respectively, as the subject of research. 
The yield of AT-P and TP-P in the total fruiting body were 
0.2% and 0.3%, respectively (Fig. 1A and B). The weight-
average molecular weight (Mw) of AT-P and TP-P were 17 
600 Da and 19 101 Da, respectively (Fig. 1C and D). Poly-
saccharides, as biological macromolecules, have variable 
molecular weights ranging from ten to one million [18]. 
The molecular weight of polysaccharides has a significant 
impact on their biological activity. Their ability to penetrate 

cell membranes is poor if the molecular weight of polysac-
charides is too high with their water solubility is low, which 
is not conducive to their biological activity. However, they 
will have no biological activity if the molecular weight of 
polysaccharides is too small. Polysaccharides with molecu-
lar weight ranging from 10,000 to 50,000 Da exhibit strong 
biological activity [19]. In this study, the molecular weights 
of both polysaccharides were within the biologically active 
range (10,000 to 50,000 Da), indicating their certain bio-
logical activity.

FT-IR analysis of AT-P and TP-P

In the IR spectrum of AT-P (Fig.  1E), the O-H stretching 
vibration peak was the broad peak at 3425.88 cm− 1 [20], the 
-CH2 peak was at 2928.49 cm− 1, the C = O peak was at 1632. 
92 cm− 1, the C-H peak of - CHO was at 1404.47 cm− 1, the 
C-O peak was at 1077.59 cm− 1 [21].

In the IR spectrum of TP-P (Fig. 1F), the O-H stretching 
vibration peak was at 3440.18 cm− 1, the -CH2 peak was at 
2922.48 cm− 1, the C = O peak was at 1638. 92 cm− 1, the 
C-H peak of - CHO was at 1406.91  cm− 1, the C-O peak 
was at 1079.91 cm− 1, and the C-H rocking vibration peak 
was at 616.45 cm− 1. There was no signal near 1730 cm-1 in 
both FT-IR spectrum of AT-P and TP-P, indicating that these 
two polysaccharides didn’t contain uronic acid [22]. Infra-
red spectroscopy is a process in which molecules selectively 
absorb certain wavelengths of infrared radiation, causing 
transitions between vibrational and rotational energy levels 
in the molecule, thereby obtaining information on the chem-
ical bonds or functional groups present in the molecule. IR 
spectroscopy is one of the standard techniques that was used 
for characterization of polysaccharides, such as carrageen-
ans, pectins and alginates, in which the different structural 
elements are assigned to different absorption bands [22]. 
In this study, both AT-P and TP-P polysaccharides showed 
characteristic absorption peaks and fingerprint absorption 
peaks, with no impurity peaks such as amino acids, indicat-
ing high purity of the extracted polysaccharides.

Monosaccharide composition results of AT-P and 
TP-P

The peaks of monosaccharide composition of AT-P with 
retention time of 7.934 and 8.486 min were glucose (Glc) 
and galactose (Gal), respectively. The ratio of Glc: Gal was 
about 3:8 (Fig.  1G). The peaks in TP-P experiments with 
retention time of 4.946 min, 5.716 min, 7.771 and 8.437 min 
were Rhamnose (Rha), Xylose (Xyl), Glucose (Glc) and 
galactose (Gal), respectively. The ratio of Rha: Xyl: Glc: Gal 
was about 1: 1: 2: 9 (Fig. 1H). Two types of polysaccharides 
were extracted and purified from Armillariella tabescens, a 
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polysaccharide TS-P with (1–4) - Arap, (1–4,6) - D-Manp, 
and two (1–6) - Galp as the main chains was extracted and 
purified from the Tricholoma portentosum collected in Yaji-
ang County, Ganzi Prefecture, Sichuan Province. The poly-
saccharide TS-P was confirmed to have anti-tumor potential 
and could significantly (P < 0.05) promote the proliferation 
of B cells, T cells, macrophages, and secretion of cytokines 
[24]. In this study, the polysaccharide AT-P was composed 

water-soluble polysaccharide AT-HW composed of (1→6) 
- linked D-pyranose and D-galactose; and a water insoluble 
polysaccharide AT-AL composed of (1→3)-α-D-gluctose, 
and it was found that AT-HW could affect macrophages 
and T cells to participate in immunity, while AT-AL mainly 
activates macrophages to produce SOA and activates 
lysosomal enzymes, thereby mediating immune regula-
tory mechanisms and achieving anti-tumor effects [23]. A 

Fig. 1  (A) Elution curve of AT-P by column chromatography. (B) Elution curve of TP-P by column chromatography. (C) The molecular weight 
of AT-P. (D) The molecular weight of TP-P. (E) The fourier transform infrared spectra of AT-P. (F) The fourier transform infrared spectra of TP-P
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monosaccharides: Rha, Xyl, Glc and Gal, with the ratio 
of 1: 1: 2: 9, The GC-MS results of TP-P showed glucose 
residue was 6-O-methyl-1,2,3,4-tet-O-trimethylsilyl-Glcp, 
and galactose residues was 6-deoxy-1,2,3,4-tetrakis-O-
trimethylsilyl-Galp. Considering incomplete methyla-
tion caused by the steric hindrance of C2 and C3 on the 
monosaccharide ring, it indicated that glucose residues and 
galactose residues both were 1,4-linked in AT-P. In addition, 
it was shown that rhamnose connects 2-O-(1,6-galactose 
residues) and 1-O-xylose using 1,3-O linkage as a bridge, 
while galactose residues have 3,4-di-O-methyl-1,2,6-tris-O-
trimethylsilyl-Galp. All these results indicating that glucose 
residues was 1,4-linked, rhamnose residues was 1,3-linked, 
xylose residues was 1-linked, and galactose residues was 
1,2,6-linked and 1,4-linked in TP-P [27] (Table 2 ). Most 
of the polysaccharides with outstanding biological activity 
are connected by (1–3) or (1–4) glycosidic bonds, which 
is conducive to the formation of a three strand helical ste-
reoconfiguration and shows high biological activity. If the 
skeleton structure is mainly connected by (1→6) bonds or 
other bonds, the biological activity is lower [28]. Lentinus 
edodes polysaccharides and Polyporus umbellatus polysac-
charides both belong to the category containing -D-glucose 
residue linked by (1→3) bond as the backbone of glucan 
exhibits strong biological activity. Coriolus versicolor poly-
saccharide, which has inhibitory effects on the growth of 
various tumor cells β- (1–4)-D-glucose as the main chain 

of glucose (Glc) and galactose (Gal), and TP-P was com-
posed of Rhamnose (Rha), Xylose (Xyl), Glucose (Glc) 
and galactose (Gal), which had difference in monosaccha-
ride composition compared to previous reports. Rhamnose 
(Rha), Xylose (Xyl), Glucose (Glc) were first discovered to 
exist in Tricholoma portentosum polysaccharide.

GC-MS analysis of AT-P and TP-P

The GC-MS results, consistent with the results of HPLC, 
indicated that AT-P was consisted of two kinds of mono-
saccharides: Glc and Gal, with the ratio of Glc: Gal was 
3:8. The glucose residues was 2,3,4-tris-O-methyl-1,6-di-
O-trimethylsilyl-Glcp and 1,2,3,6-tetrakis-O-methyl-4-O-
trimethylsilyl-Glcp, which indicating glucose residues was 
1,6-linked and 4-linked in AT-P. The galactose residues 
was 2,4-di-O-methyl-1,3,6-tris-O-trimethylsilyl-Galp, 
2,6-di-O-methyl-1,3,4-tris-O-trimethylsilyl-Galp and 
3,4-di-O-methyl-1,2,6-tris-O-trimethylsilyl-Galp, which 
indicating galactose residues was 1,3,6-linked, 1,3,4-linked 
and 1,2,6-linked in AT-P [25]. Considering incomplete 
methylation caused by the steric hindrance of C2 and C3 
on the monosaccharide ring, it indicated that galactose resi-
dues was 1-linked, 1,6-linked and 1,3,6-linked in AT-P [26] 
(Table 1).

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

No Molecular Ion Fragments Linkage m/z
1,4-Galp 
(D)

6-O-methyl-1,2,3,4-tet-O-trimethylsilyl-Glcp 1,4- 45 59 73 89 103 117 147 
159 191 204 217 231 
265 291 305 377 393

1,2,6-Galp 
(E)

3,4-di-O-methyl-1,2,6-tris-O-trimethylsilyl-Galp 1,2,6- 41 59 73 89 103 117 133 
146 159 173 189 205 
217 231 277 345 377

1,4-Glcp 
(B)

galp-1) → (4-O-1,2,3,6-tet-O-trimethylsilyl-Glcp 1,4- 69 73 103 117 147 157 
191 204 217 231 271 
291 305 319 361

1-Xylp 
(A)/1,3-
Rhap (C)

xylp-1) → (3-rhap-1) → (2-O-1,6-galp 1-、1,3- 81 101 115 143 159 175 
191 201 219 247 423 
539 643

Table 2  GC-MS results of meth-
ylation analysis of Tricholoma 
portentosum polysaccharide 
(TP-P)

 

No Molecular Ion Fragments Linkage m/z
1,6-Glcp 
(A)

2,3,4-tris-O-methyl-1,6-di-O- trimethylsilyl-Glcp 1,6- 71 73 75 88 89 101 116 
131 133 146 341 590

1-Galp (B) 2,6-di-O-methyl-1,3,4-tris-O-trimethylsilyl-Galp 1,3,4- 73 75 89 116 131 133 
146 147 159 191 303 
595

1,6-Galp 
(C)

4,6- di-O-methyl-1,2,6-tris-O-trimethylsilyl-Galp 1,6- 71 73 75 88 101 131 
133 146 147 159 281 
400 502

1,3,6-Galp 
(D)

2,4- di-O-methyl-1,3,6-tris-O-trimethylsilyl-Galp 1,3,6- 59 73 75 89 116 131 146 
147 159 191 287 421

4-Glcp (E) 1,2,3,6-tetrakis-O-trimethylsilyl-Glcp 4- 71 73 75 88 89 101 116 
131 133 159 174

Table 1  GC-MS results of meth-
ylation analysis of Armillariella 
tabescens polysaccharide (AT-P)
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groups within molecules are connected [30]. 1H-NMR spec-
tra showed AT-P had five anomeric protons signals which 
were at δ 5.24, δ 5.01, δ 4.94, δ 4.86 and δ 4.38, respectively, 
that belong to 1,6-Glcp (A), 1-Galp (B), 1,6-Galp (C), 1,3,6-
Galp (D) and 4-Glcp (E), respectively [31]. The hydrogen 
signals of H2-H6 in monosaccharides overlapped between 
δ 3.09 and δ 4.50 [15](Table 3; Fig. 2A). 1H-NMR spectra 
of TP-P showed it had five anomeric protons signals, which 
were at δ 5.04, δ 4.96, δ 4.922, δ 4.43 and δ 4.42, respec-
tively [32]. The comparison of the signal at δ 4.43, δ 4.42 
between the 1H-NMR spectra and HMQC spectra indicated 
that it was a split peak signal and should be the one signal 
peak at δ 4.43, indicating that polysaccharide TP-P only had 

[29]. However, this situation only applies to polysaccharides 
with a glucan skeleton. In this study, polysaccharide AT-P 
has a skeleton composed with (1→6)-galactose residues 
and (1→3,6)-galactose residues, while TP-P has a skeleton 
composed with (1→4)-galactose residues, (1→4)-glucose 
residues and (1→2,6)-galactose, which indicating that the 
activities of the two polysaccharides will not be consistent 
with previous reports.

NMR analysis of AT-P and TP-P

Nuclear magnetic resonance spectroscopy (NMR) is a pow-
erful tool for analyzing the exact structure of how functional 

Table 3  Chemical shifts of hydrogen and carbon atoms in Armillariella tabescens polysaccharide (AT-P)
Glycosyl residues Chemical shifts (ppm)

H1 H2 H3 H4 H5 H6
1,6-Glcp (A) 5.24 3.53 3.83 3.65 3.78 3.57
1-Galp (B) 5.01 3.81 3.96 3.66 3.80 3.53
1,6-Galp (C) 4.94 3.66 4.00 3.82 4.08 3.96
1,3,6-Galp (D) 4.86 3.71 3.93 3.54 3.75 3.69
4-Glcp (E) 4.38 3.18 3.34 3.26 3.41 3.30

Fig. 2  (A) The 1H NMR spectra of AT-P. (B) The 1H NMR spectra of TP-P. (C) The 13C NMR spectra of AT-P. (D) The 13C NMR spectra of TP-P. 
(E) 1H-1H COSY spectrum of AT-P. (F) 1H-1H COSY spectrum of TP-P
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1,6-Glcp (A), 1-Galp (B), 1,6-Galp (C), 1,3,6-Galp (D) and 
4-Glcp (E) groups, respectively [40]. According to the res-
onant coupling signal between directly connected 1H and 
13C, the signals of C2-C6 in (1→4,6)-Glcp (A) group are δ 
74.27, δ 72.82, δ 77.05, δ 69.48 and δ 66.61, respectively 
[41] (Fig. 3A). HMQC spectrum of TP-P showed that signal 
A (H1/C2:δ 5.04/98.30), B (H1/C2:δ 4.96/101.69), C (H1/
C2:δ 4.92/98.23) and D (H1/C2:δ 4.43/103.01) belong to 
the resonant coupling signal between H-1 and C-1 of 1-Xylp 
(A), (1→4)-Glcp (B), (1→3)-Rhap (C), (1→4)-Galp and 
(1→2,6)-Galp (D) 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 60.53, δ 75.91, δ 71.75, δ 76.21 and δ 68.83, respectively 
[40, 41] (Fig. 3B).

HMBC provides a hydrocarbon relationship for remote 
coupling [42]. The HMBC spectrum of AT-P showed the sig-
nals (H2/C3:δ 3.53/77.05) belonging to the resonance signal 
between H-2 and C-3 of 1,6-Glcp (A). The signal (H3/C4:δ 
3.96/68.33) belong to the resonance signal between H-3 and 
C-4 of 1-Galp (B), the signal (H1/C4:δ 4.86/66.55), (H4/
C5:δ 3.54/71.77) and (H5/C6:δ 3.75/68.19) belong to the 
resonance signal between H1 and C4, H4 and C5, H5 and 
C6 of 1,3,6-Galp (D), respectively [43]. The signal (H2/
C1:δ 3.18/102.64) belong to the resonance signal between 
H-2 and C-1 of 4-Glcp (E) [44] (Fig. 3C). The HMBC spec-
trum of TP-P showed that the signal (H5/C3:δ 3.55/75.91) 
belong to the resonance signal between H-5 and C-3 of 
1-Xylp (A). The signal (H4/C6:δ 3.53/69.41) belong to the 
resonance signal between H-4 and C-6 of 1,4-Glcp (B), and 
the signal (H1/C5:δ 3.44/73.48) and (H4/C3:δ 3.27/75.81) 
belong to the resonance signal between H1 and C5, H4 and 
C3 of (1→4)-Galp (D), respectively. The signal (H1/C3:δ 
4.43/68.76), (H4/C2:δ 3.39/69.45), (H4/C5:δ 3.39/74.99), 
(H6/C4:δ 3.22/75.51) and (H6/C1:δ 3.22/103.01) belong to 
the resonance signal between H1 and C3, H4 and C2, H4 
and C5, H6 and C4, H6 and C1 of (1→2,6)-Galp (E) [44] 
(Fig. 3D).

All the results above showed that AT-P was composed 
of Glucose and Galactose in the ratio of 3:8, and its skel-
eton structure was based on (1→6)-galactose residues, 
(1→3,6)-galactose residues, and the branch chain were 
composed of (1→6)- Glucose residues, →4)-glucose resi-
dues and →1)-galactose (Fig. 3E). The TP-P was composed 

four anomeric protons signals. Anomeric protons signals at 
δ 5.04, δ 4.96, δ 4.922 and δ 4.43 belong to 1-Xylp (A), 
(1→4)-Glcp (B), (1→3)-Rhap (C), (1→4)-Galp (D) and 
(1→2,6)-Galp (E), respectively. The hydrogen signals of 
H2-H6 in monosaccharides overlapped between δ 3.0 and δ 
4.3 [32, 33] (Table 4; Fig. 2B).

13C-NMR spectra of AT-P showed that AT-P had five 
anomeric carbon signals at δ 102.64, δ 101.61, δ 99.27, δ 
98.21 and δ 97.83, which belong to anomeric carbon sig-
nals of 1,3,6-Galp (D), 1-Galp (B), 1,6-Glcp (A), 4-Glcp (E) 
and 1,6-Galp (C), respectively [34]. The signals of C2-C6 
in monosaccharide residues appeared between δ 55 and 80 
[35] (Table 3; Fig. 2C). 13C-NMR spectra of TP-P showed 
that TP-P had four anomeric carbon signals at δ 101.67, δ 
98.25 and δ 97.85, which belong to anomeric carbon sig-
nals of (1→2,6)-Galp (D), (1→4)-Glcp (B), 1-Xylp (A) and 
(1→3)-Arap (C), respectively [35] (Table 4; Fig. 2D).

1H-1H COSY is mainly a technique for determining the 
coupling relationship between adjacent hydrogen in mol-
ecules [36]. The 1H-1H COSY spectrum of AT-P showed 
the signal A (H1/H2:δ 5.24/3.53), B (H1/H2:δ 5.01/3.81), 
C (H1/H2:δ 4.94/3.66), D (H1/H2:δ 4.86/3.71) and E 
(H1/H2:δ 4.38/3.18) belong to the resonant coupling sig-
nal between H-1 and H-2 of the 1,6-Glcp (A), 1-Galp 
(B), 1,6-Galp (C), 1,3,6-Galp (D) and 4-Glcp (E) groups, 
respectively [37]. According to the resonant coupling sig-
nal between adjacent hydrogen in molecules, the signals 
of H2-H6 of the A group are δ 3.53, δ 3.83, δ 3.65, δ 3.78 
and δ 3.57, respectively [38]. The 1H signals of B-E groups 
were also deduced (Fig.  2E). The 1H-1H COSY spectrum 
of TP-P showed that signal A (H1/H2:δ 5.04/3.86), B (H1/
H2:δ 4.96/3.69), C (H1/H2:δ 4.92/3.75) and D (H1/H2:δ 
4.43/3.23) belong to the resonant coupling signal between 
H-1 and H-2 of the 1-Xylp (A), (1→4)-Glcp (B), (1→3)-
Rhap (C) and (1→2,6)-Galp (D) groups, respectively. The 
signals of H2-H6 of the A group are δ 3.86, δ 4.04, δ 3.97, δ 
3.55 and δ 3.72, respectively [38] (Fig. 2F).

HMQC spectrum reflects the direct correlation between 
hydrogen and carbon signals, from which the correlation 
between 1H and 13C could be obtained [39]. HMQC spec-
trum of AT-P showed that signal A (H1/C1:δ 5.24/99.27), 
B (H1/C1:δ 5.01/98.21), C (H1/C1:δ 4.94/101.61), D (H1/
C1:δ 4.86/97.83) and E (H1/C1:δ 4.38/102.64) belong to 
the resonant coupling signal between C-1 and H-1 of the 

Table 4  Chemical shifts of hydrogen and carbon atoms in Tricholoma portrntosum polysaccharide (TP-P)
Glycosyl residues Chemical shifts (ppm)

H1 H2 H3 H4 H5 H6
1-Xylp (A) 5.04 3.86 4.04 3.97 3.55 -
1,4-Glcp (B) 4.96 3.69 3.7 3.83 3.63 3.75
1,3-Rhap (C) 4.92 3.75 4.11 3.53 3.76 1.13
1,4-Galp (D) 4.44 3.42 3.65 3.27 3.48 3.21
1,2,6-Galp (E) 4.43 3.23 3.61 3.39 3.52 3.22
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activity [45]. Like active polysaccharides β-(1–3)- D-glucan 
has strong biological activity when its branching degree is 
between 0.20 and 0.33. However, excessive branching can 
also reduce biological activity. When the branching degree 
of polysaccharides reaches 2.8, their biological activity is 
the lowest. When the branching degree of glucan is reduced 
to 1.0 through oxidation-reduction reaction, the anti-tumor 
rate almost doubles [46]. Poria cocos polysaccharides, 
due to their long-branched chains, do not exhibit biologi-
cal activity and require controlled oxidative hydrolysis to 

of rhamnose, xylose, glucose, galactose, the ratio is 1:1:2:9, 
and its primary structure is based on (1→4)-galactose resi-
due, (1→4)-glucose residue, (1→2,6)-galactose residue as 
the main chain, and the the branch chain were composed of 
(1→3)-rhamnose residue and →1)-xylose residue (Fig. 3F). 
The degree of branch (DB), also known as the degree of 
substitution (DS), also affects the activity of polysaccha-
rides. Polysaccharides only have biological activity when 
they reach a certain degree of substitution. Each polysac-
charide has an optimal DB to achieve its ideal biological 

Fig. 3  (A) HMQC spectrum of AT-P. (B) HMQC spectrum of TP-P. (C) HMBC spectrum of AT-P. (D) HMBC spectrum of TP-P. (E) Predicted 
chemical structure of AT-P. (F) Predicted chemical structure of TP-P
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B lymphocytes can also be abbreviated as B cells which 
are pluripotent stem cells and played an important role in the 
immune activity of the body [48]. The results showed that 
polysaccharide AT-P (1.25, 2.5, 5, 10, 20  µg/mL, respec-
tively) could lead to the proliferation of B cells, and the pro-
liferation rates was 26.33%, 26.33%, 34.54%、51.96% and 
70.16%, respectively. When the concentration of AT-P was 
20 µg/mL, the proliferation efficiency of B cells increased 
by 70.16%, and is higher than the positive control group 
(LPS was 10  µg/mL, 42.58%) (Fig.  5A). Compared with 
the blank group, the final concentration of TP-P was in the 
range of 10–40  µg/mL, TP-P can significantly (P < 0.01) 
promote an increase in the number of B cells, but the pro-
liferation rate decreases with increasing concentration, with 
the proliferation rates being 76.28%, 71.73%, and 54.23%, 
respectively. Among them, when the concentration of TP-P 
was 10 µg/mL, its proliferation rate reached a maximum of 
76.28%. (Fig. 5B). The results also showed that the B cell 
morphological changes in AT-P and TP-P groups (Fig. 5C 
and D).

Macrophages are cells differentiated from monocytes. 
They can participate both in the specific and the non-spe-
cific immunity of the body. Compared with the blank group, 
when the final concentration of AT-P was in the range of 
1.25-20 µg µg/mL, AT-P could significantly increased cell 
proliferation rate (P < 0.05). When the AT-P concentration 
was 2.5 µg/mL, it can significantly promote the prolifera-
tion of RAW 264.7 cells (P < 0.0001), and the proliferation 

reduce the length of the branched chains to become active. 
In this study, AT-P was composed of glucose and galactose 
which had the skeleton structure consisted of (1→6)-galac-
tose residues and (1→3,6)-galactose residues with three 
branched chains. The skeleton structure of TP-P was con-
sisted of (1→4)-galactose residues, (1→4)-glucose residues 
and (1→2,6)-galactose residues with one branched chain. 
The branch degree of AT-P and TP-P were 0.5 and 0.09, 
respectively, which indicating AT-P has better biological 
activity than TP-P.

Effect of AT-P and TP-P on immune cell proliferation 
and promotion of cytokine secretion in vitro

Polysaccharides activate immune cells including B cells, T 
cells, macrophages and natural killer cells to produce cyto-
kines. The immunomodulatory effect can be used as a pre-
ventive means for metastatic tumors. T cells were a type 
of lymphocytes developed in the thymus and regulated the 
immune activity of the body [47]. The T cell proliferation 
efficiency increased by 38.28% and 38.73%, respectively, 
when the concentration of AT-P was 10  µg/mL and TP-P 
was 40 µg/mL(Fig. 4A and B). The morphological changes 
of T cells activated by AT-P and TP-P showed that the T 
cells grew well and the cell shape was round. The number 
of T cell clusters also increased, which was the same in the 
positive group (Fig. 4C and D).

Fig. 4  (A) Effect on the proliferation of T cells by AT-P. (B) Effect on T 
cells morphology by AT-P. (C) Effect on the proliferation of T cells by 
TP-P. (D) Effect on T cells morphology by TP-P. Note Compared with 

the control group, the difference was significant (P < 0.05) expressed 
by * and very significant (P < 0.01) expressed by **
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group, reaching 38.77 pg/mL. AT-P could significantly pro-
mote the secretion of IL-1 by RAW 264.7 cells at 2.5 µg/
mL. AT-P had a better effect on B cells and RAW 264.7 cells 
than TP-P (Fig. 7C and E).

The experimental results indicated that TP-P could sig-
nificant (P < 0.05) increase the secretion of TNF-α by T 
cells and RAW 264.7 cells at 20 µg/mL and the the effect 
in T cells was more pronounced, with a secretion of 97.65 
pg/mL. AT-P could significantly promote the secretion of 
TNF-α by B cells, had no significant effect on T cells, but 
exhibit inhibitory effect of TNF-α secretion on RAW 264.7 
cells (Fig. 7F and H).

The natural immune system is the first line of defense for 
the body to resist the invasion of pathogenic microorgan-
isms. The body recognizes pathogen-related molecular pat-
terns or damage-related molecular patterns through pattern 
recognition receptors to initiate a natural immune response 
[49]. Macrophages, as one of the main cellular components 
in natural immunity, are considered as key immune cells for 
host defense, capable of clearing dead or dying cells in the 
body. After activation, macrophages can quickly express 
TNF-α, IL-6 and IL-1β cytokines, which acting as a mes-
senger within the immune system. They could participate 
in the regulation of immune response by binding to spe-
cific receptors on the surface of target cells, and could 
also directly defend against viral infections, such as inter-
feron, thereby mediating the body’s immune response [50]. 

rate reaches the highest 49.65%. Compared with the blank 
group, when the final concentration of TP-P was in the range 
of 2.5–40 µg/mL, the proliferation rate of RAW 264.7 cells 
was significantly increased (P < 0.01), with proliferation 
rates of 20.20%, 16.79%, 25.74%, 29.59%, and 19.12%, 
respectively. When the concentration of TP-P was 20  µg/
mL, the proliferation efficiency of reached its maximum of 
29.59% (Fig. 6A and D).

The proliferation experiment showed that the concentra-
tion of AT-P and TP-P were at 10  µg/mL and 20  µg/mL, 
respectively, the stimulation effect on T cells were the best, 
so the concentration above were selected to test their impact 
on the secretion of cytokine IL-10 levels in T cells. While 
for macrophage RAW 264.7, the concentration of 2.5 µg/mL 
AT-P and 20 µg/mL TP-P were selected. The experimental 
results showed that AT-P and TP-P had no statistically sig-
nificant effects on stimulating secretion of cytokine IL-10 in 
T cells and RAW 264.7 cells (Fig. 7A and B).

Through cell proliferation experiments, the suitable mass 
concentrations of the two polysaccharides were selected 
to stimulate three immune cells. The experimental results 
indicated that TP-P can significantly (P < 0.01) increase the 
IL-1β levels of three types of immune cells in B, T, RAW 
264.7 cells and the IL-1β secretion amounts was 28.73 pg/
mL, 35.43 pg/mL, and 21.01 pg/mL, respectively. AT-P 
could significantly promote the secretion of IL-1 by B and T 
cells at 10 µg/mL, and it was higher than the positive control 

Fig. 5  (A) Effect on the proliferation of B cells by AT-P. (B) Effect on 
B cells morphology by AT-P. (C) Effect on the proliferation of B cells 
by TP-P. (D) Effect on B cells morphology by TP-P  (A). Note Com-

pared with the control group, the difference was significant (P < 0.05) 
expressed by * and very significant (P < 0.01) expressed by **
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improve the proliferation efficiency of B cells at 20 µg/mL 
and 10 µg/mL, respectively, with a maximum of 70.16% and 
76.28%, respectively. When the AT-P and TP-P concentra-
tion was 2.5 µg/mL and 20 µg/mL, respectively, they could 
significantly promote the proliferation of RAW 264.7 cells 
(P < 0.0001), and the proliferation rate reaches the highest 
49.65% and 29.59%, respectively. Meanwhile, AT-P was 
also suggested to have a better cytokines secretion effect 
on B cells and RAW 264.7 cells than TP-P. However, TP-P 
has a better cytokines secretion effect on T cells than AT-P. 
From the perspective of structure-activity relationship, AT-P 
had better branch degree, smaller molecular weight, better 
solubility, and was only composed of two monosaccharides, 
glucose and galactose. This configuration was more condu-
cive to the formation of a three strand helical stereoconfigu-
ration, thus exhibiting higher biological activities.

Conclusions

Polysaccharides are a class of bio-molecules commonly 
present in the fruiting bodies of edible and medicinal fungi. 
They not only participate in the composition of the cytoskel-
eton, but are also important components of various endog-
enous bioactive molecules. Polysaccharide biology, which 
focuses on the structure, function, and medicinal value of 
polysaccharides, is considered the last significant scientific 

Acquired immune response is another important component 
of the body’s defense system, mainly played by lympho-
cytes to exert immune effects. Among them, B cells clear 
extracellular microorganisms by secreting immunoglobu-
lins as antigen-specific antibodies, and T cells could assist 
B cells in producing antibodies and could also clear intra-
cellular pathogens and viral infections by activating mac-
rophages [51]. Polysaccharides from Ganoderma lucidum 
could induce innate inflammatory cytokines: tumor necro-
sis factor alpha (TNF-α), interleukin (IL) 12 and interferon 
gamma (IFN-γ), enhance Th1 response with high levels 
of IFN-γ and IL-2, and display low to no impact on IL-4 
production [52]. Polysaccharides Pc-1, Pc-2, Pc-3 and Pc-4 
from Peltigera canina had mitogenic activity in rat spleen 
cell proliferation and could stimulate IL-10 secretion. In 
rat peritoneal macrophages, these heteroglycans stimulated 
TNF-α secretion, but not IL-10 secretion, which indicated 
the polysaccharides influence cells of the immune system 
both from the innate and the adaptive systems [53]. Polysac-
charides isolated from Atractylodis macrocephalae Koidz. 
could significantly promoted splenocyte proliferation and 
made the cells enter S and G2/M phases, increased ratios 
of T/B cells, boosted NK cytotoxicity, enhanced transcrip-
tional activities of nuclear factor of activated T cells (NFAT) 
and activator protein 1 (AP-1) [54]. In this study, AT-P was 
suggested to have a better effect on B cells and RAW 264.7 
cells than TP-P. AT-P and TP-P could significantly (P < 0.01) 

Fig. 6  (A) Effect on the proliferation of RAW 264.7 cells by AT-P. (B) 
Effect on RAW 264.7 cells morphology by AT-P. (C) Effect on the pro-
liferation of RAW 264.7 cells by TP-P. (D) Effect on RAW 264.7 cells 

morphology by TP-P. Note Compared with the control group, the dif-
ference was significant (P < 0.05) expressed by * and very significant 
(P < 0.01) expressed by **
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regulating immune cells, has guiding significance for the 
development of active polysaccharides from edible and 
medicinal fungi. In this study, the structure characterization 
of two new polysaccharides from Armillariella tabescens 
(AT-P) and Tricholoma portentosum (TP-P) by HPGPC, 
GC-MS, NMR and FT-IR indicated that AT-P was com-
posed of glucose and galactose in a ratio of 3:8. Its skeleton 
structure was consisted of (1→6)-galactose residues and 
(1→3,6)-galactose residues with three branched chains. The 
TP-P was consisted of composed of rhamnose, xylose, glu-
cose, galactose in the ratio of 1:1:2:9. Its skeleton structure 
was consisted of (1→4)-galactose residues, (1→4)-glucose 
residues and (1→2,6)-galactose residues with one branched 

frontier in the field of protein and nucleic acid research. 
But because of their complex composition, large molecular 
weight, difficulty of purification and complicated structure, 
not many kinds of them had been approved as drugs by the 
national authority. There are currently 7 types of approved 
polysaccharide drugs in China, including Radix Astragali 
seu Hedysari polysaccharide, Ganoderma polysaccharide, 
Poria polysaccharide, Radix Ginseng polysaccharide, etc. 
These polysaccharide drugs are mostly used to regulate 
immunity, but their mechanisms of action are complex. 
Further understanding the composition and structure of 
active polysaccharides from edible and medicinal fungi, 
elucidating their molecular mechanisms for activating and 

Fig. 7  (A-B) Effect of AT-P and TP-P on secretion of IL-10 by T cells, 
RAW 264.7. (C-E) Effect of AT-P and TP-P on secretion of IL-1β by 
three types of immune cells. (F-H) Effect of AT-P and TP-P on secre-

tion of TNF-α by three types of immune cells. Note Compared with the 
control group, the difference was significant (P < 0.05) expressed by * 
and very significant (P < 0.01) expressed by **
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chain. Within the concentration range of 1.25 and 40 µg/mL, 
both AT-P and TP-P could enhance the proliferation ability 
of T cells, B cells, and RAW 264.7 cells. AT-P and TP-P 
could significantly (P < 0.01) improve the proliferation effi-
ciency of B cells at 20 µg/mL and 10 µg/mL, respectively, 
with a maximum of 70.16% and 76.28%, respectively. Both 
AT-P and TP-P could promote the secretion of IL-1β and 
TNF-α by RAW 264.7 cells and promote the secretion of 
IL-1 by B and T cells. However, neither of they could not 
promote the secretion of IL-10 by RAW 264.7 cells and T 
cells. Their effects on the secretion of TNF-α by T and B 
cells were also different. Our research indicated that the 
monosaccharide composition, monosaccharide linkage, 
molecular weight, branch degree, solubility and functional 
groups of polysaccharides all played a certain impact on 
their biological activity. The biological activity of polysac-
charides is a comprehensive effect generated by the mutual 
constraints between various levels of structure, structure and 
physicochemical properties, and various physicochemical 
properties. Currently, there is still insufficient research on 
the structure and structure-activity relationship of polysac-
charides. With the improvement of separation and structural 
identification methods, as well as the deepening of polysac-
charide research, active polysaccharides will continue to be 
developed into new drugs, and their clinical applications 
and the scale will continue to expand.
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