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One low molecular-weight polysaccharide (APP) of 2.8 x 10% Da was isolated from the fruiting body of
Auricularia polytricha. Partial hydrolysis with acid, periodate oxidation-Smith degradation, acetylation,
methylation analysis and NMR spectroscopy (*H, '>C) were conducted to elucidate its structure and
the repeating unit of APP was established as: the backbone was composed of (1 — 3)-linked-B-p-manno-
pyranosyl, (1 — 3)-linked-B-p-galactopyranosyl and (1 — 3,6)-linked-B-p-mannopyranosyl residues in
the ratio of 3:2:1, and terminated with one single terminal (1 - )-B-p-glucopyranosyl at the 0-6 position
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of (1 - 3,6)-linked-B-p-mannopyranosyl along the main chain.
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Preliminary antioxidant activity test in vitro showed APP could potentialize scavenging effect on hydro-
xyl radicals in a dose dependent manner.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Recently, mushroom polysaccharides and their conjugates, used
in health-care food or medicine, have drawn the attention of bio-
chemical and nutritional researchers, due to their various biologi-
cal activities (Sun & Liu, 2008). However, synthetic antioxidants
used to reduce damage to the human body at the present time
are suspected of being responsible for liver damage and carcino-
genesis (Grice, 1988). Published data indicated that most polysac-
charides derived from plants are relatively nontoxic and do not
cause significant side effects. Thus, it is essential to develop effec-
tive natural antioxidants to protect the human body from oxidative
damage.

Auricularia polytricha, which belongs to Auriculariaceae family,
is widespread in many districts of China, such as Heilongjiang, He-
bei, Jiangxi, Anhui and Guangdong province. The modern pharma-
cology research indicated that it has the functions of lowering
blood-fat, antioxidant, antitumor, antinociceptive and immuno-
modulatory activities (Luo et al., 2009; Mau, Chao, & Wu, 2001;
Yang et al., 2002). However, up to now, no detailed investigation
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has been conducted on structural characterization and antioxida-
tive capacity of polysaccharides isolated from A. polytricha. Thus
we initiated this research on the structural elucidation of a poly-
saccharide from the fruiting body of A. polytricha and explored its
scavenging effect on hydroxyl radicals for seeking new biological
functional principle used in food and pharmaceutical industry.

2. Materials and methods
2.1. Chemicals

DEAE-cellulose, Sephadex G-100 and Sephadex G-25 were pur-
chased from Amersham (Sweden). T-series dextran, dimethyl sulf-
oxide (DMSO), standard sugars, deoxyribose, ferrous ammonium
sulfate, ethylene diamine tetraacetic acid (EDTA), H,0,, ascorbate
acid, and thiobarbituric acid (TBA) were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). All of other reagents were ana-
lytical grade from Peking Chemical Co. (Peking, China).

2.2. General methods

UV-Vis absorption spectra were recorded with a UV-vis spec-
trophotometer (Model SP-752, China). GC was performed on a
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Shimadzu GC-14C instrument (Shimadzu, Japan) equipped with
DB-1 capillary column (30 m x 0.25 mm x 0.25 pm). Gas chroma-
tography-mass spectrometry (GC-MS) was done on a Shimadzu
QP-2010 instrument (Shimadzu, Japan) with an HP-5MS quartz
capillary column (30 m x 0.25 mm x 0.25 pm). The FTIR spectra
(KBr pellets) were recorded on SPECORD in a range of 400-
4000 cm™'. The total carbohydrate content was determined by
phenol-H,S0, method using glucose as standard (Dubois, Gilles,
Hamilton, Rebers, & Smith, 1956). Protein was measured by the
Lowry method (Lowry, Rosebrough, Farr, & Randall, 1951), using
bovine serum albumin as standard. Dialysis was carried out using
tubing with Mw cut-off 500 Da (for globular protein).

2.3. Extraction and purification of polysaccharide

The fruiting body of A. polytricha (0.5 kg) was extracted with
distilled water (8000 mL x 3) at 90 °C for three times and 3 h for
each time. After centrifugation (1700g for 10 min, at 20 °C), the
supernatant was concentrated 10-fold, and precipitated with 5
volumes of dehydrated alcohol at 4 °C overnight. The precipitate
collected by centrifugation was deproteinated by a combination
of proteinase and Sevag method (Sun et al., 2008) and exhaustively
dialyzed against water for 48 h. Then the concentrated dialyzate
was precipitated with 5 volumes of dehydrated alcohol. The pre-
cipitate was washed with absolute ethanol, acetone and ether,
respectively. The washed precipitate was the crude polysaccharide,
named as CAPP (36.2 g).

The CAPP was purified on the auto liquid chromatographic frac-
tionation apparatus (MF99-3) made in shanghai city of China. The
CAPP was dissolved in distilled water, centrifuged, and then the
supernatant was loaded onto a column of DEAE-cellulose anion-
exchange chromatography column (3 x 40 cm). After loading with
sample the column was eluted with distilled water and a gradient
of NaCl aqueous solution (0 and 2 M) stepwise at 1 mL/min. Differ-
ent fractions were collected using an automated fraction collector.
The eluted solution by distilled water was only separated into one
fraction, and was further purified on a Sepharose G-100 column
(2.6 x 100 cm) with 0.15 mol/L NaCl at a flow rate of 0.5 mL/min
to yield only one fraction, termed as APP. Total carbohydrate and
protein content of each tube was measured by Dubois’s and
Lowry’s method, respectively.

2.4. Determination of monosaccharide composition and molecular
weight

Gas chromatography (GC) was used for identification and quan-
tification of the monosaccharides. APP was hydrolyzed with 2 M
TFA at 120 °C for 2 h. The monosaccharides were conventionally
converted into the alditol acetates as described (Johnes & Alber-
sheim, 1972; Oades, 1967) and analyzed by GC as foresaid. The
absolute configurations of the monosaccharides were determined
as described by Vliegenthart and co-workers using (+)-2-butanol
(Gerwig, Kamerling, & Vliegenthart, 1979).

The average molecular weight of APP was determined by high-
performance size-exclusion chromatography (HPSEC) (Sun et al.,
2008), which was performed on a SHIMADZU HPLC system fitted
with one TSK-G3000PWy, columns (7.8 mmID x 30.0 cm) and a
SHIMADZU RID-10A detector. The data were processed by GPC pro-
cessing software (Millennium?? version). The mobile phase was
0.7% Na,SO,, and the flow rate was 0.5 mL min~' at 40 °C, with
1.6 mpa. A sample (3 mg) was dissolved in the mobile phase
(0.5 mL) and centrifuged (10,000 rpm, 3 min), and 20 pL of super-
natant was injected in each run. The molecular mass was esti-
mated by reference to a calibration curve made from a set of
Dextran T-series standards of known molecular mass (T-130 80,
50, 25, 10).

2.5. Partial acid hydrolysis

The APP (100 mg) was hydrolyzed with 0.05 M trifluoroacetic
acid (3 mL) at 95 °C for 10 h, and then centrifuged, After TFA was
removed by evaporation, the remains was dialyzed with distilled
water for 48 h, and then diluted the solution in the sack with eth-
anol. After hydrolyzation, the precipitate and supernatant in the
sack and the fraction out of sack were dried, analyzed by GC as
the alditol acetate. The precipitate, in the sack, was subjected to
monosaccharide composition analysis of backbone and methyla-
tion analysis (Sun & Liu, 2008).

2.6. Periodate oxidation and Smith degradation

For analytical purpose, 25 mg of the polysaccharide were dis-
solved in 12.5 mL of distilled water and 12.5 mL of 30 mmol/l
NalO4 were added. The solution was kept at 4 °C for 7 days in the
dark, 0.1 mL aliquots were withdrawn at 3-6 h intervals, diluted
to 25 mL with distilled water and read in a spectrophometer at
223 nm (Linker, Evans, & Impallomeni, 2001). Excess periodate
was decomposed by addition of ethylene glycol (2 mL), The solu-
tion of periodate product (2 mL) was sampled to calculate the yield
of formic acid by 0.01 M NaOH, The rest was dialyzed against dis-
tilled H,O for 24 h. The solution was concentrated and reduced
with NaBH, (60 mg), and the mixture was left for 24 h at room
temperature, neutralized to pH 6.0 with 50% acetic acid, dialyzed
as described above, and concentrated to a volume (10 mL). One-
third of solution described above was freeze-dried and analyzed
with GC. Others were added to the same volume of 1 M sulfuric
acid, kept for 40 h at 25 °C, neutralized to pH 6.0 with barium car-
bonate, and filtered. The filtrate was dialyzed as foresaid, and the
content out of sack was desiccated for GC analysis; the content in-
side was diluted with ethanol, and after centrifugation, the super-
natant and precipitate were also dried out for the GC analysis.

2.7. Methylation analysis

The sample (20 mg) was methylated thrice according to the
Needs and Selvendran (1993). Complete methylation was confirmed
by the disappearance of the OH band (3200-3700 cm™!) in the IR
spectrum. The methylated products were hydrolyzed, reduced and
acetylated as described by Sweet, Shapiro, and Albersheim (1975).
The partially methylated alditol acetates were analyzed by GC-MS
under the same chromatographic conditions, as described above.

2.8. NMR spectroscopy

For NMR measurements APP was dried in a vacuum over P,05
for several days, and then exchanged with deuterium by lyophiliz-
ing with D,0 for several times (Duefias-Chasco et al., 1997). The
deuterium-exchanged polysaccharide (50 mg) was put in a 5-mm
NMR tube and dissolved in 0.7 mL 99.96% D,0. Spectra were re-
corded with a Bruker AV-400 spectrometer. The 'H and 3C NMR
spectra were recorded at 50 °C. Acetone was used as an internal
standard (531.07 ppm) for the '3C spectrum. The '"H NMR spectrum
was recorded fixing the HOD singal at §4.58 ppm at 50 °C.

2.9. Assay for the scavenging effect on hydroxyl radicals

In vitro antioxidant activity was evaluated using the hydroxyl
radical system generated by the Fenton reaction (Heo, Park, Lee,
& Jeon, 2005) with a minor modification. Briefly, Samples were dis-
solved in distilled water at O (control), 0.5, 1, 2, 4, and 8 mg/mL.
The reaction mixture contained 1mL of brilliant green
(0.435 mM), 0.5 mL of FeSO4 (2 mM), 1.5 mL of H,0, (3.0%) and
1 mL samples of varying concentrations. After incubation at room
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Table 1
The data of UV analysis, IR analysis and NMR analysis of APP.

Assay Peaks or signals at
UV analysis 210 nm, 260 nm, 280 nm
IR analysis 3411.05cm'; 2923.24 cm'; 1623.33 cm™'; 890.21 cm ™!

'H NMR analysis 4.82 ppm; 4.80 ppm; 4.78 ppm; 4.66 ppm

13C NMR analysis 105.75 ppm; 104.58 ppm; 100.60 ppm; 100.41 ppm; 82.32 ppm; 78.65 ppm; 77.56 ppm; 72.34 ppm; 68.77 ppm; 62.58 ppm; 62.14 ppm; 60.15 ppm;

temperature for 20 min, the absorbance of the mixture was mea-
sured at 624 nm. Hydroxyl radicals gave a brilliant green colour,
so the absorbance change of the reaction mixture indicated the
scavenging ability for hydroxyl radicals. The hydroxyl radical-scav-
enging rate was calculated as (1-absorbance of sample/absorbance
of control) x 100%.

3. Results and discussion
3.1. Isolation, purification and structural analysis of polysaccharides

The APP showed a single and symmetrically sharp peak, indicat-
ing its homogeneity on HPSEC (data not shown), According to the
retention time, its molecular weight was estimated to be
2.8 x 10* Da. It had a negative response to the Bradford test and no
absorption at 280 or 260 nm in the UV spectrum, indicating the ab-
sence of protein and nucleic acid. Total carbohydrate content was
determined to be 91%. The APP was composed of b-mannose, p-gal-
actose and p-glucose as detected by GC with molar ratios of 4:2:1.

The FTIR spectra of APP are shown in Table 1. The bands in the
region of 3411.05 cm™! were due to the hydroxyl stretching vibra-
tion of the polysaccharides. The bands in the region of
2923.24 cm ™! were due to C-H stretching vibration, and the bands
in the region of 1623.33 cm ™! were due to associated water. More-
over, the characteristic absorptions at 890.21 cm™! indicated B-
configurations existing in APP.

The GC-MS results (Table 2) indicated that the backbone chain
was mainly (1 — 3)-linked-B-p-mannopyranosyl (Residue-A),
(1 - 3)-linked-B-p-galactopyranosyl residues (Residue-B) and
(1 - 3, 6)-linked-B-p-mannopyranosyl (Residue-C). The side chain
attached to the O-6 position of Residue-C contained single terminal
(1 - )-B-p-glucopyranosyl (Residue-D) group. According to the
peak areas, four types of residues were in the ratio of 3:2:1:1. This
was also in accordance with the results of the periodate oxidation
and Smith degradation. Supporting the results of methylation anal-
ysis, GC of the products that was obtained from periodate oxida-
tion and Smith degradation showed the presence of glycerol,
mannose and galactose. GC quantification showed that both the
original mannose and galactose totally had survived oxidation
(data not shown).

In the anomeric region of the 'H NMR spectrum (Table 1) of
APP, three signals occurred at 54.78, 54.82, 64.80 and 4.66 ppm,
which were assigned as Residue-A, Residue-B, Residue-C and Res-
idue-D, respectively. And accordingly in the anomeric region of the
13C NMR spectrum (Table 1), four carbon resonances appeared at
6100.41, 6104.58, 6100.60 and 6105.75 ppm. All the results con-
firmed the presence of four sugar residues and their configura-
tions: Residue-A, B, C and D are B-configurations, consistent with

Table 2
The results of methylation analysis of APP.

Peak No. Methylated sugar Molar ratio Linkage type

1 (Residue-A) 2,4,6-Mes-Manp 3 —3)-B-Manp-(1—

2 (Residue-B) 2,4,6-Me3-Gapl 2 —3)-B-Galp-(1—

3 (Residue-C) 2,4-Me3-Manp 1 -3, 6)-p-Manp-(1-
4 (Residue-D) 2,3,4,6-Mey-Glcp 1 B-Glcp-(1—

——APP

Scavenging rate (%)

0¥ *
~10 @ 0.5 1 2 4 8
Concentration (mg/mL)

Fig. 1. Hydroxyl radical-scavenging activity of APP and Vc. Values are means + SD
of three determinations.

GC and FTIR data. In the high magnetic field, the §78.65, §82.32,
677.56 and 672.34 signal should come from C-3 resonance of Res-
idue-A, B, C and D. C-6 chemical shifts of Residue-A, Residue-B,
Residue-C and Residue-D occurred at §60.15, §62.14, §68.77 and
062.58, respectively. All the NMR chemical shifts were compared
with the literature values (Ali, Weintraub, & Widmalm, 2006; Mon-
dal, Chakraborty, Rout, & Islam, 2006; Sun, Liang, Zhang, Tong, &
Liu, 2009; Sun et al., 2008).

The structure characterization of a polysaccharide from the fruit-
ing body of A. polytricha, by means of a combination of chemical and
instrumental analysis, was studied for the first time. The structure of
this polysaccharide can be demonstrated as follows: the backbone of
APP was composed of (1 — 3)-linked-B-p-mannopyranosyl, (1 — 3)-
linked-B-p-galactopyranosyl and (1 — 3, 6)-linked-p-p-mannopyr-
anosyl residues in the ratio of 3:2:1, and terminated with one single
terminal (1 — )-B-p-glucopyranosyl at the O-6 position of (1 — 3,6)-
linked-B-p-mannopyranosyl along the main chain.

3.2. Scavenging activity of APP on hydroxyl radical

Generation of Reactive oxygen species (ROS) beyond the body’s
antioxidant capacity gives rise to oxidative stress. Much of the oxi-
dative damage to biomolecules can be induced by "OH, the most
reactive one among ROS species (Yang, Liu, Han, & Sun, 2006). As
illustrated in Fig. 1, the hydroxy radical-scavenging activity initi-
ated by APP is stronger than Vc at the same conditions (from 0.5
to 8 mg/mL.) in a concentration-dependent manner. This result
proved that APP had significant effect on scavenging hydroxyl rad-
ical. Because of the complex mechanism of antioxidant activity,
one test is normally not enough to evaluate precisely the antioxi-
dant activity of the potential antioxidant. So various oxidative
stress-mediated injury models for APP should deserve more an
in-depth research in the future.
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