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Isolation, structure characteristics and antioxidant activity of two water-soluble polysaccharides from Lenzites betulina
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Abstract
Background
Fungal polysaccharides belong to a very important class of biological macromolecules in nature, and have complex monosaccharide composition and structure. These studies on structure and biological activity of fungal polysaccharides have become one of the research hotspots of scholars at home and abroad.

Results
This study was performed in order to understand the structural characteristics and antioxidant activity of polysaccharides from Lenzites betulina (LBPs). The LBPs were deproteinized using sevag method, and further purified by DEAE cellulose-52 column and Sephadex G-100 column chromatographies, then the two refined polysaccharides were obtained and named LBPs-5 and LBPs-6. Fourier transform infrared spectrometry (FT-IR) showed that LBPs-5 and LBPs-6 are typical β-pyranose with characteristic peaks of polysaccharides. The molecular weight of the two water-soluble polysaccharides were estimated to be 3.235 × 103 Da and 6.196 × 103 Da by HPGPC, respectively. HPLC with PMP derivatization analysis indicated that the monosaccharide compositions of LBPs-5 were mannose, glucuronic acid, glucose, and galactose in a molar ratio of 0.05:0.15:0.76:0.04. The monosaccharide compositions of LBPs-6 were mannose, glucuronic acid, and glucose, in a molar ratio of 0.04:0.17:0.79. Furthermore, the two water-soluble polysaccharides demonstrated strong scavenging effects on DPPH·, ABTS·+, ·OH and weak total reducing power, especially LBPs-6 was significantly stronger in scavenging rate than that of LBPs-5.

Conclusions
The outcome of the study indicated that LBPs had good potential as medicine and food.
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Introduction
Natural plant polysaccharides are a very important class of biological macromolecules in plants, which are composed of aldoses and ketoses through glycosidic bond, and are the basic substances that effectively maintain and ensure the normal operation of biological life activities [1, 2]. Fungal polysaccharides have a variety of physiological activities and are widely used in medicine, agriculture, food and other industries [3–5]. They have various physiological functions such as immune regulation, antitumor, antiviral and antioxidant [6–9]. They can be used as natural immunomodulator. These studies have become one of the research hotspots of scholars at home and abroad. The chemical structure of fungal polysaccharides plays an important role in their biological activities, including their molecular configuration, molecular weight, branched chains, branched groups and main chains [10].
Lenzites betulina (L.) Fr. is a medicinal mushroom and widely distributed in China, which is a Lenzites fungus belonging to the Polyporacea [11, 12]. Because of containing some physiologically active substances, such as polysaccharides, pyranone, sterol et al. Lenzites betulina has been used to treat haunch and femora pain, acropathy, apoplexy and cold [13–16]. However, little is known about the molecular structure and physiological function of polysaccharides from Lenzites betulina. Therefore, in this study, the crude polysaccharides from Lenzites betulina (LBPs) was deproteinized using sevag method, and purified sequentially by DEAE cellulose-52 column and Sephadex G-100 column chromatographies, then two refined polysaccharides were obtained. Moreover, their structure characteristics, relative molecular weights (Mw) and monosaccharide composition were determined. To the best of our knowledge, this is the first study to investigate the structural characteristics of polysaccharides from Lenzites betulina. It will lay a foundation for further understanding the biological activity mechanism of LBPs.
Results and discussion
Deproteinization of LBPs
The protein removal rate and polysaccharide loss rate could be seen in Fig. 1. When the protein was removed, polysaccharides were partially removed at the same time. It was obvious that both protein and polysaccharides removal rate increased with increasing experiment times. The protein removal rate reached the maximum of 76.04% when the experimental was repeated 6 times, and the polysaccharides loss rate reached 45.58%. After 6 times, the two indexes reached to a dynamic equilibrium with the experimental times increasing. Therefore, an experimental time of 6 was chosen for the further experiments.[image: ../images/13065_2021_741_Fig1_HTML.png]
Fig. 1Effects of experiments times on protein removal rate and polysaccharide loss rate


After deproteinization, the crude LBPs were concentrated and freeze-dried, and then the LBPs sample was obtained for further structure identification. The sample were resolved in distilled water and then scanned in the range of 200–400 nm by an ultraviolet spectrophotometer. The results of UV analysis showed that there was not absorption peak at 260 nm and 280 nm, and it could proved that no protein or nucleic acid in the sample.
Purification by DEAE cellulose-52 column
Purification of LBPs was performed by DEAE cellulose-52 column, and they were eluted with gradients of 0, 0.1, 0.2 and 0.5 mol/L NaCl solutions. The fractions of the isolated LBPs were mainly concentrated in the elution solution. As shown in Fig. 2, four polysaccharides components were separated and obtained from LBPs. Among these, the content of LBPs-1 and LBPs-2 were higher than the other, so the two polysaccharides components were selected and further purified by the Sephadex G-100 column.[image: ../images/13065_2021_741_Fig2_HTML.png]
Fig. 2Gradient elution profile of polysaccharides extracted from Lenzites betulina by DEAE cellulose-52 chromatography


Further purification by Sephadex G-100 column
The two water-soluble polysaccharides of LBPs-1 and LBPs-2 were further purified using a Sephadex G-100 column, and the elution curve of them were shown in Fig. 3. After purification by G-100, two single eluting symmetrical peaks were obtained. The results indicated that the obtained polysaccharide of LBPs-5 and LBPs-6 were a relatively homogeneous polysaccharide.[image: ../images/13065_2021_741_Fig3_HTML.png]
Fig. 3Elution profile of polysaccharides LBPs-5 and LBPs-6 by G-100 column chromatography


Fourier transform infrared (FT-IR) analysis
Figure 4 showed the Fourier transform infrared (FT-IR) spectra of dialyzed LBPs-3 and LBPs-4, which had virtually identical characteristic absorption peaks. The strong and broad peak at around 3424 cm−1 was assigned to (OH–) stretching of polysaccharide residues and residual water (OH–). The signal at 2925 cm−1 was attributed to the asymmetric stretching vibrations of (C–H) groups of polysaccharides [17]. The bands at ~ 1637 cm−1 (LBPs-5), 1752 cm−1 (LBPs-6), 1546 cm−1 (LBPs-5), 1652 cm−1 (LBPs-6) were attributed to stretching vibration of C=O [18, 19]. The weak peaks observed at 1420 cm−1 (LBPs-5), 1478 cm−1 (LBPs-6) indicated the stretching vibration of C–H [20]. Peaks observed at 1054 cm−1 (LBPs-5) and 1078 cm−1 (LBPs-6) could be assigned to the contribution of C–O–C symmetric stretching vibration [21]. Sharp absorption peaks at 915 cm−1 and 912 cm−1 suggested the presence of β-glucosidic bond in the molecular structure of LBPs-5 and LBPs-6 [22, 23]. Weak absorption peaks at 554 cm−1 and 585 cm−1 suggested the characteristics of pyranoid ring in the molecular structure of LBPs-5 and LBPs-6 [21]. Overall, the outcomes of FT-IR spectra showed all typical absorption peaks associated with polysaccharides which confirmed the identity of LBPs-5 and LBPs-6 as polysaccharides.[image: ../images/13065_2021_741_Fig4_HTML.png]
Fig. 4The FT-IR spectrums of LBPs-5 and LBPs-6


Molecular weight determination
The molecular weight of LBPs-5 and LBPs-6 were determined using high performance gel permeation chromatography (HPGPC). According to the regression equation (log Mw = − 1.7568 X + 2.334, R2 = 0.9976), the retention time of the LBPs-5 component was 22.922 min. the Mw of LBPs-5 was approximately calculated as 3.235 × 103 Da. The retention time of LBPs-6 component was 22.108 min, and the Mw calculated on the basis of the regression equation was 6.196 × 103 Da.
Monosaccharide composition
The HPLC chromatograms of the PMP-derivatized component monosaccharides released from the polysaccharides fractions are shown in Fig. 5. The monosaccharide compositions of LBPs-5 were consisted of mannose, glucuronic acid, glucose, and galactose in a molar ratio of 0.05:0.15:0.76:0.04 (Fig. 5a). LBPs-6 was mainly composed of mannose, glucuronic acid, and glucose in a molar ratio of 0.04:0.17:0.79 (Fig. 5b). According to the results of the monosaccharide composition the two polysaccharides are heteroglucans.[image: ../images/13065_2021_741_Fig5_HTML.png]
Fig. 5HPLC spectra of monosaccharide compositions of Standard sample (a), LBPs-5 (b) and LBPs-6 (c)


Antioxidant activities of the two water-soluble polysaccharides
The assay of the scavenging of DPPH radical (DPPH·) is a widely applied method to evaluate the antioxidant activity of natural active ingredients from different plant origin [24]. Polysaccharides have many hydroxyl groups and most of them can donate hydrogen to reduce the DPPH· [25]. The DPPH· scavenging activity of the two water-soluble polysaccharides and Vc were shown in Fig. 6a. The results showed that LBPs-5 and LBPs-6 exhibited an inhibitory activity against DPPH· in a dose-dependent manner. The DPPH· scavenging activity of LBPs-5 and LBPs-6 increased steadily at the concentration rang of 0.01–1.5 mg/mL, while Vc displayed a maximum plateau from 0.01 to 0.1 mg/mL, indicating that the scavenging activity of the two water-soluble polysaccharides against DPPH· were less than that of Vc at the same concentrations. The DPPH· scavenging activity of LBPs-5 and LBPs-6 were 46.31 ± 0.71% and 87.96 ± 0.97% at the concentration of 1.5 mg/mL (p < 0.05). As shown in Table 1, the EC50 value of LBPs-5 and LBPs-6 were 1.66 mg/mL and 0.095 mg/mL, while those of Vc was 0.009 mg/mL.[image: ../images/13065_2021_741_Fig6_HTML.png]
Fig. 6Scavenging activities on DPPH· (a), ABTS.+ (b), ·OH (c), and total reducing power (d) assay for LBPs-5, LBPs-6 and Vc at different concentrations

Table 1EC50 values of various sample from Boletus edulis in antioxidant properties


	Sample
	EC50 value (mg/mL)

	DPPH· scavenging activity
	ABTS.+ scavenging activity
	·OH scavenging activity

	LBPs-5
	1.66c
	1.369c
	0.006a

	LBPs-6
	0.095b
	0.031b
	0.006a

	Vc
	0.009a
	0.004a
	0.010b


EC50 value is half maximal inhibitory concentration. Data were presented as the mean value (n = 3). The superscript letters a, b, and c indicate a significant difference at the 0.05 significance level



ABTS can generate turquoise and water soluble ABTS free radicals (ABTS.+) after oxidized by potassium sulfate, and the characteristic absorption peak of which can be detected at 734 nm. Fungal polysaccharides can scavenge ABTS.+ and further makes the turquoise solution fading, and the ABTS.+ scavenging activity could be measured according to the fading degree [26]. Figure 6b demonstrated the ABTS.+ scavenging activity of the two water soluble polysaccharides and Vc. These findings indicated that LBPs-5 exhibited higher ABTS.+ scavenging activity than LBPs-6 at all tested concentrations. The scavenging effects of three samples on the ABTS.+ followed the order: Vc > LBPs-6 > LBPs-5 and were 99.75 ± 0.25%, 98.32 ± 0.38%, and 61.80 ± 0.38% at the concentration of 1.5 mg/mL (p < 0.05), respectively. As shown in Table 1, the EC50 values corresponding to the ABTS.+ scavenging activity were found to be 1.369 mg/mL, 0.031 mg/mL, and 0.004 mg/mL for the original LBPs-5, LBPs-6, and Vc, respectively.
Hydroxyl radicals (·OH) could be byproducts of immune action, which are highly reactive and can damage various macromolecules, such as carbohydrates, lipids and amino acids and are very harmful to human health [27]. The production of ·OH is dependent on the content of Fe2+ and H2O2 according to the Fenton reaction [28]. The scavenging effects of LBPs-6 and LBPs-5 on ·OH were shown in Fig. 6c. LBPs-5 and LBPs-6 demonstrated stronger ·OH scavenging activities than Vc at concentrations from 0.01 to 0.05 mg/mL (p < 0.05). At a concentration of 0.01 mg/mL, the ·OH scavenging activity increased in the order of Vc < LBPs-5 < LBPs-6 and were 80.57 ± 0.50%, 82.85 ± 0.05%, and 83.70 ± 0.09%, respectively. Table 1 demonstrated the EC50 values of scavenging ·OH of various samples, and the findings indicated that LBPs-5 and LBPs-6 were observed to posses highly ·OH scavenging potential than that of Vc.
The total reducing power is generally associated with the presence of reductones, which could donate a hydrogen atom and exert antioxidant action by breaking the free radical chain [29]. The total reducing power of an active compound could serve as a important indicator of its potential antioxidant activity. The total reducing power of all three samples were measured at 700 nm and shown in Fig. 6d. The total reducing power of LBPs-6 and LBPs-5 increased with increasing concentrations. The total reducing power increased from 0.1 to 0.53 when the concentration of LBPs-6 changed from 0.01 mg/mL to 1.5 mg/mL. In addition, the total reducing power of LBPs-5 was lower than that of LBPs-6 at the same concentration, it reached 0.177 at a concentration of 1.5 mg/mL.
The antioxidant tests indicated that both of LBPs-5 and LBPs-6 have demonstrated the good scavenging activities on the three radicals (DPPH·, ABTS.+, and ·OH) and the total reducing power, especially LBPs-6 was slightly stronger in antioxidant activity than that of LBPs-5. In general, the antioxidant activities of polysaccharides are highly associated with the glucuronic acid content. Wu et al. [30] reported that the antioxidant activity increased with the increase of glucuronic acid content, and the molecular weight of polysaccharides on its antioxidant activity was not significant. This is further supported by Wu et al. who proposed that the high glucuronic acid content of polysaccharides could be one of the main contributors to the antioxidant activity of Leccinum rugosiceps [31].
Materials and methods
Materials and regents
Lenzites betulina fruiting bodies were purchased in April 2017 from Shenzhen Yueyun Trading Co., Ltd., and were identified by associate professor ZHAO Changlin of Southwest Forestry University. A voucher specimen was deposited with the Forestry College of Southwest Forestry University. Cellulose DEAE-52 was purchased from Shanghai Goldwheat biotechnology co., LTD (Shanghai, China). Sephadex G-100 was purchased from shanghai Baoman Biotechnology co. LTD (Shanghai, China). All monosaccharide standards (mannose, rhamnose, galactosamine, glucuronic acid, glucose, galactose, xylose, arabinose, fucose) were purchased from Sigma Chemical Co., Ltd. (St. Louis, MO, USA). All other chemicals reagents were of analytical grade.
Extraction of crude LBPs
Firstly, dried sample was crushed and then decolorized using 10-fold volume of ethanol (80%) at 60 ℃ for 30 min twice by ultrasonic cleaner (SB25-12DTDS, Ningbo Xinyi Ultrasonic equipment co., Ltd), and the organic layer was removed by suction filtration. The residue was extracted under the conditions of cellulase dosage of 0.8%, enzymolysis temperature of 60 °C, enzymolysis time of 180 min, pH of 4.5, liquid–solid ratio of 45 ml/g, ultrasound power of 300 W, ultrasound time of 20 min and ultrasound temperature of 45 °C, respectively [32]. Secondly, the supernatant were concentrated and then precipitated with a four-fold volume of anhydrous ethanol at 4 ℃ overnight. Then the precipitates were collected by centrifugation at 5000 rpm for 15 min. At last, the crude LBPs was obtained by freeze-drying for 24 h.
Deproteinization of crude LBPs
Protein in the crude LBPs could has a great interference effect to analysis the structural and biological activity of polysaccharides. In general, deproteinization of polysaccharides was carried out Sevag method [33], briefly, the Sevag solution (chloroform and n-butanol, 4:1, v/v) is added in the crude LBPs solution (1 mg/mL). The mixed solution was shocked for 30 min each time, then protein and organic reagent was removed by centrifugation. The content of protein and polysaccharides in the crude LBPs were determined according to coomassie bright blue method and phonel-sulfate method [34]. The remove rate of protein in LBPs was calculated by a bovine serum albumin standard curve, and it was presented as A = 6.739 C—0.0033 (where A is the absorbance value of sample, C (mg/mL) is the concentration of bovine serum albumin solution, R2 = 0.9998). The loss rate of polysaccharides in LBPs was calculated by a glucose standard curve and it was presented as A = 0.016 C + 0.0071 (where A is the absorbance value of sample, C (mg/mL) is the concentration of glucose solution, R2 = 0.9993). After deproteinization for six times, crude LBPs was obtained by concentrated and freeze dried.
Purification of crude LBPs by DEAE cellulose-52 column
Crude LBPs (30 mg) was dissolved in deionized water (3 mL), and the solution was slowly added to the well-balanced DEAE-52 column using a dropper along the column wall. Gradient elution was sequentially performed with 0, 0.1, 0.2 and 0.5 mol/L NaCl solutions at a flow rate of 1 mL/min, and 100 tubes were collected per gradient for 10 min each. The phenol-sulfate method was used to detect the polysaccharide content, and the elution curve was plotted according to the content [25]. The two samples with higher polysaccharide content was collected, concentrated and lyophilized to obtain LBPs-1 and LBPs-2. The salt was removed by dialysis and then lyophilized.
Further purification by Sephadex G-100 column
The two polysaccharide fraction obtained in the previous step was mixed with 10 mL of a 3 mg/mL solution in deionized water and slowly added to the equilibrated Sephadex G-100 column. Elution was performed with deionized water at a rate of 0.3 mL/min, and elution fractions were automatically collected, 10 mL per tube. The phenol-sulfate acid method was used to detect the absorbance of the collected samples and to draw the elution gradient curve [25]. The sample with the highest polysaccharide content was selected and collected by a rotary evaporator, concentrated, dialyzed, desalted and lyophilized to obtain pure LBPs-5 and LBPs-6.
FT-IR analysis
FT-IR spectra of LBPs-5 and LBPs-6 were analyzed using a FT-IR spectrophotometer (spectral resolution of 1 cm−1, scanned for 32 times) in the range of 400–4000 cm−1. Approximately 1 mg samples were mixed with 100 mg dried KBr powder and then pressed into pellets for the FT-IR measurement [35].
Analysis of monosaccharide composition of LBPs-5 and LBPs-6
The monosaccharide composition of LBPs-5 and LBPs-6 were determined using the high-performance liquid chromatography (HPLC) analysis of monosaccharide derivatives with 1-phenyl-3-methyl-5-pyrazolone (PMP) according to the method of Li et al. [36]. In brief, the two polysaccharide sample (2 mg) and monosaccharide standard were added 1 mL trifluoroacetic acid (TFA, 2 M) to hydrolyze at 110 ℃ for 4 h, respectively. After hydrolysis, methanol solution was added and then evaporated to remove excess TFA. The PMP derivatization method was as follows: 50 μL hydrolysate of the different sample was pipetted into 50 μL NaOH solution (0.6 M) and mixed well, respectively. Then the mixture was added in 100 μL of methanol solution of PMP (0.5 M). The following reaction took place in a constant temperature drying oven at 70 ℃ for 30 min, and then removed it and cooled down. Next, 100 μL hydrochloric acid (0.6 M) was added for neutralization, and the mixture was extracted three times with chloroform. The aqueous layer was filtered through a 0.22 μm membrane and analyzed by HPLC. The samples (20 μL) were injected into an Agilent system (Agilent Technologies Inc. USA) equipped with a C18 column (150 m × 4.6 mm × 5 μm). Acetate Buffer (0.1 M)-acetonitrile (83:17, V/V) was used as the mobile phase at a flow rate of 1.0 mL/min, and the column oven temperature was 30 °C.
Determination of the molecular weight of LBPs-3 and LBPs-4
High-performance gel permeation chromatography (HPGPC) was used to measure the molecular weight of the polysaccharide fraction after two stepwise purifications of DEAE-52 and G-100 [37]. The molecular weight of the two water-soluble polysaccharides (LBPs-5 and LBPs-6) were evaluated using a HPGPC system (Agilent 1260 HPLC system) equipped with a Shodex Ohpak SB-806 HQ gel column and differential detector. In addition, 0.1 M sodium chloride solution was used as the mobile phase, the flow rate was 0.5 mL/min, and the column temperature was 35 ℃. At the same time, the glucan standards whose molecular weight range was close to that of the samples were selected (the molecular weight was 2.5, 4.6, 7.1, 10, 21.4, 41.1, 84.4 and 133.8 kDa) as a standard curve, according to the standard curve to obtain a linear regression equation as follows: y = − 1.7568x + 2.334 (R2 = 0.9976); where y is the logarithm of the molecular weight of the polysaccharide; x is the retention time of the glucan standards (min). After this, 20 μL of the standard and sample were injected, and the data were analyzed using Agilent GPC software. Based on the retention time of the polysaccharide on the column and the standard glucan molecular weight curve of the column, the molecular weight of LBPs-5 and LBPs-6 were calculated.
Antioxidant activity assays
The two water-soluble polysaccharides (LBPs-5 and LBPs-6) were prepared above was diluted with distilled water into different concentrations of 0.01, 0.05, 0.1, 0.5 1.0 and 1.5 mg/mL. The antioxidant activity was investigated by scavenging activity of DPPH·, ABTS.+, ·OH and total reducing power. A positive control of Vc was used.
Scavenging effect on DPPH·
The DPPH· scavenging activity was determined according the method of Wang et al. [38] with slight modifications. Briefly, 2 mL of 0.2 mM DPPH dissolved in absolute ethyl alcohol was added to 2 mL of sample. Then the mixture was kept in the dark for 30 min at room temperature, and the absorbance was recorded at 517 nm. The DPPH· scavenging activity was calculated as follows:[image: $$\begin{aligned} &amp; {\text{DPPH}}\cdot{\text{ scavenging activity }}\left( \% \right) \, \\ &amp;\quad= \, \left[ {1 - \, \left( {A_{1} - \, A_{2} } \right) \, /A_{0} } \right] \, \times \, 100, \end{aligned}$$]



where A1 is the absorbance value of sample, A2 is the background absorbance value (absolute ethyl instead of DPPH solution), and A0 is the absorbance value of the blank (absolute ethyl instead of the sample).
Scavenging effect on ABTS.+
                           
The scavenging activity of ABTS.+ was carried out according to the previous method [39]. In ordering to generate ABTS.+, an equal volume of 7 mM ABTS and 2.45 mM potassium persulfate solutions were mixed and allowed to stand in the dark at room temperature overnight. Then the mixture was diluted with absolute ethyl alcohol, and used for the assay. 2 mL of the sample was added into 2 mL of the mixture, after 5 min of incubation in the dark at room temperature. The absorbance value was measured at 734 nm and the ABTS.+ scavenging activity was determined by the following equation:[image: $$\begin{aligned}&amp; {\text{ABTS}}^{. + } {\text{scavenging activity }}\left( \% \right) \, \\ &amp;\quad= \, \left[ {1 - \, \left( {A_{1} - \, A_{2} } \right) \, /A_{0} } \right] \, \times \, 100, \end{aligned}$$]



where A1 is the absorbance value of sample, A2 is the background absorbance value (absolute ethyl instead of the mixture), and A0 is the absorbance value of the blank (absolute ethyl instead of the sample).
Scavenging effect on ·OH
The ·OH scavenging activity was measured according to a reported method described previously [40] with little modifications. In briefly, 0.2 mL of ferrous sulfate (3 mM) and 0.2 mL of salicylic acid–ethanol (6 mM) were added to 1 mL of sample solution, 0.2 mL of hydrogen peroxide (4 mM) was added finally to start the reactions, then incubated at room temperature for 60 min. The absorbance value was calculated at 510 nm. The ·OH scavenging activity was calculated using the following formula:[image: $$\begin{aligned}&amp; {\text{ABTS}}^{. + } {\text{scavenging activity }}\left( \% \right) \, \\ &amp;\quad= \, \left[ {1 - \, \left( {A_{1} - \, A_{2} } \right) \, /A_{0} } \right] \, \times \, 100, \end{aligned}$$]



where A1 is the absorbance value of sample, A2 is the background absorbance value (distilled water instead of hydrogen peroxide), and A0 is the absorbance value of the blank (absolute ethyl instead of the sample).
Total reducing power assay
The total reducing power of polysaccharides was measured by the method of Li [41] with some modifications. A volume of 1 mL of sample solution was mixed 2.5 mL phosphate buffer (pH 6.6, 0.2 M) and 2.5 mL of potassium ferricyanide solution (1%, W/V), and then the mixture was incubated at 50 ℃ for 20 min. Then 2.5 mL trichloroacetic acid (10%, W/V) was added into the mixture and centrifuged at 3500 rpm for 10 min. 2.5 mL of the supernatant was mixed with 2.5 mL of distilled water and 0.5 mL of ferric chloride solution (0.1%, W/V) at room temperature for 15 min. The absorbance value of the reaction mixture was measured at 700 nm.
Statistical analysis
All experiments were repeated at least three times, statistical analysis was carried out using Originpro 2017C (OriginLab Co., USA) and SPSS 20.0.0 statistics software (IBM Co., USA). All values were presented as the mean ± SD, multi-group mean comparison was analyzed by one-way variance, and pairwise comparison was performed by LSD test. Significance difference was set at p < 0.05.
Conclusions
In this study, two water-soluble polysaccharides LBPs-5 and LBPs-6 were isolated from Lenzites betulina using cellulase-ultrasonic synergistic extraction method, successfully purified via DEAE cellulose-52 and sephadex G-100 column and characterized by a combination of chemical and instrumental analysis methods. The strong antioxidant activities indicates the two water-soluble polysaccharides have potential as a source of natural antioxidants with potential application in reducing oxidative stress with consequent health benefits. Anyway, the antioxidant mechanism of the two water-soluble polysaccharides is still not clear and thus further work is required to clarify the possible antioxidant and antitumor mechanism and of Lenzites betulina polysaccharides.
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