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ABSTRACT

In this paper, an alkali-soluble polysaccharide BiB was extracted with 5% NaOH/0.05% NaBtdm the fruiting

of Dictyophora indusiata. The structure of DIPs-8swnvestigated by a combination of chemical amstiirmental
analysis. The monosaccharide composition analyb@ved that DIPs-3 consisted of glucose only. Stratt
analysis revealed that DIPs-3 had a backbone e$§)-linked 5-D-Glcp with substitutes at O-4 of Glcp residues.
The branches were composed of termifigd-Glcp. Congo red analysis and dynamic rheologypesiments
indicated that DIPs-3 was a triple helical polyshacide. The results of antioxidant activities shdwkat DIPs-3
exhibited high DPPH radical, ABTS radical and hyxibradical scavenging activities. It was suggesthdt
DIPs-3 could be used as a potential natural antiexit in food industry.
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INTRODUCTION

Polysaccharide is long carbohydrate molecule, whicltomposed of more than 10 monosaccharides throug
glycosidic keys and denoted by &fGOs), as general formula. The polysaccharide is also ohehree
biomacromolecules vivo and the most abundant materials in nature, widgigting in plants, cell membrane of
animals, cytoderm of microorganisms (fungi and éaaj, lichens and seaweed [1-6]. Meanwhile, palgharide
has a variety of biological functions, such as gypetorage, structure support, defense and antigksterminant [1,
7]. Owing to their roles as texture modifiers, gejlagents and packaging films, polysaccharideblegs applied in
the fields like food industry, cosmetics, textile®sd biomedicine. [1-4].

Dictyophora indusiatads a precious edible and medicinal mushroom [8]t9k called “Snow skirt fairy” and “the
qgueen of fungi” in China. According to its healtbnefits, a series of studies has been carried tictyophora
indusiata[10-12]. It is found the polysaccharide is the maative components iBictyophora indusiatawhich
possessed antioxidant activities, immunologicaiviids, antitumor activities and antifatigue activities[18}. In
this study, a novel triple helical polysacchariddP®3 was extracted with 5% NaOH/0.05% NaB¥bm the
fruiting body of Dictyophora indusiata Further, to make DIPs-3 better application in tleed industry, the
structural characteristics and antioxidant actgitof DIPs-3 were investigated.

EXPERIMENTAL SECTION

2.1. Extraction and purification

The dry fruiting of D. indusiatawas purchased from Qingchuan county, Sichuan peceviof China. Voucher
specimen was deposited in the herbarium of the @afdBiotechnology and Food Engineering, Hefei \émsity of
Technology (No: DIO001). After crushed into powdtire dry fruiting body ofD. indusiatawas extracted with
boiling water. The residues were extracted with B#OH/ 0.05% NaBll at 25 °C for 2 h twice. Then, the
supernatant was neutralized with 36% acetic acigenoovea-D-glucan [13] and subjected to the Sevag method to

678



Jun-Hui Wang et al J. Chem. Pharm. Res., 2015, 7(1):678-684

remove free proteins [14]. Acetone was added tatimeentrated supernatant. The precipitates waslded in the
distilled water, dialyzed and lyophilized to obtaimlorless polysaccharide (DIPs-3).

The homogeneityand molecular weight of DIPs-3 were determined LB system (Waters Company) with
refractive index detector and a linked column oftraHydroge! linear column (7.8x300 mm, Part No.
WATO011545) and UltrahydrogBf500 column (7.8x300 mm, Part No. WAT11530). Therafien condition was
setting as follows: setting 4, column temperatiseng to 34 °C at slowly rate of 0.5 °C/min andplei distilled
water as mobile phase at the flow rate 0.5 mL/nStandard dextrans (T-1000, T-500, T-100, T-50 arzD,T
Pharmacia) were used to draw standard curve.

2.2. FT-IR analysis
The FT-IR spectrum of DIPs-3 was carried out oneakiRElmer 599B FTIR spectrometer and scanned én th
wave-number range 400~ 4000tm

2.3. Monosaccharide composition analysis

5 mg sample was hydrolyzed at 120°C with 4 mL 2/m@F,COOH (TFA) in the sealed tube. The hydrolyzed
products were reduced with 20 mg of NaB&hd acetylated with 3 mL of acetic anhydride (agrihg 3 mL of
pyridine). The alditol acetates were analyzed by @gaomatography (GC). The operation conditionseweported

in the previous study [15].

2.4.Methylation analysis

Methylation was carried out according to the madifiCiucanu method as described by Needs & Selverjdf.
The methylated products was hydrolyzed with 2 M TBA3 h at 120°C and converted into partially nyéted
aditol acetates. The alditol acetates were analggg8C—MS according to the referefite

2.5. NMR analysis

DIPs-3 was dried using.®s for several days before experiments. The driedsEBFsample was dissolved in
DMSO-ds. *H-NMR and**C-NMR were measured by Bruker-400 NMR spectromei#t a dual frequency probe
in the FT mode at 27 °C.

2.6. Congo red analysis

Congo red analysis was performed according to teod of Yang et al [17]. In brief, DIPs-3 (8 mgaswdissolved
in 4.0 mL distilled water and 2.0 mL 80nol/L of Congo red solution was prepared. Then,mMlOPolysaccharide
solution was mixed with 2.0 mL Congo red solutiangertain amount of NaOH solution (1.0 g/L) andtilisl
water to reach 8 mL volume. The concentration dDNastepwise reached a gradient concentration 0.08, 0.10,
0.15, 0.20, 0.25, 0.30, 0.35, 0.40, 0.45 and 0.®m0Lmrespectively. The absorbance was detectedJWyVis
spectrometer in the range 800-200 nm.

2.7. Dynamic temperature sweep

The DIPs-3 was dissolved in distilled water witk final concentration of 1.0xF0y/mL. After incubation at room
temperature for 24 h, the viscosity of the samplas determined using stress controlled rheometer (BA) with
cone plate (40mm in diameter, 2°). Temperature pa€8 to 20°C at 1Hz, 1% strain) were applied talgtthe
temperature dependence®f.

2.8. Dynamic frequency sweep of DIPs-3/NaOH

DIPs-3 (14 mg) was dissolved with 1.5 mL deionizeter. Then, 0.5 mL sodium hydroxide solutions vdiffierent
concentration were added to the mixture to reagradient concentration 0.00 0.04, 0.05, 0.06, @@¥ 0.08 mol/L,
respectively. After equilibration at room temperatfor 24h, the frequency sweeps 10107 rad/s, 20 °C) were
applied to study the frequency dependend® aindG".

2.9. Evaluation on the antioxidant activities

1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical scangng activity: The scavenging activity of DPPH radicals was
measured according to the reported method [18].HD&#utions (2 mL) in ethanol (w/v 0.004%) and tb tested
samples with different concentrations were mixedhm tube. The mixture was incubated for 30 mithm dark at
25 °C, and the decrease of absorbance at 517 nnmeasured against ethanol using a Vis spectropletesmy/c
was used as the positive control.

The 2, 2-azino-bis (3-ethylbenzthiazoline sulphenafABTS) free-radical scavenging activitfhe radicals

scavenging activity of the polysaccharides agaiadical cation (ABTS were measured using the methods of
Cheng et al [19]. ABTSwas produced by reacting 7 mmol/L ABTSolution with 2.45 mmol/L potassium
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persulphate at room temperature for 16 h in thi.déve ABTS solution was diluted with ethanol to an absorbance
of 0.70 £ 0.02 at 734 nm. Each sample (0.2 mL) wahous concentrations (0.01-2.0 mg/mL) were addezimL
ABTS" solution and mixed vigorously. After reaction abm temperature for 6 min, the absorbance at 73%vas
measured. Ascorbic acid (Vc) was used as positinrals.

Hydroxyl radical scavenging activitydydroxyl radical scavenging activity was assayedgisalicylic method [20].
Hydroxyl radical was formed by Fenton reaction. f&#ént polysaccharide solutions (0.2mL) at various
concentrations were mixed with 1 mL 2 mM FeS0.4 mL 2 mM sodium salicyliand 1 mL 1 mM HO,. Then the
mixture was kepin water bath at 3Z for 1 h. The absorbance of resulting solution wasasured at 510 nm.
Ascorbic acid (Vc) was used as positive controls.

Fe** chelating activity assayFe’* chelating activity was tested refer to the methembrted previously [21]. Firstly,
FeC}, solution (0.05 mL, 2 mM) and ferrozine solutionZ@nL, 5 mM) was prepared. Then, polysaccharidetsol,
FeCl} solution, ferrozine solution and distilled wateere mixed to get different concentration solutigifter the
mixture was incubated at room temperature for 1), thie absorbance at 562 nm was detected. Distillgdr was
served as control and ethylenediaminetetraaceiticcigodium salt (EDTA-2Na) was used as positivetaal.

The experimental data were subjected to a one-weysis of variance for a completely random design
determine the least significant difference at thesl of 0.05. The data values were expressed as m8® (n> 3).

RESULTS AND DISCUSSION

3.1. Purification, composition and structure anadysf DIPs-3
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Fig.1: HPGPC (A), FT-IR (B), GC(C) and**C-NMR (D) spectra of DIPs-3

The water extraction residues from the fruiting yad D. indusiatawere further extracted with 5%NaOH/0.05%
NaBH,. The extracted liquid was neutralized, deproteidiand dialyzed to give the crude polysaccharidetifsn.
The crude polysaccharide fraction was purified tigio cold acetone to obtain colorless polysacchabitfes-3.
DIPs-3 was a homogeneous polysaccharide fractiom aierage molar weight 4.9 x ®l@etermined by HPGPC
(Fig.1A). DIPs-3 was free of uronic acid as revdalyy m-hydroxydiphenyl colorimetric method [22] and the
absence of absorptions at 1720 tin-the FT-IR spectrum (Fig.1B). Moreover, the ban@90 cm-in Fig.1B was
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the typical characteristic peaks j&D-glucose [23].

GC analysis (Fig.1C) indicated that DIPs-3 was cosapl of glucose only. Methylation analysis revedileel
presence of (16)-linked -D-Glcp, (1—4, 6)-linkeds-D-Glcp and terminals-D-Glcp in the molar ratios of 4.0: 1.1:
1.0 in DIPs-3, indicating DIPs-3 was a branched/gmtcharide. The total molar recovery of nonredy¢grminal
residues was approximately equal to that of brashe¢heidues, suggesting all sugar residues appéafsale been
completely methylated.

NMR experiments (Fig.1D) were performed to furtietidate the DIPs-3 structure. Assignments of digyaad
identification of sugar residues were done by caispa of the chemical shifts with published datasimilarity
substituted sugar residues [24, 25]. In'fi@NMR spectrum of DIPs-3 (Fig. 1D), signalsyat02.9 and 101.9 were
attributed to C-1 oB-D-Glcp. The signals af 69.9 and 68.6 were assigned to C-6 of@)-linked p-D-Glcp and
(1—4, 6)-linkedp-D-Glcp, respectively. The signal C-4 of(14, 6)-linkeds-D-Glcp was identified ab 76.7. Based
on the above results and published reference [lLOJas suggested that DIPs-3 had a backbone -ef6jllinked
S-D-Glcp with terminals-D-linked Gl side chains substituted @t4 of (1—6)-linked 8-D-Glcp residues.

3.2.Chain conformation analysis of DIPs-3
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Fig.2: Changes in the absorption maximum of the Cago red—polysaccharide complex at various concentriains of NaOH (A). Storage
modulus (G”) determined by dynamic temperatures sweep measuremeat 1 rad/s for DIPs-3 (B)

Fig.2A showed that the maximum absorption wavelerigt,,) of Congo red in the presence of DIPs-3 at various
concentrations of sodium hydroxide solutidrhe results revealed that,, increased initially and then reduced
gradually to reach constant with the increasingceotration of sodium hydroxide solutioly., of Congo red was
largely red-shifted in the presence of DIPs-3, warifg that DIPs-3 had triple-helix conformation iow
concentrate of sodium hydroxide solution. However triple helical structure was destroyed in highaentrate of
sodium hydroxide solution [17, 26].

Fig.2B showed the storage modulus determined bpmhjmtemperatures sweep measurement at 1 radidPer3
in water. As shown in Fig. 2B, the storage moduluarply decreased in the narrow temperature regiom4 °C to
7 °C. This was due to the order-disorder transitefarring to the literature [27].

Fig.3 showed storage modul@s (solid symbols) and loss modul@' (open symbols) vs frequenayfor DIPs-3

solutions (7x1d g/mL) in 0.00 (Fig.3A), 0.04 (Fig.3B), 0.05 (Fig:30.06 (Fig.3D), 0.07 (Fig.3E) and 0.08 (Fig.3F)
mol/L NaOH at 20 °C, respectively.
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Fig.3: Storage modulusG” (solid symbols) and loss modulu§" (open symbols) vs frequency for DIPs-3 solutions (7x1G g/mL) in 0.00,
0.04, 0.05,0.06, 0.07 and 0.08 mol/L NaOH at 20%@spectively

As shown in Fig.3, at lowyaon(< 0.05 mol/L), the increased NaOH concentration @gubmote the gel formation.
While at highcyaon(> 0.05 mol/L), the increased NaOH concentratioruldanot promote the gel formation. When
NaOH concentratiowas 0.05~0.06 mol/L, DIPs-3 solution was changed from enkamgnt network to weak gels.
The results revealed that the triple helix struetgradually dissociated into single helix when tkaOH
concentration increased from 0 to 0.05 mol/L [A8]rther increased NaOH concentration (> 0.05 mollpPs-3
transited from single helix to random coils [28huB, DIPs-3 had triple helical chain conformaticasdd on the
Congo red and dynamic rheology analysis.

3.3. Antioxidant activity analysis of DIPs-3

Antioxidant activities of DIPs-3n vitro, including DPPH radical scavenging activity, ABT&dical scavenging
activity, hydroxyl radical scavenging activity afi@’* chelating activity were tested. The results werewshin
Fig.4. DIPs-3 possessed DPPH radical scavenginygitas in a concentration-dependent manner (Fig.4%e
scavenging activity was 76.23% at 5 mg/mL. Withie test dosage range, the IC50 value was 2.61 mghAsL
shown in Fig.4B, DIPs-3 performed ABTS radical sraying activities in a concentration-dependent reanit the
concentration 5 mg/mL, the scavenging activity Wa20% and the IC50 value was 3.76 mg/mL. AlthoDgs-3
exhibited high ABTS radical, the scavenging atatwas still less when compared with Vc. DIPs-3latdd high
hydroxyl radical scavenging activities (Fig.4C) ahd scavenging activity was 71.32% at 5 mg/mL. IC&0 value
of DIPs-3 was 1.37 mg/L. DIPs-3 also showed'Ebelating activities to some extent (Fig.4D) and dhelating
activity was 4.86% at 5 mg/mL. Based on the abeaulis, DIPs-3 exhibited a variety of radical scmirg
activities to some extent.
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Fig.4: Antioxidant activity tests of DIPs-3: DPPH radical scavenging activity (A), ABTS radical scaveging activity (B), hydroxyl radical
scavenging activity (C) and F& chelating activity (D).

CONCLUSION

In summary, a novel triple helical polysaccharide®®3 was purified fronDictyophora indusiataDIPs-3 was
mainly composed of glucose and had a backbope(df>6)-D-glucan withs-(1—4)-glucosyl side chain. The triple
helical structure of DIPs-3 was determined by Corggbanalysis and dynamic rheology experiments.rékelts of
antioxidant activitiesn vitro showed that DIPs-3 exhibited a variety of radsmdvenging activities to some extent.

These conclusions are useful to knowledge healtbpasties ofDictyophora indusiataas well as supply data for
its use in food industry.
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