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ABSTRACT

The extraction process of alkali-soluble polysacidea from Lentinula edobes L0010 (ASP) and assediat
physicochemical properties were studied. Three peddent variables including extraction time (X1had
concentration (X2) and ratio of solution to sol¥3) were selected to optimize the extraction predesed on
Box-Behnken design. The results demonstrated libabitimal conditions for the ASP extraction wextraction
temperature 70.82Z", alkali concentration 8.95% and ratio of solidltquid 35.81 mL/g. Under these conditions,
experimental extraction of ASP was 23.4540.019%b{nsimilar to the predicted yield of 23.78%, thajon ASP-2
fractionated from the crude ASP by DEAE-Sepharask $ephacryl S-400 chromatography was analyzedto b
composed of mannose, ribose and mannose in the rattaof 17.3: 28.3: 41.6. And the weight-averagelecular
weight and radius of gyration of ASP-2 in 0.1 M Na@re determined by SEC-MALLS to be 3.56x106 gandl
40.3 nm, respectively. Further it exerted potenPBHree radical scavenging activity in vitro wittCB0 values of
48.5 pg/mL.

Keywords: Lentinula edobesalkali-soluble polysaccharide, response surfaeahadology, physicochemical
property

INTRODUCTION

Lentinula edobeg¢Shiitake) is the second most popular culinarycdely and has traditionally been used as health
food in Asia dating back over 2000 years [1,2].sThingi has attracted considerable attention becthes extract
from its fruiting body, mycelium or culture brotrave been reported to present multiple therapeutiividges.
Polysaccharides (lentinan), dietary fiber and eeyo$ are of importance being attributed to itshbautritional
value and medical value. Among those active ingmdi polysaccharides extracted from the mycelia.@fobes
showed significant immunomodulatory effect[3], &pibf activating lympholutes, proliferative inhtiwn, function

of promoting immune and free radical scavengingisfue in immunosuppressive rates and obviousfangal
activities. However, despite this extensive utiliiza of L.edobes no information has been published about the
alkali-extractable polysaccharides.

Most bioactive polysaccharides have been foundetalbsely related with their various chain confotionrs in
solution, such as the molecular weight and chaimfazonation [4]. Some valuable information on thelecalar
characteristics of the polymer molecules such aavétage root-mean square radius of gyratiﬁgz)f’z,
weight-average molecular weight and polydispersitglex could provide insights into the physico-cheahi
behavior and indicate effective application of thiepolymer [5,6]. Therefore, it is essential to aicg basic
parameters of biomacromolecules in solution fordeeelopment of health food.
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In the case of extraction of water-soluble carbohigs, monosaccharide residues are bound intoyagmharide
molecule by glycosidic bonds, which are fairly $am alkaline and neutral solution [7]. In contiathe ester
linkage in the alkali-soluble sugars can be hydretly by alkali treatments. The other hydrogen bamtsvan der
Walls bound with macromolecules can be destroyedhdnt without significant destruction of polymerusture.
Box-Behnken design has been reported to be maeesff and easier to evaluate the model and determmiultiple
factors as well as possible interactions betwedapandent variables with only three levels and feaxperiments
involved [8,9].

In this work, Box-Behnken design, followed by caiwahand ridge analyses, was employed to optintieeprocess
parameters of alkali-soluble polysaccharide (ASjaetion from the cultured mycelium bfedobed 0010. After

the fractionation of the crude ASP by DEAE-Sephar@md Sephacryl S-400 column, the physicochemical
properties of the major fraction were carried opHPLC and SEC-MALLS analysis as well.

EXPERIMENTAL SECTION

2.1 Materials

Monosaccharide standards were purchased from Sikddrach Chemical Co. (St. Louis, MO, USA). Bovinersm
albumin (BSA) was purchased from Sijiging BiolodicBngineering Materials Co. (Hangzhou, China).
DEAE-Sepharose FF column was purchased from Whatear(Britain). Sephacryl S-400 and T-series Dexdra
were purchased from Pharmacia Co. (Sweden). Glupaggone, ethanol, yeast extract, R, MgSQ, FeSQ
and other reagents were purchased from SinophaemiChl Reagent Co., Ltd (Shanghai, China).

The L0010 strain of. edobesollected in Qingyuan County, Zhejiang provinceGffina was used in this study. A
seed culture was carried out in Erlenmeyer flas2ds0(mL) with different volumes of fermentation meh
according to a design in which the composition 288 g of glucose, 3.9 g of peptone, 0.6 g of F2B®0, 0.5 g
of MgSQ,7H,0, and 1,000 mL of distilled water. After autoclagiat 121C for 25 min and cooling to 26,
flasks were inoculated with mycelia from 10-day-plédtes.

2.2 Preparation of ASP

At the end of thd_.edobed 0010 submerged fermentation period, the browisture broth was centrifuged at
10,000xg for 15 min at’@. Mycelia were washed several times with distillegter and lyophilized to a constant
weight. The lyophilized mycelia df.edobesvere ground in a sample mill to pass through Nbmsh after oven
drying for 3 days at 6Q. The powdered material was refluxed in 80% ethdool6 h to remove some colored
materials, monosaccharides, oligosaccharides, amall smolecule materials. The residue was dried cainr
temperature for 24 h prior to extraction. Subsetlyethe residue was blended with different concatiin of
NaOH (From 4.0% to 12.0%) at certain temperature2fb in a water bath and the residue was re-exlagcnder
the same condition. The combined filtrate was radizgd by 20% HSO, until pH 5.0. Sediment of alkali-soluble
polysaccharides (ASP) was filtered, washed withewaintil a neutral reaction, and then washed wiiF9%3%
ethanol, acetone and ethyl acetate. The sedimentliwsolved in distilled water to certain volumenihich the ASP
concentration was determined according to the iclalssnethod of Duboigt al[10] using glucose solution as a
standard reference.

2.3 Response surface methodology for extraction

A Box-Behnken design (BBD) (Design Expert Softwdre| version 7.1.3; Stat-Ease Inc., Minneapdidy, USA)

was used to determine the best combination of fetatien variables for production of ASP bgntinula edobes3

variables were established on the basis of “ontfat-a-time” trials for ASP extraction (Table The design
included 17 experimental trials (Table 2). A todél5 replicates at the center of the design wessl us allow for
estimation of a pure error sum of squares. Eacleramgnt was performed in triplicate and the yiefdA&P (%)

was interpreted as the respongg (

Table 1.Levels and coding of variables for a Box—B&ken design

Symbol Coded level
Variable
Uncoded Coded -1 O 1
Extraction temperaturéQ) X1 X1 40 60 80
Alkali concentration (%) X2 Xz 4 7 10
Ratio of solution to solid (mL/g) X3 X3 20 30 40
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2.4 Fractionation of ASP

The crude ASP was dissolved in distilled water wiltnasonic treatment and then deproteined using@enethod
(n-buthanol: chloroform=1:4y/v). Then the deproteined ASP was dissolved in thdtivater and filtered with 0.45
pm membrane before it was loaded in a DEAE-SepbaFés column (2.0 cmx35 cm). After the column was
equilibrated with distilled water, it was washedwa range of 0.05 to 1.5 M NaCl containing 0.0%°BIS at a flow
rate of 1.0 mL/min, with 3 mL fraction collectedh& major peak was pooled, dialyzed completely anally
lyophilized. The obtained oligosaccharide was stibjg to a Sephacryl S-400 column (1.5 cmx60 cmjchvivas
eluted by a 0.1 M NaCl at a flow rate of 0.5 mL/mifinally, the main fraction was obtained after alesnd
lyophilization.

2.5 Physicochemical analysis

The monosaccharide components of ASP were analyzgdreverse-phase HPLC according to PMP
(1-phenyl-3-methyl-5-pyrazolone) derivatization pedures with some maodification [11]. Briefly, 1lastiard
monosaccharides or hydrolyzed sample were dissalve® M NaOH (75uL) and a 0.5 M PMP (50L) before the
derivatization. Then the mixture was neutralized7ByuL of 0.3 M HCI solution and was finally filtered ribugh
0.22um membrane. 1QL of the resulting solution was injected into thB-R18 column. The wavelength for UV
detection was 245 nm. Elution was carried outfédwa rate of 1.0 mL/min at 2&. The mobile phase was a mixture
of 0.05 M KH,PQ, (pH 10)-acetonitrile (83:17). Sugar identificatisras done by comparison with 11 reference
sugars (rhamnose, ribose, arabinose, xylose, mangakctose, glucose, fucose, galacturonic atudugpnic acid
and glucosamine).

Molecular weight of ASP was measured by meanszgf ekclusion chromatography with a multi-angle ddigght
scattering system (DAWN HELEOS II, Wyatt TechnolpdySA). The system included a pump, a degasser, an
injection valve fitted with a 10QL loop, SEC columns, a multi-angle laser light smdng detector and a refractive
index detector. Samples were dissolved directlylirapure water (1-3 mg/mL), and filtered througBZDum filter
membranes (Millipore, USA) prior to injection intbe SEC/MALLS system. Nitrate buffer was used asrttobile
phase, which containing 0.1 M NaCl containing 0.0R#N\;, then filtered over a filter membrane with poreesi
0.22um, and degassed by ultrasonic cleaner for severaltes [12].

2.6 Antioxidant activity in vitro by DPPH assay

The free-radical scavenging capacity of ASP wassueal by 1,1-diphenyl-2-picryldydrazyl (DPPH) tastording

to the method of Blois [13] with some modificatiosiefly, 0.25 ml of various concentrations (0.0% mg/mL) of
sample was added with 0.25 mL MeOH into a tube s8gbently the solution was mixed by 2.5 mL of 0.6mM8
DPPH in MeOH. Then the mixture was shaken vigonpasid kept for 30 min in the dark, RT. The 517 nm
absorbance was recorded against a blank. Ascocidonas used as positive control. The DPPH scawngneffect
was calculated by the following equation:

Sc%= [1- (A-A))/AJ] x100% (1)

Where A is the absorbance of DPPH solution without san{@gl® mL DPPH + 0.5 mL MeOH); /Ais the
absorbance of the test sample mixed with DPPHisol§0.25 mL sample + 2.5 mL DPPH +0.25 mL MeOH)jsA
the absorbance of the sample without DPPH solfid?b sample + 2.75 mL MeOH).

2.7 Statistical analysis

Data were expressed as means standard error (Styesf replicated determinations. The multiple esgion
analysis and analysis of variance (ANOVA) were iegfrout using a software Design-Expert 7.1.3 Ttaalfit
quadratic polynomial equations. The quality of fiteed model was expressed by the coefficient aeieation R,
and its statistical significant was checkedstest andp-value.

RESULTS AND DISCUSSION

3.1 Optimization of the ASP yield

On the basis of single factor experimental resutis, 3 independent variables of extraction tempeeatalkali
concentration and ratio of solution to solid wenalgzed to optimize the ASP yield frobentinula edobe£0010.
A total of 17 experimental runs were performed wdifferent combinations of these 3 factors. Experital and
predicted values are shown in Table 2. There wesnaiderable variation in the ASP yield dependingldferent
extraction conditions. The maximum ASP yield wass2% in run number 8, in which the conditions ofragtion
were a extraction temperature of 60(0alkali concentration of 7.0%, and a ratio of $iolu to solid of 30.0 mL/g.
While the minimum ASP yield was 11.47% in run numb2, and the center point in the design was repette
times to estimate the error.

71



Liang He et al J. Chem. Pharm. Res,, 2015, 7(3):69-76

Table 2.The Box—Behnken design matrix with experim&al and predicted values of the ASP yield

Run order  Extraction temperatup&) Alkali concentrationX;) Ratio of solution to solidXs) The ASP yield (g/L)
Experimental Predicted

1 -1(40) 0(7) 1(40) 15.36:0.049  15.39
2 0(60) 1(10) -1(20) 18.74+0.006  18.90
3 1(80) 1 0(30) 22.17+0.021  22.29
4 1 -1(4) 0 12.460.036  12.50
5 0 -1 -1 12.57#0.019  12.56
6 -1 0 -1 12.87#0.042  12.75
7 0 0 0 21.79+0.009  21.68
8 0 0 0 22.52+0.005  21.68
9 1 0 -1 16.980.027  16.94
10 0 -1 1 15.49:0.011  15.33
11 1 0 1 21.4820.076  21.11
12 -1 -1 0 11.47#0.034  11.60
13 0 0 0 21.26+0.017  21.28
14 -1 1 0 14.56:0.042 1452
15 0 0 0 21.55+0.018  21.68
16 0 1 1 21.43+0.023  21.69
17 0 0 0 21.25:0.015  21.68

Using multiple regression, data obtained were amaly The predicted response of Y for ASP was dgvist
Y%=21.68+2.3%,+3.11X,+1.58K5+1.66X; Xo+0.50%; X5-0.05K,X5-3.45X,%-3.06X,%-1. 56X (2)

WhereY is the predicted response variable (the yield 8PAas a %), an¥;, X,, andX; are coded values of the
independent variables of temperature, alkali cotmaéon, and ratio of solution to solid, respeciyve

The statistical significance of Eq. (2) was checksthg Fisher’s statistical ANOVA tesE{est) and results are
shown in Table 3. ThE-test indicated that the second model had a higtlehtovalue of 118.57 and a lopvvalue

of p<0.0001, indicating the model was well suited foe tbxperimental data. The adjusted coefficient of
determination Rzad,-) indicated that the sample variation of 98.51% floe ASP yield was attributable to the
independent variables. The valueR{D.9967) shows a close agreement between the exgretl results and the
theoretical values predicted by the polynomial mdié]. A relatively low value of CV (2.78) illusated further the
experiments were practical with a better precisind reliability. The coefficient estimates of EB),(along with the
correspondingp-values are presented in Table 3 as well. It carsden that most regression coefficients are
significant except for two linear coefficients (alkconcentratiorX, and ratio of solution to solids).

Table 3.ANOVA results of the fitted quadratic polyromial model for optimization of ASP yield

Source Sum of squares DF Mean squate-value Probabilityp>F
Model 263.81 9 29.31 118.57  <0.0001
Lack-of-fit 0.63 3 0.21 0.76 0.5725
Pure error 1.10 4 0.28
Corrected total 265.54 16

DRP=0.9935; adj¥=0.9851R=0.9967,CV=2.78%

Table 4.Results of regression analysis of a fullsend-order polynomial model for optimization of theASP yield

Model term Coefficient estimate ~ SE Sum of F-value  Probabilityp>F
squares

Intercept 21.68 0.22
X; (Extraction temperature) 2.35 0.18 4434 179.36  0.0601
Xz (Alkali concentration) 3.11 0.18 77.58 313.82 em1
X3(Ratio of solution to solid) 1.58 0.18 19.87 80.36 < 0.0001
XXz 1.66 0.25 10.97 44.38 0.0003
XiXs 0.50 0.25 1.02 4.13 0.0818
XoXa -0.059 0.25 0.014 0.056 0.8202
X2 -3.45 0.24  50.05 202.46 < 0.0001
Xo? -3.06 0.24 39.44 159.55 < 0.0001
Xa? -1.56 0.24 10.20 41.27 0.0004

3.2Analysis of response surface

The fitted response surface plots and their coomding contour plots for ASP extraction by the poeg model
were shown in Fig.1, in which it provides a methiodisualize the relation between the responseeapérimental
levels of each variable, and the type of interactimong the testing variables with an aim of optmuonditions.
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Figure 1.Response surface (left) and contour (rightplots of the effects of 3 variables on ASP extréion from Lentinulaedobes L0010.

(A) Response surface plot showing the effects ofteaction temperature and alkali concentration, andtheir mutual effect on yield of

ASP. (B) Response surface plot showing the effexftextraction temperature and ratio of solution tosolid, and their mutual effect

on yield of ASP. (C) Response surface plot showitige effect of alkali concentration and ratio of saltion to solid, and their mutual
effect on yield of ASP

Fig. 1a indicated that an interaction betwegrand X, was found to contribute to the yield of ASP aign#icant
level. This fact could be well accounted for pyalue (0.0001<0.05) in Table 3. It was evidentt théaen the
extraction temperature was from 55 to®8and the alkali concentration was from 6.5% td/8.the ASP yield was
over 21.27% and then decreased slowly beyond #rge. These facts were important in making the &vhol
extraction process economically more feasible aratlemit possible to save energy in the future imhlst
application. Those were consistent with the resoftéyciumbarbarumpolysaccharides [15]. The reason could
probably be explained that the increasing energypramote the process of extraction when the teatper and
alkali concentration are at relatively low valuehNg high concentration of alkali could provide aspibility of
degradation among the extracted carbohydrate pot/me

Fig. 1b showed that the yield of ASP climbed upttwously when the value of; increased from 40 to 55C.
Then it went down slightly outside that optimum mtoiThe curve of ratio of solution of in the contqlot was
slightly inclined to horizontal showing that thesld of ASP was up to a saturated value regardiedsedncreasing
Xa. With the assistance of ratio of solution to salthe initial process of ASP frobentinula edobest enhanced
the diffusion process and provided a greater sphcemponents into solvent during the extractioowdver it had
no effect on the yield of ASP at relatively highioawhich might be explained by decreasing theilalske surface
area between alkaline solvent and the cells. Tfindgs could also be found in the report madeéShyet al [16].
While Fig. 1c described that ASP vyield increaseddgelly with the increasing alkali concentratiord emtio of
solution to solid. While the alkali concentratiorasvat a low level, the effect of extraction tempae on the
response was insignificant. It was obvious thatytleéd of ASP was higher than 21.09% when alkaticantration
was in the range of 7.3% to 9.0% (actual value) mtid of solution to solid in the range of 32 mlig38 mL/g.
Miyajimaet al[7] reported that alkali treatment played a critigale in the extraction of polysaccharides by asi
hydrolyzing the O-glycosidic bonds.

3.3.0ptimization of extracting parameters and valiction of the model

By applying the software of Design-Expert (7.1.8)e maximum predicted value and the predicted aptim
conditions for ASP extraction could be obtainedetiyi Those were as following: extraction tempematv0.82C,
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alkali concentration 8.95% and ratio of solid tquid 35.81 mL/g, and a maximum response of 23.7886 w
predicted by the model equation. To confirm thedmted value was not bias toward the practical ltefurther
experiments were carried out under the slightly ifi@dl optimal conditions. A mean value of 23.45:10% (=5)
acquired from real experiments, demonstrated thidatson of the RSM model. It drew a conclusiontttiee model
of Eqg. (3) developed was considered to be satmfaend accurate for predicting the yield of ASeénfrLentinula
edobes

3.4. Physicochemical properties of ASP

The crude ASP obtained from the mycelium ladntinula edobed 0010 was subjected to fractionation on
DEAE-Sepharose FF column(2.8x45 cm) with gradidutian to give two elution peaks (Fig. 2), as détecby the
phenol-sulfuric acid assay. Among them, ASP-1 wadsurther investigated here due to its small anhotihe other
major fraction of ASP-2 (80.6%) was then pooled amther purified by gel chromatography on a Sepyiag-400
(60x1.6 cm) column. The process was repeated detrees until it presented one symmetrical peakhveitpurity
of >99.6% in ASP-2, using the phenol-sulfuric acid methHerein, we came to a conclusion that there vea®

of protein existed in ASP-2, verified further by albbsorbance peak at 280 nm in UV spectrum.
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Figure 2.Elution profiles of the crude ASP fromL.edobes by
DEAE-Sepharose FF column
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Figure3.HPLC chromatograms of PMP derivatives of
component monosaccharides released from (a)ASP-2and
(b) sugar standards

The composition of ASP-2 shown in Fig. 3, deterrdiby HPLC analysis as PMP derivatives, indicated thwas
composed of mannose, ribose and mannose in the matila of 17.3: 28.3: 41.6. In term of peak arta two
predominant monosaccharides were glucose and manmgsch was similar with the results of alkaliexct
polysaccharide from cultured mycelia©@brdycepsmilitarismade by Ywet al [17]. They reported that D-Mannose,
D-Galactose and D-Glucose were identified in thdrblysate of CBP-1 in a ratio of 2.81: 4.01: 1.@®jch was
slightly different with the major component in ASP-
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The SEC/MALLS approach can provide great insighto inthe characterization of biomacromolecules by
automatically measuring the various physical propgnf every sample including molar mass, hydraayitc sizes
and distribution. And the advanced conformatiorbifpolymers has been reported to be closely reltiettheir
biological activities [3]. Figure 4 shows the etutiprofile of ASP-2 for the determination of mole&rumass, in
which it presented a single peak monitored bottbbth LLS and RI detectors. After the calculationitsfmolar
mass with the formula of Rayleigh-Debyte, the nurrdeerage molecular weightg), weight-average molecular
weight (M,,) and z-average molecular weighks,( of ASP-2 in 0.1 M NaCl were determined to be 31 g/mol,
3.56x10 g/mol and 4.05x10g/mol, respectively. Interestingly, Zhareg al[18] reported that the triple-helix
lentinan with Mw of 1.49x1Dg/mol was obtained from water-soluble polysacatesiinLentinus edobesvhich
was quite similar with that of alkali-soluble pafycharide. The R?),? value, one of parameters of
macromolecules, was usually a measure regardingfémofrom the center of mass and how the masseoptitymer
chains was concentrated. The bioactive lentinanb®en found to have a potent antitumor activity tmets
advanced conformation with aRf),"> of 60.5 nm [19,20]. AR, value of 40.3 nm for ASP-2 reflecting its
polymer chains with more compact conformation stwbwigat it might have a similar antitumor activityithv

lentinan. Furthermore, the 1.138 of polydispersiiy,/M,) indicated that ASP-2 has a relatively narrow
molecular-weight distribution.

Define Peaks
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Figure 4.Elution profile of ASP-2 for the determinaion of Figure 5.Scavenging effects of ASP-2 and control
molecular mass in a SEC-MALLS system standard on DPPH free radicals; data are presenteds
mean value (n=3)

3.5.1n Vitro antioxidant assay

The DPPH is a stable organic free radical with &imam absorption band around 515-528 nm and thus, i
widely accepted as a tool for estimating the fradical scavenging activities of antioxidants [2],22ig. 5
illustrates that a concentration-dependent, radical’enging ability at a series of concentratiofvofand ASP-2,
the scavenging effects of them were 98.7% and 72a#%he dose of 1.0 mg/mL respectively. These tesul
suggested that ASP-2 has an obvious effect on sgag free DPPH radical at relatively low amountagidition.
And the EC50 value of ASP-2 was found to be 48.8rlg From dose of 0.1 to dose of 0.6 mg/mL, ASPeRld
donate more hydrogen to combine with DPPH radidemit was purified completely, which was fairhgher than
that of water-soluble polysaccharide obtained ftbensame mycelium dfentinus edobg¢23].

CONCLUSION

It was valuable for the preparation of alkali-sd&upolysaccharide (ASP) from the myceliumlantinula edobes
L0010 by using response surface methodology aneksspn analysis. All coefficients had a signifitpmpositive
influence on the response values, regardless ahtbeaction between extraction temperature and @itsolution

to solid £<<0.8202). The optimal conditions for the ASP exi@tivere as following: extraction temperature 70.82
C, alkali concentration 8.95% and ratio of solid liguid 35.81 mL/g. Under these conditions, experitaé
extraction of ASP was 23.45+0.019%=6), similar to the predicted yield of 23.78%. Fant, ASP-2, the major
fraction obtained from the crude ASP by DEAE-Sepbkarand Sephacryl S-400 chromatography was anatgpzed
be composed of mannose, ribose and mannose in tfer matio of 17.3: 28.3: 41.6. And the weight-age

molecular weight and radius of gyration of ASP-Dith M NaCl were determined by SEC-MALLS to be 56
g/mol and 40.3 nm, respectively.
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