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Extraction and Purification of Intracellular Polysaccharide from
Schizophyllum commune and Its Biological Activity

LI Qiaochu'?, ZHANG Lu"?, WANG Hongyan', WANG Zengli’, DING Qiang', WANG Honglei""

(1.Yantai Institute of China Agricultural University, Yantai 264670, China;
2.College of Food Science & Nutritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract: In order to improve the extraction rate of crude polysaccharide from Schizophyllum mycelium and explore the
biological activity of purified intracellular polysaccharide, this study adopted the method of ultrasonic-assisted hot water
extraction to extract intracellular crude polysaccharide from Schizophyllum mycelium and the extraction process was
optimized by response surface method. On this basis, DEAE-52 ion-exchange column and Sephadex G-100 dextran gel
column chromatography were used to separate and purify the crude polysaccharide, and then the structural characterization,
antioxidant capacity and antibacterial activity of the purified polysaccharide were carried out. Results showed that the
optimal extraction conditions of intracellular crude polysaccharides were as follows: Under the extraction temperature of
90 °C, the water-material ratio 30: 1, the ultrasonic time 30 min, the ultrasonic power 230 W. Under these conditions, the
extraction rate of intracellular crude polysaccharide was 18.14%+0.33%. The purified polysaccharide fraction NSPG-1 was
a f-pyranose sugar with the molecular weight of 1.05x10° Da. NSPG-1 had good antioxidant capacity and the ICs, values
for DPPH radical, hydroxyl radical and superoxide anion radical were 6.97 1.07 and 11.41 mg/mL, respectively. NSPG-1
had good antibacterial activity and the ICs, values against Escherichia coli, Bacillus subtilis and Staphylococcus aureus
were 7.56, 12.54 and 10.42 mg/mL, respectively. The results would provide a basis for the industrial production and

utilization of Schizophyllan.
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ZUFE T (Schizophyllum commune Fr.) X 4435 F
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ZURH T Z W5 (SPG) AR ZMM TR 2R, 228 RIZEY)
WY R P R EE A A —, A PR R bt
P57 PR PETIRED O AR TIRE, FEEL L B SR
25 SRR N BT S T4 )12 . SPG SRR T 158
WA | B LLAR SR TR, RPN 228 S RS R 22 pET S, HL
AR B-(1,6) 433214 B-(1,3)-D i RMEEEHEY, 57
TN 4 JTF] 10 J7 ARG, WFFE RS TR bk
B =gt AR Yy Aim PE AR SR, T
KT 100000 (248 TR 2 WS PR s, TEZR I MR 2L
£ = B IELE A T 4T /N F 50000 A ELgE —
JEHETELERAN, VAT BRI 1E DO ] P X 24 R Y
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WERIEAES
1 MRERZE
1.1 MRS

AT EARO RS S ST B £ FH PRI S
IEBET . SrES, T 4 °C {9 AB-8 KFLIIE. DEAE-
52 B FACHILR SEREET M B RN A F]; Sephadex
G-100 FEEBHEERE . Tris-HCI., 3550 T-series R/ -
PURINAR  PEAS IS I 5R 5 08\l KA IR . SBA8 — 1

TS BRIARIE N F]; DPPH YRR R A BRAS

Al DA A AR EUE (PDA) . T A AP
(PDB) UMY RFIA BRA ] o

KQ-500DE M EvEAy BRILTTEA{ESA
PR F]; CR21GT =33 5520041 Hitachi Koki 23 Al ;
BS200S #&% H, 7 RF {E[E Sartorius 2y Fl; Agilent
1206 = RORAR TSI Agilent BHE B4\ F]; TU-
1810PU 254h 436 it dbmt W AriE FHAN RS ;
Paragon 1000PC £14M35{X  Perkin-Elmer B34
BRAAF]

1.2 SLWHE
1.2.1 ZUETERM N PRI T 2000
1.2.1.1 RPN PRI T2 K2R B iR
] PDA ¥R b, 25 °C B35 3~5 do, FTHL 4 P
e, #2RPF) PDB 33k, 25 °C. 160 r/min 15357 5 d.
BB 6000 r/min B5.0> 10 min, WAETTIE .. FHZEMH
KPR =K, CE 50 C MR TRt B E, 15540
PRBA 224K K 2408 PR B 220 08, 3 40 B, BGE
S AR BRI AN A — &2 EL B B A S i, RS AL F, Ak
FRSE B HOHCE T 90 °C [E IR KSR hiR3E 2 he
6000 r/min %.C> 10 min, B 7E &, FIH AB-8 KFL
PG bR AR BT AN 2R, R R 4 = R AR R Y
1/3, 4 °C BEEPLIE NS, B UR T 4, 15 224 TR I Py =
o TR B L PR R

ZHERIT AT

Y
Z(%, w/w) = A x 100
0

. Z— 2R R ISR, %, Y—HETris
R PR BT, g5 Y SRR A R 22 AR AR 1 R
o, go
1.2.1.2 FHEZESCLE  Z4EBE K 10 g, M B H]
20 min, IR 180 W, B KL 15:1. 20:1,
25:1. 30:1. 35:1, FZERIK LT L A Z 81521005
i o

SURHBEIR 10 g, ZKCKBHEE 2511, B8 T3R 180 W,
PEE AR AT E] S 15, 20, 25, 30, 35 min, ZEGH A
ERREIRO ¥ PR EEZ it e pe A T

ZURHBEHIR 10 g, KL 251 1, A5 EE] 30 min,
TE M UIE A 60, 120, 180, 240, 300 W, 545
75 DX i PR Z2 B SR 52 0
1.2.1.3 Wl R PR AL RS PR L P9 2 AR I T2
AR Box-Behnken 4 02 & 9056 5 T IECEE D) F
PR R R SEEG T = AR I 45 5L, SR AH Design Expert 211
mi] 7 T AR ZR KPR (ILFR 1), 3286 — B2 435 FH
A. B. C FEm, BNHEFEM = A HALE] & 551
-1. 0.1 FrR,

E S W CINAESESSY S e

Table 1 Factors and levels of response surface experiment

K AJKEHE(mL:g)  B#EAE(min)  CHEATIFR(W)
-1 20:1 25 180
0 25:1 30 240
1 30:1 35 300

1.2.2 AR M N ZHEn o s aift
1.2.2.1 ZUFEEHUN 285 DEAE-52 B304 24T
HE WG FRHEUAEE fh 30.0 mg, % T 8 mL 0.02 mol/L
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pH=7.4 {1 Tris-HC1 ZZ P, ] 0.45 pm Y38 AR LE
e, Z)5 BAE, Se 100 mL 0.02 mol/L A9 Tris-HCI
SRR, MU E 0. 0.3, 0.6, 0.9 mol/L NaCl
A% mh I e, e BE 2 mL/min, 4 mL/A5 IRC4E .
FHZR T - R TA PO I X2 A5 it v B B 1, AV AT
SHEEALR, 490 nm AW CEEE AR, 2wl
2, ARt 2RI SR BRI, YR TR S TR AT o
1.2.2.2 ZUFHEEMIPY Z ¥ Sephadex G-100 B R MHEE
FAEIZHT 1 10 mg Zeid B F 38 A 2 M 08 S e
AT 4 mL ZEESokH, ] 0.45 pm JEREATIE S
FE, SRJG 200 mL 2525 F/K e, Wiid A~ 1 mL/min,
FAE WL 3 mL, FHZRE B BRIV B R, 2 i Bt
ik, WA BEMIE, YR TS PR AF -
1.2.2.3 HFERML N PSR 22 Mo EI G
AR = AR HEBH (23 72 (HPSEC-RID) P!, Xy it
1 1 2408 B I PN 22 2H S A T e ARG 5 5 4 2
RE o KSR A4 AN T : S RO AR S Agilent 1206;
{6338%4%:: AgiLent GPC Columns PL MIXED-M(8 pum.
300 mmx7.5 mm); KM #%: 78 22 P CKIIN B 5 L Bh
FH: BT K TAESE: AR 30 °CL #FE 20 pL,
#iE 1.0 mL/min,

FHAS R 5312 0¥ 487 SR MEAE A vl i, AR BE B
[ R A, IR 73T B2 XL lg(Mw) o gh AR
b, 2 IPRUE A2 28 2R 24R8 PR I P 2 WEAE A b
PR B B TR, AR YRR p 2T . A2k
M 1lg(Mw)=—1.2577x+12.61(n=7, R*=0.9971) .
1.2.2.4 ZREEEMANZHEEESNGER Ko eat
AT H T bty 1 2408 T B P Z2 BB T e 1.0 mg/mL

EHM TSP ATHE, WESTHERSFE 260 F1 280 nm
JE A H BRI S R T

1.2.2.5 ZFHEEM N ZHRLLAMS GG AERIFREL
Sy B8 aliAb )5 1Y) 2408 B I Py 2 B AR S 2.0 mg, ITA
100.0 mg HET 1 KBr, 7EI A b 34T 5840 01,
SRIG IR, ITEF1°M 18 MPa, 4id%iF ] 5~10 min, /R
R TR ML AN G EE P AE 4000~400 cm' YEFE
AT

1.2.3  ZUE RN 2054 P iE RS

1.2.3.1 ZFHTE Ry ZHEDU R 43 g
1. 2. 3. 4.5 mg/mL AR LN ZHE NSPG-1 Fl
PUIR LR (Vo) R, 2 08 SCHk [24—26] A6 448 B
MU PN Z8E NSPG-1 % DPPH H i A, 355 [ iy A0
A ES T R MTE R, 1155 1C,,.

1.2.3.2 ZUFHEE N B B I 2 B OD fE N
0.4~0.6 MYFRIAFTEA . ki F ZE AT TRTF 4 2 (U A 48 BR
BRI 8 mL, AN 0.625, 1.25. 2.5, 5, 10 mg/mL
i) NSPG-1 AR 0.5 mL, AITFEE R M-, 37 °C
B3R 12 h, PERNEE, 7T 1CP7 2%,

1.3 #iEAIE
BIFEPRIEAT 3 YO 7 B A G, S 45 S A
SEMEEARMEZE R IR . SR Microsoft Excel 2016 X
By 34T 438, % IBM SPSS Statistics 23 %7 5435
AT ANOVA J5 225107, W3 7K 1 P<0.05; >k
FH Origin 2018 #47EIE AL, ANFEM TR 45
HIRAEE R 255
2 RSP
2.1 HBERAZERIRNIZMHL
2.1.1  AS[R] B PR 20T R B PN 2 AR SR Y 52 )
FHIE 1A W10, BEE KGR L OSSN, M 2B 1E82R
Bl 30, 24K A 2501 BF, Z2BEFS 5 0k8 B
15, AREEEE AR} U N 2075 2RI, 3O
TR SR BT B R R Y HUR AR S T bR
AT, TR ek s, AT RES SO I PRI
TR, RRARZS ARG, DA Z2 WA 5 T B0
FHIE 1B AT, B R A 350, JE Py 2R

A 187 a ab

161

o

14+

2R (%)

121

10 T T T T T
15:1  20:1 25:1 30:1 35:1
TR

18 1 ab a ab
171 i

b
16 1 1
15 1 9/

144 =
139 -~
12
11 A
10

ZHRRE (%)

15 20 25 30 35
AR (min)
207

a

151 ¢
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ZHRRE (%)

5IO l(I)O 15IO 260 25IO 3(I)0
T LH (W)
SR ENGISE SOV IS EZ RS A
Fig.1 Effects of three different kinds of factors on the yield of
intracellular crude polysaccharides

TE: A AR P HRR 2257 .3 (P<0.05) .
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Bt = 340, ZEAE S IFE] 2 30 min B, 352 & e {8, Bl
JE g T RE. R AT BRI A DA E R TR R, 23
A 1 25 45 Z Bt =2 B R, SRS R T
[

FHIE 1C Al 40, M1 60 W B, il 2
PSR AIN(11.87%) . MHEFS DA 60~180 W A,
TR e b, 22 5 Bl P DR N, M Py 01
REOH T E%, 2R DIFRA R 300 W BT, 15 3RA B
B RS P AS A 23 B A5 75 T 3R I B = T
S, IS MR R AT DR m 2 .
Rty Hom R S M E I nT e S B e bl
FATEIRE, 52 ICER, T RE 180~300 W VB il s
DR PSR
2.1.2 ZFHBEMN ZPERECT 2 it AR
P P DR 30 25 A, DAL B L PN 22 WA 5 Ay i) o
E, DIZKRHEL(A) | B8 B ] (B) AR A D1 (C) S A
1= N o S = e\ o 9 1 P VATTET R Ay W o W 2
NSO SE R 0L 2.

F 2 M R R A R AN SERA,

Table 2 Response surface test results

3 EIERRO WG

Table 3 Regression coefficient and significance test

ARNE M AmE oy FfH PfH

il 52 9 0.58 79.67 0.0001
A 0.065 1 0.065 8.94 0.0202
B 0.3 1 0.3 41.96 0.0003
C 0.097 1 0.097 13.35 0.0081

AB 0.06 1 0.06 8.28 0.0237
AC 0.19 1 0.19 26.1 0.0014
BC 0.099 1 0.099 13.69 0.0077
A? 7.16E-03 1 7.16E-03 0.99 0.3533
B? 0.77 1 0.77 105.52  <0.0001
2 3.38 1 3.38 466.51  <0.0001

B2z 0.051 7 7.25E-03

ES 4.95E-03 3 1.65E-03 0.14 0.9283

R2E 0.046 4 1.10E-02

eyl 5.25 16

SRS AKEHE B HAIE COBAIIRY: BNZHHER(%)

1 0 -1 -1 16.68

2 1 0 1 16.75

3 0 0 0 17.77

4 1 0 -1 17.38

5 -1 -1 0 17.05

6 0 -1 1 16.12

7 -1 0 -1 16.80

8 0 0 0 17.94

9 0 0 0 18.04

10 0 0 0 18.01

11 -1 0 1 17.04

12 0 0 0 17.89

13 0 1 -1 16.78

14 1 -1 0 17.51

15 -1 1 0 17.66

16 0 1 1 16.85

17 1 1 0 17.63
2.1.2.1 [EHIFRRHELG M Iy 22557 FIJH Design

Expert8.0 X SZHG 4 AT )7 225301 . 3D SrARE K AH
R FRBAPLA LI AR T, 38 L0 o AT, EEsr
LIZKELEE AL 7S EE] B, SR C S =HFEW
A G AES YR (1

Y(%)=17.93+0.09A+0.2B—0.11C—0.12AB—0.22AC+
0.16BC—0.041A%-0.43B>-0.9C2

[l )T R W 2 PEAG B A 32 3 i, il DAE H,
IZBLRL Y P=0.0001, 1 BH AL YA Sy i 555 2k $UL I
P=0.9283, UL TSR R FAALE, MARAIRY R°=0.9903,
FEHH R RTYSAAR 35 FH JEads 241)

S AT AL TR 2 R A PAEL T BL CL AC,

BC. B, C* X 2458 B i PN A5 R 00 52 A .
F(P<0.01), A, AB X 2458 B ffd Py 2 015 252 ) i
2 (P<0.05), A% X T 2458 18 g PN AL Z BEAS R A 52 1)

T R=0.9903, R’ =0.9779, P<0.05ULHTIZIT S5 5 .2, P<0.011)8
WIS S5 SRR 3

A (P>0.05) o 451 XTI N 2SR 5 i F
BRI/ NIT R B>C>A,

2.1.2.2 ZHAEFHm N ESHT K 2 R (A) F1
AP I ] (B) X T PN ARG 52 . 4588 7 B
] s, S8 B P9 2 A S5 B 2 /0O L ) B8 o
I ACKE b — 2 B, 2408 A I PN 22 A R b o
S 6] PR I S e 0 0 s e e b R B, 156.HH
AB ZAIRIZZ EAEFHA R .

LRI AR (%)

P2 Z)ORE GRS P IR 18] B S8 AR T 2408 TR A
ZHETFR AR
Fig.2 Interaction effect of water-to-material ratio and
ultrasonic time on the yield of polysaccharides

3 SR (A RIS D3 (CO X TN 2208
TR . L5 VIREIE T, 2N 2
WA RBEE R LB N s 7E—E R LA
T, 2 BRI PN 2R B A A DR BN Se kg
JE s/ AC Z [BI52 B AT ] .35 5 HL2ERE TR I P 220l
A5 B R P D23 B AR AR R I 5 T RS AOR) R
A PEIE L, B AR P D5 X0 S 2 R ek
FLER .

Pl 4 Syl s Ta] (B ) I A5 D38 (OO X TN £
WA R AR o SR80 T I PN 2 WA 3R B 35 AR 7 e ]
FHE S DR AR 2 B S BTSRRI
O TR JRE 43 B LA i 2R 1 52 S A IR R, 1] —
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R PIH Z B (%)

K3 KRR P )38 1 S A TGS 248 TR L A
E2 R SINpAT)
Fig.3 Interaction effect of water-to-material ratio and
ultrasonic power to the yield of polysaccharides

Pl 4 A TRLRIR A 23R (4 538 AR G R R Y
B2 e
Fig.4 Interaction effect of ultrasound time and ultrasound
power on the yield of polysaccharides

HRZHAE o2, X 57 2553 I Ss RAEST -
2.1.3 BSUFESCEG it Design Expert 8.0 % TS
il By RO K HE HCA A TR AL N 22 BB G AT, T H e
R T 2554 Ak 30: 1, A5 B AE] 30.26 min.
HEFE TR 229.29 W, fE L T 22454 F r A5 2] i 7]
P Z 530 18.01%; 5 BRI SEFREER L, X
T AT T SV HEIE, B AR B EAE L T 2
Shy: ZKCRBEEE 30 1. ABFSATE] 30 min, ARFS DR 230 W;
TEM T 22554 FAS BN SEB RN Z2HE1950 18.14%+
0.33%. TMME S SEFRIERYIRZEA 0.69%, UiiH it
] 7 TET R Ak TS 1 2408 TR PN 2R B T 2S48 E
ArlfEs

2.2 HBERAZENS B

2.2.1 ZHFEVEM N RS XA ZNT BB S AT
N, Sge—ILERAT 4 PR DRI P9 2 WEAE 47, 5 o i
T LH S 44 8 NSPG-1 Ffilicdk .

2.2.2 ZUFHTEPEN ZPEEERAT)ZNT  dEid Sephadex
G-100 *F 2458 B I PN 2288 NSPG-1 iy — M dEf 7]
ke, PR HRZRUNIE] 6 o, Pell th 2k S B Sk 2 —
AT RRIEE, 4] AR B o B —2H 43031, 32 ] NSPG-1
SEFEB—

Ay — Ak 710

2
E
) E
£ X
g ¥
< 1.0 &=
=
%
0.0deteeed N erd Leeen ape. FAS 0.0
0 20 40 60 80
T

K5 BT ociEE s

Fig.5 lon exchange column chromatography results
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Fig.6 NSPG-1 gel column chromatography results

0.0 e
0 5 10

2.2.3 ERUARBHERE (g vk ol S e T T e

ZUR T Z2BE4H 5> NSPG-1 76 HPLC _FAypelith <k
K 7 FroR, N 28 NSPG-1 &5 & 204 AR HERE
L B e AR B R Sy o X BRI, Da R 2H 5341
B A —yR; O R a] 2l 7.623 min,
MRPEARUE T2 )7 F2 1T AT 15 NSPG-1 95T &k
1.05%10° Da,

3000
7.632
2500
2000

1500

mRIU

1000
500

0

01234567289101112131415
PREAIRH] (min)
€l 7 NSPG-1 19 HPLC Uik
Fig.7 HPLC elution curve of NSPG-1

2.2.4 EAMGIRERR L E LS R E 8 iR,
NSPG-1 7E 199 nm &b& G 2B 5 ids, iR Z ) )it
fiffi 92 S8 22 AR 260 Fl1 280 nm Ak 3474 5 W7 WA i,
VERHIZLH S AN & 86 P10 S AR, 2% P 2408 R I PN 220
138 T sresalifh.

2.2.5 £UAMGIEARAE R IEl 9 Al NSPG-1 7E
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