FEBERE S B Vol.31 No. 4

Journal of Tianjin University of Science & Technology Aug. 2016

B3 4l
2016 4F 8 H

DOI:10.13364/j.issn.1672-6510.20150117

R Rasr S HER S B A K R IATER

BHmaE, £ R, £ ¥, THAE, TAED
(RERHE KA TR S YRR, K 300457)

W E. @3RI (Grifola frondosa) FIEZ BRI % ¥ (EXGFP) #4745 B 440, BF R Fi A 08 b, Rt
FEROSN L % He 22 BRI | Bii-sevag L% & #= Sephadex G-100 &% 4: 4 5 45 2| 41414 EXGFP-A. i#iif Sepharose 4B #t
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%P, % EXGFP-A RERAEH 80 pg/mL 4EJA 48h B, R E Emie RAW264.7 4038 245 H0A 2|, KA,
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Abstract: An extracellular polysaccharide (EXGFP) was obtained by submerged culture of Grifola frondosa,and its prop-
erty and immunomodulatory activity were investigated. The final purified fraction, EXGFP-A , was obtained by using alcohol
for precipitation, enzymes-sevag for deproteinization and Sephadex G-100 gel column for further isolation and purifica-
tion. The purity of EXGFP-A was tested with Sepharose 4B gel column and HPLC. The results show that EXGFP-A is a
homogeneous polysaccharide, and its purity is about 92.68% . Tests of its physicochemical properties indicate that EXGFP-A
is a non-starch neutral polysaccharide, excludes uronic acid and polyphenols, and contains o-D-glucoside bond and pyranose
ring. The result of MTT assay shows that the cell proliferation index reached a maximum of 137.5% when EXGFP-A was at
a concentration of 80 pg/mL and the treatment time was 48 h. The neutral red phagocytosis experiment indicates that the
phagocytic activity of RAW264.7 cells was significantly enhanced by EXGFP-A. According to scanning electron
microscope, the activation of RAW264.7 cells could also be promoted by adding EXGFP-A.
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JKWEAE (Grifola frondosa) HH R HEERF B R 1 Fp
PR AR, g5 39025.

RAW264.7 I kkIA F b E R B AL e Fl
AR B A2 S A A A5
1.2 IRWTERIM S IERIRENR S B4k

X RS AEIEA TR 2 R R 7%, Ak e i i 1o e
TS B M AN 28 (EXGFP) . S BRE M . e
U8 4> 9% F1 Sephadex G-100 {5, 3% #: (26 mm x
800 mm) 7355 , i 215 B KW AL ML S Z B EXGFP-
A, BAREAEIT

BT B IR & RO R A I, A 95%
) B, i CBELARTUIBCR 75% , 4 C R4 E
Jii , BDUREETTNE , ZJ0/K LB N | SR vk
U, R UR TS B K AL S 22 B

bR M - R -sevag 7%, 1] 5% ) EXGFP A
HIEIN 3% WA I, 875 pH b 6~ 7, 60 CHiff
it 2 h J5, A sevag ¥, IRSIGHE., L2 £
PEWZE. W) D2 P ERRI sevag B, HE
BEAT2RA

Jii o BRI oS R AB-8 KALIE R
NEHEA TR, 15 2 ) WA T LA TR B 5% 22128
WP RE ARG (AT b, IR ORFRIE M i, 2R
HH BV N G TR UM 1. B I €0 Ak B (1 22 A
WL 0.45 um FYURMEHEA T AL PR S HEUE A 2. YUk
T 5, KA Sephadex G-100 {4 ji% £ (26 mm x
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800 mm) 73 B , S ZAR B KR AL IS Z 4 EXGFP-A.
1.3 EXGFP-A#@iELE

KMl Sepharose 4B &AL HPLC %, Xt
EXGFP-A #1724 E%E. ¥ 5 mg/mL 1 EXGFP-A
W FFE R Sephadex G-75 A9 4% # (16 mm x
600 mm) H, PR = 28K, JitEA 0.2 mL/min,
10 min AR 1 48, SRR —RER N E %58 205
i, DLUEIR A O AR AR, WO RE S B AR B, 2 1l
EXGFP-A M3 k.

KA 022 um B B L 8 B XT 10 mg/mL /9
EXGFP-A WG 1185 , & . WA EIS &0
H CTO0-20A &R0 AH (A5 , Shodex OHPak SB-
804HQ (8.0 mm x 300 mm) ¥ i {6 3% 41 5 i shAH iR
47K, FAEA 0.8 mL/min; /R ZEAG I ZAG I, €253 F
FR I FR I R 30 C. ABXT 4> R A E £ BT
PrESL A Dextran 41, brifEiZk y= - 0.039 89x° +
1.174x% - 12.06x + 47.704, R* = 0.999.

1.4 EXGFP-A B HERENE
141 R&FER

TEMKGIN . ¥ EXGFP-A AETAECHRI 1% 20
VST, BT mL InA 2% BOBL-RAL B 3 mL, TR
JEEE, WEA TCH AR .

Z W BRI . B EXGFP-A K o Bic il i
S5mg/mL W ZHEEWR, A 1% B9 FeCl; K 1 ~2
T, AR HE , WS LEi Ak,

WE B R K M . 4% EXGFP-A K i B0 i ag
0.1mg/mL M ZHEHEW, B ImL A 6mL ¥
H,SO, ¥ W, 85 C/K¥ 20 min, i HE , A
0.15% M L BEAW 200 L, 85 ‘C/KI 20 min, =
R E, WA TR BB G L.

1.4.2 EXGFP-A #9% sh4a4

¥ EXGFP-A #EFAFECHIAL 1 mg/mL B2
W, VIZEIRK 2 AS I, il 8o e K H
i, FHEEJE 190 ~ 400 nm.

1.43 EXGFP-A t94r9h ki

1 mg EXGFP-A ¥4 LA KBr B H, ZEERAMHT

I E ZWERE S 214,
1.5 EXGFP-A & & 4L
1.5.1 EXGFP-A %} RAW264.7 %8 3% 74 7 M 49 %5 e

S MTT =N EXGFP-A VEF RAW264.7
Y pfL— g B 1)), A R ARE 570 nm Ab 45 LAY
WGHE. ANAIEEE R = A e/ i x 100% .

1.5.2 EXGFP-A 3 RAW264.7 %0 05w i M 04 %

ARSI R F PR LL AR VA E EXGFP-A Ab#
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RAW264.7 4l il — 22 W} 18] J5 , {6 7 T8 A A8 I
540 nm Ab G,
1.5.3 EXGFP-A 3 RAW264.7 28 it 4 649 % v

BOh T %A K RAW264.7 4kt 1%k,
PR BBl 5 x 10 mL ™", PA4EAL 2 mL A
A BB R 6 FLANEE R, 37 'C L 5% CO, K%
F% 4~ 6 h AN TN BE. FEEBFRIG, AT
JE5r514 0,40, 80, 160 pg/mL ) EXGFP-A, 37 C .
5% CO, IS5 TR HARSLRE I 48 h

WG SR A5, B PBS 2 mii vt L5k 4 5%
W, ARG UA 2.5% I SR T A0AE 2 h, DU {A
FUEC(10% L 30% | 50% . 70% . 90% ., 100% ) [ Z. T
MU A B4 T IR A AR B, B S5 3% R, BY Al R
N TRES B, RS A S AT iR A, WA
EXGFP-A 1E TG RAW264.7 4l T 25728 1k

2 HER5ITE

21 EWESHENSBL4L

LW 4E | L TEREDT AR | B -sevag PR
1. AB-8 KALIR AR A M € | B BR 4% . Sephadex G-
100 EEFE o 25 LR VR T 1, B A 3 KRN AE 2 0%
EXGFP-A, 15374 2.84 g/L.
2.2 EXGFP-AHIAELTE

EXGFP-A 2l 4% e 25 R A 1 FR.

2.0
1.5} i
< 10} ./\
f \
0.5 _/ \
/ -
= ____T-H-' . h-l---u-l-.--h_l____
0 10 20 30 40 50 60
WA s

(a) FERAREEE G-75 PRI HhLR

0 2.5 5.0 7.5 10.0 125 15.0
t/min

(b) HEOBARE g
B 1 EXGFP-A BIRMERR G-75 5thi i &5 ik
BiLE
Fig.1 Sephadex G-75 flew curve and HPLC of EXGFP-A

M Sephadex G-75 PEBEIHZR T LLF ), EXGFP-A
ENEIRE Ay B — X PRI RS, 108 EXGFP-A S22
— B ZHELL 5. R AORORE € ] s A B — X R
FugE, KU H S — 20, &0 E 2N
92.68% , AHXT /> FJFHE K 1.355 x 10°.

2.3 EXGFP-A HyIB{L M B E

EXGFP-A BSR4 R WK 1. EXGFP-A AT
AR, BT AKEARNE FA VLR, & —FhETEH
B AE Z I T OB R 1) rh v 22 B

#*1 EXGFP-AR&XE
Tab.1 Color experiments of EXGFP-A

K 4 G
e R L LN
EWMAME  ERERREL  AASHEDR
B R ALY A e

Lhh P KA B R (K 2), EXGFP-A £
260 nm F1 280 nm AbJCHH I , 58] EXGFP-A
W h EAREALR U SE AR, TTE 196 nm 2
Z M B R IE I i, B EXGFP-A 4143 & 2 hHE
Y.
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Fig.2 UV scanning of EXGFP-A

EXGFP-A MZLAMEIE s L anE 3 Fios. 16
3600 ~3200cm ™ AbJjE O—H H4E#E5); 2 934 cm™
h C—H h4E3E5); 1652 cm™ . 1400 ~ 1200 cm ™' &
C—H MM, DL EFRER I IEIER] EXGFP-A
JEREEYIR. FE 1700 ~ 1775 em™" AbTCHA S IR0
TR PR S IE, Bl EXGFP-A & 7 Z b
1870~ 1540 cm™ 4b2 C=0 M&i4Ezh. 1069 cm™
Qb B g FE B EXGFP-A HA7AE 3—6-INTkAT , BIEE
S 3-6-PNBEE UM, 1 852 em ™! Akl TG
] EXGFP-A 1S4 %k o —D—# 25 M MR, B
EXGFP-A J& TR Z M. AN, 807 cm™ AL AYHHAE
WA D58 RR 7R 2o A T i A e H BT, 619 em ™' Ab
V1A R A 0 2 B 2 b 5 R A B AR L
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Fig.3 FT-IR spectroscopic analysis of EXGFP-A

2.4 EXGFP-A M&REZEEMERR
2.4.1 EXGFP-A 3 RAW264.7 28 f.3& 74 & P64 %5 v

E W2 A — Fh S LA e A2 A
MU, i PR | AR AR A E R
ST U AR PR SR AR AR PR AE T D RE , 2 S5HUA
AR S | AR S e O Y AR TS T B ARy
T AR YA T ORHRR 25 Y W5 41 i 52 51—
L A g2 SRR TG T, xR B SR R TR L G
W Xtk AE S,

A S0 R W e R Lk, B MTT 300 &
EXGFP-A %t RAW264.7 #0085 5 LRS00, LANE
Z W (LPS) Zb FRLLAE Jy FHYEXT R, *F*x a3 il RoR 5
2% FZHAR I P<<0.05 Fi1 P<<0.01, 45 4018l 4 Fos.
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Fig. 4 Effects of EXGFP-A concentration and culturing
time on cell proliferation of RAW264.7 cells
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AR R B EXGFP-A 54 [m 3355
Y Y BE BE I 34T s . ZESERIRR R 48 h JE,
EXGFP-A {EHBH N 80 ug/mL B, RAW264.7
2 B B 14 B S B K, M 137.5% . 4Lk 80 pg/mL
EXGFP-A TEA[RBEFEEEIME T RAW264.7 4l
Ja , GEHRANE 4 (b) FiR. 24 EXGFP-A fERRTR]AS
48 h I}, SRR IR B K.

DAL F25 R, EXGFP-A BEMSHESE RAW264.7
AN RS TE . EXGFP-A 7EFT RAW264.7 il
R A e By 80 pg/mL, A4 FHIsHE] Jy 48 h.
242 EXGFP-A *F RAW264.7 4805w i P 09 % vh)

A WA FH 2 B e 200 i X A AR08 L A 0 1 B
JNE, fE e RGeS A B N RS I BT B
SRR SR SR I IR, R LA = A B g3
() HE A RN S8 T RETE T S 4.

I PR A RESC I E EXGFP-A E A
RAW264.7 AHIEMIEIERE ST, AR 28 (LPS) Ab 4]
PR BEAPE XS B, * R a3l SRR 5 25 A AHEE P<
0.05 1 P<<0.01, 25540l 5 Fros. X4 EXGFP-A 1E
FHRWE N 80 ug/mL I, RAW264.7 I 1505
Phferm. PYELLARESC WAL UL ] EXGFP-A fREfSH]
M RAW264.7 Al HAL FIEALRA, AT PEm B
Mg 24 L ) A S i T R R R S B s i e, A T 45
By BT fE.
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Fig. 5 Effects of EXGFP-A concentration on the pino-
cytic activity of RAW264.7 cells
243 Ml AFIE
RAW264.7 4ififiZ: EXGFP-A AZbBR)E , FlFHF
BT BAMEEIEE EXGFP-A 1E IR B i 4
ANIIE AR AL, g5 R 6 Fras. 244 80 ug/mL
EXGFP-A 7 5WEFH T4l 24 h 48 h A1 72h J5, 5
X BEZH MO AR e, 2225 W0 VR S 0 4 i AR R BH g 4
K, FETA A A, IR T AR A S R, R A,
B B, LS5 RE, 4 80 pg/mL
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Fig. 6 SEM images of RAW264.7 cells treated with
EXGFP-A
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