TR Ay SR IR Aug. 20, 2022, 49(8): 3401-3419

Microbiology China DOI: 10.13344/j.microbiol.china.211208
http://journals.im.ac.cn/wswxtbcn Copyright ©2022 Microbiology China All Rights Reserved
\/\ o A B3
FiL 5Lz

W AT, TR AL BTV

1 AR K2 2ABE, T A T 510642

2 TTARAFHEEBEHAE YT AR N U E Y R R E AR AR ME Y A S R S
A AT IRA A Wy A 2 SR E R A B SR, T4 T 510070

3 FEIRERDURARRE I BR A IRAF], T4 R 514100

B, HE, B, B, RIEF. RRAETE 2RO RO T]. MY IR, 2022, 49(8): 3401-3419
Xie Ting, Xiao Chun, Wang Juan, Huang Longhua, Wu Qingping. Advances in structure-activity relationship of polysaccharides
from Grifola frondosa[J]. Microbiology China, 2022, 49(8): 3401-3419

i FE: AWRR—MLRORGAE, BAGLE. B, LEABATFRAETSHENTE
M., RMLEBALITEZOETHERS, SHEOAED TR ZBGEMENHX., KLEET MK
20 42 80 SF AL E A Sh CARE 69 RAT I E M B AB MY M RAE . R A RN K B 48 6 G A & M T
feh B-1,6-% KAE T FLEMAIRK, MAMILSIELEMNA B-1,6 THEX B-1,3 ZHEF FAET LA
BAFORIT B E ., R SBEMFPT L, HmsmaminExE, $RATRMILSBEME
AE—REEF FRBLAKR. T2, BHEEE. > X4 Mg TEME, 12 %4 B (two
dimensional nuclear magnetic resonance, 2D-NMR)#F= & 4 #F & #8551 F S K 69 LR A5 A Bh T 1 7F &
WAL BB K R, TTAHRKRILE M S 4560 T £ A A 3L P20 R I .

KEEIR: KA, S4B Motk #MB; SHEIME BWAXZ

HEEWE: 7 ARAPHEEHITH (2019QN0IN107); ™ 4 5 ai S5 % 10 H (2020B121201009); [ AREFHF B G117 & e 4 35
(2020GDASYL-20200301002); J~A<44 BEefili 5 0 A ZE A A 58 4290 H (2021A1515010960); |~ A& it4)5i B
(2017YTO05S115)

RS AR SCTTHRAR )

Supported by: Science and Technology Project of Guangdong Province (2019QNO1N107); Project of Key Laboratory of

Guangdong Province (2020B121201009); Guangdong Academy of Sciences Special Project for Capacity

Building of Innovation Driven Development (2020GDASYL-20200301002); Basic and Applied Basic Research

Foundation of Guangdong Province (2021A1515010960); Guangdong Province Sail Plan (2017YT05S115)
#These authors equally contributed to this work

*Corresponding author: E-mail: wuqp203@163.com
Received: 2021-12-20; Accepted: 2022-01-10; Published online: 2022-03-12



3402 (G ESEE Microbiol. China

Advances in structure-activity relationship of polysaccharides
from Grifola frondosa

XIE Ting"'?, XIAO Chun**”, WANG Juan', HUANG Longhua’®, WU Qingping "

1 College of Food Science, South China Agricultural University, Guangzhou 510642, Guangdong, China

2 State Key Laboratory of Applied Microbiology Southern China, Guangdong Provincial Key Laboratory of
Microbial Safety and Health, Key Laboratory of Agricultural Microbiomics and Precision Application,
Ministry of Agriculture and Rural Affairs, Institute of Microbiology, Guangdong Academy of Sciences,
Guangzhou 510070, Guangdong, China

3 Jiaoling Tiehan Big Health Industry Investment Limited Company, Jiaoling 514100, Guangdong, China

Abstract: Grifola frondosa is a precious edible and medicinal fungus with anti-tumor, immunomodulatory,
hypoglycemic, and antiviral activities. Polysaccharides are the main active component of G. frondosa, with
the biological activity associated with the structure. We reviewed the structural characterization of
active polysaccharides from G. frondosa. Some studies suggest that the blood sugar-lowering activity
might be related to the chemical structure with B-1,6-glucan as the main chain, and the polysaccharides
have better antitumor activity when the main chain is B-1,6-glucan or -1,3-glucan. However, the
complex structure makes it difficult to dissect the fine structure of G. frondosa polysaccharides. As a
result, the structural characterization of G. frondosa polysaccharides is generally limited to
monosaccharide composition, molecular weight, glycosidic bond type, branching structure, and rough
molecular chain conformation. The advancing 2D-NMR and high-resolution mass spectrometry will help
to disclose the structure-activity relationship and provide a theoretical basis for the development and

utilization of G. frondosa polysaccharides.

Keywords: Grifola frondosa; polysaccharides; hypoglycemic; anti-tumor; structural characterization;
structure-activity relationship
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1.1 RWEREMAEEMS Ea BHEAR R
Ha¥E

AR FE I i 22 48 B W] LR I T -S4
T UM A I B BT 22 1A (6 P ) s A T TR (F8.41)
HAREL, H 20 R 2 B0E WK AE T SR R 7
PIGRAT . BR T MT-0-glucan" "5k, KA AE R
MBS PR 2 W 2 220, LR N 2 o 1
wWE. CHERBE. AARE. EILBE . BTRRREAA
Bl LT B IR TG 11k 22 AR & A A2 B
A AR T AR AL T SR FRAF I IE VR 2 B F3
(1 BABRLE B AR BT RLACDRR A A2,

TR AE T A 22 B P9 o B 3 4 5 o)
WA —EMNRR ., BRI, ST REMRK
WICIETE = A TP R A 454, Har 1
Jo R R R A A T%ﬁ%k%ﬁfﬂiﬂ’@ﬂ%ﬂ:/\ﬁz
IR T R SR A2 TR — R, AR
15 0 ¥R M R O LI o T R RE B A

AR ERT S SRR 1 AT RLE R
AL MW 5 P 22 B B0 0 7 RV R S AR, A

20 kDa (KM AE SX-20731"151] 12 600 kDa 1
GFP-NUI, #0032 R H A 0y 14 g I 906 12
1.2 IRWTEPEILAEE 2 MERIIE B 52 EE
X

LRI H 10 AL F ROl i
FE B AR KA 0 5, W %) 3 42 =Xt
LR YA AN 1994 4F Kubo
SRR SRR TUAT B 0 AN A6 T SR MR 8 AR A
Y1 X-41 45 (B 11=65:35), H45H W B A o-1,4
TEER B-1,6- R BE EBE, XT B K MEREIR A
KK-AY/INR A RSS2, BA B35 00 R s v
WM H E T RE S B-1,6- %%ﬁﬁ%ﬁééﬁ
FIAASE . 2014 4F Ma 25U SIS 21 A K B AE F
SEARZ B GFP (4T h 45.3 kDa) B4 45 &
By B-1,4 Al B-1,6-7 BB AL

1.3 TRt TR MR & 14 % 8 Y1 R AL
131 FTRERESESER, BERLEE
% {K(insulin receptor, IR)FIfE B EF KK 1
(insulin receptor substrate 1, IRS1)AJZKRiX

IR it G PR MR LK P IR AT IRST 2254
PR W TR AL 7K - B 186 25 3 SOUBR 5 2R 15 510 B
BELIT, 51 BRE RACHT, SEmaE R 2 B R
(diabetes mellitus type 2, T2DM), Hf5¢# 12>
108 3 ) B A2 4G 2 A ORI AL 5 S A v 43 B 4l
TEARAT RE MRS PE 2 0 F2 F0 F3, R¥L F2 Al
F3 ¥0] Fif IR (Tryl1361)8E FABERIL KT
P IRS1T (Ser307)2E FmR AL K-, DT el ik
B EY, JEMFEAL T2DM K UG 25 15 i K
o MRS RO SR B UL Lo R,
IR AL SX-2H 73 (43 TN 20 kDa)th vl i i 4+
IR (y) R BERR ALK F- AR IRST (s) R BERR 1L
PTG 2 A0 B R B R A5 5 e ol e PR A R
PR, DT 48 o 2 A 200

KW AEZ B GFP-N fEi# L # 7% IRSI .
phosphatidylin-ositol-3-kinase (PI3K)H! glucose
transporters (GLUT4)%, ##77 IRS1/PI3K Fll c-Jun
N-terminal kinase (INK){5 53 [, o= AT R
S AP, KA BRI KRR T
R Z ¥ GFP BEBLIG HepG2 4K IRS1 {55,
EI Akt (BEFI3EE) (Serd73)HYE FIBFIRILIR
TR IKF- 40 T W D R T (GSK-3) i R 15
K, T AKUGSK-3 iR AR A A A B G
2 B B B IR AR AE 22 Wi GFP-W i
1T IRST, PI3K. GLUT4 /) mRNA FIZE [
Fik 1A, LA INK ) mRNA FI#E 235 T A
R HG T A REAR DA 0 g 5 2R MR I
BT,
1.3.2 #1# o-BEEEEE M

ou- ) 7] W Y T P 00 i OB AR U AR, A
77 FF o AL 380 A9 IR AR o 3 e ) - 280 BT
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MT-o-# B WA GF-H HA W 5 A4 % 1M i
Thae, F2GRE PR SN o4 %9 15 1 BES
Al‘ﬁ;ﬁ;é[l6-l7,3o-3l]o
1.3.3 AT HEREE

Xt 5 IR A/ 1 & (streptozocin, STZ). HHEIA
12 (high fat diet, HFD)BA75 5 M R /N R,
HFD 55 1) T2DM /)N RHE 5 25 258 [ (4 IR K
Z W% GFP, KB Rl J8 5 B i .
5 RS AR A QA SC L K Y mRNA KB DA K& 5
JIEL [l A R A G R PR ) R K-, B 5 JHF P4 IR
1R (bile acid, BA)G BRI, 15 2R LB Y
FORU, %} STZ . HFD B4 S T2DM /)l
B ALK Z M GFP-N &3, 52536/ U T
B Bacteroidetes FJE TV 5, i Firmicutes
Proteobacteria 3= J& AR , 31 1845 TR F B2 A4
TR 225 DA T AR AT /0N B i K P

Xiao SR FH BRI B LTIk 3
Prh o FiRKF 5 kDa BRS-F414 GF 5000,
i I 5E A AE GE 5000 i1 T2DM K fl
EHNEYIRIAE 16S rRNA JFEF ) V3-V4 X [H]
Fe 9 FE EAT A A5 IR 27 0 A, AR R RS A ek
1 5 RARBTRIVE AT, 5 I G B T RE R
Y4 A P toll F 27 1 4/ 86 43 10 I & 2 B
88/1h b B 4 L 1 4% [N ¥ -5 5k 3 5 1~ (toll-like
receptors, TLR4/myeloid differentiation primary
response gene 88, MyD88/nuclearfactorkappa-B,
NF-«B) ik A o 5 5 [N 7~ i 2 18 o 1 41 il S o
IR ARE K- 25 DI AR G

2 RWAGIBBEEYES B - R BN
FAE R AE R R

UM A AL Z2 B 0 o 1 i e . S5 el
ML 2,

2.1 IRBSTEIARIEE RS HER R AELA B &
Hof=

5500 B AL % I S M B —RE, Tk
K B AE T IR 6 Pk 22 B Y 3 2 OGS
I o BT PR ) AR AL TE M 2 W LA 2 2T £
JLRBRA L DM A . P AL . H R b
FIARWESE (R 2). BRT KWL ZHE GFPW (43 F
TN 15.7 kDa) W SABELE RS SR A AN, HoAy
(14 17 I 98 % e 22 AR A A A

ZWEBT IR 1 T 20 4 43 A 1 L G
SEW, IRBAEP PR TG P 2 B 4> F R
12.(1.79-12 600 kDa), ifii H.AHB 5 F 458 5 4y F 1
MM AP HEH, X7 R R £
WAL BT, A TRNE
WA BB AE R s [ A 52, ELBAR 1) 45 SR B
RATH K TE T 22 1K Z 0 GFP 2 o T8 {Uh
2.6 kDa, fuf 98 /N BRI A A S 06 25 SR = 1
HAHA KA BB IR 15
22 IWTEmIEEN S BB R ERE
X

JRBAE ZRET R G U 2 Fos, KB
TEZ 45 H R B-1,6 EHEEY B-1,3 F 55 ) A
LA B BT TG 1 . IR AR TR 22 Ak 2
Grifolan (GRN)Z5H W HA B-1,6 43 L1
B-1,3-7 M, WL RSN RAW 264.7 E g2
HELER A S g R T, AR A5 VTS B A L
UNRRIR - A, SR G s 2R Gk R A )
HpE Y. 1987 4E, H AN Kodama %5 MK
WAL PSR RAG T—F AN TR . 7TV T0%
HE A ZHEREY D-A0GEASES 30%,
Sy FHh 1 200-2 000 kDa), Z5 0 EHA B-1,3
ISR B-1,6-5 MR, 2N s v RN O IR 45
2y P REXT far 88 /0N BREL A AR ST bR 1 FR S

TN, N 2 BATLUE, 28052
HA S RESER DRI AT LA 22 08 14 52 Ak B ot
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F 2R e ERE L, Li PR EA
Ji 98 15 P Y GFP 220 iR 4T $A A 3 AR L S b B
Joi, RIRILAR ST RV A B 2 R
2.3 IRW TR I BRI TE 14 % HE B E AL
2.3.1 FREABE Y B EANEEA

WAL Z b B B PUMIgE s, v HE
FEAM G g AL . KA AL Z 0% GFP X 24 if ¢4 41
8 5 40 4 52 56 [3-(4,5)-dimethylthiahiazo(-z-y 1)-
3,5-di-phenytetrazoliumromide, MTT]ZRH], H
AT LA E AT 40 HepG2 AULE K, W H A
BH v B AR O R0 IR A TR 24 1k 2 0
GFPS1b XF ZLJ i MCF-7 41 it 145 HA 1
AR AR,
232 FSHEAT

2 L T R A e A e R BOR A I
A AR R R 2 — . Konno 2618 i SER A4 S
B iy \ZERT 4 s PC-3 4 fin A KA AE D
WIS, K 24 h NGB 95%A0 41 st
T2, HEWTR K AT A A4 TR T,
2.3.3 SRS IEE

KM AL ZBER PR SO B 2, HFE2E 2
SR SR T, AL B v T e A B )
At 1. WL MEME ICR NRSEEE, Mao 4P
R INAE S 2 W A A6 F SR 20 GPLL (43 F
#oN 6.9-33.0 kDa)gEilid TLR4 /% NO HI
TNF-a (tumor necrosis factor, TNF) i, ot
B g8 W T 6] 422 2 5P MR 6 % o A1, Matsui
SEOA, D 4140 Bk T 0 4N i g BE 1 40 i
SNEEAEBUMIEE . FATER 4 B i B 5
() GFP-A 7] Lt 25 48 58 RAW 264.7 21 Jfd 1) 45 1
WEPE, I HAE—E W BN m L NO
e, FE40ERN TNF-a. IL-1B. IL-6. IL-12.
IFN-y 2 fo PR B 4t e vh 5 5 8 — A AL &L Tl
) mRNA /KPR ERIL, SE e E . A&
P BA TG BB 5% & B0 2 2 9605 M 22 W e 8 3 0

N

Yo DI RE , 0 25 BT ML % e g i oA 45 v B ik
L 40 ) ek , REABR S JivIeg Tl oA 5 v e g v il
IR L 200 A ) R S TR B R R A5 Ty B0,
234 MAEEB

i 96 % % 2 4 S ol R A0 B i O I A i
AN B B ek | Brow A E AN R N S
B A KR B At AR . L, YR A
P iR 1) 2 0 A PP R #5  o Masuda 251
XA A6 MD 3 A TR R B, I 45 25 1)
] 25 52 BT e R A AL B A RUR , KB MD 4
S BRI ] e 240 B e A

3 AMEARRATEMSERL R
M RAL

WFSEINR, IR AL 2 S R 5 T e
BEAEYIETE, REOSIY R S A IS R . R
1T S2ik 24 GFPBW1 194> T5:H 300 kDa, 45
¥R B-1,6-4r X1 B-1,3-H1 R bE, HagmE
Dectin-1/Syk/NF-kB {5 5 i % #41G F 4 !,
JRIE T 52K Z % GFP-A ()4 Ty 848 kDa,
HHA TLR4 2224506 b8 Fss A 10 e
FETEPECT, IR AL TSR ZHE GFPBW 2 14>
Fi ok 26.2 kDa, 7£ O-6 (Vi A B-1,3 43321 B-1,3
M B-1,4 % FE, MEPE ICR /NI R, H
A A i 2 40 A DR 43 A T SR T I 4 i T
Meng 25V BUS B (9 IR AL F LR Z 0% GFP,
HAF R 155 kDa, 2588 1,3 Fil 1,3,4-3 %
W4, TEIRSN RAW 264.7 W41 it 5236 v R
27 b W (i ) O P R W K f PSR i
PR DN & i T Tk

4 KRMLEMENEHSERL R
EHRAE

IR AEZWERR T HA BRI . BUMIE .
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REVH TG TR T RRAN, A bR . LAk .
PR B S A W TE R . TE 20 Y ORE 4 AR o
o, AR R R EE T Z RS
SR, REEETHEE o-1,4. B-1,3 M
B-1,6 AT (FR 3).

5 kE

ZE LTI, R A 2 05 0 4 BT B TS 1 T
et B-1,6-% BME FHE (LA L5 AHSE(E 1), (=
TP AE TG M 2 MR A R S8 A B, 2
SEIRPIAETE M Z MRS %, i, STk
B AN FEF A A A D 4143 F1 X 4143, HiAG
RAHH 0.30%H1 0.05%7% 7 1% v L2 BRI 15
SRR T PR 5T RN S5 A o b X OB
£ T T S A i B 2 S AT o LT g
P, M 22 X LA e R BT, TR e R 2R
FB 04 BhAR BB AR, anfstll . MRS . W
[ =0 A A 1 QUIEER 7EXel P T 5 N VA

FF 2R BRI, SPE 2 b a0 e Rhl 4U

KRB v 20 AR A L sg B, A
A AR () B Ay, i A K B
ZEAT, ORI Z BRI, AR 2
AT ReIE MR E ZCEEMEM, X B #HER
W5 & A R SR SR, HAYRCE
T SR X B 55 A K 1 BAF AR S
T MRS AP EAT I R . PR, BRIE 254
FEAMIEEZHAAHTAER, it — @ IT
JRPAETE M Z RO R B KT,

JRIAE Z i 2 A B i R kU7 R
FE A R A US S BE 3G I 2B A s . TR
B, KRR 20 g M) B-1,3/1,6-H R b
I 1 B SOOI R T A R, R R ke Y A
G B AE— 2L B 8 A AE 22 R 1) = A 25 4 1 )
REZ a3 R IR AE D) RE 2 A RIE R 1Y
PRI B T3t o 2 0 TE i e 10 24
W I AL A A0 G S REME 8 .

x3 HEYEUERMESENS TRE. EHWSAMN

Table 3 Molecular weight, structure or composition of G. frondosa polysaccharides with other activities

SRR REERG TR WREN FABHZH I 2tk AREYE SR
Name  Extractive Mw Polysaccharides: Monosaccharide/ Structure/Construction Physiological References
fraction  (kDa) proteins Composition activity
GFP30- F3L{&k  2040.0 AP Uncertain #4505 2L F b= o-D-1,4-H %4 AP [70]
2-a Fruiting 1.000:0.098 a-D-1,4-glucose Uncertain
bodies Glc:Gal=
1.000:0.098
Se- FEAE 41300 BESE=97%  HEEM AR B-1,3,6-D- 1T #H. a-1,4,6-D- HikfL [71]
GFP-22 Fruiting Carbohydrates (FLB#=13.30: 2} FLHE4 M 0-1,4-D-HjF M Antioxidative
bodies content=97%  23.30:1.00 a-1,4-D-glucan main chain with
Man:Glc:Gal= B-1,3,6-D-mannose and
13.30:23.30:1.00 a-1,4,6-D-galactose branched
GFP1  Hizfk 405  Aif AR A= o-1,3-D-E B2 3 B-1,6-D-H HUH T [8]
Mycelia Uncertain 2.3:0.5 ey Antiviral

Glc:Fuc=2.3:0.5

B-1,6-D-glucan main chain with

o-1,3-D-fucose branched

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RS IAEIEE 2 B e R 0 T i e

3415
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Food and medicinal mushroom strain bank

!
IKBAECT SR TRZ21K)

G. frondosa (fruiting bodies and mycelium)

SIREVE

IRBAE 2

G. frondosa polysaccharides

R

Functional evaluation

Structural characterization

{

1

B-1,3-7 R HE £ 5E, B-1,6-H0 R AL

B-1,6-7 JE A -k
B-1,6-glucan main chain

a-1,4. B-1,3F1B- 1,67 M 15k
a-1,4, p-1,3 and p-1,6-glucan

p-1,3-glucan main chain with -1,6-
glucan branched

main chain

1

!
R

Anti-tumor activities

Wie MU I

Hypoglycemic activities

Wb . PR AT
Antioxidant, antiviral and
other activities

[

IR AE B OC R

Structure-activity relationship of polysaccharides from G. frondosa

1 RWIEZ WX RAR
Figure 1
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