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Abstract: Polysaccharides, a major group of active components in the medicinal Ganoderma
spp., are mainly extracted from the fruiting body, spore powder, and liquid submerged
fermentation broth of mycelium and extracellular fluid. In recent years, polysaccharides
extracted from the mycelia and extracellular fluid have attracted wide attention from scholars.
In this paper, the effect of composition of fermentation medium and fermentation conditions on
the intracellular and extracellular polysaccharides of Ganoderma spp., and the structures and
biological activities of the polysaccharides were reviewed, which could lay a theoretical basis
for the development and utilization of the polysaccharides produced by liquid fermentation.

Keywords: intracellular and extracellular polysaccharides of Ganoderma spp.; liquid submerged

fermentation; structural characteristics; biological activity

R Z (Ganoderma spp.)TE dr FHLFR M <Al
B EWIM A ERT AN, &b EL S
PR T [ A4S | 2 kR sk 45 B2 64 . 2000 4 R
o 254 ) 7 R OE KSR IR 2 (Ganoderma
lucidum) F1 5 2 (Ganoderma sinense) N1k € W
2,

RZMTEE RS 20, w2, his
F. ZR AR R AR, Hrh 2 h R
FEMEER T Z — HRRRZ ZHAT
24 1 T AR A S, iyt . e
WLoPiAk . B RRILEE . BUREEY,

REZZHFENRZ FK . HK, 1
TR R B Ay AR B R R HETE 4 48
Ky 200 ZF0, RlE AP H AR AW &
fE, HTER ZWARITEAS . 0k ot R )7

HA G RAR SRS, LR N R TR 22 A Ak
B RMA Z 20 BA A H1iE . i
P g B n] 52 BRI A 7 S0 A, 8 1o RS TR
JZ KW 7 AR AR HAR = i 8 3k A5 T N
ST B iz AL BRI TR 22
BRI 5E B SR PP TSR M Tk b A R
WS R BRI R 2 Z RO 580 D UH
[EF N PRERTIEAE S & iR DS 2 Dk 7|
A A BRI L R 2 MR A T R SR
AL S T AR T7 T, W) OG22 08 245 440 oy
Uk R AE 35 A 5 T AT S A A AN SO K T A
Ir HE o T K W 2R AE R R 2 N A 22 H 5
Wi A T A R L PAY A1 22 W ) 5 A R AR )
WPE 3 A Jr AT A, DU R 2 2R T
e AR AER} 2 (4 FIE ARl

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



BOBUSSE: RZES KL 1 2 Bl S5 A0 RS IR S i PERTE 7E it e 2723

1 BRIRERBAEBARZS
¥ G5 A 09 5

SR FHBCAS TR 2 2 T AR W A 26 Bk ] Ay o
R RZ IR, TR RBESA, AR T T
A A: 7, AT A R IR A R AR RN TR B AR
R Z R R REN . BT s KB, WA
VR R e A v 32 2 PR 28 1 A Ak mT BB 23 i £
AR = I B, Hod, WS kW 3R
FE o FRG R 45 1F (R A 2 0 R 2 T 22 A RN i
SN 2 WA R R A A, R S AR
Wi
1.1 EFENRZZENZIT

HERZWASRIZ RIS, R 22 1458 ot
15 35 FEARAG AR K BB RN A A P 0 B Y
ERYT . BRI AR RIS R 2 W
22 AT A5 I PN A0 22 W 1 = AT B B R S
AR I N A 2 R SR AL . T A
SELEMRRAE, AT E— 2 S s LA U A
1.1.1  ®RiE Y Mm

R 2B )Z KW AT R A ik R A 4 A
B RBE . TERE . BB ORHE. EAE . FUME.
A7 EREFIIG A U 7 R 2 2R U R
Br AR B R T E A TR AR RR T A 2 b
JUT T (R R

55 3R 3 o T FH SO MR B L AR
S R OB 2 A P S B2 . Feng S5 AHESY
T, MEEERE R PE A E E 40 g/L
Bf, GO119 (PR EZ 1 )N 2R i &
7 2.21 g/l Long S5 2 BH 24 15 57 3 v i A
NIRRT, fAb R R 1.60 g/L.
T JER I 9 2 B 5 A R 2 W 1 i R i v s
4.8 /L AHEMERT, B2 2 0E b A i
M 1% mE 5] 17%. FBV05006 6 R IR
MG HEENE . CEILBE . RBE . BTRATRE AR

HOVE R R FR I P I ME— BRI , RILR Z A
K fEh I RERI X 6 Rk IR UEFT 24 AL,
1T EL ™ B oh 2200 %) BAOp 20 Bl 2 MM B 4k
DA — BB SA E— B PRI, R 2 REAS P A %
BWEG R, T ELT T Z2 A 4 Tz s T
IR, YO T 80%; w#iZgNE . H @R
MR E R 2 2 aw i d s, X
3 PR Z (B RES BLAREE AL, LIITE 1%-10%
ZIa s ARBE. BThAABE AN R 3 Ahopl
FLBMES B bE BT i LU/ N T 1% 6 R
BREAVE AR IR BT R 2 2 BT A R
EFT o B AR 1K

JIT R 5L 1) b 2Rty £ %o 3R 2 22 A R R T
TR A U T I & B I ROk
Briete it m R 2 2 & a2 i ),
FERMEKRB G AEE S diF, mAaTEREL
BERI EL Bk 50%LA L, [RlEhs &2 3R 2 20
BB R B 0 LB AR X b g
GERWY, HAGHE . 22 ZFREEAT R VE M 1R ik
VRS 2 I I 30 v 4 F o X B) 2 B B3 £ . Liu
USRI R, RS WA Ay i T A L
AN B4 (70 B)2HLAY o X FE Rk B
RIS IE BRI RGN R 2 2L 8
IOy 1.262x10* Da, TGS HNE B R I%
BB IR R 2R E B0 R A /N
FEAK, M 1.233x10% Da. DL E#FSEERM, EK
Ko REARE . 22 2P0 ATV T A A A Bk D
ARTRZZHEDEoTFREZBNE, B2
WA R T TR0 R, AR
REAS /NI B R 2 2 Z B AR X 4 5

3 o) B 7 R IR R, AT DA SE BT
R OB A RSy TR R, E
He e A 43 B O BT AN VE B, —
ARG

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



2724 (YIS Gk

Microbiol. China

1.1.2 RIERI M

B AR EATFEIR, A VLA
98 BLTA A R 11 0T S A A o Y [ e B A L
—fEITER, X2 Y RS A
PEIEVEA . Kige i rh &R F 5 A HLF TS HL
RIEPIRN . RAHLRBA R T8 & A K
HARR LAY, IF R AR P& L,
I H R Z x5 HUAEE A 8k . Feng ZE12
5% 2 W e By R0 86 11 oA 2R B 1R 22 0™
RS, MBERERR N 12 g/L BN 2SR
&N 1.30 g/L, Chang ZE 5 FHA B R-h 4
YIABRE 2R 9 CR = FUHHA B T R 2 Wkk CCRC
36124 WK A K Z B4 . Long 25
XFHCT 6 P ML AT 22 0 s e, R B
R A A RE LS 20 i e = A 1.87 /L.

B BH S5 R 2 2R A, AR RN
W B I TR o R 2 2 B AR i AR R
M, AWFFE R, R SRR R 2 WS A
T = 2 2 R T 20, AR R
o D2 0 ) B 22 R R ah 2 B e P
Vg ate ! ) BRI R R B SRR N AR RS, R
WA T L N 22 G i o - X ] 2 b
W2, Liv F"E BRI k. RIE A
RN BL Ry o) B I A R A R AR A 2
B 43 F R 414 (20 B) . 3 3 B P 4 25 05
BRI A Sl B R S T e A IR, A B TR T
REZ NI ZHER) & F e o i
1.2 ABEFHMNRZZENIIN

REMNSSZ R a0 S5 SRR T
TR RIS WAL, W2 BIYIG pH. Kl
TEE | AR R T SR AE R S )
1.2.1 #]% pH B9

BIhs pH AR 20 M AR 7 A0 B 22 4
YIHEH B KRB, Fang P05 B9, 4G
pH 4 6.5 B}, A= ¥yit ik 3 i S {H(17.3£0.12) g/L

(TH), MR pH EM 6.5 FELE 3.5 A,
Mok Z 8= A W B AR & . Kim PR
FHPIBY Be sl pH SR W A5 21 I S 2205 ) d5e e 7™
WO 4.7 g/L, IWAEER pH 25 T4 & T 160%.
T 0L 2 gk PR G A1 22 0 v BBl LR R R
f) pH 4.0, pH 6.0 #l pH 7.0 1E B &M, %
PREE pH RGN, FERERY & bR TG K
s, HEEIR G Al 77.474% . 81.959%F1
89.306% ; T T &8 M Ko 21 FLAH Y o b 52 720 M el /s
e, T EE B0 EE R L 4 o 13.036% .
11.366%F1 5.723%, P-FLBHAYEE IR EL A5 43 51
8.786%. 6.267%F 4.456%.
1.2.2 EEBEIG

H T 30 3 AL il 2 s A AR R s i), T
PAXE R 2 2 A K IR R R E e E
B Lee ZEPR I 25 °Cif R 2 4 22 0 0 7
T, 10 °CHY L PN 2205 5 & Fn A= W e e i o
Peng PR B H R R RN T e, REM
G228 R R A B TR D, R R L
(14 b A1) I 2 L P 348 g i T o T L P Y
R R Z WA . U H &2 5 t
191132 ) 2 T S AR I sE B0, H S W N > 2Lk
1) B A1) Bt 5 5% 35 1 2 1 T o 2 S 1 R s s N
e, 30 °CHF IR F R KME
123 FHEFIN

REJEUFA B, I DU SO i A A K
R =G G A B, A AR R o B
PR VIR OC o 35 42 5 R W 35 SR I A e AT
B T4 R 2 2, (AR A g 1
B, RZZHEH . UG R AT
EL Bt 2 A A ARl . sk IO R, 24
BESEIX 6] A7 120—160 r/min B}, 4R 2 WA K
W 77 R 2 22 Ml 1Y) 7 ik B B SR %) g T AN D
fin, T HAEREHE N 160 r/min B 28 i e,
iK% 1.926 g/100mL . AR 4TI 53 3 B 4% o 2o

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



BOBUSSE: RZES KL 1 2 Bl S5 A0 RS IR S i PERTE 7E it e 2725

el B AR A AU AN 2 i R, Mk
7E 120-180 r/min JEFEI BT, MESbZHE™ &bl
TR AW, 1 HAERE R 3 4 180 r/min
A IR Bl fe i , 2 i o T o ) 38 in e o 22 W
AR/ TR AGEP 1 100,150 F1200 r/min
(G 2 5 R 2 R A s T, S5 R %
HH I o Bt R 1) 38 K P 4 22 0 1 T 5 0 Sk 2L b
1A B8 IR BEABI S 080/ e A, T 2 ) B K B
[iE PN

WRRZ R AT R 2R S WA K%
AN WS B VIAR G | DR I o b 5 e % I 4%
AT — R B PRAE . DI SE BN 77 1 | 2544 A
o7 5 P [l el R AT F R 2 2 SR 220 H .

2 REBIRBRRZENEH

WA R W R R 2 220 ) b 2% 45 1) 52 B
B2, Wik T AR A, BT
¢ HLB5 #0551 1 22 8] 1 O 2R 6 A BT
JH 3% S 22 i 5L A T 0 1 R

KA TRERH, 22K REUR 2 i
W BT 2 N POKERI, HRA F RO R 2
WECELZEONERED 228, AL TRIUL
TR FIEE, R 200 B AR
Z RBTHARE . T ERRE . AR . WAINE . RLbE .
A RS, AU LB AS AR . HOAE
[ &R T2 H B-(1-3) . B-(1-4). a-(1—-4)
M oo-(1-6) . HRHERZLL a-(1-4).
B-(1—3) Wi i 4 i A A WEABC F2 5%, e 2 b
RZLUL B-(1-3) B-(1=4)H a-(1—-4) i HE %
22 (%) [ o B SCAS [m] BUBEAE S 34 , 40 GCPB-3
MBI B-(1—4) B SRR U % H2 A B
PR Y, IF HK 222 2 0 4 - #a H
FRILAY S, H AT LA 22 05 i 45 A6 T 5% 3 A
X, I B F B T T RO B B T T
KAWL, REMIZ PR L NI L h,

S FRMILT R I A 53040, 2 200 .
TrEEE . AR . BURIAORE . RS . AR
W S B LUAS [R) LU 91 4R 5 BRORE ] 1 32 2
HRZEZH B-(1-3). B-(1-4) . 0-(1—4) ., a-(1—6)
B ERE, AN [ il ol R 2 e 7 L PN b 22 0 1) S
HBWA — =5, HAIRZ ™ 280 b
YR A S A A R P gk 1 R,
VR0 & RN S A IR U5 R 2 i N A 2 W5 25
F SRR IE BLEAT T A2

3 REBRERZEZHENENIENE

REZHEARZ T FEEED R Z —,
BB . SRedddy . R, BRIl . dim
IR BT A s . MEEE & TP R K
WF Y B2 DL SRR I6L T3 Sk Sk ol £ 15 21
W RZ M, XS kIR IR R 2 2 i A4
VG PERF ST A0 A/, B A B R TR TR Y R
ZZWE AP . R T A R
PR AR MY, xeeigtE 5 R
ZZHEN SR YIRS, I 20 2 % ot
JI g TG AR S 5 Ay AR Ak S R e R 2
ZHERIEEYE, TR R sy H e i
I
3.1 IBhEIE M

MEWR RV, A2 ZHA BERIRNS
UMK, SRR T IR LI R 245 W >k R
JH B Bt
3.1.1  HURREE ML

KEMFRERY, RZZHIFREL HER
K I geE A R Y S BB s R . H RS
NN AT I R Z ZEUE AL, tAEE A
B 1 SR s BRI AL L R4S e A i S
ARV 42 96 40 e DR 22 32K R B g AL

GBI ML AT fE 2 R 2 2 0% L P
AT F 8RR . R 2 206 Ffe i 0y

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



Microbiol. China

(DGX7ES ik

2726

ureyo urewr ay}
se spuoq d1p1sooL|3 (¢°1)-¢

pautuId)op Aq payul| ueonjn AydeiSoyewrorydp uwnjod SS9-MH
JON T ALY asoonjn ueon[n [1eadoAo 1 /suonendioard joueyyg
loe] ik GHETEALHE D ) R ST SS9-MH 11eadoko /20117
sKep ¢ 10J 19yeMm PI[IISIP
jsurege pazA[eIp sem uonnjos oy ] ‘Aesse
oFeaeg ayp Sursn pajeursjordop pue 1jem
PI[[USIP UL POAJOSSIP USY [, ‘SopLieydoesAjod
OPNID JY} JSIAIRY 0) [ 4 J0J PIUTBUIAI
pue 0, 7 18 [OUBYID 956 JO SWNJOA ¢ RIM
parendioaly fsowun 991y} J0J Y '€ 10 Do S6
JB IoJeM JO SUWIN[OA 99IM] UI UONOBIXH
UIByo UrewW 9} Sk Spuoq P € IqZcim Sz
AIPISOA[E-(y1)-0 W LI 9Beaes {46y
£q padjur| ueonjn LMY IS S YT 2000 wnp1on;
EEERE 12 20 950901H wean Do v Wrall2%S6 LY € B U §'¢ vuLopouny
6] 678 AP Y- DD e Rl g M e NAEWR) T "6 56 =
uoneoyLnd 10J pasn o10Mm UWN[O
uoneny-198 ¢/-o xopeydog pue uwWN[od
7S-9S0[N[[90 FYH( ‘sown ¢ pajeador pue
A[renuanboas souwIn € 10J Do L€ 1B 1018M JOU UMM ()]
SOPLIBYOOBSOUOW OM) JO O1jRI & J& JNO PILLIED SEM UOTJORIXD Y],
AU} $309UU0D PUOq 1:1 ‘(esoue1Ad) T L) Jp uwnjoo uoneny-[o3
o1p1s0oKk[3 (+°1)-¢g oyL 9SOUIqEBIR:ISO[AY GL-D xopeydog ‘uwn(od 76-(EHz 4z Ty asuadno
Yooy el T T [:1 opLeyodesK[0dordoy 2372 ) dSO[N[[9d GVAA N} € & vutiopoun — WNIRIAN
[ 4 YOUBAH D GBI o Az B MO0 L€ TOTTT R e W7z
(@)
JySrom (onyer rejowr) 201n0S $90IN0S
SOOUQIQJY  JB[NOS[OA oSeyury uonisodwos opLEYOoESOUOlN  9dA} opLIRYO0ESA[O] poyow uoneoyund pue uonoenxyg  K1039e) [eLIOBIA
W HEY YL CH 07 350 0 iz el S VNI sk bR
uonejuowId) pagiowqns pinbiy ur “dds vuriapounsy woiy soprreyooesLjod Jo ornjonns oyj uo Arewwing [ 9[qe]

CASR iR EA S S S o LA

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



2727

REZWES R ML SN2 8 G5 F R HE b LI R E 7 ik

Pax: .
S

BOBIS

G4

01°0:6£°0:61°0:€L°0
200'T:€1°0:01°0:€1°0 “osoony
:9S0UIqRIR:9SO[AX:950)0R B3
:9500N[3:pIok d1uoIMoe[es
19SOUWRYL:ISOUUBIA: € JIN'TD
01°0:6£°0:61°0
€L°0:00°1:€1°0:01°0°€1°0
R ) T Y
R B T TR

opureyooesAjodordioy
SEdINTO

6€9 e i 2R EANTTD Az edNTD
LO S 9:68°CI LI L
00'1:9€°S:9%"T:1T'T “osoony
19SOUIqRIR:9SO[AX:950)0B[eT
:9s0on[3:proe druoImoe[es
:9SOUWRYI:ISOUURIN:ZdINTD
LY'0-€6'0:60°1
SY'1-00°1-65°0:8T°0-07°0
R4 R IE [ f oplieyooesA[odoro
woneuLIOfu00 [eoayds Tk 4kEE I T 1 e TANTO
TTS9 e ur A[qissod ZdIN'TD B B EE HTdINTD Bz 32 TdNTD
i ‘siowkjodoroeur LO'SHH'9:68°TILIL
poyouelq A[YSty pue 00 1:9€"S:9"T: 17T 98001y
joedwod [[e are ¢JINTD  9SOUIqEIB:0sO[AX:9s0}0e[ed
pue ‘TdN'TO ‘IdINTD ~ :@S09N|S:pIoe dIuoInoe[es paure)qo a1em ¢JINTO “TAINTO
%l osouweyLIsOUUR: [ JINTD ‘TdINTD ‘Sunjesop Ioye pue ‘Suonoeiy
AR 38 [u TAN'TO LOS¥'9:68°C1 syead urew oy 199][09 0} pasn a1om
GG ALY (L9L00°T-9€° S99V T ITT SUWN[0d MO[ 188y osoreydos-gvad
CHEASFRL RN B B B -y opreyooesAjodoioroy EANTD “TINIO
HE S OCET SANTO VAo B0 B MR 1 e TANTD  CTANTO B O HET
[1€] 9€T9% CTANTD CTdNTD R EE L TDNTD HZ51dNTD F NI Mmo1q 1seq ssoreydes-gvAd
(e@)
y3rom (onyes rejowr) 90In0S $90IN0S
SQJUAIJAY  JB[NIJOIN ageyqury uonisodwod apLIeyddesOUo]y  2dA) opLeydIeSA[0g poyrow uorieoynd pue uonoenxy  A10391) [eLISIBIA
W B A COF 87 )W el S VAN Rl EK
(1 2¢5)

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



Microbiol. China

(DGX7ES ik

2728

()
G:LH1:91:8G ‘osojoefe3d
pauruIop UoNBINSIJUOD :9SOJAX:9S00N:ASOUUBI:ASOIN|D)
JON eydye ayj ur are 1O\ SILPT9T:8S “§ &k opueydoesAjodoisioy uondLosap pajrelap oN
[ee] Aty b D ECOR Y OV R RS R W i ML LAY
C6'0-CS0-LTTTL0-S9°0-EL Y
9500N[3:950)0€[E3:9S0UUBULD
SO[AX:0SOUBYL:AS0NI: AT TD
pauruLap T6°0:TS0:LTTTL0:69°0:€L 'y opLeyddesKjodoroloy
10N SISATeue pa[IeIdop ON R R A R EE AITO
i W DT M AT ENEALTD
9L7C-8¥°0 -6 1:L0'1-CS0-60°S
‘0sojoe[e3:9500n[3
:0SOUURW :9SO[AX :9SOUWRYI
-9SOUIQRIVIIdIN'TD
pauruLIaep 9L T8F0:6T° 1:L0°1:2S°0:60°S  opLreyodesKjodororoy
1N SISK[euv poJIEIop ON ok B | Y MdNTO
A fikk LML e ) T I TITNTO Y ZHATdNTO AId'TO PUe [[IdINTO
L8'0:€€1:78'T "os0on|3 ‘TIdTO ‘IdIN'TO ‘suonoeyy yead
pauIuLI)Op :0SO[AX:0SOUIQRIV:[[dTD OPLIEyodesA[0doIo)o  Ulew Y} JO9[[0J 0} PASN IOM SUWN]OD
10N sisAJeue pajre1op oN LYOEETTYT “#i TdTO SV xopeyddg FVH( 95ueyoxs uoty
iy WY B OV ) I i T TO W nd1o 011 JO O1EI Y003 B 36 SHEM (8
6T 119071 €:€T1:99 Jo oner 1omod e Je snuIw (¢ 10J
€9500N[F:950UUBU:ISO]AX Do 08 € INO POLLIED SBM UONIBIXD Y],
-9SOUWEYLSOUIqRIV  TdINTD AIdTO [ IO “IdTO
paurtiislop 6T 119071 €:€T1:99 dpLeyooesKjodoraroy 11D [EHVH A SV xopeydeg
ON sisk[eue pajrejop oN I LR R TANTO VA WSS Sww o¢ X
[cel ik MY Y ) g TANTO HENFIANTD  SITGH M08 “Do 08 01T T sk
(eay)
ySrom (onyes rejowr) 92In0s $92IN0S
SOOUQIJOY  JB[NOJ[ON d3exqury uonisodwod opLIeydoesOUO]y  9dA} opLeydoesA[oq poyrow uoneoyrund pue uonoenxy  A10391e) [BLIOIBIN
Wi HEY YL (F1 07 320 X0 H i S VAN el M
(1 2¢5)

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



2729

REZWES R ML SN2 8 G5 F R HE b LI R E 7 ik

Pax: .
S

BOBIS

G4l

FOAGHE) 1 [

i Y ) AN P e
HHEE H R B B LR Y
G DI g D07
Py " FU B 0¥
HEART T AR
A BH (D0
[A-a HRPH el &C
[9¢] TT e Al I e
9s0on|3 (9°1)-a-v pue
3S0JAX (Z°T)-a-0 “as0joe[ed
(+'1)-a-g “esouiqere (¢°1)
«—(¢] Jo sonprsa1 Juryoueiq
i ‘uonisod (¢°1)«—

oy} Je POpuUOq U0 ORq
asouerAdoon|3 e sey 3|
HAELY
GHERER /(9" D-a-D iy
@-ao ~gEaRp)-ad

C01:CI:LT-€0T
“OSOUIRYL:0SOUIqEIE:0S00N S
:0SOUUBWLAS0}0B[RD): 7-d D
€01:CI:LT:€0T

" W T T B B
HEEH e TdTO

1:01:7:4 9S0[AX

€-dT1OPUB T-d1D ‘1-d'1D

urejqo 03 uwnjod (Wo (O xWd 9°7)
xopeydos-gvHaQ ‘opLeyodesAjod

OpNId ureIqo 03 ¥ 71 10J D, § 38 [ouLyId
%09 A£q paryund sem jueyeuradns oy ‘4 7|
10J D, 1 1& uoneydioard [0yode 950 ¢ 1YY
edID ¥ T-dTO T 1-d1D [IZE)

opLIeyd0esK[0d0I2I0H T} iz Bwun[od (Wo ([ xWwo 9°7) xapeydog

TA1O AVAd CHFZTHIEEL U T WD, v

32 0-d1D #2%09 Hi T 2 U 21 W6 ¥ %0€

B[SdTD uonoely

apueyddesAjod wnprony vuLiapounsy

' ure)qo 0} Ayderdojewonyd 198

g9-1D asoreydog pue Aydeigorewoyo
uor ¢zv xopeydog-gvad

Aq poyund sem uay) ‘Quelquiowr £q
PAIAIIJ SEM UOT)BIUSWLIDJ dpLIeydoesAjod
wnp1on] vuLidpouns) 3o juejeurddns oy,

BISdTO W7 €320y — (1%

RYE TR (€ T)«—¢ ThEh g :0500N[3:950)0B[ES:ds0UIqRIY £V 175 LMD W T 99-T1D 9soreydos wnp1ony pmy
[o] o R Py (8 B P 1 1:01:Cy “Hv opLreyooesAjodoidjo [IN2- A A xopeydoS-gvaq puLiopouns) Ie[M[[d0BIXH
[s¢] 081 BTNED—d 1% —BAT ORIV o R e Wepy WEOCRTOIMMETHRMEZY T W
dnoi3 ourwe£jooe uwnjoo
ue Jururejuod 9[0A001330y 001-D xopeydog e Sursn pagrnd
PAIOqUIOWI-XIS B SB SJSIXO SeM [ UOT)ORIJ O [, ‘1o [JIM PIJOBNX
OPLIBYOOBSOUOW 9Y} ‘SPUOq PUE JIOU}O YILM POYIBJOP SeM WNI[OoAW
o1pIs0aK[3-¢ £q pejodunio) CLLL LY LEOS T Sulure)u0d WNIpaw ueaqAos paLip oy, 6156
[HFFEW 2 ‘esoon3:aso1oe[es:asoulqery I SCHZ[E £ D7 L IR 001-D s1suaULs
B ENTAN NN T CLLTILY LE0S ¥y opueyooesAjodorojoq xopeydoS [Hi) MELNE ‘HiMY rwopouns
€] CL iy T T IS e ) T WEAr  W2EH B EY Y 7EY 6156 £5%
(eay)
ySrom (oner rejour) 90IN0S S90IN0S
SOOUQIQJOY  JB[NOJOIN oFeyur] uonisodwoos oprieydoesoucly  ddA) opLeyooesA[od poyow uoneosyund pue uonoenxyg  A1039e) e
W HEY Y CH 517 350 % Hz el i S VHANVME ke ek
(g2

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



Microbiol. China

(DGX7ES ik

2730

(it
TS°0:00°1:9S°0:11°0 Aydeigorewoiyd
102°0:60°0:01°0 ‘0s0joe[ed uwnjod -0 xopeydog £q uoneoryund
:9S00N[3:9SOUUBUIISO[AX IOy AQ POMO[[0F ‘UWIN]0D FULBYIXD UOI
:9SOUIQRIB:OSOUWRYI:AS0q Y 059-9v4d( ®© Suisn Ayder3ojewonyo £q
75°0:00'1 poyund sem 11 ‘vonendroaid joueyio 10y
196°0:11°0:0T°0:60°0:01°0 Wit — WA EH 001-D 1l
SISA[EUE Pa]IE1op ON SRR B EE H opueyooesKjodotoo IR KD N B T L
(8¢l S1'C LAY R T I B  oA Az B 0s9-avHA HX LB g
Sureyo opIs se eIy pue
URIA-A-0 O[D-A-0 ‘BYY
‘TeD-A-0 YIIM PIXIW I0
(9—1) [eD-a-n Aq pajeurtiop
9q Aewr ureyd urew A J, P HTE6 sd1D
F4[if) £ ©IV 3 Y UBN-A-D  ‘9s0)0[eS:9500n[3:9s0uURW urejqo 0) posn AIM (WO (ExWd 9°7)
*J[D-a-0 ey ‘[enH-a-n 19SOUIqEIR:dSOULIRYY] SUWN[0d 3s0[N{[99 AVHA
HAFEEE O 8PP TeEe “BE e opteyooesjodordloy SATO g &Mz
[Le] L6°0T 18D-a-0 (AR [P E 3 HEE H ) Lo Wezsr  LAwo 0exwd 9 HE W7 avad
Kjoanoadsar ‘sanpisar asoulqere
pUE 9SOUWIBYI oY) pue
sdnoi3 esouuew pue asoon|3
pasuI]-puoq APIS0AI3 (1)
pue (#°1)-0 oy Jo pasodwiod
SUTeyo 9pIS Y FurOIUUOd
‘9-O dnoi3 [Asojoeled oy 18
SOUOURIq Y)IM UTEYD UTet oy}
st dnoi3 [Asoyoeres paxury
-puoq JIpISdK[3 (1°1)-0 S
{uoNRMIYUOd-( Ay UT oT. IS
oy} pue uoneIsuoo-1 Y}
ul oI SONpPISAI dSOuIqeIe
pUE OSOUTUBYI YT,
(e@)
ySrom (oner rejour) 90IN0S $90IN0S
SOOUQIQJYY  IB[NOJOIA] oSeyur] uonisodwos opLIBYIOESOUOlN  9dA) opLIeyddBSA[0] poyow uoneoyund pue uonoenxy  K1039e) [eLIDIRIN
Wi HEY Y CH 57 350 % Hz ol i Sl VHANME ke ki
(12353

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



2731

REZWES R ML SN2 8 G5 F R HE b LI R E 7 ik

Pax: .
S

BOBIS

POUTULINP
10N
(7] i

1101
SELILIVTH9:9€°61:10°TS
aomOﬁQﬁE“omoﬁhxnumOoﬂ@

asouiqelre ”OmOuomﬁmw :9s00N[H

1101

SELLYPITY9:9€°61:10°TS

SISAJeue pa[IeIop ON RO RO e
MR OIS R RO R

10°0:€0°0:00°I:#00°0:€0°0
9s0[Ax:9s030e[B3
19500N[3:9SOUW YL ASOUUBIA
10°0:€0°0:00°I:#00°0:€0°0
oV

SISATeue pa[IeIap oN

opureyooesAjodorsioy

pazijiydoA]
pue sKep ¢ J0J 1ojem PI[ISIP YIIM
pazATeIp ‘poypowt 3eAS AQ poAOWIAL
sem u1ejold ‘Y ¢ uoneidroaid [oyoore
Do t - [=[0uEyIa:IULIEUIAdNS O],
e
P € IgBONEE LI Seass
YT WEHDo v v I=E 2 T
U 8 10 sisA[erp 1ojye pozijiydoL|
puUE PAJENUIIUO0D Sem Juejeurodns
o} “poAOWIAI SeM JUIFeAI FeAQS
Yy 10V ‘Juadear FeAog YIm PIXIW pue
paziurojoxdop a1om sojduwres paLIp-0zaayy
oy ‘Y 8% 10J sis[eip 1o1ye pazijiydoL|
PUE I9)eM POZIUOTOP UL PIAJOSSIP Sem
oendioard oy 1, YSIuIoA0 O, 4 18 [oueylo
(4/4) % $6 JO SUN[OA P[OJ- Ypim Payear)
Sem PINJJ Je[N[[90BNXS POJEIIUIIU0D Y],
HIRE(USY I FE R Sk
"Lyt Beasg S * QLR Seads
5 " VA RO 7

Sk LR U8y 4 LB L woypuppddp

aprieyodesA[odoido  #AIMUALK T Do v < i Tl 2 QL1 putiopouns

lov] we AL R R B B D) %S6 G v NS BIOH W0 e g
00°8-0C°05-:06'€1:06'LT 002-D xapeydog pue gG-g( oSON[[29
‘asourqere -4vHad Aq payund pue pajejost sem
1050308 [B3:9500N]3:9SOUUBIA 1-2-SdA opLreyooesAjod Je[n[[ooenxa a1,
pauiuulap 00°8:0C°05-:06°€1-06'LT 1-¢-SdH iz —EfE 5V 1%
10N SISATeue po[Ie1op oN ‘HYH Il oprreyooesAjodordol L0 E( 002-D xopeydos ‘zs-AA
l6g] ity WHIEHLITY A I 0SOINIIO-AVAA [} THJ4
(@)
JySrom (oner rejour) 901N0S S90IN0S
SO0UQIQJAY IB[NOJ[ON oSeyur] uonisodwos opLeYIoESOUolN  odA) opLIeyddBSA[Od poyow uoneoyund pue uonoenxyg  K1039e) [eLIDIBI
Wi EEY Y CH 17 350 2 i el VANV ke sk
(1%5%)

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



2732 (YIS Gk

Microbiol. China

YRS TE , SR A R AE R RN A AR 0 A
385 TR SR 05 A0 A S 1 A0 1 Y
Oka “E"HFIT I, R Z MM ZHEN B4 A
HRAE T S 00 A B A BRA 2
P R A, S A g 20 7 A 0 i O3
SR BRI A5 EmE A

R 7 e 3 o A P e S BB IR TG 1 2
Gh, AUEFRIE RS R 2 205 AT DL o g 4 2
(R R SCBLBT IR (4 H 9 . Shen 25957 3%
T R 22 B PN 22 W B 6% 1402 3 o R 48 T R PR
5P H) miRNAs (fE 61 3285 1) miRNA H,
XF miR-313 (4 _F AR ), DA 2 40 i
HepG2 HU345H .

M R UOSE 3ok o A 2 2 A 22 R
Ji 983 4 it A431 F1 MDA-MB-231 4 it i 98 114 5%
B0, SXTRRAARLL, R Z AN Z AL
VR0 k92 4 i G 1/GO A LA 43 SIS I T 73.77%
1 28.60%. X R R 2 M shZ 05 ] fig 218 1 14
7 240 B S S0 ey K o ok e
3.1.2 MW RZZEREFEEN G

AR ST UE SEE A R R IR M) R 2 Z bt
i 35 e 5 L 25 R R A (D SR 4 8 5 ) 5 D) AH
Ko WFFEFRM, $&& R Z A2 H 2
PR S, DU R R 2R 2
(14 25 B 38 A B e LB R v . 2R AT Y
R, R Z A2 U & ] $2 7
X R bk RS A0 M A431 . AL 40 i
MDA-MB-231 45 il /E A 5 2 2 2 sk
Z2 W0 T H B B P BRI b R 2 i
FE AR, B 2R AT A 3] 80%-85%.
Peng FEWIFSE KB, RZ MNP A KR
Fb 5124 FUBE (5 K 30% LA B Z B4 o HAT
BRI PR . WA RIS A S
28 S ZUBE LA 4 e A 22 W 5L B R i ik
TG TRl EP R MR T R 2 sb £

Wi FUbE . HEER BT, %R 2 A2 hE
%} Hepa 1-6 F1 MDA MB-231 JifJ2 21 Jfd i 450 1] 5
A BTN o XUTR R R YT e S 06 25 S R
B, 7ERZMNZHEL 255050 300 mg/kg I,
S 2H 50 BT AE LU AR R 37 %42 B 58%,
¢ W 2 O S B AT (17%) B R 22 i 2 B
PR IUETN LR
3.2 HRBIATENE

RZ WAL P AOCH L, HE T
WRELARAE . SR ANME . B WA A B R R A
20 60 2 0 o PR P 2R L A TR R FE X LA 1Y
G AT 1R,
321 ATRERIEMN

V7 T 755 L B AT Ay 5l R P B R g v ) —
W4, AT DAHRH— L5 AR I AR, DN T e
PEER BTN E, Wi FhE el 2Rk k
N S S ISP 2 TRV BuE 11
J i G AR G BR (3R36 L F ) I 3 D ez
Y AF IR AR, SCEUGE R S e R T IE M. Jin
SEDOL TR R M P 2B RENS T & I TE AR 1Y
USRS A g B AR M RR A, AT i — 2
J I g o Jin 2PV IY B R 2 M N Z AR RE
WERE/NRE SR NF-«B. SIgA ik
IFN-y. IL-2. IL-4 By7K~F, AT ST iz 18 4
PE 5t [ D RE AR5 . Nagai 250205 3 4 £ b
FIE A% i) B B e 20 L, DT 00 ) s 4 5 ek i
SR E R, UL N 20 AT X E N A
25 20 B A — S B4 I ] A0S

VLA T TR DA R 1) L PN 4/ 22 W R 405 1 1) 35
G g% Z2 40 B ELHEAE T e 4 i, T Go 28 4 i rp
14 L 58 40 L 5 B 7 % i o o7 0 R 8 e 8 1 2
[ EE S By . Ubaidillah ZEWF58 260, WA
RIERIGEI R Z MRS Z R i RAW264.7
B gE I Honse AT WEDRE , 2SR A 1 R
ROR & T HALM R 22 R F S S5 & 8

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



BOBUSSE: RZES KL 1 2 Bl S5 A0 RS IR S i PERTE 7E it e 2733

TEFRHC 1 000 pg/mL Jfl N 205 f5 A R 1 48T
W2ZIRSEm T 4.6 5, MISbZ WAL HEE 4 i
AL RE T AN 5 T 200%, Shi P&
PR 2 P9 Z M e UE B AN RAW 264.7 (1)
BAFEFIBE A NO . Lai 25U 58 3 B 22 2 i 41
ZHALREIEIL T WRELANA, 80T DI B
S L A9 A W RE T 5 [RTERE 2R 2 Jf P 1 220 AT LA
i 2 77 A R0 ORE T B 5 TS M ) B AN — A A
(NO) . Igg 1L [H - (TNF-o0) F1 F 4 I 2 - 1B
(IL-1B) 55 2 — 25 S BH A 28 819 T 42k
322 HMFMRZEZHERATEEHEIN

R Z W G T T S I O A R A
SFEA K. BT 2 M
O3 A5 ARG M AR DG AT, RIK AT
H[X.[i] 50—100 kDa F1 100—-500 kDa 5 Z 4 4%
TR IEADE, Liu UL BN Z 85 20 E
Hr(0r T RIGEF 2.78x10°-3.96x10° Da, FHH
AL BRI AP e s, mH 20 E
21 4 P 8 R T G O A R R 2
FEIRHCATEARDG, HARKHEE R LA A OG
3.3 HEEMN

WA R BERIRR R 2 NS Z B T B
UM M L SRR IE AL, A B
PLRTEM . BEAGEES. RZ RN
WEIIAE —E Mg i, mT L i B AR |
AMS . IFN-y Fl TNF-a /K375 SOD i
Vol 5 PR R R AE AR D), Zhao ZEPOIWF S KA,
0.1 g/L KR 2 Ml N 28 B 0% 15 5 B 2T 4k 4i i
(NIH/3T3) iR e 52 it i ok , (4 7E 24 h
piety

N H1 oo

4 K2

FIAT, [ P oh 2 A XS R R IR R 2
ZHR R AU . RO B alifl | AR
SE G PRV ST THOT J TR AR, KT R

i o R 2 2 MM 28R R B S A D e 4l
B, HRZZHEYEE 75 Fopdl
L BEIREE . a5 SR S5 45 F R ik 1 52
M, 4 Je ATy o g e e i 0 R Il o B ke T A 1
AU X R 2 2 EAS R L TR B R A T TR
ABWFTE, W 2RSSR IR SIROC R, IR
2 2R B VT 58 FE A

BUAT W5 2 W B 5 35 180 9 80 ok R 2 M
NP ZBELS A FITE PE R, W . pH R
AR E R R A B e R 2 K e A o
R A —E RIS, (ERF 8 97 5
I BB/ . AESEBR A R IR i A
BEXT H AR W D g G R AR o L, (R
AR KT T S S BOR RIS U R 8 )
RIS SE 1, AT 2R 2R I 22 B B it S B (AR B

REFERENCES

[1] 3KIC, &/, 303y, BoKZE, fegs, £ouil. A2

Z MR G B HRAE DT sk OF e SR (0], p & dh 24l
2020, 20(1): 290-301.
ZHANG H, NIE SP, AI LZ, XIA YJ, XIONG ZQ, WANG
GQ. Review on structure and characterization
methodology of polysaccharides from Ganodermall].
Journal of Chinese Institute of Food Science and
Technology, 2020, 20(1): 290-301 (in Chinese).

[2] KA, WK, X|msk. RZ MM R RO R

[3]. &fh Tk, 2015, 36(11): 258-261.
ZHANG DX, WANG XL, LIU GQ. The structure and the
structure-activity relationships of Ganoderma Ilucidum
polysaccharides[J]. The Food Industry, 2015, 36(11):
258-261 (in Chinese).

[3] Sfest, skakss, FEMME, £AIL, MEHE AN

P B T MR A T e (0], 2, 2022, 30(2):
114-118.
MA CG, ZHANG ZX, YAN MX, WANG SJ, JIAN QY.
Research status of bio-active components and anti-tumor
of Ganoderma lucidum[J]. Edible and Medicinal
Mushrooms, 2022, 30(2): 114-118 (in Chinese).

[4] #dids, XU, 2=, 8O, Rk, RZZRMTE
BRI, ZHURFHE, 2008, 36(20): 8651-8652, 8739
YANG ZT, LIU C, L1 Y, HUANG P, XU YH. Research

status of Ganoderma lucidum polysaccharide[J]. Journal of

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



2734 WAEY

e Microbiol. China

(3]

(6]

(7]

Anhui Agricultural Sciences, 2008, 36(20): 8651-8652,
8739 (in Chinese).

A, RZ 2R I LN D] R b
TR I B AR R A2 A 1244 60343, 2018.

CAI MT. Study on the moisturizing activity of Ganoderma
lucidum polysaccharides and its application[D]. Shanghai:
Master’s Thesis of Shanghai Institute of Technology, 2018
(in Chinese).

FENG J, FENG N, TANG QJ, LIU YF, TANG CH, ZHOU
S, WANG JY, TAN Y, ZHANG JS, LIN CC. Development
and optimization of the triterpenoid and sterol production
process with Lingzhi or reishi medicinal mushroom,

Ganoderma lucidum strain GO017 (Agaricomycetes), in

liquid submerged fermentation at large scale[J].
International Journal of Medicinal Mushrooms, 2021,
23(3): 43-53.

BYR, KBRS, W, XV, AN, KB, FEfLLL,
KBRS, WIEERSE THRETRT 2R ZHE
BROT. BTRAR, 2021, 28(2): 36-41.

LI Y, ZHANG HN, TAN Y, LIU YF, FENG J, ZHANG
YY, TANG CH, ZHANG JS. Screening of a high
polysaccharide content Ganoderma lucidum strain by
ARTP[J]. Acta Edulis Fungi, 2021, 28(2): 36-41 (in
Chinese).

R, A, SRk, JHPOIL, SKREDES, O, Ak, 1
i, KTy, REZWES K Wew ™ MLoh 20w bk o s & &
BT [0]. BRI2ER, 2019, 38(6): 886-894.

GAO K, FENG J, YAN MQ, TANG QJ, ZHANG IS,
ZHOU S, YANG Y, FENG N, LIU YF. Screening of
extracellular polysaccharide high-yielding strains of
Ganoderma lingzhi in liquid submerged fermentation and
polysaccharide characteristic analysis[J]. Mycosystema,
2019, 38(6): 886-894 (in Chinese).

FENG J, FENG N, ZHANG JS, YANG Y, JIA W, LIN CC.
A new temperature control shifting strategy for enhanced
triterpene production by Ganoderma lucidum G0119 based
fermentation[J].  Applied
Biochemistry and Biotechnology, 2016, 180(4): 740-752.

on  submerged liquid

[10] RS, skaEhin, XUHEDY, FEIRIL, MU, Rifesr, T4

Ha, WG, XUFISE, A R E RS E TR AL E R
5T R B SR O B R I SRR D], A a4,
2022, 49(3): 1177-1194.

TANG CM, ZHANG JS, LIU YF, TANG QJ, FENG N,
TANG CH, WANG JY, TAN Y, LIU LP, FENG J.
Application progress of atmospheric and room temperature

plasma mutation breeding and microbial microdroplet

culture screening technology[J]. Microbiology China,
2022, 49(3): 1177-1194 (in Chinese).

(11] GEIEM, K& Wite e, R 2 ZWEIZE KR A B 5e it

JE[I]. B S5TF A, 2014, 35(15): 126-130.

HOU XM, ZHANG M, YANG HL. Research progress on
the production of Ganoderma polysaccharides by
submerged culture of Ganoderma Ilucidum[J]. Food
Research and Development, 2014, 35(15): 126-130 (in

Chinese).

[12] FENG J, FENG N, TANG QJ, LIU YF, YANG Y, LIU F,

ZHANG JS, LIN CC. Optimization of Ganoderma lucidum
polysaccharides fermentation process for large-scale
production[J]. Applied Biochemistry and Biotechnology,
2019, 189(3): 972-986.

[13] LONG ZD, XUE Y, NING ZX, SUN JS, L1JG, SU Z, LIU

QB, XU CP, YAN JK. Production, characterization, and
bioactivities of exopolysaccharides from the submerged
culture of Ganoderma cantharelloideum M. H. Liu[J]. 3
Biotech, 2021, 11(3): 145.

(14] XIFRFK. B A0 o3 %k 52 20 Bl BOR 2 A i) s e LA S 2R

PriEHE R ESE[D]. BEmE: AR 24008 5, 2016.
LIU YX. Effect of medium composition of the Ganoderma
lucidum polysaccharide on monosaccharide composition
and biological activity[D]. Jinan: Master’s Thesis of
Shandong University, 2016 (in Chinese).

[15] EBL RETE 22K E 57 b 20410 1) A2 165 MG g I 1k

SrHr[D]. Jo: VLR RS A=A Arig 3, 2013.

WANG Q. Effect of polysacchairdes composition and the
related enzymatic analysis in Ganoderma lucidum
submerged culture[D]. Wuxi: Master’s Thesis of Jiangnan

University, 2013 (in Chinese).

[16] H#his, TEF, BUIE4, 53, A5H. FOREXR

ZWIATEE R A ZHE W], B 5 AR AR,
2017, 36(4): 383-388.

YANG JJ, DING ZY, GU ZH, ZHANG L, SHI GY. Effect
of corn powder on Mycelium morphology and
exopolysaccharides of Ganoderma lucidumin submerged
culture[J]. Journal of Food Science and Biotechnology,

2017, 36(4): 383-388 (in Chinese).

(17] EigHE. R 2 22 A LR G 16 Pk 4 S0 B3 S L K e

EAL[D]. T TR R W12 A0 3, 2015,

WANG HY. Study on chromatographic fingerprint of
polysaccharides from G. lucidum mycelia baesd on
immunocompetence and optimization of its
fermentation[D]. Wuxi: Master’s Thesis of Jiangnan

University, 2015 (in Chinese).

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



BOBUSSE: RZES KL 1 2 Bl S5 A0 RS IR S i PERTE 7E it e

2735

[18] LIU LP, FENG J, GAO K, ZHOU S, YAN MQ, TANG CH,
ZHOU J, LIU YF, ZHANG JS. Influence of carbon and
nitrogen  sources on  structural  features  and
immunomodulatory activity of exopolysaccharides from
Ganoderma lucidum([J]. Process Biochemistry, 2022, 119:
96-105.

[19] CHANG MY, TSAI GJ, HOUNG JY. Optimization of the
medium composition for the submerged culture of
Ganoderma lucidum by Taguchi array design and steepest
ascent method[J]. Enzyme and Microbial Technology,
2006, 38(3-4): 407-414.

[20] HSIEH CY, TSENG MH, LIU CJ. Production of
polysaccharides from Ganoderma lucidum (CCRC 36041)
under limitations of nutrients[J]. Enzyme and Microbial
Technology, 2006, 38(1/2): 109-117.

[21] FANG QH, ZHONG JJ. Submerged fermentation of higher
fungus Ganoderma lucidum for production of valuable
bioactive metabolites—ganoderic acid and
polysaccharide[J]. Biochemical Engineering Journal, 2002,
10(1): 61-65.

[22] KIM HM, PARK MK, YUN JW. Culture pH affects
exopolysaccharide production in submerged mycelial
culture of Ganoderma Ilucidum[J]. Applied Biochemistry
and Biotechnology, 2006, 134(3): 249-262.

[23] FelidE. WA K TR L A R EZTE B MR Z L0
A B R Y BF ST (D). JEB: LR R L 2 0 5,
2014.

QIAO SK. The effect of fermentation conditions on
mycelium morphology and polysaccharides biosynthesis of
Ganoderma lucidum in submerged culture[D]. Wuxi:
Master’s Thesis of Jiangnan University, 2014 (in Chinese).

[24] LEE WY, PARK Y, AHN JK, KA KH, PARK SY. Factors
influencing the production of endopolysaccharide and
exopolysaccharide from Ganoderma applanatum[J].
Enzyme and Microbial Technology, 2007, 40(2): 249-254.

[25] PENG L, QIAO SK, XU ZH, GUAN F, DING ZY, GU ZH,
ZHANG L, SHI GY. Effects of culture conditions on
monosaccharide composition of Ganoderma lucidum
exopolysaccharide and on activities of related enzymes|[J].
Carbohydrate Polymers, 2015, 133: 104-109.

[26] TRE. xR 2R K R E WAL B
FEYDIRE MBI SE[D]. AR : DU VIR K A 2 v 3
3, 2016.

ZHANG L. Optimizing liquid fermentation conditions of
Ganoderma

lucidum polysaccharides and analyzing

functions of the fermentation products[D]. Chengdu:

Master’s Thesis of Sichuan Normal University, 2016 (in
Chinese).

[27] GRMEAF. RZ2RBEARALAL KRR S il /N B S

P AE R [D]. MR AU AR R 2 W A 24 3 38 53C
2016.
ZOU JY. The optimization of Ganoderma Ilucidum
fermentation condition and immune regulating effects to
immunosuppressive mice[D]. Harbin: Master’s Thesis of
Northeast Agricultural University, 2016 (in Chinese).

[28] HUANG YT, LI NS, WAN JB, ZHANG DZ, YAN CY.
Structural characterization and antioxidant activity of a
novel heteropolysaccharide from the submerged

fermentation Ganoderma
Carbohydrate Polymers, 2015, 134: 752-760.

[29] SUI XC, GUO QB, XIA YM, CUI SW, SHEN J, ZHANG

J, DING ZY. Structure features of the intracellular

mycelia  of capense[J].

polysaccharide from Ganoderma lucidum and the irrelative

of GLPs[J].
Carbohydrates and Dietary Fibre, 2016, 8(2): 43-50.

[30] FERREIRA ICFR, HELENO SA, REIS FS, STOJKOVIC
D, QUEIROZ MIJRP, VASCONCELOS MH, SOKOVIC

M. Chemical features of Ganoderma polysaccharides with

immune-anticancer activities Bioactive

antioxidant, antitumor and antimicrobial activities[J].
Phytochemistry, 2015, 114: 38-55.

[31] EifgaHE, W%, BRI, R 20 22 1k 2000 5 i gt fk e
FCRUORE LR S AT 5 00 T R E (] B S LA, 2015,
31(5): 201-205.

WANG HY, DAI I,

monosaccharide

CHEN SW.

composition

Separation,

and molecular weight
analysis of polysaccharide from G. lucidum mycelium[J].
Food & Machinery, 2015, 31(5): 201-205 (in Chinese).

[32] SHI M, ZHANG ZY, YANG YN. Antioxidant and
immunoregulatory
polysaccharide (GLP)[J]. Carbohydrate Polymers, 2013,
95(1): 200-206.

[33] CARRIERI R, MANCO R, SAPIO D, IANNACCONE M,
FULGIONE A, PAPAIANNI M, de FALCO B, GRAUSO
L, TARANTINO P, IANNIELLO F, LANZOTTI V,
LAHOZ E, CAPPARELLI R. Structural data and

immunomodulatory

activity of Ganoderma lucidum

properties of a  water-soluble
heteroglycan extracted from the mycelium of an Italian
isolate of Ganoderma lucidum[J]. Natural Product
Research, 2017, 31(18): 2119-2125.

[34] sk L, XK. FEALRESRE 9519 WHL2ZIKZ LMY
o B A B SR A E R (D). AR 5 AR LAE, 2006
23(9): 32-33, 37.

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



2736 WAEY

e Microbiol. China

—

ZHANG WG, LIU X. Isolation, purification and structure
analysis of polysaccharide I from solid fermented mycelia
of  Ganoderma  sinensis  9519[J]. Chemistry &
Bioengineering, 2006, 23(9): 32-33, 37 (in Chinese).
BERE, SO RRSChR, B RZ 20t
R BB E D). aBE, 2011, 32(12): 301-304.
HUANG JH, AISIKAER A, MAO J. Purification and
structural identification of a bioactive polysaccharide
fraction from Ganoderma lucidum[J]. Food Science, 2011,
32(12): 301-304 (in Chinese).

[36] LI YQ, FANG L, ZHANG KC. Structure and bioactivities

of a galactose rich extracellular polysaccharide from
submergedly cultured Ganoderma lucidum[J].
Carbohydrate Polymers, 2007, 68(2): 323-328.

[37] 3k XL, Wi, XI8¥y, Hukt. MRk mRZ I 2

RS EH[]. B e SAEMEOR ], 2015, 34(5):
547-553.

ZHANG J, SHEN J, LIU YJ, XIA YM. Constituents and
structures of sulfated extracellular polysaccharides from
Ganoderma lucidum fermentation broth[J]. Journal of
Food Science and Biotechnology, 2015, 34(5): 547-553 (in
Chinese).

[38] BN E. [, WA A RER SRR Z ZHERPERT 15X

SrHT[D]. K RHBHOR AT L5208 3, 2015,

TAO RY. A comparative study on the characterization and
antioxidant activity of Ganoderma lucidum
polysaccharides produced by solid state, liquid
fermentation[D]. Tianjin: Master’s Thesis of Tianjin

University of Science & Technology, 2015 (in Chinese).

[39] WU QZ, ZHANG HC, WANG PG, CHEN M. Evaluation

of the efficacy and safety of Ganoderma lucidum
mycelium-fermented liquid on gut microbiota and its
impact on cardiovascular risk factors in human[J]. RSC
Advances, 2017, 7(71): 45093-45100.

[40] SI J, MENG G, WU Y, MA HF, CUI BK, DAI YC.

Medium composition optimization, structural
characterization, and antioxidant activity of
exopolysaccharides from the medicinal mushroom
Ganoderma lingzhi[J]. International Journal of Biological

Macromolecules, 2019, 124: 1186-1196.

[41] SUN XB, CHEN Z, PAN W, WANG JP, WANG WI.

Carboxylate groups play a major role in antitumor activity
of Ganoderma applanatum polysaccharide[J].
Carbohydrate Polymers, 2015, 123: 283-287.

[42] WAN, JrREIR, RHE. REM FEAYEETTR LD

o B, 2002, 21(3): 38-40.

LIN L, FANG NH, WU D. General situation of research
on main biological activities of Ganoderma lucidum[J].
Edible Fungi of China, 2002, 21(03): 38-40 (in Chinese).
RS, XS, ERES, XBCYE, PhINLEE, . R
Z U S R LR A E SR RE SR (). S
ZRi, 2021, 37(4): 511-514.

LI YH, LIU JL, WANG TT, LIU WY, SUN LY, LI MC.
Research progress of Ganoderma lucidum polysaccharides
in anti-tumor immunomodulatory mechanism[J]. Chinese
Journal of Immunology, 2021, 37(4): 511-514 (in
Chinese).

[44] OKA S, TANAKA S, YOSHIDA S, HIYAMA T, UENO Y,

ITO M, KITADAI Y, YOSHIHARA M, CHAYAMA K. A
water-soluble extract from culture medium of Ganoderma
lucidum mycelia suppresses the development of colorectal
adenomas[J]. Hiroshima Journal of Medical Sciences,
2010, 59(1): 1-6.

[45] SHEN J, PARK HS, XIA YM, KIM GS, CUI SW. The

polysaccharides from fermented Ganoderma Ilucidum
mycelia induced miRNAs regulation in suppressed HepG2
cells[J]. Carbohydrate Polymers, 2014, 103: 319-324.

[46] SCHr R /R - R He . R ZTHMISM LY & B S5

P R SCAORBORE B B [D]. JE8s: VLRI KA 22
WL, 2019.

ASKE A. Polysaccharide biosynthesis in Ganoderma
lucidum under nitrogen availability and application of its
nanoparticles[D]. Wuxi: Doctoral Dissertation of Jiangnan
University, 2019 (in Chinese).

G, THER, BUEAE, K5, AU, RaikE R
2R R e TR TS LR R (D). B S AR
2#4i, 2017, 36(2): 129-135.

LI J, DING ZY, GU ZH, ZHANG L, SHI GY. Effects of
mixed carbon sources on production and antitumor activity
of Ganoderma lucidum exopolysaccharides by submerged
culture[J]. Journal of Food Science and Biotechnology,
2017, 36(2): 129-135 (in Chinese).

[48] PENG YF, ZHANG LN, ZENG FB, KENNEDY JF.

Structure and antitumor activities of the water-soluble
polysaccharides from Ganoderma tsugae mycelium[J].
Carbohydrate Polymers, 2005, 59(3): 385-392.

[49] ek, BEHE, S, RZ DG FR AN D).

M2, 2012, 34(2): 332-335.

LI XB, ZHAO HY, GUO D. Advances in pharmacology of
Ganoderma  lucidum  polysaccharides[J]. Chinese
Traditional Patent Medicine, 2012, 34(2): 332-335 (in
Chinese).

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



BOBUSSE: RZES KL 1 2 Bl S5 A0 RS IR S i PERTE 7E it e 2737

[50] JIN ML, ZHANG H, WANG JJ, SHAO DY, YANG H,
HUANG QS, SHI JL, XU CL, ZHAO K. Response of
intestinal metabolome to polysaccharides from mycelia of
Ganoderma lucidum([J]. International Journal of Biological
Macromolecules, 2019, 122: 723-731.

[51] JIN ML, ZHU YM, SHAO DY, ZHAO K, XU CL, LI Q,
YANG H, HUANG QS, SHI JL. Effects of polysaccharide
from mycelia of Ganoderma lucidum on intestinal barrier
functions of rats[J]. International Journal of Biological
Macromolecules, 2017, 94(Pt A): 1-9.

[52] NAGAI KT, UENO Y, TANAKA S, HAYASHI R,
SHINAGAWA K, CHAYAMA K. Polysaccharides
derived from Ganoderma lucidum fungus mycelia
ameliorate indomethacin-induced small intestinal injury
via induction of GM-CSF from macrophages[J]. Cellular
Immunology, 2017, 320: 20-28.

[53] UBAIDILLAH NHN, ABDULLAH N, SABARATNAM V.

Isolation of the intracellular and extracellular

polysaccharides of Ganoderma neojaponicum (Imazeki) and
characterization of their immunomodulatory properties[J].

Electronic Journal of Biotechnology, 2015, 18(3): 188-195.

[54] LAI CY, HUNG JT, LIN HH, YU AL, CHEN SH, TSAI

YC, SHAO LE, YANG WB, YU J. Immunomodulatory
and adjuvant activities of a polysaccharide extract of
Ganoderma lucidum in vivo and in vitro[J]. Vaccine, 2010,
28(31): 4945-4954.

[55] LI KK, ZHUO C, TENG CY, YU SM, WANG X, HU Y,

REN GM, YU M, QU JJ. Effects of Ganoderma lucidum
polysaccharides on chronic pancreatitis and intestinal
microbiota in mice[J]. International Journal of Biological
Macromolecules, 2016, 93: 904-912.

[56] ZHAO SZ, LEI M, XU H, HE HL, SUVOROV A, WANG

JH, QIU JY, ZHOU QX, YANG JY, CHEN LL. The normal
cell proliferation and wound healing effect of
polysaccharides from Ganoderma amboinense[J]. Food
Science and Human Wellness, 2021, 10(4): 508-513.

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





