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Effect of Different Culture Conditions on Mycelium Morphology and Activity
of Exopolysaccharides from Ganoderma lucidum in Submerged Culture

QIAO Shuangkui'?, PENG Lin', DING Zhongyang™?*, GU Zhenghua®, ZHANG Liang'?*, SHI Guiyang’
(1. Key Laboratory of Carbohydrate Chemistry and Biotechnology, Ministry of Education, Jiangnan University,
Wuxi 214122 ,China;2. National Engineering Laboratory for Cereal Technology, Jiangnan University, Wuxi
214122, China)

Abstract: Submerged fermentation is an important method to produce active metabolites of the
edible and medicinal mushroom and attacted attentions of many researches. For obtaining
polysaccharides of high yield and activity through regulating the fermentation conditions,effect of
culture conditions (including culture time,initial pH and culture temperature) on G. lucidum
mycelium morphology and biosynthesis and antitumor activity of G. lucidum exopolysaccharides
were studied in this work. The G. lucidum pellets were divided to small,middle and large pellet by
the diameter. The results indicated that the main form of mycelium was the M pellet,and the high
percentage of M and S pellet was beneficial to the exopolysaccharides production. Moreover,high
ratio of S to L pellet was good for the accumulation of G. lucidum exopolysaccharides. The result of

antitumor activities of different G. lucidum EPS showed that higher inhibition effect on Hepa 1-6
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and MDA-MB-231 cells was obtained in culture condition of initial pH 4.0 and 30 “C.

Keywords: Ganoderma lucidum ,submerged fermentation,exopolysaccharides, morphology,antitu —

mor activity

RE (Ganoderma lucidum) & — 24 5¢ 1 & 24
FHETE, HA w0 25 FH AR A AN 1, 78 S AR
T A 2 000 ZAEH D2, 2 Fr HA W
B2 PRI DR AR DI RE , 2 i T H & A 2RI B,
Bl AR RN BIIR A, R R 2 2R R 2
BRGNS Z —, SGBRGHANRUER, R
Z 2N HA R MBED AR BT ™ Bt A
ZIIHER], RZ e g A Ir A O B2 R B 3R R
2SR T SR T AR T B TR BT, AR
Ve W BT A A B i AR R T
S B TA R ASE A= 700 DR I 3 4 O K 2 F
T WARTRZ 1 K W™ ML Ab Z2 pEU0-12 5 i & W 2%
PR LA R 5 5 5L 0 DAk R 4 s ML A 2 W i 7 e 12,
HEE LB, WK RAARZ R E W K
TS FR SR L AR AR 45 A i, PR Ut 32 B B 5 5 11
Iz RE,

TE WA S T o 78 v | 22 R LT TR AT 28 32 31 3%
FRAAT B R R 5 2377 A AN TRl 1Y AR AL TR 28 1 A8
165 R W & A B R R T R 2R
7 MLA Z2 A A T T A AL BT, 1R
5 A [ Do W 2% A, B 90 e i A v R 2 L A 22
77 MR AT S 1 AR AR FNER & | [R5 T AR ) &
T A5 F R AR U R 2 M A1 22 8 0 AN (] ik 968 4 J 1)

AR
ML
1.1 SEIe#

111 & A & B 9% e k. R 2 (Ganoderma
lucidum) B RE : 1L RFIE R T 254 WH AR
B R TR EE; /BT Hepa 1-6. 18
H o ERA B E AR a2 B 5 B A0 M 5% U b
N FLIRIEE 40 MDA-MB-231 . VL Kb 54
Wy H AR B R S % IR

112 £ &K A JBE R (Tryptone) : 14 F %
Oxoid 22wl s TR FEBE B A I (YNB) - g [ FE 2K 2y
) DMEM # A F7 28 i 28 L35 (FBS) (JBEEE g -
2 [ Hyclone 2% F] 7 /it ; 1x penicillin/streptomycin ;

1 #wrl57HE

£ E Gibeo 2N H 20
1.1.3 %54

1) R IR EE (/L) . £ 5 200, # % 20, 3
E 4 20~22,

2) Tl Rk WERG IR A (of L) A A BE 20, JR AR
FIIR 5, TR SERERE AR 5, B — &8 3, LK
FREE 2,91 4f pH 6.0; % %5 pH S5 ), A I 1 72 ok
¥k pH {45~ 3.0.4.0.5.0.6.0.7.0 fil 8.0; Ff
Je Sz e 35 % 5L KB 250 110 °C2K BRI 20 min, # 2
B TR S I ARG SRSk

3) Hepa 1-6 & MDA -MB -231 fi J% 41 jity
DMEM JEfit 45 3% 3k . DMEM 5% 3% Jit+ 5t £ 43 %% 10%
Ji& 4 L3 + 5 5 534X 1% penicillin/streptomycin
1.2 LWHE
121 RARE B MR B 4 B 0.5 em?
KN TG AL TR R A 1T 42 A6 80 mL B 35 77 3
/) 250 mL =i H 150 r/min 30 C 514 F & 5%
10 d, KB IR0 B R LL 0.5 g bR MR 75 1Y 322 0
AN B E A 150 mL & BERE R AL 500 mL = £
T, 150 t/min 30 CE&MEF 573 10 d,

122 REA B &M A

1) ZBERTE] B4R 1.2.1 BTk,

2) ¥k pH E . TEWFFRWI UG pH H AT R 2 & B
S, ®14G pH {A 431 HCL Al NaOH 3% 3.0,
4.0.5.0.,6.0,7.0 F1 8.0, LA#I i pH 6.0 g X IR 15 5%
BN 5 d,

3) HEFRUR L AEOF T B S R X R 2 R WS
i, 5% 75 R 4 A 20.25.30.35 °C, LLEE R IR
30 CRy Xt I B5 FRmE Ry 5 d
1.2.3  fash % MR S 3 5] B 95 2m Be 3 78 5% B

1) MRS ERE S BE . B 58 pH SRR,
PEFE W) Bh pH H 4.0.6.0.7.0 7E45 3 KA 5 K
LA 228 5 15 25 58 15 3% 1 BE A5 A I 16 9% 20,25 .30,
35 CHESE 1 RIS 6 KTk i sk 2 5%,
DMEM HEfift 15 77 Hebs Z2 WA 0 3 B 2.5 mg/mL 119
ZWEE W

2) PRANBU koJE 3 M I . /0N BT R AN

A5 4otk £ S0 2014 4E5 33 &4 10 1 1071



QIAO Shuangkui,et al: Effect of Different Culture Conditions on Mycelium
Morphology and Activity of Exopolysaccharides from
Ganoderma lucidum in Submerged Culture

Research Article

Hepa 1-6 FIAZLA#)E 40 il MDA-MB-231 £ DMEM
FRb B TR R H 5% CO,.37 CHBE N R 7%
22 240 L O E R 5K 80% )5, il A 4x10* A4~ 21 Ml /mLL 11
20 i A2 T M, 96 LA h AR LA 100 ul 41 i = 7
W, 2 AU AR S 4E L DMEM LAt 15 972 | 37
C R 5% CO, MM R TR 1 KGRk
LB FR AL, 2 B A LW E N 2.5 mg/mL £
BE 100 uL, BEARER B 5 N AL, HALURm
ZHEE WA X IR, AR i, 7E 37
C. KB 5% CO, I FRMTH S 2d, InA
MTT, 4k 2 T 37 °C IR 5L 5% CO, 13 F 46 1
Bigt 4 h, BEAREIRE, BALINA ZH LR
150 ulL, & & YW 5 76 B AR A B X K 595 nm (K
WP ) A 655 nm (S H ) T, WE 4 LY A
(B, F4e R LU 28 30530 ik 4 40 )

Jif g 240 A ) R = (R IR A (-S04 A (H)/
(XTHR4L A fH-75 4 A {A) )x100%
1.24 @A ymEalg B 100 ml K& BRI E
ZARROK TR VR U 2 A g ISR 60 CHE T FH
o ORERITE R AR,
125 st 54~ FaE B ml R LT,
4 fERFR 80 95% £ B (T RS ) , AR & )5
4 CHrE LA ,10 000 r/min &0 5 min, 2 L&, UL
VEN 4 mL ZE K, B 400 ul. b8 R -6
P U000 S 224
1.2.6 Jesh % e kA M 100 mL &R, 10 000
t/min B0 5 min, IS 0.45 £5 AR FR 4 5
95% LW (LML AE ), e iR A R B L E E, #En

2.25 AR B 95% L1 (ALK ) 4 CHi i
7,10 000 r/min &.0> 5 min, & FiE,BX 1 d#EL
RS, DUBE AN 30 mL Z& 8K %% , 10 000 r/min 5.0
10 min, B R VR T1E 5 RIS 20
127 BAARBEHH  BS5 mL ABER T 6 cmx6
em M BEEESE LA, i 15 mL 2808 /K (8 R B3R 2 07, 8K
T AHPLFARE, (] Image—pro—plus #4470 BT B Bk 24
BER D IJHERAKX ()T S EER D,

TR BRT- 38 B AR =T AT TR 2 i AR 2 I T R

(1)

Hb A BRI,

AR AR A Bk 2 B TR BB 25 g /NS rp
FRBIEER (£ 1),

x1 ETHENEEREESE
Table 1 Classification of fungi pellet by diameter

2R 53 2
D<0.8 JNEY
0.8=D<2.5 )
D=25 R

R

21 HERSSHMNSHEFENXR

211 KEErRE A EHKY SIS 82 H
W R R S R R R A AR R A
M A I TR 2, Bl A I I (] (Y HEAT | R R A
YRR N, 5 10 RETIAS] T 10.57 g/L; fish £
B e NS W, 5 R ik Bl i K E
0.472 g/, WSS IH B D, 7E55 10 Ku 2
0.108 g/L.,

K2 REEGREVE MISHEFERERTIYERERBIRFHNEL

Table 2 Biomass,exo—polysaccharose production and average pellet diameter of Ganoderma lucidum during the submerged

fermentation

% e A /d A it (g/L) W5k 2 4 /(g/L)

1 0.16+0.02
0.91+0.14
1.41+0.15
3.24+0.32
4.31£0.35
7.32+0.41
8.34+0.36
9.29+0.48
10.16+0.55
10.57+0.38

O 0 N O B B W

—_
(=]

BV B AR /mm
0.285+0.03 0.95+0.1
0.359+0.01 1.26+0.2
0.377+0.04 1.78+0.1
0.451+0.03 1.67+0.3
0.472+0.04 1.68+0.5
0.420+0.06 2.07£0.1
0.413+0.04 2.29+0.2
0.194+0.04 2.40+0.7
0.128+0.01 2.79+0.1
0.108+0.01 3.06+0.1
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Fig. 1 Distribution of Ganoderma lucidum pellet diameter

during the submerged fermentation
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Table 3 Effect of initial pH on biomass,exo —
polysaccharose yield and average pellet

diameter of Ganoderma lucidum

A Rt(L) | I 2 BR(/L) | R 17 mm
3.0

5.54+0.13 0.195+0.02 1.81+0.09
4.0 5.22+0.40 0.242+0.03 1.97+0.11
5.0 4.92+0.24 0.359+0.03 1.59+0.20
6.0 4.23+0.34 0.456+0.12 1.60+0.13
7.0 3.84+0.52 0.318+0.04 1.99+0.10
8.0 3.64+0.07 0.296+0.09 2.09+0.16

Carlsen %5 75 B 5¢ pH (B X EL 1R R TE & B &
B, BAK pH 1H (3.0~3.5) i, Aspergillus oryzae %
PLFA B 22 IR B S A 7E  pH (H A3 I 2 F BORIE 16
Ry B, 24 pH K T 6.0 BF 22 4R R 238 2%
I BB AR B AL R, AN A i
pH {H (3.0~8.0) &1 F , EZ BRI & 35 0 p AU B
BR (& 2), 7E HBcwI bR pH E X Ah 220 5 B w
TR B, WG pH AE A 5.0 Fil 6.0 i Sh 24 7 i 45
&, 4k 0.359 g/ i 0.456 g/, 5 2% I 1) B Ek
T /N R LU B . BEAR SR 5 2.1.1 45
AL, BRI /N ERA R T R 2 A 2
Gy

100 -
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80 F R ER
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Es0r
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WIlh pHIE
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Fig. 2 Effect of initial pH on the mycelium morphology

during submerged culture of Ganoderma lucidum
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FHWAG T AR SR, Yang S 7R 58 EE X R 2
fa 4 2 W G T & B ,30~35 CRI AR TR 8 K i £
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Table 4 Effect of culture temperature on biomass,exo—
polysaccharose yield and average pellet diameter

of Ganoderma lucidum

WiFRIREEFC | A2 /(/L) | A 288 /(o/L) | W BRF-35 EL 42 /mm

20 1.16+0.12 0.285+0.05 1.03+0.10
25 2.38+0.20 0.396+0.02 1.94+0.13
30 4.18+0.42 0.487+0.04 1.57+0.23
35 2.93+0.15 0.416+0.09 1.88+0.08

FE 5 B AN [ 15 37 1l KL 25 A AR A it A B
T2 W57 B i 19 30 CAAFET, 2 DL AU TR 3K
hE H/NES R ER BT b7 (9 HE A9 R T R I o 2R I o Y
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b IR B BT SR 2 LR SR R 2
S22 HE BRI, B AE SR — 2 R R BERE 2 %
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HrINRY TR BRAT I T R 2 A 2 HE G R A5 2R

100
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80 r L_IPNITL 2
70 +
J 60 [
N
= 50t
)
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0
20 25 30 35
HiFRi I/ C
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Fig. 3 Effect of culture temperature on the mycelium

morphology during submerged culture of

Ganoderma lucidum
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PUb R 1 PP WAk R R v B SR AR pH E X R
Z AN Z W 1 20 B S 45 ke A T B | DR I A b B
HECN R IR pH (B X 2 2 B A0 Z2 0 1 B b 98 1
A5 ]

TEZ SRR WG pH (A 445 T 345 R 2 g sh
22 4 XoF /N BT 9 40 M0 Hepa 1-6 F11 L IR 968 40 i
MDA-MB-231 fyl1E F 5 A& 3, B pH {E /944
K, Fraktsm) 2 2 M4 Z % Hepa 1-6 Al MDA-
MB-231 fifvJed 240 Jifd i) 31 il VE T s/, R0 46
pH {E X 7 2 Ha A1 22 0 i e ek g 3% 1 EL A 52 ) IR
pH B4 14 3R A5 1 i 1 22 05 5L A 53 04 Bt i e T
(3 5), W, R —00hs pH &40 F A Kk BER ]
ARAT 0 2 B A Z2 0 X i Jgg 4 B i 40 o) 2 b B A
225 0 5 KA LA Z 0 LL A 3 K AR1S i M b
Z WX Hepa 1-6 MDA-MB-231 4 Jfl B4 &5 1
FHIVEHT . T Lee SEPIBF5E 85 35 S5 110 X 2485 A 2 AL
B 2R M, B pHL AR X 22 0 110 2R 20 B %
TG PERY 2 AN, 07 TR B AT S AR, Y
LT 88 W 5l 0 B A M — B R I, BRAS 1 22 1 A
928 VR4 M SR DL VR A o — B R Y 1.5
®5 AEApHEZFETHRENRZMINS 1EXT Hepa 1-6,

MDA-MB-231 4 B 40 1 1% F3
Table 5

Effect of exo —polysaccharide obtained under
different initial pH on Hepa 1-6 and MDA -
MB-231 cells growth

2= /%

Hepa 1-6 MDA-MB-231

P11H pH A

R E IS 8] /d

3 48.73 36.72
pH 4.0

5 50.78 39.57

3 38.61 32.14
pH 6.0

5 42.68 37.70

3 20.85 14.60
pH 7.0

5 35.49 25.29

222 BARBESZEZII S MR E LY
Foe AU, R & A R P S R R
M) 22 5 0 e TP e 0 P, AR B (20~24 °C) N 3RS
F14) 40 B T 22 W L R TR B (30~34 °C) N 3R 15 11 2 0
A B AT e T RO O] 3R I R AR AR
(R 22 2 I A 2 ot e 93 200 e %) 9 0 1 P 45 SR WL 3%
6, ZRRY, WFREE SR Z AL 5T
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Table 6 Effect of ex —polysaccharide obtained under

different culture temperature on Hepa 1-6 or
MDA- MB-231 cells growth
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