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Optimum culture media and liquid conditions in shaking flasks for laccase

production by Ganoderma lucidum
XU Ying, LAN Jin
(Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union
Medical College, Beijing 100094, China)

Abstract: Objective To study the optimum culture media and liquid conditions in shaking flasks for
laccase production by Ganoderma lucidum. Methods Taking S; stain of G. lucidum as test materials and
laccase activity of G. lucidum as measurement index to optimize the culture media and liquid conditions
through orthogonal test. Results The optimum culture components of media were: Glucose 30 g/L, cot-
ton 0.2%, (NH,),HPO, 0. 66 g/L, casein 0.5%, Tween-80 0. 15 mL; the optimum conditions were: ini-
tial pH value of medium was 5.5, 75 mL medium was in 250 mL-flask, inoculation was 12. 5%, mycelium
age was 5X 24 h for 9 X 24 h culture. Conclusion Laccase activity of G. lucidum has been improved
remarkably in the optimum culture media and liquid conditions.
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1 HHEAE

1.1 BLid sk . CRAMMN —SFH CRERMR
ZS, SEKk, P EE¥RNERPEHBMEN X%
MY R R B R E R,

1.2 s

1.2.1 SIEIFEFREQ L) FHK 50 g, B E M 20 g,
KH,PO, 3 g,MgSO, * 7TH,0 1.5 g, VB, 10 mg, 8
18 g, #1% pH 5. 5,121 CKH 30 min, FMIFFHE
FIV R R B SR B K & A S5 e AR R

1.2.2 FOEEFEQ L Ry RSEHERLE.
1.2.3 MEMEHEMEFEQL E5 25,9
% ¥ 10 g, KH,PO, 2 g, MgSO, « 7H,0 0.5 g,
CaCl, * 2H,0 0.1 g, 38¥AM8 1. 18 g, WA MK 1. 84
g, VB, 10 mg, B I FLAE-80 0.05% , M B T EB W
70 mL, ¥4 pH 5. 5,

WEILTERRARQ L):MgSO, » 7TH,0 3.0
¢,MnSO, - H;O 0.5 g,NaCl 1.0 g,FeSO, « 7H,0
0.1 g,CaCl, 0.1 g,ZnS0O, *« TH,0 0.1 g,CuSO, *
7H,0 0.1 g,KA1(S0,), * 12H,0 10 mg,H;BO; 10
mg,Na,MnO, * 2H,0 10 mg,

1.2.4 WEEBEFEQL . ARRMKRENE
FHEEHEARERN=BEMEREPHHEENE
AR, LA R B P B RGO 75 MR 0 B3 AR X I 5%
HEHATHRAER

1.3 BHFEHE

1.3.1 HEEMER ELEKMET, B EE
FRE,25 CRLIESE 7X2¢ h, BT 4 CRE.EA.
1.3.2 VPIEF -EXEFGT, A HEIEFRIER
BRI, 25 CBEIEFR 7X24h,BF
4 CREEH.

1.3.3 WERBEREF&AM:250 mL #BHH% 100 mL
Wik RS IREE, W8 pH 6.5, E R &K H T A
RERRMVFMBFENHLREMERME BT
28 CHERE R IK.160 r/min #YIEF 7X24 h, FF
ARBHER 3 K.

1.4 AFEFREHAEXNRZERBHEENLWE . AR
FBRE R ARAESHT LsGHERRE, FAHRE
HRE 1, RE AR ERE R AN R,
REBHRE 100 SRR ZEBEE. SHBERR
BEEAAGMRE S, RBEENE RN GIRYN
REWRE .

21 EREAATTEBRNOERSKE
Table 1 Factors and levels of culture media

combination of orthogonal test

H X
K¥E AMSTHRE BEATFHRE CEHME DAHAK
a% 0.5%) 0.2%) 0.5%)
1 x x x x
2 Lk FREAKER HRE [.3:3.3 1
3 fid ] B BR_E& Eok
4 5 F. 33 R FEX
5 H Lik3 BARE X85

1.5 ARFEFERENRZRBEENE RN
1. 4 T rh 5 38 ) B R AR A & 04T I LU AR AL K B, X
B RBEHARRLASET Ls GHEXRE, K
FLEEEANRRE &R AR SR ALK
BB RIEEHETRERN . RERBRE 300 FRURE
BWMESE. AW ERFRBREMILTRE S, 8
MEAENEW. DR ZRENMTRRRERE, R

L AR-80 R AR ED)
®2 BREXHESERRIT
Table 2 Orthogonal design of matching

combination in culture media

H X
K¥ AHER/ B/ CRMRE-HE/ DTRE/
(g' LD % (gL %

ERLR
Bi-80/%
1 6.0 0.1 0. 66 0.1 0

2 12.0 0.2 1.32 0.2 0.05

3 18.0 0.3 1.98 0.3 0.10
4
5

24.0 0.4 2.64 0.4 0.15
30.0 0.5 3.30 0.5 0.20

1.6 HFFRFERARR - ERAEFENRT, 3
— AT R A AR RALRE, 2 FIX AR 88
PH {H. % OB £ 70 B, 00 0 0 38 95 B (R R AT Los
(GHIEZRE . REBEHE00 MR HEMIEE.
SHMERAFEFREGMNRE S, FEBEENE
W, W% 3.
®3 ERFGEREIT
Table 3 Orthogonal design of culture condition
B X

XF AWK BikHR/ CHHE/ DEN  EsmE
pH mL % (X24 h) (X24 h)

4.5 50 5.0 5 5
5.0 75 7.5 7 7
5.5 100 10.0 9 9
6.0 125 12.5 11 11
6.5 150 15.0 13 13

1.7 BRESEVENE ok BB 4k ABTS[2,2'-
azinobis- ( 3-ethyl benzthiazoline-6-sulphonate)] %
AL, R A AL ABTS 7 420 nm &b A F R

@ e W Do e
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B ABTS Bt B ) 38 O Wi o , BT A vl il it R 3 420
nm A 6% 152 ' BE £ 38 SR 0 < % A A9

BETE MR8 J7 83 mL MBIE R ALK& 9,0.2
mL 3 mmol/L # ABTS,1.8 mL 0.1 mol/L BE-
BE R 4R (pH 4. S 1 mL 7 BB . FhR
MFR Y ABTS IR 53, B0 A WS 31 R B, 25
CRRL 5 min Jg,F 420 nm PEBAE . UKEMN
W AE R b B ot AR . BBIE E X1 NS B
WRBE—ERMET, KRR & 55081 1
pmol ABTS H{LPT R HKEE .
2 &R
2.1 AFEFEAEX RS BEEBE RN HRE
MEBRREWAREZHLEKNEERT, IR ER
PRGSO EER, A BIMN TR
BB EARE HM B FHRE - PEAER &
B R B MAE THLRR . AR B R
B EARE:AVAR - BERN . EOKk. TRE.
RSB A (7 £ B BB AR B B B I ROR» B S A
Rk SR 2 & % R Z W EEER  LLB R 2 .
% B F LR, 2 B KB/MER Y AL
RBE>R TR/ FHRE>TNRE, A
RBREHAREEMIEERRRE T, KM 3 ##
A—EREW. WK 4. FEIHRE, FUEEN
REFMENNERBER THMBETF.

R4 BRBEASETHRATEAN
Table 4 Variance analysis of orthogonal test

on combination of culture media

BR WEFHHM ABHEE F  Foo BFEH
Ny FHRE 0. 355 4 0.802
WO TFHRR 0. 655 4 1.480
LB 0.180 4 0.407 2.180
AR 0. 991 4 2.239 * P<0.10
L33 2. 660 24

KFEREHEEMR - RELRXBREFHEIT
BEFYETUES A B A,,BERB;,CHC;,D
BRD .HBEMEHERMNERELAS N:
ABCD,— HEE B BRI % . THE.
ZHAREERREHN 25 MEZF B iZA
BHTHARR EREH, HEEKEHAARERS
BEMEEBRENEREAS.

Bk R A,BC.D, 44 5% kBl
BHREHITHR, WE 1. MRS EAaHIRRBER
PP M R R R R SRR 14. 23 45,
2.2 ARBFEBREMRATEBEEOER. A
REfEHGEREINHEBEREAESHTAM

388911

‘ 27339
FREFEAE  ERARE
1 BRBESRUNELZRAT

REFMERLILY
Fig. 1 Comparison of laccase activity of G. lucidum
before and after culture medium combinations
B KPR ERRRE, UREBAERRNAE B U
o 5 2% FRO T L 57 206 0 77 R A AR D %ot PR L IE 3R
W ESTERRLE S,
£5 MFEBRLAAETRRBRAZSH
Table 5 Variance analysis of orthogonal test on

matching combination of culture media

BE WMEFHM HHE F  Foo BFH
WE 0.178 4 " 1.014
Wit 0. 056 4 0.319
BRE % 0. 025 4 0.142 2.780
FEBE 0.651 4 3.709 “ P<0. 05
BILFLAE-80 0.071 4 0.405
RE 1. 050 24

WERRBLERBITREGHEMLERE
. TERERZEK BEBRKEBERLIBHRY
BEEENTERRER, R K i ERE. B W
BUEE-80. MBS — . BEME A Xt
REBBWEENERE/D.,

KPR EGHEERNEREEF BT B
FHETUES A BRABRB,CHRC,DR
Do, EBRE HNBEBELBRNERELASH:
AB,C\DE,—— Hi&i$§ 30.0 g/L . 4B1E 0. 2% BB
S8 0.66 g/L, THE 0.5%. B 1L FEE-80
0.15%, REXRBIEARFEHREE.

B IE SR AB.C\DE, AA AP EREN
AR E. RIS R TR,
B 2 iR, Z0%/E 5 REmmk R B PR EE G
RFFERIEFREMN 1. 86 5, RIF M/ B E R 85 5%
M 25.72 4%,

2.3 AREFEANREEMEENE R B LE
EBATURZEMELMERIEFHRERLE,
TEMIE IR B BRE b — 253 3% A - 1 AT IR AL I 28
TB. EFRAGHRLRRIRERESRRMTE.

MF 6 PRl EBRERK, RIEBRE LB
FABHREZEBERENTEEWER, LMK K
K9 pH E SR E . EHENERE. B34
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Fig. 2 Comparison of laccase activity of G.
lucidum before and after optimum
culture medium matching
Ro BREKUETRRAENIN
Table 6 Variance analysis of orthogonal test

on culture condition

[i5E 3 REFHM BHhE F Foss B
Mk pH 1.227 4 2.188
EHR/mlL 0.129 4 0.230
EMER/ Y 0.151 4 0.269 2.780
B (X24 b 1.587 4 2.831 * P<C0. 05
K FeatE (X 24 h) 0. 208 4 0.371
W 3. 360 24

KPERSHAFERNEREN . ABRA,B
B B,,C ] C,,D B D,,E BUE;, B BB 15 1 B 5 B0
%%ggﬁ% ﬂ‘] H AaBzc4D1Ea—mm‘1‘ pH5. 5, %ﬁﬁ
75 mL 3R R 12.5% (& 5X 24 h I FEmE 9%
24 h, REXHBFIAASHERREE.

BRAKHKIKAE A:B.CDE, 45548t
AR R FHE R EASMIE B
B O g R = MG TR A R AT L R 3. Mk
1T 5 5 B A R B VR R B T R R E AR
BAREN 2. 125 RAERRAS ML HFEHN
3.76 £, R ORI B R AT R ER 49. 26 5.
3 iFig

REMBMEREE BB F R RR G20
G REBRTREBEBHEHEERE.AEEEH
FIPRAL S 3R 30 W 258 33.0 /L. W16 0. 2% . B
BREA 8 0.66 g/L. TEE 0.5%. %1l FLAE-80
0. 15 % JAERMAIEFRFMT MR T KB R BB+
BEEER M BER RN 25. 72 5. &
AL SR E M ER L HAT R RGN RARR. B
HBAEREF &M 916 pH5. 5. W & 75 mL. &
R 12.5% B W 5X 24 h 3L FRATE] 9X 24 h, 7E4E
EFREMBEERZGT BEEBEBEPHRE
T R R 5 A P LR B SR LAY 49. 26 1%,

140
O FRE MR E A TRE
120+ B R ES R RE
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Fig. 3 Comparison of laccase activity of G.
lucidum in liquid before and after
optimum culture conditions

2 30T 52 R A B B T A e A O ik X S AR
IR &M e . B B F IR
AREF R, BT E X & H T RFEAFH
HAEFHEREE . e, AEXRBRH T ERA
HEE R HE R B A K v X R B R B &
BEFR BANESR RAF LR A ER KBS,

WAL RS RS, B5. AENF AR E A A
N FRYUBRIEFA TR, KRR & FH LK
FAAPLRR K Z SR PR3 RIR I L & e
HFds, ATiA ] —MEEMRE AR . AR
TR BRI RN FREIKRER S &S FAILKEM
X 53 H BIR A B EALRIR S A HLEIR A X 4, 5 51
1 o 5 v R 3 AT R B A ) A B U o LR
B W, X% B B /N F A HLBK IR A 4 F A ALk
B ENRABHNAENRRZE AR AE RN, vl
BERMAEFREERENHE, EEFH FEMMY
AR, BERIANBEEFREHS SEMBFEML
BLAENRRO BRI FEE, TR, B8
FR i T RE A T R 2 B B 7 3
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