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Medium optimization of Coriolus versicolor ZZH-2 for
laccase production by response surface methodology
YIN Jiang-lai, LIU Chang-gen,JIA Hong-hua,ZHOU Hua", WEI Ping

(College of Biotechnology and Pharmaceutical Engineering, Nanjing University of Technology,
Nanjing 210009, China)

Abstract:In this report,response surface methodology was applied to optimize the fermentation conditions
Coriolus versicolor ZZH-2 for Laccase Production. Firstly ,Plackett—Burman design was used to select the main
factors affecting laccase vyield of Coriolus versicolor ZZH -2. The results showed that three factors played
important roles in the fermentation conditions,including the concentration of yeast extract,sodium carboxymethyl
cellulose (CMC) and L-aspartic acid. The pass of steepest ascent was undertaken to approach the optimal
region of the three significant to factors. Then the central composite design and response surface analysis were
applied to investigate the mutual interaction between the variables and identify optimal values that bring
maximum laccase activity. The activity of laccase increased nearly 1.7 times to 9693U/mL where concentrations
of yeast extract, sodium carboxymethyl cellulose (CMC) and L-aspartic acid were at 13.82,13.29 and 1.44g/L.
The experimental values agreed with the predicted values.

Key words:laccase;response surface methodology ; culture medium optimization

FE S ES.TS201.2%5 Xk ARIRED ;A X E 4 5:1002-0306(2012)16-0183-04

B T — Bl S A ) 22 Wy 454K B (p —diphenol J GNP A5 iy 45 B, Horp i BB

oxidase, EC1.10.3.2) , 55 HTIR UL 1 55 A0 g AT YL 30 )
2 AT S H P (R IS 0 22 R AU AL I SR
YoshidaP 5 So 0 BT T 418, Bertrand i 2 1 &
R B I . TSR, TR RE X A
BRI W) O AT S FE AT 2R B S S A2 TR A O
A RAE 7 1H H Dh B, A 2 AR B i Tk BB R
T AR T A AU 7S Y LK T ST A RN
I35 FEAE AR AR B A RN b 38 A= A% 5345 U7 THI 1R Y.
FH A A 52 F T AW, a8 by R A A7 2 € A (R 23 il 1)
W ERBEAE H AR TR AT )z, AE 2 P
FCR AR B DA R B S S R AT R .
AR I L R AR T TR TR R ]

KRB 2011-12-30 * @RI A A

EEB N 7 R (1986-), 8 , ML AL AL H @ . AT,

EEWHE: B £ &5 &AL AKX (9734 %) TR A
(2009CB724706) ; B % & A A5 K4 581 B (20906048) .

E T D0 B R EL Eh T B ZCRAE AL A
1, 7 il ) IS SR R, RIS A L AT 1), BRI T
P88 BRI ) AR AR 7= RIS o DRI, iy T 4R
Wit A2 P 25 AT O 9 32 B T2 90T o 7K FH FH AR5 1)
X KL FL TR AR I 7 R B8 IR A R AL, A iz
FERR B P 5138.9% o AN 57 K FH Wi Y. [ 43 BT v 56
[ )& B Coriolus versicolor ZZH =2 = @il 15 78 F 9k 47
oAk, BE— 22 4% v T BN 1 B AN, A S 0 R
PR P A A 7 R0 S FH B2 AR A
1 #MRlEA=E
1.1 BRSNS

)85 B Coriolus versicolor ZZH=2
I 308 3 S AR AP RS IR IR (D VT30, B
W53, pHS.6; B RS R 5L o/ 22 ZE7130, 25 (53,
EIE20, pHS.6; R IEEIT IR EL (o1 Ai 2800 1.25, ¥ F
FE LT 4 2 AN (CMOD 15, B REE 15, KH.PO, 1, MgSO,

20125 $168 183

FH AR 5256 55



J@étﬂ@l’&

Scence and Technology of Food Industry
#1  Plackett—Burman (PB) 5465 H 27K P 11 (g/1)
Table 1 Levels design of variables of Plackett—Burman (g/L)
5B
S X, X, X; X, Xs X, X, Xy X, Xio
MR REREE O rRIR80  BEMR A SN BIREE  RWIELERM L-RAER O WRM FSH
=D 1 12 1.6 0.8 0.04 0.2 12 0.8 0.02 0.2
= (D 1.5 18 2.4 1.2 0.06 0.3 18 1.2 0.03 0.3

0.25, CaCl, 0.05, L— K& 248 (I—Asp) 1, Tween—80 2,
CuS0, 0.5, 75 557 (2, 5— I EEEJED 0.25, pH4.0.

HVE-50 %Y 5 JE K & f% H 4 Hirayama 2 7
THE-C1 & A HR IR S 28 Nl sLi )
TS2WUER A0 WAy e e BETT SR RF A
T BRA T GL2IMBAFR B OHL BT E AL
WA T o
1.2 BEBHFFE

T35 KBRS AT 28K b b i) B 22351 3]
T BEESERIFI30mLIG B 7K TR FLF TS, SR )5 R E 2mLL
ERTFROINAN AT SOmLAF T 5597 3L (1250mL = F i,
T25°C e 3HE M 160r/min 4645 F , BRIR PR % 15 773d.

FPREREFE OB 35 3R (R I LA 4% (AR 53 20
PR 2 Bl e N B A R % IR AL b Q50mL = D,
F30°C FLiH 2 180r/min I 265, FRIR PR % 3597 7d.

IS 8 R P9 MR AE 4°C S %% 380 24 100001/ min 1) 45 4
TN 10min, 79 2 F i i R A R R PR
1.3 ZREEFEHANE

K 2,27 —IE R - B— 4 H I WE -6 — 15 15D
CABTS) 72500 72 Big 305 7 (AR B A7 U 4 B Tmin §%
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R, PR WL SCHR (8]

AR SC LA g i oA i S, H s o
1.4 XWHZ*E
1.4.1 Plackett—Burman (PB) =X 56 % it Plackett —
Burman (PB) % 1100 Rl &8 BRI A 20 1 /K P2 56
W rh 772, e T B b 10 S 50 R AT IR 1 1) T AR
JE AT BERE A DOAS TF, 114 KA S I PB B v 5
FE12UR S st ) LA B R4 i R R, HL R TR R A
TAEHAGER 73 1) 5 KT R AR TRE . A H PBELES
e TF i 28 i 3% HH ) VAR I Il 9 2 i AR K I Rl 3%, 5 TR
FEACT R E LKL,
1.4.2  EeBEMCHSTLS w05 7 B AT A 25 5%
PRI 3 DX sl B A fi 78 40 30 AL S S 17 00, DAL it o2
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s B AR 3 K1 1) 84, R TR, AT PR dd
T T Fe KM Y DX 38k, P N RS T R
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2.1 Plackett-Burman (PB) 3£ 3&i& it & 4 #7
LA Z0E (XD, I EEE (XY , MR 80 (X , BEIR —
ST XY, AL X9, B RER (X » 2 H IL 2T YE 24
X L= RA IR X » B TR (Xo) » 5 3511 (Xio) 4
FE IR AL B R 21, 2% PR35 20 ) R S 0 7K1, TEIK
VO ORI 1548 AR S 0 I N=12 1) PBSE 56 3%
TF, I VT M 25 LR 2. SR TISTATISICAS.0%K 4+
AT H A 73 M, S5 R W 2R3
FR Y 22 3 1) S 98 70 A B, it 7 LA Wiy LU e s o
Wi NARL PR 22 TR 2R PR R A 2R, DL (DD o
Y=5094.417+219.250X,-832.917X,+81.750X;5+
113.583X, + 35.417X5 + 395.583X, — 710.417X,; +
1034.917X3+388.417Xy—546.250X,, =D
22 Placketti—-Burman (PB) S5 W A 7 8 ik it 0
Table 2 Experimental design and response values of

Plackett—Burman

CEE K X X X Xs Xe X Xy Xo X fﬁﬁﬁ
1 1 -1 1 -1 -1 -1 1 1 1 -1 6890
2 1 1 -1 1 -1 -1 -1 1 1 1 5722
3 -1 1 1 -1 1 -1 -1 -1 1 1 3115
4 1 -1 1 1 -1 1 -1 -1 -1 1 5390
5 1 1 -1 1 1 -1 1 -1 -1 -1 2512
6 1 1 1 -1 1 1 -1 1 -1 -1 6836
7 -1 1 1 1 -1 1 1 -1 1 -1 3840
8 -1 -1 1 1 1 -1 1 1 -1 1 4986
9 -1 -1 -1 1 1 1 -1 1 1 -1 8798
10 1 -1 -1 -1 1 1 1 -1 1 1 4532
11 -1 1 -1 -1 -1 1 1 1 -1 1 3544
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%3 Plackett—Burman (PB) SZ 46 [A 287K 1> A 3= #0043 Bt
Table 3 Levels of variables and the main effect analysis of

Plackett—Burman

NS T{H p1E F{H Coeff A
X, 4.143 0.151 17.167 219.250
X, -15.740 0.040 247753  -832917
X5 1.545 0.366 2.387 81.750
X, 2.146 0.278 4.607 113.583
X 0.669 0.624 0.448 35.417
X 7.476 0.085 55.884 395.583
X, -13.425 0.047 180.236  -710.417
X 19.558 0.032 382.495  1034.917
Xo 7.340 0.086 53.878 388.417
X1 -10.323 0.061 106.561  —546.250

’=0.9990 Adj R*=0.9896
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0.9896, % H198.96 % 1] 5% 3 4 1) A% S v m] FH bt (=
VAR BB RE o HHER 293 BT v S0, 25 DR 3% o) V2R g =
P 5% i) 52 25 (p <0.05) ¥ Rl 25 Ok B R FF L 922 W L 2T 4
EEIRIL- K 25000 o L e BE B R FE DR 41 4 32 0
PSR AN (1] P RE-S = /S Bl o A
2.2 mBEMRY LIw 5+

HR A PB S 56 75 1] 1) 56 7= Bl 5% W) S 25 1) EAL 1 2 1
BEE 2 L AT Yk F2 0 RN — R A 2008 , A Jod £ e T 35
SIZBO A 2 B 0 R BT RS L, H QD A e S e T
MIEEAR . HH 4B n] J, 7 AR T I G I DG DR 2R
JE R AR T AR AN, 7 B B v R R S 34, LU UG Ik B
10176U/mL, Ui W 2% 21 S50 () T B L 2 W L 4T 4 52
IR R & S IR IR FE BT e Al . WOk 58 340 g rots
2 RS IR A e 2Btk .

Rd IR PETCHL SR BT K AR
Table 4 Experimental design and results of the

steepest ascent path experiments

=] ESES 3
FHE S WD) CMC @) LoAep gy i (Ul
1 15 15 1 5742
P 14 14 12 7683
3 13 13 1.4 10176
4 12 12 1.6 8630
5 1 1 1.8 6782
6 10 10 2.0 5036
2.3 HLE & LI K M 5 E 5

P b e BE QIR S 56 45 AL T 5, 25 3L AH N AR 5
AL o A2 3T A KW S AR X 3K, PR] I ag 45 245 3 4L 1) il 9 i
ZAT N I R AT RO AL B S BT, DAL A S
BT M LA RIS, 45 R0 #r Wake6.

AR v O 21 5 S0 A5 B 1 45 2, 0 92 56 #0420k
A7 g N T [P Y= 0 A, A5 20 DA g EU I 35 DA i N AR 1)
22 G AU AR DL G ),

Y=9865.25 + 688.35X, + 322.32X, + 251.74X; —
2.62X,X, + 274.88X,X; — 35.37X,X; — 1311.25X? —
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Table 5 Experimental design and results of

central composite design

Sy _ [K % (g/L) YH#EE

TOX, ERFE S X, CMC Xy L-asp (U/mb)
1 10.00 10.00 1.00 4215
2 10.00 10.00 1.80 4956
3 10.00 16.00 1.00 5013
4 10.00 16.00 1.80 5338
5 16.00 10.00 1.00 4970
6 16.00 10.00 1.80 6536
7 16.00 16.00 1.00 5483
8 16.00 16.00 1.80 7182
9 7.95 13.00 1.40 4780
10 18.04 13.00 1.40 7620
11 13.00 7.95 1.40 4647
12 13.00 18.04 1.40 5892
13 13.00 13.00 0.73 6192
14 13.00 13.00 2.07 5652
15 13.00 13.00 1.40 9820
16 13.00 13.00 1.40 10124
17 13.00 13.00 1.40 9886
18 13.00 13.00 1.40 9614

1640.37X,>—1421.15X _ @

FHE653 7 AT 405 X Xon Xa X, X5 X2 XX 2 p
{H32 /N T70.05 , 22 W5 v Wil P 37% 16 5% W) 2 0 o e 2
FRT 5 AE EABE I 75 0 DA 25 8, Z20me G vh 52 i AN e 2
TOU, T A AT T ™ it TR 1) — IR ORISR 1R L (B)

Y=9865.25 + 688.35X, + 322.32X, + 251.74X; +
274.88X,X5—1311.25X >~1640.37X,>~1421.15X;> 70 3)

Y R B T X Xos Xa 00 ) A R
FR L LT 2k 32 AN L- R A 2 R M G fd i o [l )1 A5 0
J7ZESTHT A R W36, B2 p <0.0001, Ui I A 2 /F o=
0.01 7K1 [a] =3k A i 2 s 20 () AR (1 4H D¢ S 4K
R?=0.9702, 1 4£ )5 1IAdj R>=0.9368, 3 W J7 FE AL T
SEBEIE AT 93.68 % AT 5, A AR i IR vl A5 B o &1~
B3 22 oG ml ) 5 R 2R ) F0LA H i sy i i P Az
HAF B E ], H e nT A An] P9 K] 2% A8 HL 5 Wi g e
BEAT 20 AT 5 VR, LA 8 d AR DR 32 K S [0, B

o IR Ty Z= o
Table 6 ANOVA of quadratic polynomial model

AR H th g P FI JIEN plE Coeff.fE
B 9 — — <0.0001 —
X, 1 6470481 6470481 25.1674 0.0012 688.35
X, 1 1418720 1418720 5.5182 0.0109 322.32
X, 1 862588 862588 3.3551 0.0215 251.74
XX, 1 55 0.0002 0.9740 -2.62
XX, 1 604450 604450 2.3511 0.0343 274.88
XX, 1 10011 10011 0.0389 0.6665 -35.37
X2 1 21760032 21760032 84.6373 <0.0001 -1311.25
X2 1 34054161 34054161 132.4562 <0.0001 -1640.37
X2 1 25226644 25226644 98.1209 <0.0001 -1421.15
AT 5 1924296 384859 8.7148 0.0523 —
ARz 3 132484 44161 — — —
peg il 17 69108970 — — —
MR AR 0.9702
LB 0.9368
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NS R FEEIRL AR 5 18 D, DTS A PR R P (P 4L i
PR, AR F AR A K . 2R B L e 4 AN
B RO, BN RE ALK A 2 BRI &, B8
it = e ST Bl 2 B0, BIA S KARLS SO H R B, I 02
FH T 3o 8 114 L= R A 2 1 R e B 5 AN R 1 B2 I 1) A
K, BTG BRAG . B3R WAAE I RRFY I S AN S DL T,
AN N ¥R B AL LT 4 SR AN LR A EIR 1 5, Sl 1
I PG NG ST BTG, PRk R W I S 1192 TR G 2T ¢k
AN LR AT R A F T3 M 1) 73 o IR, 15 3R 3
v R IR B A 13.82g/ L YR T RE 4T 4 254 11 4k
13.29g/L R~ KA 2418 [ B 1.44 /L, I 2R TS )

12000

BEIT TR RET A CMC iR it I A S ) = 4 i 1
Fig.1 Surface of mutual-influence for yeast extract and CMC
on the activity of laccase
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Fig.2 Surface of mutual—influence for yeast extract and L-Asp

on the activity of laccase
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Fig.3 Surface of mutual-influence for L-Asp and CMC

on the activity of laccase
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