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Abstract
Plackett-Burman design, it was found that they were main nutrition factors such as C/N ratio, the

The 9 factors that influenced laccase production from Pelyporus elegans Fr. were studied using

concentration of Cu’* and pH. On that basis, response surface analysis was adopted to investigate the
optimal levels of the 3 main factors. The second regression analysis of the findings using Design-Expert
software showed that the laccase activity was 446 U/mL( 178 U/mL before optimization) when the C/N

ratio, concentration of Cu®* and pH were 4:1, 0. 1 mmol/L and 5.5 respectively, which was 2.5 folds

of that under the original culture conditions.
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SEG T PR - 89 22 FLF ( Polyporus elegans ( Bull. )
Fro) SRR TR EMLE 2 RERRESHES
TRAPBIETE T .

BT R T HE AR k. 5B B 200 g/, A A OBE
20 g/L, KH,PO, 0.3 g/L, MgSO, - 7H,0 0. 15 /L,
VB,0.01 g/L, 3 1520 g/L, J{] 25 18 K B i, pH {
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H#R.

AR TP 75 IR 4k A 0 10 /L, BE Rl B2 1 /L,
Mandels 5 35 £h #¢ 45 # 100 mL, Mandels fi{ i JC Z 3¢
451 mL, CuS0, -5H,0 4 mg, 1 mol/L#7 15 i 5% v
W50 mL(pH =5.0),

WK K I B F B B4 200 g/L, A % HE
20 g/L, KH,PO,0.3 g/1., MgS0, - 7H,0 0. 15 g/,
VB,0.01 g/L, FIZE /K EC I, pH {E A 8K .

1.2 XWHE
1.2.1 KEEF

150 mL = ff i+ 2 ¥ 14 55 37 3L 50 mL, 2 A
2~3HEFEHER 3 H (10 mm), 130 r/min 32 C
SAF TR 7 15 SRR R 8% MY Fh PR HE A K
BE RS 7 2 AEAH R R A T k5 B 9%

1.2.2 fHESRH &

Wi g 7 ~ 10 d B9 A BEW, 1 000 +/min E L
L0 min, |- 5 ¥ ED R ML, vk A4 C RAF 45 T.
1.2.3 EENE

AR 415 2% Wl 05 O I 7 s B 0. 1 mol/L pH {H

4.6 FBEERZE P 3.5 mL, A 3.36 mmol /L 408
ICH 2K 1 0.5 mL, A I8 24 F BF 00 fL & W
0.1 mL,25 C £S5 min, F| H 722E #Y %€ 5h ] WL 43
JEICEETFINS95 nm &b (Y OE % BE (0D {H) |, B & 1 L
T an SR NS minfE %% B AV SR /s, L8
Ay 4 o6 % BE K Im 0.001 K 1 A il NG R
fii (U /mL) .
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6 HI I 22 36 0 3 Al |, 3 BRI BB S e G R
TAHEE:pHEA) BA L (B) FEME(C) KR
/(D) W8 F(E) BB 7 (F) ESR(G) #17
N =12 [ Plackett-Burman 256 . 7 /A 2 43 51 6 1
FTRPHT A9, A4 FZBURKFE" - 17w K
LT AR TR ) Sk e R A X S g A5 AL AT A
Pr 49 & RS (ARG EKF . S5 Bit &
BiRWFEGFHERER T LE2,

#F1 N =12 {§ Plackett-Burman 323§ & i+ % 0 Bz {8

Tab.1 Plackett-Burman experimental design and response values of N =12
o g, pH {if [0 FEFh B A WET BHT 75 iﬁiﬁ t:/)

1 1 1 -1 1 -1 =1 ~1 102

2 1 -1 1 -1 -1 -1 1 168

3 1 -1 1 1 -1 1 -1 171

4 -1 1 1 =] 1 -1 —1 105

5 1 -1 -1 -1 I 1 1 114

(3] -1 -1 1 1 1 -1 1 138

7 1 1 1 =1 1 1 -1 75

8 1 1 -1 1 1 -1 1 84

9 -1 =1 -1 1 1 1 ~1 132

10 -1 1 —1 -1 | I 1 138

11 -1 -1 -1 -1 -1 -1 -1 189

12 ~1 ! 1 1 | I 1 138

2 Plackett-Burman 325838 i1 i) B & 7k F B 3R 4 47
Tab.2 Plackett-Burman experimental design factor levels and effect analysis
W S i Al TH% P it il

A pH (i 5 6 -0.700 0 —7.667 -3.34 0.029 3
B it 31 5:1 -1.5000 - 1. 000 -7.61 0. 002 1
C MR % 6 10 0.2000 -6.667 0.95 0.394 4
D 45§/ mL 70 90 -0.133 3 4.667 -0.64 0.559 5
E B F/(mmol-L~") 0.075 0.125 -1.4333 3.000 -6, 84 0. 002 1
FEEET/ (g L") 1 2 -0.100 0 —7.000 -0.48 0.658 6
G #EHM (1 mmol/L) SR AR B A -4.667 0 0.033 0.16 0.881 7
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2.2.1 Box-Behnken igit

P A B RS 0 i 9 56 R P L R R g
A Design-Expert, X & 1 3 [N 2 1 52 56 Bl iz 17
IRV B AT o VT A = B R W AN
F(mmol/L) F1 pH 1,735 LL X, X, X, £ ,x, =
O~V % = ( Xy =001 200254, = 1.X.-
5.5)70.5, % AR i 7K it W3k 3,

# 3 Box-Behnken LW iZiTEESKF
Tab.3 Box-Behnken experimental design

factors and levels

. K
= -1 0 I
X, WEL 31 4:1 5:1
X, & F/(mmol- L") 0. 075 0.1 0.125
X, pH {# 5 5.5 6
2.2.2 ZREIRERBERFESNT

i i1 Design-Expert 48 i1 %% 4 X 52 56 8 4 dE 47
b VAT N T = 5 T s v/ = o o 5
B R B IR AR IR K P B A S5 R & 4.5,
F 4 g™ Box-Behnken iZitfiSL &8
Tab.4 Box-Behnken response surface

design and test results

P X, X, WE T/ X, e i 1/

o itk 3L e (mmol-L™") pH {i (U-n]L_J)
1 ¥} -1 1 302
2 0 1 -1 332
3 e ] 1 333
4 1 -1 0 358
5 ] 0 0 448
6 0 -1 -1 321
7 1 ] 1 373
8 0 0 0 446
9 0 ] 0 446
10 1 1 0 365
11 1} 1 1 335
12 1 0 -1 349
13 -1 | 0 362
14 -1 ] -1 392
15 -1 -1 0 348

4.5 TH,X, XX, X X3 X M ELAE
PR A B AR ( p <0.01), C LA
( p<0.05). F| ] Design-Expert [n] 5 I} 5 5 56 %
5 , 15 20 Wi 6 ik A& b (X, ) VB B e (X,) M pH
H (X,) B =0 =W mla h R

F5 ERAFERLDRARHMMGITHE
Tab.5 Regression equation estimated value

of regression coefficient

950 I3 St PrEiR
 Hm 447. 00 2.31
X, 1.25 1.83
X, 8.13 1.83
X, -6.38 1.83
5 ~-1.75 2.59
X2 20. 75 2.59
X 5.50 2.59
X% ~24.75 2.52
XX - 64. 00 2.52
X -60. 50 2.52

i§iE = 447.00 + 1.25X, + 8.13X, - 6.38X, -
1.75X,X, + 20.75X,X, + 5.50X,X, - 24.75X] -
64. 00X: —60. 50X,

7% 6 7 i Box-Behnken SE56 7p AT S . [0l 14
R EAHTEM p =0.095 >0. 05, LA %5 % e 5E
ZER = 0.9955 > 0.9, i W 19000 {15 9 00 {5 = (1)
AH A i PR AT 2 [ DA AR S 06 T S
X BT LA A I R WA AT 4 B A

% 6 Box-Behnken 52384 7

Tab.6 Box-Behnken experimental analysis

F 5 FHA O AMEd ¥ F P
8] 41 437.81 9 4604.20 172.12  <0.000 1

X, 12. 50 1 12.50  0.47  0.5162

¥, 528,13 1 528.13  19.74  0.0030

X 325.13 1 325. 13 12,15 0.0102
XX, 12. 25 1 12. 25 0. 46 0.520 3
XX, 1722.25 1 1722.25 64.38 <0.000 1
X, X, 121. 00 1 121,00 4.52  0.0710

X 2 579,21 1 2579.21  96.42 <0.000 1

X 17 246. 32 [ 17246.32 644.72 <0.000 1

X 15411.58 I 15411.58 576.13  <0.000 1
R 187. 25 7 26.75

=40 143. 25 3 47.75 4. 34 0.0950
aliif s 44.00 4 11. 00

&it 41 625. 06 16

S [ U 7 A SR — B e 5 20 PT 49 46 28 A B {RL A

481Kk X, =0.003 0, §% & [k H4.0030:1, X, =
0.061 0, 41 & F ¥ F 4 0.101 5 mmol/L, X, =
~0.049 0,pH {5 K 5. 4755, AR R 7 (4 el 17 {8 Ky
447.408 U/mL. % B2 PR e a1k, ¥ £
FL TR A WE R 97 2k 1) 40 A6 BRI (Ll b 0B 1E o - B
AL a1, Bl B 7 ¥ N 0.1 mmol/L, pH {H K
5.5, £ bk 25 PR T 6 158 AU T 005 1 A 7 90 I 00 E , R
lif§ & J1 A446 U/mL S H S BIRHIR 2ETE 5% Z
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Fig. 1 Carbon/nitrogen ratio and copper ions on laccase activity of response surface analysis map (a) and contour map (b)
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Fig.2 Carbon/nitrogen ratio and pH on laccase activity of response surface analysis map (a) and contour map (b)
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Fig.3 Copper ions and pH on laccase activity of response surface analysis map(a) and contour map (b)
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