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Optimization of breeding and fermentation conditions for

highly laccase-producing Trichoderma asperellum mutagenesis strains
ZHU Li-xia™ , WANG Gui-duan, MA Yi-ge, TAN Wei, MA Wen-jing, NI Wen-ke,
LI Xin, CHEN Ju-tian, LI Li-li
(College of Life Science and Agronomy, Zhoukou Normal University, Zhoukou 466001, China)

Abstract ; Trichoderma asperellum is taken as a start strain to be mutagenized by microwave and hydroxylamine
hydrochloride ,and highly laccase-producing mutagenesis strains are screened out through guaiacol method.The optimum
fermentation conditions are determined via single factor tests and orthogonal tests, and the laccase activity of the
mutagenesis strains is verified by simulated culture test. Results show that a high-yield strain, MP1-1,is obtained under
the conditions that microwave mutagenesis has performed for 15 s,the concentration of hydroxylamine hydrochloride is
0.9 g/L, and the lethal rate is 90%. The laccase activity of MP1-1 increases by 70. 8%. The optimum fermentation
conditions for the strains are as follows: glucose is used as carbon source with a dosage of 1% ,ammonium nitrate is used
as nitrogen source with a dosage of 1% ,pH=6.0,Cu®" concentration is 0. 09 mmol/L,inoculation amount is 1 mL,and
culture temperature is 28°C.Under these conditions, the laccase activity of MP1-1 reaches 54.51 U/L.The weight loss
rate of polyethylene,which has been treated by MP1-1 for 14 days,is 0. 77%.There are obvious pits and holes on the
surface of polyethylene, and the active functional groups such as carbonyl and ether bonds are introduced there.
Optimizing the microwave-hydroxylamine compound mutagenesis combined with fermentation conditions can enhance the
laccase-producing capacity of Trichoderma asperellum , which lays a good foundation for the industrial application of
Trichoderma asperellum.
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1.2 EHxFEHE

L B a A AR R (PDA) . SR (L
F2)200 g Hi% % 20 ¢ 35K 20 g ZE187K 1 000 mL
pH H4X,121°C KH 20 min,

S R AR AR R 2L (PDB) . B (L
$¢)200 g Hi%iHE 20 g ZE1H /K 1 000 mL pH H4A,
A REIEMG 121°C K 20 min,

TCHER R A 5 55 35 K,HPO, 0.7 g KH,PO, 0.7
g MgSO, - 7H,0 0.7 g NH,NO, 1 g NaCl 0.005 g.
FeSO, -7H,0 0. 002 g.ZnSO, -7H,0 0. 002 g . MnSO, -
H,0 0.001 g 7&K 1 000 mL,121°C K 20 min,

WRIARE— S8 SR AR A A A, DR%
(2:52)200 g HZEME 20 ¢ @AIAE 0.4 mL A5
20 g Z&IH7K 1 000 mL pH H#R,121°C KK 20 min

VR % A e K g2 5k, A2 10 g NH,NO,
0.25 g, MgSO, -7H,0 0.5 g,KH,PO, 2 g, MnSO, -
H,0 0.04 g.CuS0, 0.016 g Z&1#7K 1 000 mL, /3%
HEIE MG 121°C KB 20 min,
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P AT U R 10° A/ mL, #% 1:20 B LK T
B 2.5 mL A 50 mL A9 FR 8 55 3, 30°C L 150
r/min FEFRE0INEE 768 2 R AR

BERE 2 h BGET-E 10 wL F23i A Eigg
LT S O (BB 10~20 AT ) L 115
B S T4 5 B A E0 (e, TR AR T s R
ICSRBH B T] . B3 3TE 20% ~30% 54T
1.3.2 iFEsasm

PEEAS o B LRI T B LA 1:50 (RFHER)
HAPT PDB B TS (700 W,2 450 MHz) Hr
3R BEAL B 0 (XFHR) 5.10,15.20 s, AbHE)S T
28°C 150 r/min FI}55% 48 h, WL T8 K IHM,
R S5O A 7 S AR 175 AR B 1]

ERRRFMAAAE , B mL BRI TR R
AR I BE 4 0.0.1.0.3.0.5.0.7.0.9 ¢/L 1Y
PDB 1, 7F 28°C 150 v/min 5/ F 3555 48 h, LIk
TR IR B R O o/ L (960 F- 1 & 1% 400k o R 1153
IR E A EE AR

BEVEAE ., B mL S0 S 120
FERP A Rl E R 2 1 PDB 1 28C (150 1/min
ST RS 48 h, LAA AT 48 A 3 % 18 20 R
X THRBOER,

BAFIER (%) = [ (KL TH L5 -
AR TF B B0 7 R 28] x 100%
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Brgpdkrp KigR 5 d 5 E BEHG 77,
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(MR%E IR EE IR R AR R ) (Cu™ ik
F£(0,.0.03,0.06,0.09.0.10,0.12 mmol/L) , pH
(4.5.5.0.5.5.6.0.7.0) i (20°C .25°C ,28%C .
35°C ,40°C) FERNE(0.5.1.2.2.5.3 mL/50 mL) Xf
SRR R AR R Tl 136 1 52
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WA 465 nm AWML, BTG T SR RSP
KA 1 mmol FXANA M 1) et 78 Sk — A~ BTG ) B
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AL BB A K, PR EOE RN, B S s
A EIER K 60. 0% ,10 s BfBIER K 73. 3% ,15 s B
HHLHEN 86.7%,20 s B EIE RN 93.3%,, WA 1
(b) FrR , B A £5 18 72 e vl B 1) 7 =5, B AR MP1 A
il R B HERRR AR IE N 0.9 ¢/L
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P25 70. 8% IESE T MP1-1 AR HItk, SR Mt
5 d J5 ERRER B S 7 AR, 3X RT BE R T R 8 R
] () SiE K T 22 B Ak LB 3 3 v o 5 8
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BraE s A BRI TR R T 5 d S 0 R T
J1, ME 3 AT ERR MP1-1 S 10T 8. 54~

YEREE 1/(U-LY)
N




2025 F 12 8 KNEF . MBASE R

8.96 U/L,F=Higketifa e, AL, B 52 A MK
¥k MP1-1 i f&fa e iy,

10

2

N oo
T

M1

L

1 3
PR AR
1—H R kR MP1; 2—E 3V ik MP1-1
K3 Etk MP1-1 ek

BERHE J1/(U-LY)
[\ ) £

(=)

BEREE R ABEFFILL - 137 -

2.3 BREAZXRKRE

XTSI MAE YR B, iR RV RE IR, % L
ARREAEREZEEM, AR FET, mk
RIS DA AR 225, MK 4 BoR, DARLRE A
TR AT VA U A A i VR S R R X T R e, L
TR 2 A A BN TR AR 5 il K i e, R T T A
ik 8.33 U/L, % i o SOl S0 TR bR A, B ik
BRI E R R TR G, TELs" L
TR b 2R AR R AR ARV E R B o B i, 2R 6
T LR LA PTPE hy i 05 %o VAR TG 7 1% i a0 e
R E X AT RER R TR R R B oS R AN

3 60 4
= > 50F =
A = = 3+
= 2r S 40F )
2 R 30t Rt

s e

% 1+ & 20} & |
® LT E H

0 oL 1 0

IBE R R WEatER Mg TAK BEE FRT 0.00 003 0.06 0.09 0.12
= AP Cu?/(pmol - L)
(a) BRIR (b) &I (C)Cu“

10 5.0 — 50
o 8 40 a0
o i
2 6 230r £ 3.0r
é 4l ;E 2.0k }3 2.0
£ o £ 10l - £ Lol

035 5.0 5.5 6.0 0.0=% 25 35 40 00—53 0 2.0 2.5

pH WEE/C HFf R /mL
(d) ¥tk pH (e) W (f) #zFh it

K4 FEEZMMPI-1 28 EH NN

DATRERE R RN AR A R 2R, 895 35 200 (0 W 1
AR W0 A R G 1 K B0, DA TR RE B S i — SRR IS R
PR iG7K T B e, R S 10T 36 184,03 U/L; DLAR
Eﬂ?ﬁﬂﬁﬁj‘ U5 TR PR R G 1R 81.94 U/L,

X5 THAE R R R R IR € B AR VR I S —
S, BP0 0T BE SR BT R SR S AS B 1 X
AT & (0 O 55, AN A B0 Hb s W3 R G 57
L RS 1K, AR R B Sk ZUUR B, TR R IR Tl
710 22.22 U/L, PR, 326 B AR T LAY R 4% R i
FEP= R R, IRAEMEAE D R LLAE MR & N A
TRE Ui g 245 VREBEHG T i, XX S AR 45 R —
e, R PR AR B ) TR CAL AR . X AT e
T ICHLEUE SR F B vk A R R i A 1R B it
)RR T A HLAER , N RE P A W AL R

VR I T 22 B 50, FLE ) R i 2 Cu®™
MY AR B FIREE N 0 mmol/L 1 75 I B AR S G

IS5 A, B T4 25 X H i W s SR Y Cu®
WeREESN 0.1 mmol/L B B FR B 1% J1 0 6.94 U/L,
Cu** 2} 0. 06 mmol/ L B PR REETG 71 fe i (9. 72 U/L)
R A T EREGA R, Bk, s Co™ AT EEXT
AR T 0 A R R ) B B A IR R
AP A BT 2 A i R B, pH X
BRI R = B mEAE Y BT R
SRR SR AL pH SRl E] Y E R TR R, AR
SEHHIFFE )2 A AR & TR T 4R pHL X A 7™ il £ 1Y)
M, AR pH FHEE 7.0 B B IR 50 B
[ A5 1k i JC A BR AR Ay 84 €1 3o R 26 1 1 g
AT RSN AT RE S 4 R AR T AR B
ey €0 1) IR 2 B 5 e T R P U R O
SIS . A pH A 7.0 B B RR A KR AEE
X A e -5 A A A 8 AR TS PERRA, TR E LAz i
FIRA T L, 76 5 S0 5 T Rk i 5 v R
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F3% pH A 7.0 BFEETG YRR AE . 24 pH Ky 5.5 B
AR = Tl K OF- e e, HOR WIS 1 mT 3k 26.39 U/L, &
WS SR 06 pH iy 5. 5 WA T REG

T LA T BE A8 I TR AR AR K R % TR AR
VAR TR 7 I ) 385 T S 3 5 BRAG, DA IR IR
A 28°C By H 7 il K Vs e , B 71 TR 19. 44 U/L;
TR R 40°C I P g K- e, AT, B SR TR
hp 28°C B fe B T A A, X5 Othman 250 (1)
WFFE 45 3 — 350, S T S A o3 R B A g ) 7™ A, 3L
FFE T R TS MR AN A B % 25 4, AR R 5
R AR

TR (1) 22 /0 b T 2 5 i) R AR T A
B2 i ARG 0, TR R R O T S B S RRAIR,
Fofrigt gk 2 o] A B S AT, O T 7 il ) BT SEE G S i
BRI ] P ) 7 S el D s R R TRAR K
B R EORFR AN AE L P, 1 E ARG 2 BB AT
T el A ) = i D MRS 2.0 mL B
PR WK P o e, LR WS 7 AT 36 11, 11 U/L,
I, RN 2.0 mL IRHR A T R4 I,
2.4 HEEEZHIIE
2.4.1 ERBLERENIN

5 H 2R [B) 19 28 B AR 6 A K 5 75 A TR R
MP1-1 BY5ZM UL 1, Fi R 22 R EHf o 45 B R 6t
PRV TG 7 52 0 K/ NI Ry € (TRUEE ) >A (Cu™
WRE) >B(pH) >D($EFP i) , TR MP1-1 7= 3R 1)
B AH A B,C,D, , % HERAEE TN Cu™ ¥
J 0. 09 mmol/L . pH 6.0 JEE 28°C 4%F#E 1 mL,
RACSAE TR MP1-1 B BETE  8% m T HAb &
1 B REEIE TN 54.51 U/L, BRSFAG2512Y % P
KEEERHE N1 ik 3] 571,32 U/L, & TAWSR
SEIF 3K ] B8 S AN [R) Ml X [R] — B Bk 10] 1 BT AR S,
L Z T AW A I B R B B e 1 i e
AT LA R I R 9 AR 1 Ty i v il 0
o T o B PR i 7 AN 5 0 R AR AL R 9 AT
T, Ha v TR RS

£1 EXHRBRER

A(Cu® WE )/ CUIREEY/ D(EFh  BREHE 1/

' B(pH) )
(mmol L") C #)/mL  (U-L™)
1 0.03 5.0 25 1.0 9.03+0.98g
2 0.03 5.5 28 2.0 35.42+0.98b
3 0.03 6.0 35 2.5 19.44x0.00d
4 0. 06 5.0 28 2.5 15.63+0.49f
5 0. 06 5.5 35 1.0 14.58+0.00f

a5 BFE 12 H
6 0. 06 6.0 25 2.0 18. 4+0. 49de
7 0.09 5.0 35 2.0 17.36+0. 00e
8 0.09 5.5 25 2.5 30. 56+0. 00c
9 0.09 6.0 28 1.0 54.51+0. 49a
K1 63. 89 42.01 57.99 78.13
K2 48.61 80.56 105.56 71.18
K3 102. 43 92. 36 51.39 65. 63
k1 21.30 14. 00 19. 33 26. 04
k2 16. 20 26. 85 35.19 23.73
k3 34. 14 30.79 17.13 21.88
R 12. 85 3.94 18. 06 2.31

TE R PRGN 3 YllE R AR 28 R R/NG TR
N [ Ak B ] B4 2 3 28 54 (p<0. 05)

2.4.2 WPEBERE G EH5H

[LAREHY Jy 2 73 A 45 e an ¢ 2 s 15 AL F(H
4 029. 714 P<0. 001, PiHH A 80 % A B, AT LA
T Co™ ¥ BE IR pH R i X B 1S 71 5%
Wiy, RN E 2B R =0. 999 ()5 R*=0.999) ,
Vb RS T 06 5 3 6 AH DG PR BT, A LU 3R
Cu” VR FE TR pH FNEFp i i F(E AT AT, 25 2R X
BREGTE s w22 5 0 H 4 AN R INR
BTG 77 BRI EURE A C CIREE ) >A(Ca™ W) >
B(pH)>D (#:Fpat) , e 55 1 58 iR 50 153 25
—3,

F2 EXHRBERHENN

H IR -7 Bl B F i P
R 4 750. 281 8 593.785  4029.714  0.000
A 1538.472 2 769.236  5220.408  0.000
B 1 386. 559 2 693.280 4 704.931  0.000
c 1 746. 804 2 873.402  5927.329  0.000
D 78. 446 2 39.223 266.187  0.000

2.5 KBRS
2.5.1 Rtk ER

P 3R il 2 — P R A R i o e v %) S e
K R 205 % B RPPAL 4% A B R B BRI BES F1 . AE
FE % 14 d B EUREIE DEOTE T )5 I e R 2 Y O E
RO 3, WA Y E T )5 75 ik
MP1-1 ZbH R LG R R FE R m 1k 0. 77% , 24
FERNTARRAL PR 10. 8 15, J& th K Wbk MP1 Ab#H
2. 89 ¥, Y B T 2MNALHTA R WAk MP1-1 4b 3
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91,98 i, XML TR MP1-1 HATRS R A5

Mt 7 o
x3 AEAEKRAETRZHERERNTN
R BR RER/ %
RAEFPTE bR 0. 07+0. 002d
th & itk MP1 0. 270. 003¢
PR ARACETB A R bR MP1-1 0. 39:0. 002b
P ETZMALFFZ R MP1-1 0. 770. 002a

KRR N 3 REE N TIE AR EE , FIFA R 7 HE R 25
SEIRF R E MK (p<0.05)

2.5.2 RBUHA@BILIEIET AL

WK 5 s REEM R ARAE IR ORI %
TG T R AR A B S5 5 TS
AR MP1—1 Ab 3% 5 £ 0 [ 7 3= #1547 BH
MYE S5, B2 T A0S B2 Wik MP1-1
REFRAY R A 2 T L & TR bR MP1 &b 3L B R
T A RLRS . %4 L ENE T R MP1 -1 BN
i T AL TR

=y :

A

(o) BEFRAZS HibR MP1-1
B 5 R RE R B R E RO AE

mE 6 frR, 5 AREF AR 20507 A
AHEE, &R MP1 b3 2R 20607 78 1 020 ~
1275 em™' i ] 3 80 A W g e X 17 ik B C—O—C,
1 550~1 610 em™ AbFRFEHR B0 47 B W ek, ~1 716
em™ AbBRIEIR S AT B B, AR B RE MP1-1 &b
PRSI AT R B R g 0 DA R TR AR MP L Ab 3
J5 B LT s i SRR R AR RS, X R I AE
HHRIER T, B IR 5I AT #1095 68 A ik 3
(—C=0) 5 (C—0—C),

ob— .t W
900 1000 1100 1200 1300 1400 1500 1600 1700 1800
BB /em!

1—XF 8 (R 2—ERh R kR MP1
3—EEFPAAS Rk MP1-1

He6 RIWBAZENE AL

3 it

DUBIRAE: MP1 Ry H & T , R F 00k - R R
FRWFAR | Vi 49 30 3845 R PR A 1 28 A8 Bk MP1 -
1, HCAR W G M55 R BRI 15 70. 8%

i 1 B R RN IE SR TR G, B % Bk MP1-1
A K B A B 1% REIRER 1% Cu® WK JE
0.09 mmol/L., pH 6.0, I B 28C ¥ f & 1 mL
(2%) , FEBLAAT , BRRIRERG 1345 54. 51 U/L,

ZHER BN LR 0 e — IR AT AR K
14 d J5 iR QIR R H RN 0. 77% , B R i A B
IR BRI 170 3R 20 5 TG R B RE A 3
(—C=0) 5t (C—0—C) ,IFSLIBESH k MP1-
1 BERE PRI T TR M BB

5% S0k
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