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Breeding of high-activity manganese peroxidase strain and
preliminary investigation the enzymatic characteristics
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Abstract: [Objective] The study was to screen a high-yield manganese peroxidase strain and to study
its effects on lignin degradation of straw. [Method) A high-yield ideal strain with the method of using suit-
able dose of UV to the spores suspension was obtained, meanwhile the manganese peroxidase characteris-
tics of the mutant strain was investigated and the effect of lignin degradation of maize straw with the crude
enzyme from mutant strain was determined. [Result] The spores suspension of initial strain (Trichoderma
harizianum) were irradiated 90 s by UV treatment,and a positive mutation strain (0202) was obtained af-
ter screening. It was determined as a genetic stable high-yield strain. The MnP activity was greatly in-
creased by 169. 59 % more than its initial strain and the LiP activity was raised by 17. 98%. The properties
of MnP were researched and the results showed that the optimum temperature and pH of the MnP activity
were 40 ‘C and 3. 0. Moreover, the enzyme activity was stable within pH range of 2. 5—3. 5 under 50 ‘C. A-
mong different metal ions,the MnP activity was enhanced by Cu*" ,Mn*" ,Mg*" ,Ca’" , whereas it was in-
hibited by the metal ions Fe’" ,Zn*" The lignin of corn straw was reduced by 23. 64 % after using its crude

enzyme in 48 h. [Conclusion) High-yield manganese peroxidase strain 0202 was obtained and its ligninolyt-

*  [WHEM] 2010-03-11
[(HemH] EREHE AT E (2007BADA1B02) s 4 FF AR g W A 5250 5 5 v B Al B2 B AR BB 22 08 55 I b e R0 25 MR
F e Jr 56 A= BL B Ml 45 9% £ 331
[(EHEANT | WA982—), %, UJ@J\F}\ TE AR A, 2 F A ) BT AR A R £ BEF ST . E-mail: baina2108@163. com
EfEESE] B HAQ939—), B U FREAN IR, EENF R ASHAEYFRERMFT . E-mail:luming3911@sina. com



140 P Al A MR K AR

5 38 &

ic enzyme was LiP-MnP. The raised MnP activity can increase lignin degradation rate of maize straw.

Key words: ultraviolet irradiation;lignin-decomposing fungi; mutant strain; manganese peroxidase;lig-

nin degradation
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S MR SR AL 0.6 g TERYLT. 5 g MEREHS,0.5
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mL % 7 [E & PDA P b A RE 3 MEX,
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Fi kg 10 A5 EHL 10 pL HIIRA#R IR 7E K& B I



11 M

96 A5 < 3 7 s 2 4 0 T TR B )L Rl 2 B 141

R IR H Y L R RE IR S RO
1.2.4 REARGFLE KN R MR HEKEMT
AN B B0 e E s SR AL P, 30 °C 200 r/min 45
HFRIRGEESRE 72 h 5. B EBEWwRA 4 °C12 000
r/minf5 4T B0 20 min, B G W CRP S A G O
ME LiP A MnP 0% 1. DL & B BRI XK B
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PRAF 24 b J5 0 E AR X EETG g , DA € H pH B e M
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JE B % MnP 15 1 kX% IR (CK) , 78 MnP 5 )Y (1l
ZLER) HEAT BN B S 23 I A2 BE R 5 mmol /L (1)
Cu’" . Mn’" | Mg*" . Ca’" | Fe*".Zn*" , X ¥ 5 min
J5 I MnP (4935 11,
1.2.7 REHH MnP #f 2R KA X0 %GR
e ¥l g KA ERREF R (R4 %R
AIATASCI 2 RS AT P 4R 4 K Aol 260 1506, &
YR AN 33.95%  RKIEE & =N 7.3520) . A
F) 50 mL AR RS, X9 & 0. 1 mmol/L
H,0,.0. 05 mol/L. CH;COCH,COCH; .5 mmol/L
MnSO, « H, O, ZE 8 & MnP £ F I 9 (1 fie {5 i B
A pH T B R AL 12,24,36,48,60 h J5 L

R T T 2 2T A0 7 240 5 7 A
S TR 96 AR WRE-2 ML XE B FF A R 2
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BRI 38 T EEAR A S A W ) B R L A S A
W5 AR B E] . — M TA A o 275 A8 Tl AR 0 1 BROPE R
70%~85 %0 i, MR A IE AR A Y . N 1 T
DL #E 0~180 s, Bl 75 %8 41 2k IS B I 1) 2B 4%
WARH WREF-2 (BUERE LIS ZEBT
FasE . MR BRI 90 s I, WRF-2 (g BU3E 2 3k 5|
83. 306, Wi B E & TR AR WRE-2 428k 3 H Y 4%
AR RGFIT ]2 90 s,
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Fig. 1 Lethality rate of different ultraviolet
radiation on WRF-2
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) BT bR O AR TR BRI R R
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Table 1 Comparison of diameter of mutant strains and initial strain cm
Rk W 7% B4 Diameter of colony Btk 7% B4 Diameter of colony
Strain 36 h 48 h 60 h Strains 36 h 48 h 60 h
WREF-2(CK) 2.6 4.0 3.0 0303 2.8 3.8 7.0
0902 2.6 4.0 3.2 0501 2.8 3.6 7.0
0202 3.6 5.4 8.0 0301 2.6 4.0 6.2
1202 3.4 5.2 7.4 0802 3.2 4.8 6.4
®?2 RTEMEHZEK WRF-2 KB& P LiP.MnP FAHLLR
Table 2 Comparison of Lip and MnP activity of mutangt stains and initial strain
p p g
bk LiP MnP
Strain WiJ1/ (U« mL 1) B CK Wi/ % WH/(U-mL D B CK Wm/ %
Activity Increasing rate Activity Increasing rate
WREF-2(CK) 1.503+0. 039 — 1.111 1+0. 205 -
0902 1.663+0.033" * 10. 65 1.401 04+0. 060" 26.09
0202 1.7734+0.013" * 17.98 2.955 140.193* 169. 59
1202 1.650+0.017 "~ 9.77 2.584 540.121** 132. 61
0303 1.5844+0.013" ¢ 5.4 2.101 440,097 * 89.13
0501 1. 55540, 007" 3.49 2.343 040.205* * 110. 87
0301 1.666+0.012" * 10. 82 1.642 24+0. 133" 47.83
0802 1.5294+0.011" 1.75 2.150 040. 121"~ 93.48
R EHE (P<0.01); . 225 83 (P<0.05),
Note: * * . Very significant difference at P<C0. 01; *. Significant difference at P<0. 05.
2.3 REBEKRWIEMEETEN M 4 o] LUF AR 20~50 °C, MnP 3§ J &0k

WFoT 2 B 578 J5 1) PA MR A A% AR 2 B v 25 th
ARG T B AT g 2 AR A B 3R L 0 A K
ARDLFN 7= WV RE L o AT Hast e RaE EN Y. K2 B
7N ,0202 B AR FE Z A0 3R B LiP 36 1482, MnP 1%
JIESE 45 AR B IR AR B A DL R LA AR FF
Fase  BEARYEREAE 2.9 U/mL 247, ML nl A, 2848
PRRR 0202 HAT B0 1 st AL A2 1
2.4 REHE# MoP HEEEMER
2.4.1 BENEEZHEH MnP & 5 6% vh B KA
e /3 EWLLE 0~40 C, 245 H AR 0202 [
MnP 3 J7 b 25 il B 0 T s 24 B At 40
°CJ& - MnP {7 i 25 I B 0 38 0 52 °F B ks 45 24 IR
JEILE] 90 “CHY, MnP 5842k 276 1 » 3 Wi I 19 A
T8 BN L EE SR 40 °C
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Fig. 3 Effects of temperature on MnP activity of

mutant strain 0202
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Fig. 2 Stability by generations of strain 0202
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Fig.4 MnP thermal stability of mutant strain 0202
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2.4.2 pH st & % &4 MnP & /189 %k A & pH
e ME S VA .Y pH 7E 2. 0~3. 0 i,
bE#& pH B F &, MoP 3% & @i n. 76 pH 3.0
f,0202 Bk MnP 3% J1 ¢ pH EH#EE S 3.0 J5
MnP iy 2 RS pH Jy 6.0 B, MnP %)

120

100

[l
f=1

604

AT B IE/%
Relativeactivity
s
[=1

o
f=1

20 25 3.0 35 40 45 50 55 6.0
pH

E 5 pH X% Ak 0202 MnP % J7 /Y 52 h)
Fig.5 Effects of pH on MnP activity of mutant strain 0202
2.4.3 2B EFHRETEM MIP EAGHh 4
Ja B 1 ) Tl 1) R W 2 22 5 TG Y BT A OE LB  H A
BB AR BB vk B R 2 X S g AR O [ AR
JERS Y, NE 3 LA KL A Ca®t (Mo
Mg®" \Ca® fFAE I 4518 7. 0202 B KR MnP i J)

PIW Bm F XL, B Cu®"  Mn®"  Mg™" [ Ca®" X}
MnP % 73 BA R ¥EE s i A Fe*™ L Zn™" J5,

MnP A0 %G 7138 F B B8] Fe?' (Zn®" B
il MnP 3% J1 B9 1EH
R3 &EBFMENRTEE 0202 MnP & THIF M
Table 3 Effect of metal ions on MnP activity of

mutant strain 0202 %
. X i . of if 7
P T/ I e T
. Relative MnP . Relative MnP
Metal ion . Metal ions .
activity activity
CK 100. 00 Fe?t 79. 60
Cu?! 154. 29 Zn?t 68. 31
Mn?* 159. 68 Ca®" 116.13
Mg?* 125.81
2.5 RETFHREHBENERBETFARARZNEREE
A

ZEAF IR 0202 5 H K B bk WRF-2 X A i 2 11
RO WL 7, L 7 AT LLE B T R R
WRF-2 FIZEAZ TR Bk 0202 T 5 o il figf 15 4] 2 12~ 438
by AR J5T FR [ il S5 157 i g o 5T ) ) E T 38 0 5 A 48
h B S8 748 B Bk 0202 KL i (9 K BT 3R B il 22 7T 34
23.64% B R TE KR (18.56 V) #2181 27.37% 3 8
it 48 hJ5 . M RO R T R I R R T R A
AN, EEfRETE] S 12~60 h, 2848 [ Bk 0202 77 A=
{18 REL T IR0 RT 5 KRG R B 3% 1 R A ROR AR T i &
Hitk WRF-2,

AT 0. WA T v b P 2R F R IS B AT
77,

6 W], MnP F§i% S17E pH 2.5~3.5 B
T s o AR X BB D PR35 AE 95 0 KA

120

—_
=1
f=1

80

60

40

A S /%
Relativeactivity

20

0
20 25 3.0 35 40 45 50 55 6.0

pH

B 6 A5 H Bk 0202 MnP 9 pH FaE 1
Fig. 6 MnP pH stability of mutant 0202
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S8 AT AR H AR LA AT L s 280 T R AR R R AR
S IR Tl A 7 R AR AR B 58 AR TR R B R 1 — b
FBt. AWM XA % WREF-2 il 720 0 if A8
PG BEAMIRAE 90 s JRIEH T 1 MR K R AR
B L A JE ) J  MinP 3% g 4 R 167, 57 %
MRS bR 0202, hZESEEFRE R T LA
FRARTERR 0202 () 35t A% PRI AR E » MnP 35 ) (R K5 7E
2.9 U/mL, QSR8 S0 P e 5 i R A9 28 28 18
PR B R L B T IEA S E G BT
X 0202 PEATALBR L LLFRAS I HAR A B AR

AN TR A 5T 3R 43 fife T A AN ) ) o8 fige 16 2 . B R
ity 2% () A I ) A R PIL 3 1 R R 9 3 A . o A 5%
B 22 1 WA Bl 2 328y LiP-MnP, 40 85 4 )5t 6 °F 4
W (P. Chrysosporium) ; LiP-MnP-Laccase, 4l ¥ &
¥ B ( Trametes gibbosa ); MnP-Laccase, Ul & 4%
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(Lentinus edodes) ; LiP-Laccase , A4S Jz ] B (3F- 7%
Pleurotus ostreatus)™ , ARG % F H 1A R E 5
fR A 0202 ELAT 2 19 LiP . MnP 35 J7, BEA7 0
it 7% 3 (25 R R 25 1) W0 20 G 32 TR B Y K BT 3R R
fi Bl &y LiP-MnP #Y. Shy 7 #F 5% 9 28 16 #& 0202
MnP XA BT Z 1 B i O A5 % H MnP il 27
PEBCHEAT T 9148 53 #r - 45 R R W] MnP AR TR ¥ (4
T if i B 40 °C L feil pH 2 3.0, Cu®” (Mn®" |
Mg®" \Ca® X HIE HJ W H AL HAEN] . 7E MnP fE
AR S iR A pH R 35 MnSO, + H, O J& 5 il
il V0T T oK A R op R 0 A B M R 3k 23, 6406, 8K
MERF WFR-2 #2851 27. 37%, LiP-MnP K J&E
FBER Z b MnP 35 g 09 82 & T DGR 2R AR 5
BN A A B TR 0 2 R Bl A B A5 A R ]
S Bt VR 45 e K 0 5 A M L H T I P Ak A g G U R
fifk A5 2R RIS i A TR Be . AR TR 7 1)
JEPRBR A 5T 2 il 2 (0] 4 P 1) A Y R ey el v 2k 2 3k 2%
A IR A BT 3R A= W e e AR L L) SE B A W BE A 7 1Y
QLR T A
4 45 1w

AR I i S AMBE A 1 7R L 3R AR T 1 Bk MoP
TG 0 e B9 98 728 T R 0202, H AR KPR, 7 MnP fig
SRS — BRI PR E MO0 R AR . 0202 878 T Hk

75 A AORH B VRVE KRS AT 48 h J5 R & 1Y [ fi
RT3k 23.64%,
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