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HERRFEERFER Mn™, A2 EMAEREER D T =&
K Eg=4F 1%
FRE " OBHD ANES B WERM® RHEEY
(L TRAAED RN TSR AR SR SRR SRS SRR E RS SR
EESE S TR M 510260)

(2. FEPHIBYE =R A ARk SEOR PR TR M 473061)
@ PR E MR ERE TR M 510275)

B E. [¥7) 284t 8B (Manganese peroxidase, Mnp)2 Ak & Mg oy 1 204,

ZEHWEZE., Mnp EHARM T Mn?, @ Mn? 2 X % $oaBaegar4l A, B 491 35436 Mn?
A R Be R T AR EEM. (%) MEF ST L7 RmFREARAIE, @idEHiFiLK
HFmd g AR laclb42. %A KMATH F R AL Laclb42, ARG )R & G B3 it
it — M T 4 Laclba2 Ao A mARE . [4R] NAFLERETF laclba2 Hi—A-4
513 N RILER GG & & . vh ABTS A &4 Lacl542 & R pH 4 4.0, 7 pH 3.0-6.5 5& B M 7% 4
R, TRIER R E A 75°C, f£ 70 °C VA FB7E A2 ; 100 mmol/L 89 Mn®* 17 4842 & B 44 7% 4,
N FAREAFRRI, ZRERMIF 4y ABTS> T A BB R >)LEEr>2,6-DMP>A4) KRB,
Lacl542/Mnp B 4B 4 3t KR AT E A 47.8%, R AEH Mnp AL E AL H(22.4%)3R &
25.4%. Lacl542/Mnp/k& & %41t B b4 B4 (Coprinus cinereus Peroxidase, CIP)E 484 A KR &4
fi# %L 71.5%, o Mnp/CIP B £ KR & 414 5 (48.9%)4% & 22.6%, ZmA Lacl542 Jz 4 5484
AUl RIS AR E WM E, [4£45]) Lacl542 49 T £k, @ &R E Mn?*, AL 213
Lacl542 TTiABX — s 2 eh A n B i f) T4 8. 24K, ThECBEA T, LHMES T,
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Molecular cloning and enzyme characterization of a metagenome-
derived bacterial laccase with Mn** tolerance and thermostability
DONG Bing-Xue® XIA Min®* CAI Xin-Qing® LI Peng® YA Yu-Ke? MAO Run-Qian*"

(1. Guangdong Key Laboratory of Animal Conservation and Resource Utilization, Guangdong Public Laboratory of Wild

Animal Conservation and Utilization, Guangdong Institute of Applied Biological Resources, Guangzhou,
Guangdong 510260, China)
(2. School of Life Science and Technology, Nanyang Normal University, Nanyang, Henan 473061, China)
(3. School of Life Sciences, Sun Yat-Sen University, Guangzhou, Guangdong 510275, China)

Abstract: [Background] Laccase and manganese peroxidase (Mnp) are major enzymes in lignin
biodegradation and they act synergistically. The activity of Mnp depends on the Mn?**, however,
Mn?* is the inhibitor to most laccases. [Objective] The aim of our study is to obtain bacterial laccase
with Mn?" tolerance for lignin degradation. [Methods] We constructed the metagenomic library with
environmental DNA isolated from sewage river sediment of Xuchang, and identified a gene encoding
a bacteria laccase, lac1542, from the metagenomic library via activity-based functional screening.
Then, we overexpressed Lac1542 heterologously as soluble active enzyme in Escherichia coli, and
characterized the recombinant enzyme after purification subsequently. Finally, we further
investigated the lignin degradation ability of the complex enzyme systems containing Lac1542.
[Results] Sequence analysis revealed that lac1542 encoded a protein of 513 amino acids. The
purified Lac1542 exhibited maximal activity at 75 °C and pH 4.0 with ABTS as substrate, and this
enzyme was stable in the pH range of 3.0-6.5 and at the temperature below 70 °C. Interestingly, the
enzymatic activity was increased after addition of 100 mmol/L Mn®*. Also, the optimal substrates
were in the order of ABTS>Syringaldazine>catechol>2,6-DMP>guaiacol based on the Kkinetic
parameters. In addition, the degradation percentage of Lacl1542/Mnp toward lignin was 47.8%,
25.4% higher than that (22.4%) of Mnp. The degradation percentage of Lac1542/Mnp/Coprinus
cinereus Peroxidase (CIP) toward lignin was reached up to 71.5%, 22.6% higher than that (48.9%) of
Mnp/CIP. These results suggested that the degradation percentage of the complex enzyme system
toward lignin was distinctly improved after addition of Lac1542. [Conclusion] The highly soluble
expression, tolerance to high concentration of Mn?*, and thermostability of Lac1542 make it a good
candidate of laccases in industrial applications for which classical laccases are unsuitable, such as
biobleaching of paper pulp and cellulosic ethanol production, and dye decolorization.

Keywords: Bacterial laccase, Mn®* tolerance, Enzyme characterization, Metagenome, Lignin degradation
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BIRBEIE AT RS 2 AFTE TR A, HE T
B 28 K LI BA 2R RS PR A A AR 22529,
T B B AR 77 S DA TR] B SR A2 B i R 15 77
A=y v 3 ) S TR IR B R T T
ARFBE. Ausec S5 FH 7% 3 DR 4B ARAG 5 — Bl
BRSSO T, SRTTTIZTE AT AT e 265
PR BE R 20 T BN LRI ARG 25 31— R e il , {2
REEYEZ M? i B e 2R SR
A SCPERBET M TR 3 T 94 200 T T 2 A AL 3R
o ASCLAVF BT RS A A0 K HEA T Ak TS
TR S A SN LSO, LAk it Min®*
PR BRGE AR TR R, IS 38 5 2H e 5
GEER, R 4R Wb PR 25 E BeAt
1 MR5ETE
1.1 #sl
1.1.1 EPRFNRAL

K # DH50. BL21(DE3)pLysS A SLk
ZEAREAE ; Mnp/GS115P% A1 CIPmt5/GS115B4 i + 3%
ik Mnp F15E AR K 5 A 3 46 A6 9 1 (Coprinus
cinereus Peroxidase, CIP) CIPmt5, >k H mi#i T1F.
RILH MK pET-28a HA LI ZE (AT, TOBEHIA
pUC118BamH I/BAP ll§ H TaKaRa Al
1.1.2 FEZERFIFUF

Bl 1 P DI . PR IUEE PrimeSTAR Max
Premix A1 2RI A TaKaRa 23 7] ; DNA BER [El1
oA BrRRBORR SW A RARA LR R
Al IR A P PR U & Fast DNA Spin Kit
For Soil IJ [ MP Biomedicals 23] ; & A 4lifb 5.0
FE Ni-NTA Spin Columns It § QIAGEN A Fl; [
$#HGAF BugBuster Protein Extraction Reagent It H
Novagen Al 2,2'-% & -M-(3- 2 ILH I BEML-6-T1R)
[2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid),
ABTS]. T %% % (Syringaldazine, SGZ). 2,6-—
FH 441 (2,6-Dimethoxyphenol , 2,6-DMP). JLA5H;
AR H Sigma 2 F]; AT E K A m AR
AR HAR T B Rk O A gl BLOALIE B 8

g ( i) A BR 2 vl ; NanoDrop 2000 i 564130t
YEEETHIA [ Thermo Scientific 22w ; PCR 4%, iMark
BEAR . HLUKASCRIBERS R 2500 F Bio-Rad A Al
1.2 *iE##5 DNA 2B

B Bl s K i 40 R K HEA T AR5 8
VERSZIGRES, , DK ZH DNA B4R B i 433 5L
ZH PR AR R &, 2 AR AR LAY 1 I 45 3
(hE: (=
1.3 ERFHERMME K FEE M EE TFiE

LR 2 DNA JFH BamH | #5434 )5 8l i
2.5-7.5 kb (- B, %3] pUC118BamH I/BAP #
&b, BRI R DH5a, 85 KI5
FE I 2 R R 2 S . I SCPE RN AL 7 500 pL
LB 55 3= 55 (43 50 pg/mL Amp. 0.25 mmol/L IPTG
F1 1 mmol/L CuSO,)IRFL 96 FLHk 37 °C KiFrid k.
4000 r/min &0 5 min B, A ARG,
Z: M0 B 2R 40 .4 000 r/min 2.0 5 min B3,
JIA. 1 mmol/L CuSO,.5 mmol/L MnSO, # 1 mmol/L
WAIRE; , PRI N 5 A8 ARL G e, A
ABTS Fl SGZ i1 742 i . VEHLRENH ABTS 2B LR, |
SGZ ZEMy 8 A 1 e AN I -42% Invitrogen 23 /] ¥
1.4 &lE ORF MAE. FINTERRFEAER
e

W50 75 SR A NCBI B T | £ ] ORF finder
T HXHM P A5 SR 7530, 48T RE AR BET A 5)
PEAE ., HE ORF By R /INKZ B Al 444 lacl542,
% % 26 (1 Lacl542, Fr & kL Ay 45 A pUCL18-
lac1542, FM ClustalW #f:%f Lac1542 4 7[F]iE
PSP HT I8 ] MEGA 4.0 B EE RS L B .
15 FMEEMNRERERBHEDRRIRIEE
adynte

DL pUC118-lac1542 JJptsitiy , BEit-an 51 ik v
PCR #"##: Lac1542F (5-CCGGAATTCATGACACT
TGAAAAATTTGTGGAT-3") F1 Lacl542R  (5-
GCTCTAGATCAGTTATGGGGATCAGTTATAT-3)
(FRIZRFB A ACREGEYINL S, BT RO 0k
3L, SV Z (15 pL) : 44 1 ng, 2xPrimeSTAR Max
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Premix 7.5 uL, 10 pmol/uL . TF#E51414 1 uL,
TSI JGTA R K AR 15 ul, P48 2544: 95 °C
5min; 98°C10s, 58°C10s, 72°C15s, 30 M
¥y 72 °C 5 min, PCR ;=¥ H] EcoR I/Xba | 3]
Je ISGE A AR A HL Y pET-28a |, Hid:
AV RIFFE BL21(DE3)pLysS. HkEEAVFHnil 5 fir
20 Lacl542/BL21 FHEF 2 LB WAk A R 2
ODgoo A 0.6, ZrallidsimZak ik 0.1-4.0 mmol/L iy
IPTG #1 0.1-1.5 mmol/L /) CuSO,, A[RIJEEE(20. 25,
30. 37°C)F 200 r/min 537 8 h 5 H B KL,
16 FJHZFHBAEK. »FEXNMEBERERRE
M E

1E 4 °C. 8 000 r/min 250> 10 min B4 I 7 )
MEE(400 W, TAE 3s, [AIfE 55, T/ERFE 10 min),
iR TR e S A e IR RN PR IR fa g S
SDS-PAGE i 15 FiL Jk ke I i 14 40 Ak 800 i
NanoDrop 2000 f# &t 45 #1366 E T 280 nm F
Tif 2 11 v B [6=8.849x 10 L/(mol-cm)].
1.7 BEEMERTNE

VEREEVEI 22 R F ABTS 3£8%, 25 °C Highor
0.5 mmol/L ABTS M 2%t (pH 4.0), JIAZE f (i
JAsRY . H iMark BFR{CAE 405 nm T 56K
WEZE 4k, LA 1 min N4E4E 1 pmol ABTS Jris 211
i SR 1 AHA(U) [6=3.6x10* L/(mol-cmy)],
Mnp Fil CIP {& P 22w TAER*4,
1.8 EEFEHMEHAR
1.8.1 pH X KBS0

el S pH e SR TG IR - 2 % v (pH
3.0-8.0), 200 pL KA AK R 7 390 ng Ziifk iy
Lac1542, g4l 1.7, pH gtk & Bakifh
JE ) Lac1542, SeE T Bk il vk EARE 2 h,
PR B fd pH, 75 °C MIERIAETE, DARACHLRY
FEVEXT IR, AN 2> 3R
1.8.2 iR E XTI~ R B S0

o S kT S TR R Y T 3090 °C, %

5°C H— MBI UL pH 4.0 IUBSEREM (NaAC) 1l 2%

W, HE A& FREGE pH e . IR EPEN 2

Hualifb)s i Lac1542, Je& T ARIRE TR 2 h,
UK VRN, PR AR T AR BT, BRSO
L 3ANEE.
1.8.3 #AOZESHHINE

PIAFIHEER ABTS, 2,6-DMP, SGZ. JLAH
FIAQIARE MY, DL pH 4.0 i NaAc HZE bk, 2
NARFERA 75 °C; MNP I GIE Atk
(2,6-DMP . JLZE A A A {4 450 nm; SGZ
fdFH 540 nm), P15 H AR T AS RN L AR
BN R 3ANER B2 S5 (K R Kea) R
GraphPad prism 6 X/ H KR R . UG
1.8.4 €83 FXIiE~ KIS0

P73 T O T AN S W) 0 4 8 B FE pH 4.0 1Y
NaAc 2% i H 4 °C FikbHE 15 min, filA 1 mmol/L
CuSO, 1 0.5 mmol/L ABTS ;&4 W, FEfiE &1
TINEEG , AARIN4 R B RONAE R RR A
AR EE, AR E 3 ER
1.9 KERZEMFEERTH R
1.9.1 Mnp #1 CIPmt5 #HEG&RHI 3R 15

22 CK[33-34]
192 AKRZZERINE

225 SCHR[33].
1.9.3 Lacl542 B&fRARRE

L 50 mmol/L T —fR#N(pH 5.5) k% thif , 4 mL
RWARZ S 50 g/ ARJFEE . 1 mmol/L CuSOs.
0.025 mmol/L ABTS. 25 mmol/L MnSO,. 2 U
Lac1542, 30 °C )i 8 h, MIFAAKRFT RS HE,

Sy 3N EA
1.9.4 Mnp FERARRE

L 50 mmol/L T ZR4N(pH 5.5) %z thifk , 4 mL
KRG AREE 50 g/L, 25 ub /) 30% H,0,.
25 mmol/L MnSO,. 16 U Mnp, 30 °C JiZ )i/ 8 h J5illl
FIRATRMN G R, BIER 3N HE,
1.95 Lacl542 #1 Mnp E 55 AR =

¥ Lac1542 1 Mnp éﬂﬁiﬁ’*ﬁiﬁ%ﬁiﬁ%@xﬂﬂ

N, FRAER RN A RNAARR 4 mL,

15 uL Ay Lac1542 (1.8 U), 6.84 uL At Mnp (12 U)\
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30%X4E K 20 ub, Hep 4FR 1.9.3,
1.9.6 CIPmt5 #1 Mnp E 5B B AR =
i SR 12 U, B4 Mnp #1 CIPmt5 LLARA]
HILLBR A (L4, 2:3, 11, 3:2, &) TRHmMAR
R, HARKME 194,
1.9.7 Lac1542.CIPmt5 1 Mnp 8 AR AR E
Lac1542 #4354 15 pL 130 uL (1.8 U #il
3.6 U), #H0 0.025 mmol/L ABTS #i1 1 mmol/L
CuSOs, HAZMF 1.9.6,
110 #ZEEFIIERS
Fr B P A B 4358 2 GenBank (k5
MF579951).,

2 ZR545h

2.1 FHEFELEI RIS E E B FiE
JITAL ) e BE DR A SO B R4 124 10 700 4~

SO . BEPLIEE 20 A 5o RS BURLHES T REUIAS I

FBAfi AR 100%:; 1fi A7 B RK/NA 4.5 kb,

100

100

100

KNG 2.5-8.0 kb, {174 48 Mb i 35874
) DNA {55 B, o B 255 R BT SCIE ) DNA f6i A
B B 2 AL . G W RN A 0 SO RS B —
A LA AR BRI 1 1 T
2.2 Lacl542 [F3I4 1k

WP 53AT R 4.2 kb R A R Be e — o83
F1A) RSV ISR A1 ) S [ 1A i R PR 4K 1542 bp,
i 513 NEIERAUKINZIK, FrgmisiE g T
AR Z WA A%, 44 h Lacl542, NCBI %ids
JE P A BT 1% 8 AR 2SR KT T S AR B
i TR VAR T (AND62506. 1) Al . 2 F AT B 22 4 SR AL g
(WP_042977959.1B) 4 99%FH I ; -5 EL R A AR
PEAR: FRPGLE S288C HRMF(NP_116612.1) 20% ., ¢
FEIERE 972h AMEF(NP_594494.1) 22% . R 2%
(ACR24357.1) 22% . 45k B W 25 1 5 oR
Lac1542 5yt PR A AL AT R Tl 1 25 OC R AT, SRAEIR]
—orZ (B 1), TEBIAS R AN R

Psendomonas stutzeri (AND625006.1)
Uncultured bacterium (ME579951)
Baciltus subtilis (WP _042977959.1B)
Baciltus licheniformis (WP_075749401.1)

aciffus tequilensis (WP_024713866.1)

Bacilius mojavensis (WP_010333230.1)
Brevibacterivm halotolerans (WP_(059335937.1)
Baciltus axarquiensis (WP_059352557.1}
Baciltus arophaeus (WP_010787813.1)

Bacillus nakamurai (WP_061520160.1)

Bacillus anmvioliguefaciens (WP_071348474.1)
Bacillus velezensis (WP _044802061.1)

Arabidopsis thaliona (NP_173714.2}
4100: Ghveine max (XP_006589638.1)

a

Escherichia coli str. K-12 (NP_414665.1}

7__1{

0.2

Pseudomonas aeruginosa PAOQLT (NP_252457.1)

CGanoderma lucidum (ACR24357.1)
Saccharomyees cerevisiae S288C (NP_116612.1)

ﬂSchr':osacc’hm'amyces pombe 972h (NP_594494.1)

1 Lac1542 (uncultured bacterium MF579951) iR X EQ R KX B 247

Figure 1 Phylogenetic analysis of Lac1542 (uncultured bacterium MF579951) and closely related proteins

e 03 BB ORI R G 1000 YIHETE UL s E 43 55 40 GenBank B35 5 AR RIS EEAUR AL IR B
Note: The bootstrap values (%) presented at the branches were calculated from 1 000 replications; Numbers in parentheses are GenBank

accession numbers; The scale bar represents sequence divergence.
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2.3 E%H Lacl542 HIsRik. AL FNTE AN

Ki#t Lacl542/BL21 % ODggo ik 0.6 S #SN
0.25 mmol/L IPTG. 1 mmol/L CuSO,4, 30 °C.
200 r/min $53% 8 h 55 H W& F R BRI FE
X175 S ) A A 7R P R R RE , SDS-PAGE HY
KSR BREA DR E N difb)515 3
TH—ZM, S TREAN T0KD, SHEM AT
(E 2), HEAFEFIXT ABTS B HLEHE A 99.64 U/mg,
WX SGZ. JLZEM . BB A1 2,6-DMP JLFP £
AR BEIRY) R TIEPEGR 1), X5 RULH]
Lac1542 J&—DHA mEE . KW E) .
PEZR IR AN R, A6 Tl A= ™ b BAT W AE i
FAME

— — 170

e — 130
— — 100
e — — 70

-
.

ba

e T
— — 40
35
. — 25

-

k. -

B2 #ifk/FE4H Lacl542 B SDS-PAGE £ #f

Figure 2 SDS-PAGE analysis of purified recombinant
Lac1542

e M: SERFRbRE; 1 QU03YE B3 2 AUR3URDT
JE; 3: 4lifbfS1Y Lac1542.

Note: M: Standard protein molecular mass markers (sizes in
kilodaltons are indicated on the right); 1: Recombinant Lac1542
from supernatant of E. coli BL21(DE3)plysS cell lysates; 2:
Recombinant Lac1542 from precipitation of E. coli BL21(DE3)

plysS cell lysates; 3: Recombinant Lac1542 purified by Ni-NTA
Spin column.

x1 FRRMHHANFSH

Table 1 Kinetic parameters of different substrates

Km Keat Keat!/Km ACtiVity
Substrate . moliL) =) (L/(s-umol)) (U/mg)
ABTS 194.9t3219 1004327 0516  99.64

2,6-DMP 407 7+¢11.32  0.112 620.017 3.00x10°  0.061

SGzZ 474 445276  0.901 7+0.902 1.90x10™*  0.150
Catechol 620 2+76.73 0.6445+0.021 1.04x10™*  0.549
Guaiacol 1395+22.46 0.014 3+0.001  1.03x10™° 0.014

2.4 EHEFEEEZISUTAR
2.4.1 pHXERFEERELFENREERNEIE
LI ABTS MEY), T4 Lacl542 ffid pH
b 4.0, 7E pH 3.5-4.5 f£F54F 80%LA gtk It
Hk, BETE pH 3.0-6.5 JE N TE AR, pH 6.5 i)
AEFR 2 h JE R AR A543 60% (&1 3). ATLLA
Lac1542 j&—Fh7E 4 Y Hl pH N A 15 1 HL AR
SE AT
242 RENEHEFENELEEFREENZm
Pl ABTS MY, H4 Lacl542 ) fd v i
JE4 75 °C, 90 °C B3R A 70%iE . 7E 70 °C LA
TEEEERGE, PRIE 2 h 5 80%LL FiE M, 75 °C
{15 2 h BG4 50% (K 4). ] Wi%REE—A>
F RGN, EAHE . mAt, JeRE T B
JEIKAR
243 FBHHNZESEMEYE—MHHAR
it 811 127 2B K o K (HEE AR S038) 80 86 9 24 4
iy FE T ) & — M5 55 g — R bR AR SR A
F ABTS B 2R ARy, HardmtE
VIR AR YR . SGZ> LA5 ) >2,6-DMP> Al
AR (& 1)

100 | P = Activity

= Stabilify

oo
(==}
1
e

L

= o
S S
L
E ]
-
*

Relative activity (%)

[S*]
S <

3.0 3:5 4:0 4:5 5:0 5:5 6:0 6:5 7:0 7".5 S‘.O
pH
Bl 3 pH 3t Lacl542 j&MEFNTE E AT R
Figure 3 Effect of pH on activity and stability of Lac1542
using ABTS as substrate
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Look . = Activity £2 SRBEF Lacls42 iEMHHENT
e ..t » Stability Table 2 Effect of metal irons on Lac1542 (%)
< 80r . p . ) Metal ions concentration (mmol/L)
e A Metal ions  Metal salts
£ el . .- 10 100
*:E . . Control None 100.00 100.00 100.00
o 40+ cu* CuSO, 100.00 137.80 139.53
% 2l . Fe** FeCl, 83.66 80.09 =
= -—" " * - o Na* NaCl 98.43 67.77 11.75
0 P Fe?" FeSO, 5.59 15.36 30.24
30 35 40 45 SOTSE;J'HSEOFH?ETCT(({JC?)S 80 85 90 95 Mg2+ MgCl, 88.43 61.63 9.05
Ca** CaCl, 90.52 57.96 9.93
E 4 REX Lacl542 jEMEF0FE E RIS T K* KCl 87.07 70.67 13.78
Figure 4 Effect of temperature on activity and stability of Mn% MnSO, 120.42 115.59 111.98
Lac1542 using ABTS as substrate NH," (NH.),SO,  118.65 112.19 94 48
244 ERBETFHEENEIN e KA.

DL ABTS NJEPINISE T AN 42 8 2 1 X R B
PERISEZM . 259 ER, K'. Na*, Ca®*. Mg®. Fe*
1 Fe XS I HIVERT ; 10 mmol/L LA TR NH,"
XA SOE R ;. Mn?* i Cu®*7E 100 mmol/L B}
REMEEEEAOIE PE (R 2)o XX T LUR 1Bl AR 5
Mn**f) Mnp £ RS A R EAT A R R Rt 4 2
AT EEABL AR 35
25 KEREMKERE

FA— I MR A T R AR ER AN =, 2 U 1Y Lac1542
NP 18.7%IAREZ; 16 U 1Y Mnp AJ AT %

A .
50

30+

20 -

Degradation rate of lignin (%)

Lacl542 Mnp Lacl542+Mnp
Enzyme

5 EBREmEARRRZERE

Figure 5 lignin degradation ability using enzymes

W A RS Laclb42 | fhid S ke M 2 A B AR R R RE T 5 B

K e S A it A A AN AT S 5 Tl AR R AR B R B

Note: —: No detection.

22.4%; ¥ Lac1542 1l Mnp 4R AR, 18 m);
T4k 1.8 U Lac1542 112 U Mnp BV A] 42 g5 A i 214
ez 47.8% (&l 5A). [ S A AL Yl A
12 U, ¥ Mnp Fl CIPmt5 LA F R S A R %=
RUCARHR S T2 Y 16 U Mnp, Hid D) 1:1 IR-A 05
T MR, Wik 48.9%. ¥4 3 R R SR,
T 1.8 U, CIPmt5 F1 Mnp Fuiiilhy 2:3 BHH AL A
it 22 XA T R AR R, 1A% 71.5% (4] 5B),

Ui 3 FPEGLL Y A Al 22 T A O AT R

CIPmt5+Mnp
1.8 U CIPmt5+Mnp
3.

.
1.8
EF93.6 U CIPmt5+Mnp

=70 F T

1. N B N
1:4 2:3 1:1 3:2 4:1
The ratio of CIPmt5 and Mnp

IR A E A | Rl AR G R S R Lacl542,

Note: A: Lignin degradation using laccase Lac1542, Mnp, and Lac1542/Mnp complex enzyme respectively; B: Lignin degradation using

complex enzyme containing CIP/Mnp, CIP/Mnp/Lac1542 respectively.
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3 W54

R SR SO . AT R S
B FIMERI . gl fllelh . AR . A
WLITE G W) A= e 52 S 45845 2 1 )32 I 5% 5 00
FHBCL e Tl o Y RS BN pH IR, 7E
Wk AR AR AR FE G, DL ABTS MYl pH
—f N 2.5 AT AR R Lacl542
LI ABTS MJEWHaE pH 4 4.0, DL SGZ FIfAIA
By Y EOE pH 9 8.0, S pH IR, HCELRE
VTG AT A0S . Lacl542 i i 38 A Ay R R
M2 AT R AT ISR V. BRI S 3 3R T
Mn?* {2 T 8 i I 1 A 4 38 . Kalyani 25 PO i
1 mmol/L fi4 Mn?* Sk 21 48 VAP H B8 it P A i i
VEFR, FAEEPRIE 5 mmol/L 1 Mn? %4 B 24
FFE WD23 ZEFR A — & S VR, (H R Sk
PR B e B MIn® S P (4 5 5 Arias 25191
3B 20 mmol/L Mn?*A] LIEE W (5555 CECT
3335 EEFEYE, it 40 mmol/L WLsr= AR .
Lac1542 7£ 100 mmol/L MnZ fE1EmHE PEAT A A 52
T, X FA Mnp 48052 A R A2 R 5 YL
HERIRIIPEA . Lacl542 [ES 2 /5 B b
IETRLRE R FARRE MR . LT AR T ) R S TR
—MRAE 3060 °C, BTG A A4 Tl dc 3 S 1 it J32
7 50-60 °CUO . ZEF0FT R A U5 78 R LA 58 PR A
TSN TR , Marting 254 T A B ZEALFF IR Y 2
VR CotA BfE IR IE K 75 °C, #EaE v,
F1 Lac1542 #H{M ; Koschorreck 25428 T HiAC 2 94T
BT (1498 BRSO JREE 9 85 °C, 70 °C AbBE 1 h fiff
TEHIA 43%%°) ) 1 Lac1542 7E 70 °C ZbFf 2 h fii%
T 4% 80%LA I . Lac1542 55 3 A~ 3 R e i & 30 °C
P FAAR AT R N R4 . alifb e,
JEH A T Ok i - Martins 25 Ak 51 27T
B RS FF I b AL I A5 9 %815 Koschorreck
SR TT M A ZE TR A AR Tl I 2k B & IS R TR
FEHE 18 °C b AT RIGTE M e A R
Martins ARG 55 25 F0FF 7 CotA 7 i 5 v i 2 I

PE I Lac1542 jE{L, {HJZLL ABTS. SGZ Fifx
BB AR S, pH AR T Lac1542, CotA
() A T A 23k O AT B A Mk o T R A
Lac1542,

T AT Mn2*f) Lac1542 41 RN AT 2
HThEE, J39%t Lac1542, Mnp. CIPmt5 A& i H:
MR E GBI RIAT TR FEfFRE i, B
— B A Lac1542 kb 3K i K W R AUA
18.7%, LT R TAE b = 2 I A i 1 B,
A BB R AN A R i A R L SMIRA O6, T BEER S
DR EER e o B RFE R TR I AN P R R A T R
REJITRE A Tt M, ZIREI A ME G RIFH
FEARREFE, LLAMIASRIESE T 7E 30 °C )i, CIPmt5
A B S R REARIE , 71 Mnp AST] He TR A 2%
MG R PEMRRE & T Mnp; Y AR B
Lac1542 (1.8 U)AT, BHBAEHEATRZEFERE, CIPmtS
H1 Mnp BI5E H R 2:3 Fefid s 2SI A e
Lac1524 (3.6 U)H. CIPmt5 A1 Mnp Hfl KT 1 1%
T2 0 R 5t R B A o 22 i s N IR & R Y
Lac1542 it JfFARBAEE AT 2R REAR, 10 R
W FE AR 3 FIEGZ [ A FEA b In], BRI B
Bt 3 il (AL AE SR Asn; , FAR S R A A fr
T 5%
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