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fify i DA 1 S R AR 0A 5 (HL X A Dy 1 R I D) S Y R A
AR AR W AN BRAR ] A K Tl AT v T30S 8% B BE R
1 BE AN BEAR 4 08 R M L A

2R B B KK B (Trichoderma reesei) & 4T 4
EM AR EMN EE A EKY %W
BEGH FAT 9 OK R 8 2 W e ), B SR AR R 1 b
Sy UAEE LR R IK 100 g/ Lo O H R AT 5 5 458 ml FL3h )
FHALRI R BEAG R GE o TR G B RO 5 S — A =J 6 21 AR
FO TR A1 R A T 1 B B 2 4 R F
(f0 GenencorNovozymes 45) /& & 8 4, 3F B Th B 1
T 2 ol ) 50 R OB RN A 7 o A SR R IR RS R ) H-
(Pleurotus ostreatus) (1] 8§ 3% K poxl el M PE 5L ROR
B A MR AT N TS BORAE L C B gl A4

TR AR 25 FE 5. UL R K pBluscript T SK ( +) K &
B AR UGEN cbhl JA 5y Bl HE ) LA S cbhl 2 F
TP HIR T YR I8 & pSKLDT, #) i cbhl J5 Z)
TR AT T IR AR R OR R T SEIL T S R
VAR Wity D) B e K AR A R AE R B I A o W R A
W J135 3] 237, 11U /mL, & H i F A 4b SCHR 38 5
e o

| S R IR
L1

L1.1 BEHRANBURL : AHE ST BT A 10 B B A SR L
* 1.

R 1 AHTSRFRE R A E AR

Tablel

Strains and plasmids used in the study

Strain / plasmid Description

Origin

Trichoderma reeset Tu6 Uracil auxotrophs strain

Escherichia coliDH5 o
Escherichia coli XLLH40Gold

Institute of Microbiology, Chinese Academy of
Science
Laboratory store

Laboratory store

Cbhl promoter, Cbhl signal peptide, Cbhl terminator, Amp

pSKCST

Laboratory store

resistance
pLacT Laccase gene, laccase signal peptide, Amp resistance Synthetic plasmid
pLacdT Laccase gene, Amp resistance In this study
pSKpyr Pyr4 gene, Amp resistance In this study
pSKLDT 1552bp laccase gene in pSKCST plasmid In this study

11,2 EZRLFFLEE s b B A 0 R 1 3 )
%, pMD18-T simple vector ) H TaKaRa 72 # ; Jit ki
SR RSO AR F 0 B R AR A W) 5 B E
Jii Marker, TransStart FastPfu DNA Polymerase i B 4=
BN /A I N (R 1| B B S B ES s T USRI WA
Backman 7% 7], DU800spectrophotometer W H T
Backman 24w, PCR Xl B ABL 24 W] . SE5 T Al
(51 W3 i bl AR A

L1.3 EFEMERERSEMS LB EREN T X
o FF A 5 R T B A 2 8 BRI (PDA) T T,
reesei [ 3% 3%, T. reesei Tub [ 353 T V" 1 5 mmol /L
PRAT o Jg A o A i 2% i B 7R ik O Rk ORR BE R
(MM) : % % % ¥¥ 2% , (NH,) ,S0, 0.5% , KH, PO,
1.5% , MgS0, 0.06% , CaCl, 0.06% , FeSO,*7H,0
0.0005% , MnSO, *H, 0 0.00016% , ZnSO,*7H, O
0.00014% , CoCl, 0.0002% . ¥ 1k, T fiii & K% 7% &
K HE A B IR B vh 2% % B R 2% FUBE RS N

ABTS 0.0274% . W & K B 1) B 1 55 7% Bk 10
250 mL ) = ) s o N - &9 30 mL, %45
0.6 g,55 KPa /5 Jk Z£ VK B 20 minoe & % 1% 357 5
76250 mLI¥ = M, 26 KoK 1.5 g, % %6 0.9 g,
1% M KK KW (B kKB E) 30 mL, & 46
pH4. 8,100 KPa /5 K28V K H 30 min. £ FFIREH
h 28°C .
1.2 Pleurotus ostreatus % fig POXA1 £ F F iR X
LB R R

JFORE il 3% < BRI 5 5 V) - DNAF B nl i M 3% 42
AR UL P EAT . HHE P. ostreatus ¥ poxl Kk
K31, 3z codon W A1 6 L PG AR %5 v 43 b 2 40
BB (1R Cel7A. Cel7B. Cel6A. Cel5A. CIP1.
XYNL.Cell2A [ JE R 3 5 3EAT 23 07 > 45 L IROKR 35
(1) 2% 7 it 47 12 5 38 ok DNA 2 8% fF AR 48 43 7 H 11 5
T~ Al S P 5 R i po ] FE TR 3 B AT AR AL (5 J
DAL P ) 95 P ik 1) 76.42% ) FEARAN N T & % A T
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g, N TH g C o it 7 412 R br 25 .
PL pLacT b #5 8% ¥ 1 5] 4 ( LacdsF: 5"-GGAAT
TCGCAATTGGCCCTACGGGCGAC3”; LacdsR: 5°-
ACTAGTCTAATGGTGGTGATGGTGGTGG3") ¥ 14 13
BN S W AR 5 PR IK B G 3E 8 B, 3% N\ pMD18-T
simple vector 55 13 £ # {4 pLacdT FEiEAT I 7 % 5 1E
i) » F EcoR T Al Spe 1 XU V) pLacdT 43 2| A & {5
KRG EE R R B R g ) i B N TRIAE ] EcoR
LRI Spe T XM V) ¥ # /& pSKCST, 15 5| % 14 4 14k
pSKLDT.
1.3 BRAEHESERAKRE L RIBMHELFIFiE

T. reesei i A& JFU A4 I¥) 4 £ Fl %% 4k, & I M. Penttila
(975957 - RIK B Ak pSKLDT A R #6131 g Sal 1
HI Not T 28 AL J5 L BEUTHE > SR 5 73 ) 5 48 L BE T
(02 O 3%k bk il pyrd JE DR (R 204K pSKpyr YR & 2 4b
IO B2 R bR Tub o 3 5 3 A WA 4mL 4% 40 85 557
FEARA], SLRIER T AL R R R FR 3k 1, 28°C #5597 3 -
dd. Ftbr K5, S IR {1 55 KT 41 DNA, PCR
B8 He Al AR I DR A A
1.4 AEHNVFHERABRREREBEONE

W 0 1 ARAT 1) e A 74 T PDA RbiHT 4821 B B
i 2 mL BRI KBES AT 7 Bl R T 30
ml () Fh 1 55 32 3L 1 250 mL = 413 1, 28°C , 200 1/
min }5 5% 48 ho PY)Z 20 A0 i JE R A4, FRIVIE 0.9 g
WA REET 30 mL [ K552 5L, 28°C, 200 r/min
926 -7 d,4°C,17210 x g B0 10 min £5-5(1) L35
VI A KEL T A

R I 5 0 5T R Ay e Bk (1) 2,2
TR (B2 I E M6 1) (ABTS) k4
DA pH3. O ¥ F7 B8 R #h ok 22 M ¥ » £ 420 nm Rl &
WE O B ™ . (2) &KWy kR W, L
pH6. O (1)1 1R B4 0 2% 11V » 7E 465 nm 1 & WG (E
AR ™ o (3) A0 e A A, L pH4. 6 (S
T 5 Sy 22 P F 600 nm W 52 W S A8 i i s
VR ) 8 fr (TU) 52 SO 7E 25°C F » 49 258 T G 4
Sy EMEAL 1 wmol ABTS %A 4k Jr 75 1t i £, B O — A
WS s pr (10) S

PR A W Tl Y I 20 L R RV B A
0.5 mmol/L ) ABTS T JIg ~F #fe 4% 7, % it T3 &
Th, WLE A7 77 A2 i 2t ]
L5 ABEHEREZZEHUSBHANK

A B RO BE 144 h )5, 17210 x g B§ 0 15

min W 85 2 W HLISE 0, FH 80 % M AT E % 1R B 48 4°C
THEAT U, 17210 x g &0 30 min WA UTHE; UTIE
H 20 mmol/L pH7.4 ¥ /% £k 22 b 0% W A&
AKTA FPLC 28 Jiit #5 A i 2k 4k 21 J5 , H] HisTrap FF
crude AT TEAT 55 F1 )25 47 » WO HR 06 (L 6 O 8, WU V% TG
i 1 74T SDSPAGE £l -

1.6 FHFRMEFMERFR

1.6.1 BENEHEFEEA NG : SOEEE &
AN, DL ABTS S JIR4) . 71 pH3. 0 fRF7 5 IR 2%
PR Z R, 4 BIEE 20°C - 80°C 3 B Py I 5 R g U
35 o0 W HL 838 S I B 5 AR e T B A TN IR )
BITE 40.50.60 F1 70°C §% & 30.60.120.240 min, 7F
50°C vpH 3.0 (1474 18 22 v 44 2 v 40 53l W K Nl 3
075 53 W FE ARG e k.

1.6.2 pH MEHFEAFM: (1) Ki& pH: I —
SE AL S RV LU ABTS N R4, 4 T A JA
pH 22 2. 0 —8. 0 v, 53 W 5 W& g, I H 5
FCLE i » o0 M el /E HY pHe Heorp pH2.0 - pH2. 5
0.1 mol /L H 2 IR —h 1% 2% v ¥, pH3. 0 — pH5. 0
0.1 mol /L 746 19 22 b i » pH6. 0 — pH8. 0 4 0. 1
mol /L SR ZZ v - (2) pH Fa & o HU&E & 4 )5
(M, L ABTS IR #W, 76 4°C R 4) 3l T A [H pH
M2 P h i 8 24 h; 4R J5,50°C K, T pH3. 0 [\ Fy
15 R 6 % i g v WU S R g5 T S I L

1.6.3 &EBFMEBEINEM K —wEdtE
PG, 5 pH3.0.0. 1 mol /L (1) 47 45 IR #h &% 1 0 VR
B )5 LA ABTS 9 il 23 5l I N 28 4 B 249 10 mmol /
LA Cu’*  Zn** \Fe'" . Mn** \Mg2+ JFe** J 2 mmol/
L [f) Ba™" , 7£ 50°C Wl 52 Ll %y IF S IL L
1.6.4 ZEEYEMALSH:LLO0. 1 -5 mmol/L [f
ABTS.0.4 - 1.0 mmol/L /] @ 6 A®.0.1 - 0.4
mmol /L [#)&B 1 H 28 & 4 i) 76 25°C K, 0.1 mol/
L, pH3. 0 47 45 18 81 9% b A4 3% v I 1 e 1 ) 3
L, fii 4t Line Weaver-Burk fF K%, K UK K ¥ 44
K Flig KRNV, o

y

2.1 Pleurotus ostreatus %t POXAl RiERIELE
4B R B9 H 8

K PCR 77 39 88 345 AN & 45 5 JIK A 8 il 5k
A, %5 ¥4 B 3 K/ BEE N pMD18-T simple vector Ji&
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73 B 24K pLacdT JfZEAT I 7 % € IE 0 )5 4% 1.2
IR 7 1k 3 R pSKLDT
2.2 BUTFHRIE FSRERFBEENE
BEHL Pk A b 2 Bk B Ak 1, S IR R4
DNA, #)FH 514 LacdsF }% LacdsR #47 PCR X%,
331 22 Bk BE DR 20 b 5 A7 R H 0 v BOR) B AL s B
etk 74 2 ARG D REAE MM BEJR 2L L IEH A G
PR Wk g2 3 (O 1.1, 3) % 55 41 K 55 ¥ 4 7 3
1T W% 1% A e ™ N TS ) AE 144 h dk By 0
(B 1) o BRI 144h 10 R T B3 R H 43 0
VHE, A5 420 nm R0 R WG R (WL 1. 4) kB LA
pSKLDT k23 2 44 1) B 1% % 4k 1 LCT 1f) g % 45
fe s MR O 237. 134 TU /mLo - BRS I 328 il 1 5
iR 2.

300
O 250
£
5 200
=150
£ 100
< 50
0 ]
72 96 120 144 168
t/h
1 LCH H#kF~E &
Fig.1 Laccase production curve of LC7.
LC-7 CK
2 FRAEM R AR
Fig. 2 Plate assay for demonstration of laccase activity in

extracellular fluid. LC: the strain with the highest laccase

activity; CK: the parental strain Tu6 with no laccase activity.

2.3 EHEKEHAE L

V8 8 5 A5z e ) B R Ak LCT L4 1
VRREAT U5 3 20K, OnF HE 2H R g AT 2l Ak, Ak A RN
3. SDS-PAGE HLUk &5 K], LiL /=¥ 7y B AL
60 —70 kDa 2 [i], 1y 61 kDa, 5%}/ POXAL [
KA a5
2.4 FHRBEEMERIN
241 EHZFMHRERERARBENE /4 R
JEE 45 At T N o A R I RV 0 O B I O O RN
WK 50°C (B 4-A) o Al s 18 B 43 ) 76 A
[F) 3 2 R F 30,60, 120,240 min, £ Wl 3 42 35 ) -
SRR WG AE 40°C R ¥ H AT E, SOC i H

M 1 2

80kDa—
80kDa —» == w <=6lkDa

3 dALEHRES

Fig. 3 SDS-PAGE analysis of purified laccase. M. Marker; 1.

fermentation broth; 2, purified laccase.

30min, fiF 3% 77 B 9 J5 K 1) 53% (1 4-B) .

1104 (A)

1004

~ x el
< < (=)
1 1 1

Relative activity/%

wn
<
1

20 30 40 50 60 70
TIC

Relative activity/%
o
[
1

—0
4

o
WK

t/h

4 BREMNEHZFHEHOZN

Fig. 4 The effect of temperature on the activity of recombinant

laccase. A: optimun temperature for recombinant laccase; B:

temperrature stability for recombinant laccase.
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2.4.2 EHFMrYEE pH & pH B2 E M /EAH
pH 4% 1 F 4 b7 5 21 % W (% B 0% ) Ok L, 1% g A
pH3. 0 i & I K& . 5 R I B 1 1k i —
U & pH K 3.0 (B 5-A) o EANTH pH (X122
M 4°C 1 H 24h, EALERE pH6. 0 - 8.0 (2%
MR P S ) SRR R FF AN FE pH N T 4.0 1)
ol 4% W AR T 30% (& 5-B) .

@A)
100
80+
g
£ 60-
g
2
£ 401 /
o
4

"] \\l
0_

20 25 30 35 40 45 50 55 60 65 70 75 80
pH

®
120

1001
804

60

Relative activity/%

40+

20+

ES5 pHXEHRFEHM
Fig.5 The effect of pH on the activity of recombinant laccase.
A: optimum pH value for recombinant laccase;B: pH stability for

recombinant laccase.

243 ERBFHREEIBZW:-KO6 ixn, £
Fh G a8 B9 1 X AR W D AT e e, Hoh Fe’ Xt
VAR I P A 0 P A8 s S AL R R A S A < T
B Cu’t i Zn®t Fe't U Mn® T Ba’t Mg " X NG AT
AN TR R B F A0 A TS AT < I S R 2R e B AT

Wk A
2.4.4 ZEERMEND T LI 6.4 575 1%L

W Tl 5 T 3 A I S 2 i A R AT T 18 0y

100 ¢
90
80 r
70 |
60
50
40 ¢
30
20 ¢
10 |
0

Relative activity/%

Metal ions

6 SBRBEBFMFMALM
Fig.6 Eeffect of metal ions on purified laccase enzyme.
BT 4 B2 W% g 6) ABTS 1f) Kk 0. 0758 mmol /L,
Vi A9.752 pmol /L. /min.  BLAR I FH 4 % 4 i€ )
N, K, 24 0.3683 mmol /L, V, 4 0.949 pmol/L/min.
SIS R I % g AN BEME AL I ) T 6 R

3 e

B b O die T8 ) R AR DA e U R R R A
1990 4F ™, s [ Py S 1 2 4 g 3 14 57 58 4 34 OF
T2 AR ABIE A Ry 113 Il A5 DX AE % F 2K i
AT~ TR VP R B B2 R 1 BF 45 1 v A RE AR 4 Rk
RGN AEFAT™ T H B H B Tk
AR PRI S I B IOOR B R A RGN R EAT M AR 1A
BIF 5T XF R g 1) 32E — 20 N R R HAT E 2

22 AR LB B ICOR R 2 Tk b B £F 4 25 Mgk
PR AR F AT AR SRR 2 W B 1 RE T, JF BRI
2 8 1 IE A M R AT R 8 0E S I L dn B 1 85 )
MIRE AL S b Ah, W IORFE A 50 N WA 551 11
PR T A AR R PR, Bk
BND A A B P B O e S D B e SOl 7 -
Heo HLRARRE DL Rk EE CBHL 545 DI
Pl 2 i 5 I Vi o A S ik A ) 64% —~ 80% 5 Al
I, CBHI ()3 2 1~ 3l 5 # I AE 9 J3 ) 1 %04 5 4
EEAM . AR cbhl BB F) TR R R T
SR TR B 0 H- (1) 9% Wl G DKL, O AT T Sk 5 4y
BT o G5 B3R 38 I BF R R I 15 380 1100 FH I 04 1) e
237.134 1U/mL, KEFRM N 144 h, BEEGHH B K
P. ostreatus $2& T3F 30 45", HL i TR B4
Jifg 45 B2 i B (Aspergillus niger) ¥ 5. #h % (Aspergillus
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nidulans) <K i % (Aspergillus oryzae) d1 7 Y5 & & K
T deis i,

28 RO OB B R & R S B 2 30 -
60°C ™71 o AT o i 1) T U B S S0°C, b
1E Y Sk B (Pichia pastoris) WP 55 33k K%l AH-
282 % PR B — Mok BB E KRR pH 3F
BN, 20405 (1 A1 I POXAL 78 LL ABTS 4 Ji 4
Nl pH O 3.0, 55 BF A A g POXAT P it A
[ 1o G T el ohl v I A 10 e ok A T
fE S Fe’ "B 5 M) AL AL P2 1) ABTS (¥ BH 2 1
HEH B B IV SR S5 Wi % I 0 3% M o T AR G ) o 0 IR
Y & ABTS, H K, & 0.0758 mmol/L, V&
9.752 pmol/L/min.

B AR Dy — iR A B R P B o T o 2 45 4
sl rp B A H KN T RIS R0 2 g 7R 2 3R
ZWIE 9 IR EE AN, T 0T TR VR i 1) T N AT 5
PO iz o R B A o W RE ) SR T ) 220K FUTR
h A B T B LR YT 2 28 5 1 77 2 6k R il R R A
[ CME A= oy B o A ST X Pl oostreatus
G POXAT K5 DA R 25 65 7~ D0 Ak e adk 1A 55 1 3R ik
fii L ROR R, SN T g 0 e Rk S h g R R
A A T T RE R Br i) T B

Z 2 3LHR
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Overexpression and characterization of a laccase gene
from Pleurotus ostreatus in Trichoderma reesei

Xinrui Dong', Lina Qin*, Yong Tao’, Jianzhong Huang'  , Zhiyang Dong®’

' College of Life Science, Engineering Research Center of Industrial Microbiology, Fujian Normal University, Fuzhou
350108, China

* Institute of Microbiology, Chinese Academy of Science, Beijing 100101, China

Abstract: [Objective] Expression, purification and characterization of a laccase gene from Pleurotus ostreatus in
Trichoderma reesei. [Methods] The strong promoter and terminator of cellobiohydrolase 1 (cbhl) gene from T. reesei
were amplified by PCR and inserted into pBluescriptIISK ( +) to form vector pSKCST. The laccase gene from Pleurotus
ostreatus was de novo synthesized according to T. reesei condon bias and cloned into the vector pLacdt resulting in the
expression vector pSKLDT. The linearized pSKLDT was introduced into T. reesei strain Tu6 by protoplast-mediated
transformation. The screened laccase expression transformants were grown in shake flasks on minimal medium and the
recombinant laccase was purified and characterized. [Results] Transformants were isolated in selective screening medium
plate and identified by PCR. The enzyme activity of laccase in transformant LCF was 237. 134 U/mL which was 28. 6 —
fold higher than that in P. ostreatus. The specific activity of the purified enzyme was 9852 IU/mg. Enzymatic assay
revealed that the optimum temperature for its activity was 50°C and pH was 3. 0. The optimum substrate was ABTS and the
K_and V_ _for ABTS were 7.58 x 10 > mmol/L and 9.752 x 10 * mmol/L/min. Metal ions like Cu®*, Zn*", Fe’",
Mn®*, Ba’", Mg’" and Fe’" had different inhibitory effect on purified laccase. [Conclusions] Under the regulation of
cbhl promoter and cbhl signal peptide, heterologous laccase was successfully overexpressed in T. reesei.

Keywords: laccase, Trichoderma reesei, cbhl promoter, heterologous protein expression, Pleurotus ostreatus
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