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1.0% V/V

3.9

lecFv
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c¢DNA
Q939

pH
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1.1.
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72%
lecFv
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LCCFv
pH

0001-6209 2004 06-0775-05

TaKaRa TRIzol

Invitrogen
Qiagen DNA
ABTS 2 2'-azinobis- 3-eth-
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Step RT-PCR Kit
Supperseript [[

Vitagen

6 YEPD

Invitrogen

2 LB
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Table 1 Strains and plasmids used in this work

Strains/Plasmids

Characteristics Source

BLAST

GSl11

E. coli XL10-Gold
Pichia pastoris GS115

SupE44  hsdR17 recAl
endA1 his4

From Stratagene
From Invitrogen
This work
From TaKaRa
glecFv cloned in pMD18-T This work
lecFv cloned in pMDI8-T This work
Amp”  Kan" puc ori Pyoy; Tyox1 Stored in this lab
lecFv cloned in pHBM906 This work

5 pHBMS57
pMDIS-T
pHBMS501
pHBM502
pHBMO06
pHBM557

Amp"  puc ori

1.2
T4 DNA

ExTaq DNA 4  dNTP PDA

“ ”

863 2001AA214161 2002AA227011
Tel/Fax 86-27-88666349 E-mail malixin9 @ hotmail . com
1974 -

2004-04-23 2004-06-04

25mL
250mL

E-mail ybzhang04 @ yahoo. com
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776 4
28°C 240r/min 4d CuSO, 12h
250p:L 100mmol/L 2 5- 20C
24h DEPC ddH, 0 1.8 ’
PBS 3 BMGY
10min RNA <10% 28 ~30°C 280 ~ 300r/min
1.3 RNA mRNA ODg, 2~6 ImL
TRIzol Oligotex mRNA 100mL. BMGY < 10%
Mini Kit 28 ~30°C 280 ~ 300r/min
1.4 RACE RT-PCR ODg, 20~30 4000r/min Smin
500 100mL BMMY
259 280 ~ 300r/min 12h
100 % BM-
MY 24h ImL
Suresh  ° 100 1.9 -PAGE
4 BIO-RAD
HPF- SDS
HLHGH primer2 B-
SMART RACE ¢DNA Amplification Kit User Manual
Universal Genome Walker Kit User Manual =~ One Step ABTS
RT-PCR Kit User Manual
primer2 5'-CACCC G/C TTC- 1.10 8
CAC C/T TGCACGG-3’ primerCDS [l 5’-ATTCTAGG- 0.02mol/L pH
GCCGAGGCGGCCGACATG-d T ,N;N-3" N=A G 0.2mmol/L. ABTS 490,.L. 10p.L
CT N-1=A G C primerAPl 5-GTAATACGACT- 10min
CACTATAGGGC-3" primerAP2 5'-ACTATAGGGCCAC- oml  420nm
GCGTGGT-3" primerl3 5'-GCGCGTCGTAAACAGGGC- Imin 1pmol ABTS 1
ACAAG-3’ primerl4 5'-CGCGCCAGACGGGGTTGC-3’ U OD,
primerl8 5'-GTCATGGTCAGATTCCAATCATTC-3" pri- /ol Uiml, = 0Dy x 2000 x
mer20 5’-GGCCAGTCTACTGGTCCTTCGGCGC-3’ 1000 = 36000 = 10 = - 0D, =138
1.5 DNA
DNA 2
6 2.1 lecFy
Invitrogen ) 5.
1.6 pHBM557 RNA 1
RT-PCR 1.6kb T4 DNA HRNA primer2  CDSII
Cpo 1 Not 1
pHBM906 XL10-
Gold pHBMS557 PCR — %gz 1%112112
1.7
MD GS115 1 RNA
BMGY 30°C 2d }?ig. 1 Analysing the quality of total RNA by formaldehyde denaturaliza-
MM O.2mmol/L ABTS  O.lmmolL o
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3'RACE 0.5kb 2.3
pMDI18-T pHBM557  Sal 1
NCBI  BLAST GS115 30 ~ 60
primerl3  primerl4 BMGY 28°C 1~2d
5" DNA 3’ ABTS-CuSO, MM
RACE cDNA primerl8 12h 48h
primer20 DNA PCR
gleckv primerl8 YPD
primer20 RNA RT-PCR DNA
cDNA lecFv primerl8 primer20 PCR
cDNA pMDI18-T pHBM502 DNA
pHBM501 ~ pHBMS502 lecFv
GS115 pHBMS557
BLAST c¢DNA 2.4
1563bp 21 GS115  pHBMS557
500 20C 1.0% VIV
Schnee GSI15 pH-
lee3-1 GenBank AF176230 BM906
72 % 80% ABTS
c¢DNA leckFy GenBank GS115 pHBM557 11
AY450406 0.1070U/mL
pHBM501 -PAGE
2110bp 9 2
56 ~ 69bp 5'-GT 12 M
AG3’ Kozak 5'- 69.0kD— z: Z:z
GCGCCCATGG-3’ 275 bp _
64 bp CAAT TATA -
204bp  polyA ACTAAA s
7 N- 2 PAGE-ABTS
Asn-Xaa-Thr/Ser 4 Fig.2 Test of recombinant P. pastoris by PAGE-ABTS
9 Gen- 1.LCCFv secreted by GSI115 pHBMS57 2.No LCCFv secreted by
Bank AY485826 GS115 pHBM906 M. Low range protein molecular weight marker.
2.2 pHBMS557 2.5
RT-PCR 12%C pH2.2 pH3.0 pH4.0 pHS5.0 pH6.0
dTTP T4 DNA pH7.0 ABTS
Cpol  Not 1 pH- 37C
BM906 XL10-Gold pH 3.9
pHBM557 pHBM557 pH3.9 ABTS
DNA primerl8  primer20 30°C 40°C 50°C 60°C 70°C 80°C
PCR pHBM502 DNA 45°C
pHBM906
DNA pH 2.23.04.05.0
pHBMS57 lecFv 6.0 7.0 8.0 9.0 10.0 10.6 4%
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44
pH DNA o DNA
pH4.0 ~ 11.0 GS115 pHBMS557

90 %
pHY.0 RACE
pH 3 3 cDNA
45°C 30min Ulike "
GS115 pHBMS57 RACE Pycnoporus
45°C 3h cinnabarinus
160% 88% Liu " Fome lignosus
330min 124 % 4
120 RACE
£ 100
2
=
2 0 RACE RNA RNA
7{% 38 RNase Genome-Walking
B 0 s RACE Genome-
0 2 4 6 8 10 12
pH Walking
3 pH
Fig.3 pH value stability of the enzyme produced by GSI115 pHBM557 GS115 pHBM557
pH
§ 200 pH
g H  pH3.9
2 100 P PHS-
g 60%  50%
& 0 , , . , , , pH pH
60 120 180 240 300 360
1% pH4.0 ~ 11 4C 60h 90%
4
Fig.4 Thermostability of the enzyme produced by GS115 pHBMS557 45C 30 ~55C
3 75%
45C
360min
¢DNA 10 11
12
pH
cDNA
13
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Abstract Laccase EC1.10.3.2 can be used for enzymatic detoxification of lignocellulosic hydrolysates. By using mo-
lecular techniques such as RACE  rapid amplification of cDNA ends and Genome-Walking a laccase gene and its cor-
responding full-length ¢cDNA were cloned from Flammulina velutipes and designated as glecFv and lecFv. The sequences
were submitted to GenBank and the accession numbers obtained were AY485826 and AY450406 respectively. Analysis
of amino acids sequence suggested that one laccase from Polyporus ciliatus possessed the highest homology with the pro-
tein encoded by lecFv showing for 72% . The ORF open reading frame of lccFv was transformed into Pichia pastoris
strain GS115 through the P. pastoris expression vector pHBM906 which contains both the promoter and transcription
terminator of the AOX1 gene. The recombinant laccase LCCEFv was detected from the engineering strain GSI115

pHBMS557  which was fermented with BMMY liquid medium and induced by 1.0% V/V methanol at 20°C with the
highest expression level 0.1070 U/ml . The optimal reaction temperature of LCCFv that secreted from P. pastoris
GS115 pHBM557 was 45°C  the optimal reaction pH value was pH3.9 and the thermostability and pH stability were
very well under the optimal conditions.

Key words Laccase gene RT-PCR  Pichia pastoris
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