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Trametes sp. AH28-2 Cu’*
0.5mmol/L Cu’* 44 .3u/L 4.0mmol/L 71.0u/L

Cu*”* 2584u/L 36.4

A LacA RT-PCR A lacA
lacA lacA 2110bp 10 lacA  cDNA 1560bp
520aa PCR lacA 5'-
1881bp 1 TATA 7 CAAT 5 MRE
9 CreA 4 XRE 2 SIRE 7
lacA
RT-PCR PCR
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Abstract Copper ion was necessary for the transcription of all laccase isozyme genes from Trametes sp. AH28-2 with higher
concentrations of Cu?* 1 ~2 mmol/L.  being more favorable to the synthesis of laccase. In the glucose media containing 0.5
mmol/L Cu®*  the laccase activity of the supernate was rather low 44.3 u/L. and had an increase of 60.3% 71.0 u/L. when

4.0 mmol/L. o-toluidine was added. Moreover the activity reached up to 2584 u/L as the glucose was replaced by cellobiose.
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And Native-PAGE showed that LacA was the main laccase component if fungus was induced by o-toluidine or copper ions. It had
been demonstrated by quantitative RT-PCR that the regulation of lacA expression induced by o-toluidine occurred at the
transcriptional level with the accumulation of mRNA transcripts being accompanied by the increase of laccase activity of the
culture fluid. In addition the structural gene of lacA interrupted by 10 introns was 2110 bp in length and the corresponding
¢DNA sequence was 1560 bp encoding a 520 aa protein which had high similarities with other laccases from basidiomycetes.
Furthermore a length of 1881 bp of 5'-terminal sequence of transcription control of lacA amplified by the improved inverse
PCR contained a TATA box seven CAAT boxes as well as a number of putative cis-acting elements important for its expression

including five MREs nine CreA-binding sites four XREs two STREs and seven nitrogen factor binding sites. The existence of

these elements was well in agreement with the data obtained from Trametes sp. AH28-2 shaken-flask cultures.

Key words  fungal laccase quantitative RT-PCR long-distance inverse PCR  cis-acting element

Fungal laccase MgSO,; 7H,0 0.1g Na, HPO,- 12H, O 0.01g CaCl,
0.01g FeSO; 7H,0 0.0275¢ S50ug
1 B1 P 1 Tag DNA SABC
TAKARA IA Tag™ T4 DNA
TaKaRa DNA
V-gene
o 1.3 native-PAGE
6-8
native- PAGE Xiao
213
o b 1.4 DNA RNA
Xiao "
CuS0,
DNA
0.2 ~0.4mg 2mL

200 mmol/L. Tris-HCl pH8.5 250 mmol/L

AH28-2  Trametes sp.
NaCl 25 mmol/L EDTA  1.0% W/V SDS

AH28-2 A .
LacA B Lach 2 10min
RNA
Trametes sp. AH28-2 A lacA RNeasy Plant Mini kit Qiagen
lacA 5'- RNA
1.5 lacA ¢cDNA
oligo dT M-MLV
1 cDNA Trametes sp. AH28-2 LacA
1.1 DNA gDNA  AF388910
Trametes sp. AH28-2 PDA PCR Ps 5'-GCCATTGGGCCCACCGCTGA
4°C E . coli JM109 Pa 5’-CTGGTCGTTGACATCGAGCG lacA
pMD18-T Stratagene ~ TaKaRa cDNA S0uL - RT-PCR 1pL
1 x PCR 1.5mmol/L. MgCl, 0.8mmol/L
1.2 dNTPs 0.4pmol/L Ps~ Pa 1.5u Tag DNA
1L 15¢ 94°C 2min 94°C 35s 55°C 35s

1.0g tryptone 1.5¢g 0.5 JXE#MsnB0smmnimsmiERCRp: // journals. im. ac. en
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pMDI18-T
E. coli ]M109
1.6 RT-PCR
RNA
RT-PCR lacA gDNA
pMD18-T ~3.99 x 10° /
ng RT-PCR LacA
gDNA  cDNA Cpf 5'-
GCCTCGTCTCCCTGTCGTGT CPr 5'-
GGAGAAGATCCTGGGCGTTTT
gDNA
cDNA 50pL RT-PCR
PCR
94°C 2min 94°C 35s 55°C 35s 72C
30s 24
Bandscan 4.0
1.7 DNA
LacA gDNA
Psi | DNA
T4 DNA
PCR LD-IPCR
1.8 LD-IPCR
LacA gDNA Ips 5'-
CTTCCCTCTATTCACATCGCATACCAGC Ipa 5'-

ACAGGAACGAATGCCCAGACGAGATAG
LD-IPCR ~ 400ng

5pL 10 x LA PCR™ buffer [I Mg’* plus  0.8mmol/
L dNTPs 0.2pmol/L IPs IPa 2u TaKaRa LA Taq™

50p. PCR
94°C 2min 94°C 40s 70°C 13min 32
PCR pMDI18-T
2
2.1

Trametes sp. AH28-2

Cu’” 3
1 2mmol/L Cu**
0.5mmol/L. Cu** 4.3

Cu2 +

200 |

—
W
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100 |

Laccase activity/(u/L)
».
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> w
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Time after copper addition/h

1 cd*
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Trametes sp.
Fig.1 Effect of copper ion on the formation of secreted
laccase activity by Trametes sp. AH28-2.

Different concentrations of copper ions were added to glucose media. O

0 mmol/L. 3 0.5 mmol/L. & 1.0 mmol/L. I 2.0 mmol/L.
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/ A
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Fig.2 Effects of copper ion o-toluidine and carbon sources
on the synthesis of laccase by Trametes sp. AH28-2
The concentrations of Cu** and o-toluidine were 0.5 mmol/L. and 4
A clucose

Cu’* and o-toluidine 4 cellobiose Cu?* and o-toluidine.

1 2 3 4 5

3
Fig.3  Native-PAGE of laccase samples

mmol/L. respectively. O  cellobiose and o-toluidine

Lanes 1 and 2 are the samples induced by 1 and 2 mmol/I, Cu**
respectively. Lanes 3 4 and 5 are the parallel samples with different
laccase activities induced by 4 mmol/L o-toluidine and 0.5 mmol/L, Cu?*
and were sampled at different time of inducement before peak activities

with individual activity being shown in Table 1.

2 Cu*?

4 .0mmol/L
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0.5mmol/L Cu’* c¢DNA  1560bp 520aa
44 3u/L, 2laa
1 4 .0mmol/L 5 GCys 10 His
60.3% 71.0u/L Cys-106 Cys-
2584u/L 509 Cys-138  Cys-226
36.4 2 native-PAGE Cys-474 1
Trametes sp. AH28-2 Cys 10
LacA * Phe 9 N-
3 Asn-X-Ser/Thr " GenBank
2.2 RT-PCR Trametes sp. AH28-2
LacA Trametes hirsuta
3 98.7% Trametes versicolor lac [Il
3 lanes 3 4 and 5 Trametes pubescens lap2 90.8%
LacA 3 RNA 10 90.4%
LacA 2.4 LD-IPCR 5'-
RT-PCR Cpf  CPr Trametes sp. AH28-2 DNA  Pst |
gDNA  cDNA 677bp  504bp 4 LD-IPCR
1 lacA 3507bp
mRNA lacA AF388910 5'- 3'- 390bp
LacA 1158bp lacA
lacA
3’677 4009bp
=_m w5 sy 21100
3'- 18bp
4 RRCR, GenBank AY839936
Fig.4 Quantitative RT-PCR 5 lacA 5'-
o
lanes from the left to the right were the PCR products of the sample 3 -9 7 CAAT
Table 1 using the plasmid containing the entire lacA gDNA as the -199 - 554 -929 - 1145 - 1437 - 1593 -
competitive templates whose concentrations were the 10-fold increase by 1703 TATA GC
degrees. TATA
93bp GC 1881bp
! lacA GC 59.1% 9 CreA
Table 1 Quantification of transcript levels of SYGGRG 6 256 ~ — 326
lacA under various enzyme activities _957 ~ 1114 4
Enzym: Zr:tﬁ):fy w/L 2.783>< 10? 6.954>< 10° 1.045>< 10° XRE cACGew "
No. of molecules per ng total RNA 9.85x 10° 6.73 x 10" 4.84 x 10° -267 - 459 - 636 - 1426 5
TGCRCNC * MRE
2.3 lacA cDNA -388 - 670 - 1183 - 1586
Ps Pa RT-PCR - 1836 STRE
lacA ¢cDNA 1 497bp gDNA CCCCT  GGGGA ™ - 76
2047bp lacA 10 -1018 lacA 5'- -542 ~ -1763
GT-AG * 7 GATA *
LD-IPCR lacA © PERERAEWTEAR TR A%EE http://journals. im. ac. en
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MRE
CTGCAGGLATGACATAACTCATCCCGCCTTCOCCGTCTGAATOCGCGCGAAGGTCTGTGTGCCOCCGTTCATCGAGTGTC ~ 1802

GTGTCACCTTCGGCATCGTCTGTTCCGLAAGCTTCAUTATCGGCTGCTCGCTAATGTGAACATTGCATCCGLATTACGCC - 1722
TTGAACTGACTTACATGCAATATGATCAGCATGGGACCCCCATGGGAGGTCATCGCTGGCCGGACTGTCAGGGTTGTGAG — 1642

MRE
CATAGCCGCTGCCCGGGAGCAGCTAAGCGTTCAGTGACCGLATGGCACAATTACTGCGCTCGGTGAGGAATGGAGGACAT — 1562
CGGAAGCAGTGAGTCAGGTCCATTACGAGGLTTCACGCCTCATATTGACCTGGACCGCGAGATALGCGCAGATGGAAGGE —1482

XRE
TTACGTCTCGAATTGTCATGATGCGCATGAGTGGAAGACAGATCAATAGCCAGACACGCACGACAGTTCTCCGTCTGAGA -1402

—
ACAAAATGCGACCTTGGGCCTGGACGATGAGCCTCGGCGGCGTCGTCTTCGACGGCATCGGCTGGLTGBATTTGGCCGLA —1322
GGGCGGCACTTGCGGCGCTATGTTTCACGACTGCGCGAGTCGCAGCGCCCTCGGGACTCCGGATCAGCTGAGCGCCGECA —1242

MRE
GGTACGAGCGACTTGAGCGGGATGGCHGATAGTGATTGGTAGACGGACCGCTGACGCTGCGCTCTCACCCTTGGGAACTT ~1162
CreA 7
TTGACAAGCGCATCACAATCCCGCTGTTGCGGGCTCCCGTCCGAGTCTGGAGAGCTGGAAGGTGTGTCTTGAGGGAATTT ~1082
CreA CreA STRE
TCGACAACCGCCAGACTTTCTGGAGGGATGGGGGCGAGGTAGCTGCATGTCGGAGAAATAGGAGGGGAAATATTGTAGGE —1002
— <~ A —

CreA
GCATGTAGGCGTCCAACTAGAAGAGAGCT[TATCIGGAGTTGTCGGCGGAGACGCCCAAGGAGCGGGAGGCGGCAATCACCE -922

CCTGCCGTTTAGGGAAAGGGAGATTGTTCGCCGTGGLBBGTTCGCATTCTCTTTCTCATCATCCATCCCTCTCCGCATTT  —-342
TGCCCTTGAATGGTCCATCTCCACGACAAAACAGACGTCGGCCTCCGCGTACCTGATGACGCTTTACGTCCAGGCTCTCG 762
CTTTCCCAGTACAGAAATATCACCATGCATCTCCTGTBGLCGAGATGBAGCGCGAACGCGGCTAGCGCTCCACTGCAAGA - 682

MRE XRE
GTGCA ACTCGTCAAGCATTCAAGGTACCTGAAAGAGAGCACGCTGCATAGCTGAGGTCACCTTTACTTACTCCC -602
AGAAAATCACAGATTTCTCTTCGTCGTTGATGCATTTACACCCCAACAATCGGCAGC GCCGCACGCGCGCAGLG -3522

XRE
GATGTTCGTAGCCTCCTACTCCGTGAGAGGCCAGATGTTGTTAGACTCTTAGAGTGATTCTCACGCACAGCTCCGRETTL —442

MRE 7
ACGCGACAGCCGCTGTCCAGGGCGTTTTGGATTCTTTTCATCAGGCCGCTCATGCGCCCAGCTCCGGLACCGAACCTGAL — 362

CreA CreA
GAATGCGGCCTGCGCAGGAATCCCGACACTGTTCGGGGCGCGCGCCTTACTTCCGTGGBGCGCAGGBCOLTTTCGGLBAL — 282
XRE
CTCTGCTCGCTCACACGLTCACCAGAGGATTCGCGCGATGACCGCGTTCCAGGGCCGACTTBACAGATGCTGACACCGGT —202
7 CreA

GCAATCTTGACACTGTGCCAACCGGGTAAGGCTCGACCTTGGTTTTCTGGAGGCGCCCACCGCTAAGCTTTGGCCATACE —122

CreA STRE CreA
AGAGCACTGTTCTTCGGCGGGGTATAAAGGATGCCGCAGCGAACTCCCCACAGTACAACTCGABCCCCGCTTGAGTTTCT —42

GCGGEE Tcccea
ACGAGGTCCTGCAAACCACTGTCCCTCTTCCCTTCACAGCCATGTCG +6
M S
5 lacA

Fig.5 Distribution of putative cis-acting elements in the lacA upstream region
The putative CAAT boxes as well as a TATA box are indicated by boldface. The inferred nitrogen response elements

are signed with frames and the directions of these elements are shown with arrows.

Trametes sp. AH28-2

T. pubescens

0 T. wversicolor 2
P . ostreatus """ Faraco
Cu*
P . ostreatus MRE
* Trametes sp. AH28-2 Cu** 36.4
23
Cu’* Aspergillus nidulans Cys2 - His2 DNA
PCR CreA 16
SYGGRG Trametes sp. AH28-2 9
Trametes sp. AH28-2 CreA lacA 5'- -56 ~
Cu®* 1 ~ 2mmol/L -326 -957 ~ -1114
LacA lacA
TGCRCNC *
Trametes Trametes sp. AH28-2
sp. AH28-2 Cu’* LacA LacA RT-
lacA 5'- 5 PCR mRNA
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