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Cloning, Sequence Analysis and Chacterization of
Laccase Gene in Auricularia polytrica

YANG Jian-Ming' MENG Xin' XU Xin' ZHANG Lei'
LIQiang' XIAN Mo~ PAN Ying-Jie’
(1. Qingdao Institute of Biomass Energy and Bioprocess Technology, Chinese Academy of Sciences, Qingdao 266071)

(2. Key Laboratory of Edible Fungus Genetic and Breeding, Ministry of Agriculture, Edible Fungi Institute,
Shanghai Academy of Agricultural Sciences, Shanghai 201106)

Abstract: Using PCR and RACE technique, We obtain the cDNA and genomic DNA sequence of the lac!
gene from Auricularia polytrica. The length of genomic DNA is 2514 bp, which contains 14 exons and 13
introns based on the comparison of cDNA and genomic DNA sequence. The length of the lac/ cDNA se-
quence is 1972 bp, which includes a complete Open Rading Frame (ORF)of 1860 bp, from NO0.33 to
No.1890, encoding 619 amino acides, the molecular weight is about 68 kD, and isoelectric point is about
5.15. A signal peptide sequence exists in the N-terminal of the deduced amino acids, which also contains
three multi-copper oxidase domains: KOG1263, Sufl and pfam00394. We blasted the deduced amino acids
with the fungal laccases protein sequences on the GenBank and observed that there is higher homologous
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similarity: the highest identity is 41% and positive is 58% respctively, and it also includes four conserved
Cu-bind domains. The full length cDNA sequence of A. polytricha lacl gene was ligated to the pPIC9K to
construct expression vector pYH3660, the recombinant plasmid pYH3660 was transformed into Pichia pas-
toris, laccase activity was detected from the engineering strain which was induced by methanol with the
highest expression level(123 IU/L). At same time, we get the anticipative protein using the Native
SDS-PAGE. Based on the analysis of the sequence structure and expression characterization, we can con-
clude that the lacl gene obtained from Auricularia polytrica is laccase gene.

Keywords: Auricularia polytrica, Laccase gene, RACE, Function domain

(p-diphenol oxidase EC1.10.3.2)

1883 (Yoshida) [Pichia pastoris(His"Mut")]
) (ATCC) E. coli
) DH50. pMDI8-T  Promega
(white-rot fungi) 100 , pPIC9K Invitrogen
1.2 EEE R
Bl PCR ,
T4 L-A Taq polymerase
cDNA TaKaRa G418 Sigma
R PCR Taq Buffer Promega
[‘” ;  RNA
200 DNA cDNA
, 20 RACE BD Biosciences Clontech
5] Pichia pas- SMART™ RACE c¢cDNA Amplification Kit
toris'® Saccharomyces cerevisiae  Trichoderma 1.3 EFEZE DNA BYIEEN
reeseil®  Aspergillus oryzae®®  Aspergillus niger'™™ CTAB U
1.4 2 RNA RY$RHE
RNA
) RNAex System IV
Cys 10 His 61, Kumer 60 1.5 ZESEEESE
; 4 4 : 4
5] 4 Cu-bind ’
, RACE )
cDNA SMART™ RACE ¢DNA Amplifica-
, GenBank tion Kit
AY615304 AY616035 3'-RACE 5'.-RACE
3~ 5- , F R,
DNA PCR lacl
1 ﬁﬂ*ﬂff& lacl cDNA lac1F laclR,
BamH Not s RNA
1.1 EHkSRR cDNA lacl cDNA

AP, 1 2
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R1 YIEFHERRESY

Table 1 Primers for amplifying the /acl gene fragment

Corresponding
amino acid sequence

I PFHLHGH 5'-CC(AGCT)(AT)T(AGCT)CA(CT)(CT)T(AGCT)CA(CT)GG(ACGT)CA-3'
v WFLHCHID 5'-(AG)TC(AGT)AT(AG)CA(AG)TGGA(AG)(AG)AACCA-3'

Conserved domain Nucleotide sequence

T2 Y IEERES cDNA FHFIEREAFTISIH

Table 2 Primers for amplifying the lacl ¢cDNA and genomic DNA

Primers Sequences Purpose
3'Gsp 5'-CAATACATTTGCATGGGCACAAGTTCC-3' 3= (3'-RACE)
5'Gsp 5'-GGAACCAGGCGCCAGGGTTGTCCGCG-3' S'- (5'-RACE)

5'-AGGATCCAAACGATGGCTCTTCTTCCTTTG

laclF CTTCTTCTAGCTGCCTA C-3' (BamH )
lacIR 5'-AGCGGCCGCTTAATTCTTTTTCATCCGCGAAAAG-3' (Not ) cDNA
F: 5'-ATGGCGCTCCTGCCATTGCTCCTCC-3'
R: 5'-TTAATTCTTTTTCATCCGCGAAAAGATGCTC-3' DNA
1.6 FREEREEWH (ODgoo  20~30) 4000 r/min 5 min,
3" RACE 5" RACE V-gene , , 100 mL
BMMY , 25°C 260 r/min~280 r/min
T-A , 12 h 100%
cDNA BMMY R 24 h
1 mL
1.7 BERREHERWEREE 1.10 Native SDS-PAGE
pMD18-T-lacl BIO-RAD s
pPIC9K BamH 1  Not 1 SDS,
s lacl pPIC9K B- 5
pYH3660, lacl , 3% (W/V)ABTS
AOXI1( ) (0.2 mmol/L )
pYH3660 E. coli DH5a 10 min~15 min ,
, PCR
pYH3660 1.1 FEEANE™
18 BIAEAEBERNTIR L OESRS ImL . 5mmol/L ABTS100 uL,
40 (pH 3.0)800 uL, 100 pL,
( ) 0.2 mmol/L 1 min 1 umol/L ABTS 1
ABTS 2SD ,  28°C , (1U) 420 nm ABTS
1% 3.6x10* L/(mol-cm)
1.9 SNEERAEEFREFHRIFESERE 2 BEAUM
BMGY -H
( =<10% ), 28°C~30°C 260 v/min~ 2.1 FEGEEAEESFEIISH
280 r/min (ODo 2~6), Cu-bind
1 mL 100 mL BMGY , 28°C~
30°C 260 r/min~300 r/min DNA, 200 bp , T-A
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, 204 bp ,
GenBank Blastn
50
3" Gsp,
3’ RACE cDNA, 700 bp ,
, 664 bp,
3 PolyA , PolyA

(AATAAA) GenBank Blastx

5' RACE
1600 bp, ,
1497 bp, 5' (1 bp~32 bp),
1465 bp, 3’ RACE
) GenBank

5" Gsp,
cDNA,

Blastx
cDNA 3’ 5 ,
1972 bp s
lacl cDNA GenBank
AY 615304 lacl
5 ,
PolyA
PCgene
(ORF), 33 1892 ,
68 kD, pl S\
12 619

32 bp; 3’
(AATAAA)
1860 bp

SignalP V2.0
N
(1~18 aa), (GLG AL)
Scanprosite lacl
8 N- (N-X-S/T),
46 59 84 214
231 281
( 1)
, 3
pfam00394

308 373
RPS-Blast
KOG1263 Sufl
KOG1263 Sufl
; 3  pfam00394  Cu-oxidase
lacl GenBank
Blastp ,

Fusarium proliferatum  Laccase

41%, 58%; Pleurotus
ostreatus  Laccase 35%,
48%;  Pleurotus sajor-caju laccase 3
35%, 48%; Panorbis vis-
cosus laccase 39%,

57%; Agaricus bisporus laccase
34%, 47%;
32%, 47%;
Flammulina velutipes laccase 33%,
48%
22 FEERASKHRSSEWOF
lacl cDNA )
, DNA PCR
, 2514 bp
GenBank AY 616035
cDNA DNA ,
14 13
S51bp 53bp 50bp 59bp Slbp
57bp 50bp 51bp 50bp 48bp 5S0bp 54 bp

Phlebia radiata laccase

59 bp, (49 bp~
85 bp)l'* (5'GT...
AG-3") , 4 10

13
2.3 FRIEHIK YH3660 i) . MFIEE

pMD18-T-lacl

pPIC9K BamH  Not

. lacl pPIC9K
pYH3660(11.17 kb), lacl
AOXI( )
pYH3660 E. coli DH5a.
X-Gal
, pYH3660
2.4 PHM4ELE T FERYTFIL
pYH3660 Bgl ,
2SD ,28°C 2d,
G418 ,28°C
3d,
G418 40
2d , 40
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P. sajor-caju —MVLSTKLVALVASLPF—VFAVTKKLDFHIRNDVVSPDGFERRAITVNGIFPGTPVILQ 57
Agaricus —MRLSNALVLVAAC | SS——VVAKTRTFDFDLVNTRLAPDGFERDTVV INGEFPGTLIQVN 57
P. ostreatus MAVAFVALVSLALALVR-VEAS | GPRGTLN | ANKV | QPDGF YRSTVLAGGSYPGPL IKGK 59
Flammulina MVRFQSFLPYLALFFAASAYAA1GPVADLV | SNADVTPDGF TRAAVVVNEAFPSPLITGY 60
Fusarium
Auricularica  ———MALLPLLLLAAYAAPGLGALVEKWWD | TFVNANPDGLFERRVVGVNGSWPPPPIELT 57

P. sajor-caju  KNDKVQIKTI NI?LTDPGMRRSTS IHWHGLFQHKTSGMDGPSFVNQCP IPPNTTFLYDFDT 117
Agaricus KGDSVR | PLHNKLTSPTMRRSVS | HWHHGFFQARTSGQDGPSFVNQCPQPPNTTFTYEFSV 117
P. ostreatus  TGDRFQINVVNKLADTSMPVDTS | HNHGLFVKGHNWADGPAMVTQCP | VPGHSFLYDFEV 119
Flammulina ~ KGDHFRLNV INRMTNHTMLKTTS | HNHGLFQRGTNWADGPAFVTQCP | ASGDSFLYDFRV 120

Fusarium ASVHWHGMYQNGTNFMDGPAMVTQCN IPTGAS ITYNFTV 39
Auricularica  VNDTLRVHATNKLDKP————— TTLHHHGMFFNGTSYFDGAAGVSQCG IPPGETFTYDVDV 112
LIk Rk LRk ok kek Lo ke

P. sajor-caju  AGQT——GNYWYHSHLSTQYCDGLRGSF | VYDPNDPLKHLYDVDDEST | I TLADWYHDLAP 175

Agaricus AEQS——GTFWYHSHLSTQYCDGLRGAF I VYDPRDPLRHLYDVDDESTV I TLAEWYHILAP 175
P. ostreatus ~ PDQA——GTFWYHSHLGTQYCDGLRGPLVVYSKNDPHKRLYDVDDESTVLTVGDWYHAPSL 177
Flammulina ~ PGQA—GTFWYHSHLSTQYCDGLRGPSVVYDPLDPLGWLYDVDDDSTV I TLADWYHFAAR 178

—_

Fusarium DQVG———TYWYHSHTRSQYPDGLRQAL | | QDPKNPYEGEY———HEERV I TLSDWYHDEMP 93

Auricularica  ANSGQWGTYWVHSHASGHYVDGLRAPVV | HN——VPETHVY-——DDEFTVV | GDWYHDQHE 167
.Uk skkk kokkkk | rr * * L. I = =

P. sajor-caju —QV I ILPANKL IEVSIPG—————, AGAHPFHLHGHTFD | VRVSN————=—————— SDVVNL 440

Agaricus —QIFFVPKNSL IEVNIPG———— EGAHPFHLHGHNFDVVLASN——————————— DDTFNF 439

P. ostreatus ~ —S1YDIKLGDVVE | TMPALVFA——GPHP | HLHGHTFAVVRSAG————————— SSTYNY 436

Flammulina ~ —SVYALPSHSS |E | TFPATARAPGGPHPFHMHGHVFAVVRSAG—————————= SSTYNY 439

Fusarium TNSFVLKHGE | VE | ILNNDD——-SGRHPFHLHGQNFQVVHRSEENAG-HYNASWTNITYP 368
Auricularica  PTSFVLNQFDVVE | KVVNFD———AGKHP |HLHGHKFQ | VHKSTDF TSDDPTLNPPLMEGQ 458

ko k kk:k:kk: k ik
P. sajor-caju - VNPPRRDVLPI N-———GGNTTFRFFSGNSGAWFLHCH | DWHLEAGLAVVFAERPAEVNEG 496
Agaricus KNPPRRDVYP IN-——GGNTTFRFF TDNPGAWFLHCH | DWHLEAGLA | VFAEAPEDNVSG 495

P. ostreatus ~ ENPVRRDVVS|GDDPT-DNVT | RFVADNAGPWFLHCH | DNHLDLGFAVVFAEG——-VNQT 492
Flammulina ~ RNPVWRDTVSTGTSAANDNVT | RFRTDNPGPWFLHCH I DFHLQAGFA | ALAEE-—— PRI 496

Fusarium SVPMRRDTLLVYP———QGNFV IRFPATNPGVWLFHCH I AC 405
Auricularica  LNPVRRDTVQVPS—-MGSASLRFVADNPGAWFLHCH | ENHLEAGLAVTFFEAPLEAQQK 515
* kK, L ikk ok k ok kekokk

1 Lacl #IEERFIEEFEMFERREFIMLR
Fig. 1 Alignment of the deduced Lacl amino acid sequence with other basidiomycete and ascomycete laccase
Note: Stars represent identical amino acid; colons and dots represent conservative and semi-conservative amino acid substitution.The signal
peptide is shown with italic text. Cleavage site is (GLG-AL) shown by the arrow. Eight possible N-glycosylation sites are underlined. Four
potential copper-binding domains are shaded. Gaps have been introduced for optimal alignment and are indicated by dashes. Accession num-
bers of sequences are as follows: P. ostreatus: CAA06292; P. sajor-caju lac3: CAD45379; A. bisporus: AACI18877; F. proliferatum:
AAKT72903; F. velutipes: AAR82931. Alignment was done with CLUSTALW software

ABTS 1% GS115(pYH3660)
lacl 2.5 EHEEFREEMIFESRIX
YPD , , GS115(pYH3660) 20°C
DNA, laclF laclR PCR L.0%(V/V) ,
, (pYH3660 DNA ) GS115
R lacl R
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. ABTS GSI15 3 Wi
(pYH3660) 10 123
IU/L Native SDS-PAGE ’
( 2
ClustalW
1 2 M kD
i 215 ( 3)
120
84

= 8 .
1+ Fusanium pro-
1= liferiatum Panordis viscosus,
2 FYHEEFREE T Native SDS-PAGE ik
Fig. 2 Native-SDS-PAGE of laccase from recombinant P. laci
pastoris (Dlacl 2 multi-
L: Laccase secreted by GS115(pYH3660); 2: No laccase secreted .
copper oxidase (KOG1263  Sufl) 1

by GS115; M: Protein molecular weight marker

100 | Trametes versicolor (CAA59161)
25 | Trametes villosa (AAB47734)
57 Trametes pubescens (AAM18408)
32 Phlebia radata (CAA36379)
3] 36 Flammulina velutipes (AAR82931)
Coprinopsis cinerer 1ac8 (AAR01249)
22 Rigidoporus microporus (AAQ82021)
S1 —— Pleuotus ostreatus (CAA06292)
96 Thanatephorus cucumeris (CAA91042)
48 { Pleurotus sajor-caju lac3 (CAD45379)
1 96 Agaricus bisporus (AAC18877)
50 1 Phanerocheate chrysosporium 4A (AAS21669)
100 L phanerocheate chrysosporium 4B (AAS21670)
Podosopa anserine (CAA70061)
43| 100 |: Neurospora crassa (AAA33592)
100 = Neurospora crassa OR (AAA33591)

Auricularia polytricha (AAT73204)
485'_': Fusarium proliferatum (AAK72903)
99 Panobis viscosus (AAN17301)
50 Nicotiana tabacum (AAC49536)
40<‘_|: Pinus taeda (AAK37830)
99 Liriodendrom tulipifera (AAB17194)

Acer pseudoplatamus (AAB09228)

30] ———— Brassica juncea (AAF20933)
Glycine max (AAM94614)

100
39 Cucurbita mexima (BAA09528)
100 Cucumis melo (AAF35910)

Populus balsamifera (CAA74108)

1.0 0.8 0.6 0.4 0.3 0.0

B3 HEFE. BYFBIEYRINBRSAEBENRELEXR

Fig. 3 Phylogenetic relationships among fungal laccases, plant laccases and plant ascorbate oxidases
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Cu-oxidase (pfam00394),
(2)
5 I Cys 10
His ,
(. lacl
41%, 58% lacl cDNA
10 1 (
1) (3)Kumer 60 ,
4 , 4
i3] GenBank
lacl
4 Cu-bind ( 1 4
— lacl cDNA
, ABTS 10
123 IU/L,

Native SDS-PAGE
(2
, PCR RACE
cDNA
Genomic DNA s

& & x #
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