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Bioinformatics analysis of putative laccase gene Laccl from
Ganoderma lucidum and Cu® induced gene expression

CHEN Yue-wen'>?, KANG Xin-cong *, XIONG Xing-yao', LIU Dong-bo"**"

(1. Hunan Provincial Key Laboratory of Crop Germplasm Innovation and Utilization, Changsha 410128, China;
2. College of Horticulture and Landscape, Hunan Agricultural University, Changsha 410128, China; 3. State Key
Laboratory of Subhealth Intervention Technology, Changsha 410128, China)

Abstract: To verify the function of Laccl gene and investigate the relationship between the gene, promoter structure and
transcription, expression for Ganoderma lucidum Laccase, we analyzed the amino acid structure of Laccl and upstream
promoter region of putative laccase gene Laccl, whilst studied the putative laccase gene transcription in Ganoderma
Iucidum strain P9 induced by Cu®*. Result of protein blast showed that Laccl had three Cu—oxidase conserved domains
and multiple sequence alignments showed that Laccl had the highest homology with lcc3-3 of polyporus ciliatus, which
was 71%, and the highly conserved laccase signature sequence L1-L4 was also found in Laccl. The results of signal
peptide prediction and sub—cellular location identification showed that Laccl is an extracellular (secreted) protein
containing signal peptide. The prediction of upstream promoter region of gene Laccl showed 1 TATA box, 3 MRE (metal
responsive element), 5 NIT2 (nitrogen regulatory element) and 1 STRE (stress responsive element). The expression of
gene Laccl was up-regulated 2.8—fold, 4.9—fold, 1.6-fold and 1.9—fold at 6™ day, 8" day, 10" day and 14" day after

induction by 150 pmol/L Cu*", respectively, in comparison to the reference condition. Via the analysis of Lacel sequence
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and Cu®" induced gene expression, the Cu®" induced transcription of Lacc! gene was closely related to regulation motifs

such as the responding elements for metals in the promoter region.
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(benzenediol oxygen oxidoreductases, EC
1.10.3.2) g
[2] B3] (4]
[5]
[6]
[71
(8]
(C/N)
(
)

[9]

(Ganoderma lucidum)

2012 5

[10]

[10]

(fungal oxidative lignin
oxidative enzymes FOLymes) 16

(Coprinopsis cinerea)
Laccl
Laccl Laccl
Laccl
— P9

Laccl

1 MR5RE

1.1 # #
N VR LR
(Ganoderma lucidum)P9

1.1.1

(PrimeScript RT reagent Kit)
PCR SYBR Premix Taq Reaction Mixture
Takara PCR

1.1.2 ##5#4
PDA ( 200
g/L 20 g/L 15 g/L)
( 0.3mm )30
g/L 10 g/L  (NH4),SO;4 0.005 g/L
100 mL/L

KH,PO4 0.2 g/L MgSO4-7H20
0.05 g/ CaCl,0.01 g/L Toween—80 5 g/ V-B; 0.1
g/L 1 mL/L

MnS0O, 0.5 g/L  FeSO47H,0

0.1 g/L CaCl, 0.1 g/L ZnSO47H,0 0.1 g/L
CuSO45H,0 0.01 g/ AIK(SO4),-12H,0 0.01 g/L
H;BO; 0.01 g/ Na,MoO,2H,0 0.01 g/L
12 A &
1.2.1 Laccl RABREZEMHAHT

NCBI(http://blast.ncbi.nlm.nih.gov/Blast.cgi)

Laccl Protein Blast, NCBI
DNAman

Laccl (Pleurotus ostreatus)

(GenBank AAR21094) (Coprinopsis
cinereaq) (GenBank ABP81837)
(Trametes versicolor) (GenBank CAA
77015) (Phanero-chaete chrysos-
porium) (GenBank AA042609)
(Schizophyllum commune) (GeeBank BAA



39 3 Lacel cu?* 267
31217) (Laccaria bicolor) (GenBank Laccl-F 5-CCATTCGCTCACCGTCATC-3'
ACN49096) (Malassezia globosa)  Laccl-R 5'-CCTTTGCCTTCGTTGTTGTTC-3'

(GenBank XP_001728597) 7 GAPDH-5'-F CGCTCAACAAGAACTTCGTC

SignalP 4.1 (http://www.cbs.dtu.dk/services/
SignalP/)  Protcomp 9.0(http://linux1.softberry.com/)
Laccl

1.2.2 Laccl £ R L 23hF X B

Laccl 2 000 bp
Softberry(http://linux1.softberry.com/) TESS (http://

www.cbil.upenn.edu/)

1.2.3 BAkeZA
P9 PDA 25°C
7d 47T 7d ( 6 mm)
100 mL 250 mL
25 °C, 150 r/min 72 h
CuSO, Cu®’ 150
umol/L ( Cu®*

1.2.4 HEERATE 26517

( 4 6 8 10 12 14
) 12 000 r/min 10 min
-80 C
1.2.5 RNA &)%) &F= cDNA B 4E %
RNA
CTAB 7
1% RNA
(NanoDrop ND-1000) RNA
1 ug RNA
(PrimeScript RT reagent Kit Takara) RNA
cDNA( RNA
DNA cDNA
) cDNA

1.2.6 ZBF3 &%= PCR (RT—qPCR)

Laccl
GAPDH( -3 )

Primer Premier 5.0

AA-3" 5-GAPDH-R GTAGACAAGGAGGTCAC
AGA-3’

(10 pL) 5 pL SYBR Premix Tag
Reaction Mixture , (10 pmol/L) 0.4
pL 0.8 pL cDNA (400 ng/pL) 3.4 pL ddH,O

3
(NTC) RT—qPCR Bio—Rad CFX96 Real-Time
PCR System 95 C 30s
95 C 5s 60°C 30s 40
L2.7 A &g
cDNA
(10 5 ) Laccl  GAPDH

1.2.8 Z3ELAT

[13] RT—qPCR

Laccl

2 HERE5SH

2.1 Laccl REBRGEHTN DL R

Laccl 1 539 bp
scaffold 176 81869 83862 (Genbank
No. JH660822) Laccl Laccl
512 SignalP 4.0 Laccl
90.5% 24 25
79.4% Protcomp9.0
Laccl 93%
3% 3%
1% Laccl
Blastp Laccl 3
GenBank (pfam07732
pfam00394  pfam07731) Polyporus ciliatus
LCC3-3 71%
1 Laccl T'ver



268 ( ) http://www.hnndxb.com 2013 6

Lacel C.cin Post
Tve:bic L.bic S.com M.glo Pchr
o
C.cin el ( 2 Laccl
— Pehr 10 I
0.05,

1 Laccl RRE#H D H#HER

Fig.1 Phylogenetic analysis of Laccl in basidiomycota fungi
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Fig2 Comparison of signature sequences from Laccl with the corresponding sequences from other basidiomycota fungi laccases
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