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Improving the Secretory Expression of Laccase in Pichia pastoris by
Co—-Expressing Chaperones

WANG Chenlei'*, LIU Song'?*, DU Guocheng'?, CHEN fian™?
(1. Key Laboratory of Industrial Biotechnology , Ministry of Education, Jiangnan University , Wuxi 214122, China;
2. School of Biotechnology, Jiangnan University , Wuxi 214122, China)

Abstract: In this study,the co-expression of chaperones was used to improve the production of
laccase in Pichia pastoris. According to the codon bias of Pichia pastoris ,the gene of laccase from
Cerrena sp. WR1 was optimized and cloned into pPIC9K. The resulted plasmid was transformed into
Pichia pastoris GS115,yielding the strain PP-L. In the PP-L,we co-expressed six chaperones,
relating to protein folding (BIP and ERO1 ) ,transportation (SEC53 and SEC1) and stress response
(HACI1 and GCN4 ). The results indicated that the co-expressions of chaperones had no effect on the
cell growth of strain PP-L. Expression of BIP increased the extracellular enzyme activities by 359%
while ERO1 decreased that by 22%. The other four chaperones increased the extracellular activities
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by 18%~53%. In contrast to strain PP-L,simultaneous co-expression of BIP and HAC1 (strain P1)
increased 602% of the extracellular activities,reaching 3 896 U/L. It was suggested that the

overexpression of BIP in endoplasmic reticulum improved the ability of protein folding,thus

improving the secretion efficiency of laccase. The results obtained here may improve the

industrialization of laccase.

Keywords: laccase, Pichia pastoris ,chaporone, co-expression , secretory expression , protein folding
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Table 1 Primers used for amplification of chaperones

ERO1 EROI-F CACGTGACCATGAGGATAGTAAGGAGCGTAGC 8 197 528 1 584 Pmi 1
EROI-R CTCGAGTTACAAGTCTACTCTATATGTGGTAT Xho 1
HAC1 HACI1-F CACGTGACCATGCCCGTAGATTCTTCTCATAA 8 196 642 996 Pmi 1
HAC1-R CTCGAGTCACCTGATCGCTATGCATGTCAACT Xho 1
GCN4 GCN4-F CACGTGACCATGTCTGCAAGTACTTACAGTTT 8 197 788 792 Pmi 1
GCN4-R CTCGAGTCACTGATGTTTCACTAAACTCTTTA Xho 1

SECI-F CACGTGACCATGGCTTCTGATCTGATTAACCT _
SECI SEC1-R GCGGCCGCCTATTTCCAAAATTTCTTCAGCTT 8 201 046 2 061 Pmi 1
SEC53 SEC53-F CACGTGACCATGTCGTTTTCTAATAAAGAAGA 8 199 158 756 Pmi 1
SEC53-R CTCGAGTTACAGGGAAAAGAGCTCCTTTAAG Xho 1
BIP BIP-F CACGTGACCATGCTGTCGTTAAAACCATCTTG 8 198 455 2 037 Pmi 1
BIP-R CTCGAGCTACAACTCATCATGATCATAGTCAT Xhol

R 2 ARWRERNE R RIE R
Table 2 Strains and plasmids used in this study

E. coli IM109 VB BT TE 5556 S AR AT
P. pastoris GS115 His [ 7Y VE& T 7R SE 56 = AR A7
PP-L GS115 %% A ki pPICO9K-Laccase 2T 5% ¥ 7

A KRR HA B R 3k Rk
PP-L-HAC1 PP-L %% A i ki pGAPZB-HAC1 AT 5% ) 3
PP-L-GCN4 PP-L 4% A i ki pGAPZB-GCN4 A 5 A 3
PP-1L-SEC1 PP-L %% A Jii ki pGAPZB-SEC1 A 5 A 3
PP-L-SEC53 PP-L %% A ki pGAPZB-SECS3 A5 A
PP-L-BIP PP-L %% A Jfiki pGAPZB-BIP ARG
PP-L-ERO1 PP-L 14 A FbL pGAPZB-ERO1 AT e
B 2 P B R 74 G 3k 3Rk
P1 PP-1-BIP 4% A Jfi iz pGAPZB-HAC1 AT 5 M
P2 PP-L-HACI %% A Jiiki pGAPZB-SECS53 AT
P3 PP-L-BIP 4% A i ki pGAPZB-SEC53 AT T A
P4 PP-L-GCN4 5 A Jfi ki pGAPZB-HAC1 AT 5 A 3
P5 PP-L-BIP 1% A Jfi ki pGAPZB-GCN4 AT 5T b
P6 PP-1-GCN4 %% A i ki pGAPZB-SEC53 A5 M
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Fig. 5 Effects of co —expression of chaperones on the

laccase in shake flasks
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Fig. 7 SDS-PAGE of purified laccase

24 HREHTFHEXZMEEE ST OB

AR T 43 6 28 R T BE AN R T AR AE
PSR (ER) 28 1 5T 47 2 ) K SR A 4 )5 9k 0 15
Wi, Fis B R AR R — 2D B S B, &
8 0038 0 S A B Ay W B A R AT S mOR BT
B (10 2 1 O DU B e e A e 4 v T O 114 7 TR KR AR
e R B LAE U BT E T Ik B IR A
55 b o VR B UGE 1T I 2R A R R T e AR B i 43
TR R B2 o B A 7 i, e AT B — R R
R TS I 0 7 3R 5 602% 1Y MR o X R IR A 4 A ik
255 7E ER R BIP 43 FH458 5 fo e 1G5, 47
BRCRRE &, R RIS MR & E A TSl
7 A R A & s . (UPR) ,HACT S8 i i
Fe3k HEH9 EROL SECT 284y F1E48 DL 22 i AR 15
JE 77, 84 UPR {5 52 Rt (R & 808 . Lk
S5 R ULHIRBEAE P. pastoris TSRS FIR T &
BT 5 R 1 a6 g2 PR A AR A R AR R I Ok
HEE,

®3 FREBHIB N FHE

Table 3 Kinetic proerties of laccase

LY it 35 /(U/mg)

K./(pmol/L)

(L/(mol - s))

1047.2+15.6 948.3

laccase

3.18+0.14 298.2

170.0(at 50 °C)
75.0(at 60 °C)
9.6(at 70 C)

55(at pH 3.4)
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