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Two-step synthesis of the full length Aspergillus niger lipase
gene lipA leads to high-level expression in Pichia pastoris

Jiangke Yang, Xiangxiang Yan, Zhengping Zhang, Xueqing Jiang, and Yunjun Yan
Key Laboratory of Molecular Bio-physics of Ministry of Education, Huazhong University of Science and Technology, Wuhan 430074, China

Abstract: Aspergillus niger lipases are important biocatalysis widely used in industries for food processing and pharmaceutical
preparation. High-level expression recombinants can lead to cost effective lipase large scale production. Full length gene synthesis is
an efficient measure to enhance the expression level of the gene. In order to reduce the non-specific binding between oligonucleotides
and bases mutation caused by the complicate secondary structure of DNA and excessive PCR amplification, a frequently
phenomenon in one-step gene synthesis, we used a two-step method including assembly PCR (A-PCR) and digestion-ligation step to
synthesis Aspergillus niger lipase gene lipA. Assisted by DNA2.0 and Gene2Oliga software, we optimized the codon usage and
secondary structure of RNA and induced enzyme sites Cla I (237 site) and Pst T (475 site) into the gene. In the first step, fragments
F1 (237 bp), F2 (238 bp) and F3 (422 bp) were separately synthesized by assembly PCR. In the second step, fragments F1, F2 and F3
were separately digested by Cla I and Pst I, and then ligated into a full length lipA gene. Two-step method efficiently enhanced

Received: September 22, 2008; Accepted: December 22, 2008

Supported by: National High-tech Research and Development Program of China (863 Program) (Nos. 2007AA05Z417, 2006AA020203).
Corresponding author: Jiangke Yang. Tel: +86-27-87792214; E-mail: jiangke_ yang@hotmail.com

K ARG K %1 (863 E1)(Nos. 2007AA05Z417, 2006AA020203) % By«

© FERZERMEMHARTATIKSHIEST http://journals. im. ac. en



382 ISSN1000-3061 CN11-1998/Q Chin J Biotech March 25, 2009 Vol.25 No.3

successful ratio for full-length gene synthesis and dispersed the risk for gene redesign. The synthesized gene was cloned into pPICOK
vector and transferred into Pichia pastoris. After methanol inducement, the expression level of the codon optimized lipA-syn gene
reached 176.0 U/mL, 10.8-fold of the original lipA gene (16.3 U/mL) in Pichia pastoris GS115. The recombinant offers the

possibility for lipase large-scale production.

Keywords: Aspergillus niger, lipA, two-step gene synthesis, Pichia pastoris, overexpression
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PCR pMDI18T R
E. coli DH5a ;
PCR ,

PS1(5'-CTT GAATTC GCT CCA GCT CCA

GCA CCT ATG CAA A-3, EcoR I )
PA1(5'-CT GCGGCCGC TTA AGA ACA CTC AGA
GAT G-3, Not T )
PCR EcoR I  Not I ,
EcoRI Notl pPIC9K ,

CTTGAATTAGCTCCAGCT-CCAGCACCTATGCAAA GAAGAGACATCTCTTCCAC-TGTTCTGGATAACATTGATCT GT
GAACTTAAGXGAGGTCGA GGTCGTGGATACGTTT-CTTCTCTGTAGAGAAGGTG ACAAGACCTATTGTAACTAGA-CA
TTGCTCAGTACTCAGC-AGCTGCTTACTGTTCTTC CAACATTGAGTCTACTGGA-ACTACCCTGACTTGTGA CGTTGG
AACGAGTCATGAGTCG TCGACGAATGACAAGAAG-GTTGTAACTCAGATGACCT TGATGGGACTGAACACT-GCAACC
TAACTGTCCAC-TGGTCGAAGCAGCTGG AGCTACTACCATCGATgt-caatagttgaattcatttgeg
ATTGACAGGTG ACCAGCTTCGTCGACC-TCGATGATGG TAGCTAca gttatcaacttaagtaaacge

F2 Fragment

gagctetcaattcaCTTATCG-ATGAGTTTGATGACTCTTCA TCCTATGGTGATCCTACT-GGATTCATTGCTGTCGA

ctcgagagttaagtGAATAGC TACTCAAACTACTGAGAAGT-AGGATACCACTAGGATGA CCTAAGTAACGACAGCT-
TCCAACTAACGAACTGAT-CGTTTTGTCTTTCAGAGG TTCTTCCGATTTGTCTAATTG-GATTGCTGATCTGGACT TT
AGGTTGATTGCTTGACTA GCAAAACAGAAAGTCTCC-AAGAAGGCTAAACAGATTAAC CTAACGACTAGACCTGA-AA
GGATTGACATCCGTT-TCTTCCATCTGTGATGG TTGTGAGATGCATAAGGG-ATTTTACGAAGCCTGGGA GGTTATTG
CCTAACTGTAGGCAA AGAAGGTAGACACTACC-AACACTCTACGTATTCCC TAAAATGCTTCGGACCCT-CCAATAAC

CTGACACTATTA-CCTCTAAAGTTGAGGCTG CAGegeggtagtgtgt
GACTGTGATAAT GGAGATTTCAACTCCGAC-GTCgcgecatcacaca

F3 Fragment

CTTCTGCAGTTTCTTCCTATC-CTGATTACACCTTGGTTTTC ACTGGTCATTCTTATGGTG-CTGCTTTGGCTGCTGT
GAAGACGTAAAAGAAGGATAG GACTAATGTGGAACCAAAAG-TGACCAGTAAGAATACCAC GACGAAACCGACGACA
CGCTGCCACTGTTTTG-AGAAATGCTGGATACACT CTGGACTTGTACAACTTTG-GTCAACCAAGAATTGGTAAT CTG
GCGACGGTGACAAAAC TCTTTACGACCTATGTGA-GACCTGAACATGTTGAAAC CAGTTGGTTCTTAACCATTA-GAC
GCTTTGGCTGATTA-CATCACTGACCAGAACA TGGGATCTAACTACAGAGT-CACTCATACAGATGACATCG TTCCAA
CGAAACCGACTAAT GTAGTGACTGGTCTTGT-ACCCTAGATTGATGTCTCA GTGAGTATGTCTACTGTAGC-AAGGTT
AGCTGCCACC-TGAGTTGCTGGGTTACC ATCATTTCTCTCCAGAGTAC-TGGATTACCTCTGGTAATG ACGTTACAGT
TCGACGGTGG ACTCAACGACCCAATGG-TAGTAAAGAGAGGTCTCATG ACCTAATGGAGACCATTAC-TGCAATGTCA
TACCACTT-CCGATGTCACTGAAGTG GTTGGTGTTGATTCTACCG-ATGGTAACGATGGTACTC TGTTGGACTCCACT
ATGGTGAA GGCTACAGTGACTTCAC-CAACCACAACTAAGATGGC TACCATTGCTACCATGAG-ACAACCTGAGGTGA
ACA-GCTCATAGATGGTACACC ATTTACATCTCTGAGTGTTCT-ccctcttcgaattaatgtg

TGT CGAGTATCTACCATGTGG-TAAATGTAGAGACTCACAAGA gggagaagcttaattacac

Bl RATEREMBEEMNIERERFIRRARFHER

Fig. 1 Oligonucleotides for the synthesis of F1, F2 and F3 fragments. Notes: italic letters indicate the restriction sites Cla I and Pst I;
lowercase letter indicate the nucleotides added by Gene2Oliga software to keep the temperature consistency between

oligonucleotides.
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Fig. 3 Flowchart of the two-step lipA gene synthesis.
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Fig. 4 PCR products of the fragments F1, F2, F3 and the
full length lipA gene. (A) PCR products of the fragments. M:
marker; 1, 2: F3 fragment; 3, 4: F2 fragment; 5, 6: F1
fragment. (B) PCR products of the full length lipA gene after
assembly.
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Fig. 5 Phenotypes of yeast recombinants carrying lipA and
lipA-syn and SDS-PAGE checking of the proteins in fermentation
broth. (A) Phenotypes of yeast recombinants carrying lipA and
lipA-syn. (B) PAGE detection of the fermentation of the
recombinants containing the original lipA gene and the
synthesized lipA-syn. The fermentation was aliquoted at 24 h,
48 h and 72 h, and loaded into every well for 10 pL.
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Fig. 6 Activity and protein content of the fermentation broth of yeast recombinants carrying lipA and lipA-syn. (A) Enzymatic
activity of fermentation broth. (B) Protein content of fermentation broth.
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