
Supplementary material

1. Codon-optimized gene sequence of Rhizopus oryzae lipase (GenBank: GQ502721.1) based on 

Pichia pastoris was listed below: 

atggtttcattcatttccatttctcaaggtgttagtctttgtcttcttgtctcttccatgatgctcggttcatctgctgttcctgtttctggtaaatctggatct

tccactaccgccgtctctgcatctgacaattctgccctccctcctctcatttccagccgttgtgctcctccttctaacaagggaagtaaaagcgatc

ttcaagctgaaccttactacatgcaaaagaatacagaatggtatgagtcccatggtggcaacctgacatccatcggaaagcgagatgacaattt

ggttggtggcatgactttggatttacctagcgatgctcctcctatcagcctctctggatctaccaacagcgcctctgatggtggtaaggttgctgct

gctactactgctcaaattcaagagttcaccaagtatgctggtatcgctgccactgcctactgtcgttctgttgtccctggtaacaagtgggactgtg

tccaatgtcaaaagtgggttcctgatggcaagatcatcactacctttacctccttgctttccgacacaaatggttacgtcttgagaagtgataaaca

aaagaccatttatcttgttttccgtggtaccaactccttcagaagtgccatcactgatattgtcttcaacttttccgactacaagcctgtcaagggcg

ccaaggttcatgctggtttcctttcctcttatgagcaagttgtcaatgactatttccctgtcatccaagaacaactgaccgctaaccctacttacaag

gtcatcgttaccggtcactcactcggtggtgcacaagctttgcttgccggtatggatctctaccaacgtgaaccaagattgtctcccaagaatttg

agcatcttcactgttggtggtcctcgtgttggtaaccccacctttgcttactatgttgaatctaccggtattcctttccaacgtaccgttcacaagaga

gatatcgttcctcacgttcctcctcaatccttcggattccttcaccccggtgttgaatcttggatcaagtccggtacctccaacgttcaaatctgtact

tctgaaattgaaaccaaggattgcagtaactctatcgttcctttcacctctctccttgatcacttgagttactttgatatcaacgaaggaagctgtttgt

aa

2. Amino acid sequence of Rhizopus oryzae lipase. 

The entire protein contains 392 amino acid residues[1]. From the first amino acid residue to the 

26th is the signal peptide, followed by a 96 amino acid residue leader peptide. The mature peptide 

starts from the 124th amino acid residue and has a total of 269 amino acid residues. Gene cloning 

begins from the leader peptide, but the amino acid residual numbering in the article begins from the 

mature peptide. Amino acid sequence of Rhizopus oryzae lipase was shown in figure S1:
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Figure S1. Amino acid sequence of Rhizopus oryzae lipase

3. Results of disulfide bond prediction by DbD2

Table S1. Results of disulfide bond prediction by DbD2



4. Primers

Table S2. Primers used in this work

Mutants Primers

Farward:5'ACTACTGCTCAAATTAACGAGTTTACCAAG3'
Q15N

Reverse:5'CTTGGTAAACTCGTTAATTTGAGCAGTAGT3'
Farward:5'AAGTACGCTGGTATTTCTGCAACTGCTTAT3'

A24S
Reverse:5'ATAAGCAGTTGCAGAAATACCAGCGTACTT3'
Farward:5'AACAAATGGGATTGTATCCAGTGTCAGAAG3'

V41I
Reverse:5'CTTCTGACACTGGATACAATCCCATTTGTT3'
Farward:5'ACAAACGGTTACGTCGCTAGAAGTGATAAA3'

L68A
Reverse:5'TTTATCACTTCTAGCGACGTAACCGTTTGT3'
Farward:5'GGTGCCAAAGTGCATGATGGATTCCTAAGT3'

A110D
Reverse:5'ACTTAGGAATCCATCATGCACTTTGGCACC3'
Farward:5'CAAGTCGTGAACGATTTGTTCCCAGTGGTT3'

Y123L
Reverse:5'AACCACTGGGAACAAATCGTTCACGACTTG3'
Farward:5'TTCCCAGTGGTTCAAGATCAATTGACGGCC3'

E129D
Reverse:5'GGCCGTCAATTGATCTTGAACCACTGGGAA3'
Farward:5'AGAGTTGGCAATCCCGCCTTTGCCTATTAT3'

T184A
Reverse:5'ATAATAGGCAAAGGCGGGATTGCCAACTCT3'
Farward:5'GACATTGTTCCACACCTACCACCACAATCA3'

V209L
Reverse:5'TGATTGTGGTGGTAGGTGTGGAACAATGTC3'
Farward:5'CACCCCGGCGTTGAATATTGGATTAAGTCC3'

S223Y
Reverse:5'GGACTTAATCCAATATTCAACGCCGGGGTG3'
Farward:5'CACTTATCCTACTTTGGGATTAATGAGGGG3'

D262G
Reverse:5'CCCCTCATTAATCCCAAAGTAGGATAAGTG3'
Farward:5'AAACCCGTCAAAGGTTGTAAAGTGCATGCCGGA3'

A106C
Reverse:5'TCCGGCATGCACTTTACAACCTTTGACGGGTTT3'
Farward:5'GTTGGCAATCCCACATGTGCCTATTATGTTGAA3'

F185C
Reverse:5'TTCAACATAATAGGCACATGTGGGATTGCCAAC3'
Farward:5'AAAGTGCATGCCGGATGTCTAAGTTCTTATGAA3'

F112C
Reverse:5'TTCATAAGAACTTAGACATCCGGCATGCACTTT3'
Farward:5'CATAGTTTGGGTGGATGTCAAGCCTTACTAGCC3’

A149C
Reverse:5'GGCTAGTAAGGCTTGACATCCACCCAAACTATG3'
Farward:5'TTTGCCTATTATGTTTGTTCCACTGGCATACCA3'

E190C
Reverse:5'TGGTATGCCAGTGGAACAAACATAATAGGCAAA3'
Farward:5'CAAATTTGTACTTCCTGTATTGAAACCAAAGAC3'

E238C
Reverse:5'GTCTTTGGTTTCAATACAGGAAGTACAAATTTG3'
Farward:5'AGGACTGTTCACAAGTGTGACATTGTTCCACAC3'

R203C
Reverse:5'GTGTGGAACAATGTCACACTTGTGAACAGTCCT3'



Farward:5'ATAGTCCCCTTCACCTGTTTATTAGACCACTTA3'
S253C

Reverse:5'TAAGTGGTCTAATAAACAGGTGAAGGGGACTAT3'
Farward:5'GGCAATCCCACATTTTGTTATTATGTTGAATCC3'

A186C
Reverse:5'GGATTCAACATAATAACAAAATGTGGGATTGCC3'
Farward:5'CAATCATTTGGGTTTTGTCACCCCGGCGTTGAA3'

L217C
Reverse:5'TTCAACGCCGGGGTGACAAAACCCAAATGATTG3'
Farward:5'TCCACTGGCATACCATGTCAAAGGACTGTTCAC3'

F196C
Reverse:5'GTGAACAGTCCTTTGACATGGTATGCCAGTGGA3'
Farward:5'GGGTTTCTACACCCCTGTGTTGAATCTTGGATT3'

G220C
Reverse:5'AATCCAAGATTCAACACAGGGGTGTAGAAACCC3'
Farward:5'CAGGAGTTTACCAAGTGTGCTGGTATTGCTGCA3'

Y20C
Reverse:5'TGCAGCAATACCAGCACACTTGGTAAACTCCTG3'
Farward:5'AAGAACTTGTCAATATGTACGGTCGGAGGACCA3'

F173C
Reverse:5'TGGTCCTCCGACCGTACATATTGACAAGTTCTT3'
Farward:5'CAGAAGTGGGTTCCTTGTGGAAAGATCATCACA3'

D49C
Reverse:5'TGTGATGATCTTTCCACAAGGAACCCACTTCTG3'
Farward:5'GTCTTGAGAAGTGATTGTCAGAAGACCATCTAC3'

K72C
Reverse:5'GTAGATGGTCTTCTGACAATCACTTCTCAAGAC3'
Farward:5'ACTTACAAAGTAATATGTACCGGTCATAGTTTG3'

V141C
Reverse:5'CAAACTATGACCGGTACATATTACTTTGTAAGT3'
Farward:5'TTGGGTGGAGCACAATGTTTACTAGCCGGAATG3'

A151
Reverse:5'CATTCCGGCTAGTAAACATTGTGCTCCACCCAA3'

Reference:
[1] M. Ueda, S. Takahashi, M. Washida, S. Shiraga, A. Tanaka, Expression of Rhizopus oryzae lipase 
gene in Saccharomyces cerevisiae, Journal of Molecular Catalysis B Enzymatic 17(3) (2002) 113-124.


