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Supplementary figure S1. Error-prone PCR product electrophoresis 

 

Materials 

E.Z.N.A. Plasmid DNA Mini Kit Ⅰ,V spin and E.Z.N.A. Gel Extraction Kit V spin were purchased 

from Omega Bio-Tek. Restriction enzyme BamHⅠ（1010S）、restriction enzyme XhoⅠ

（1094S）、T4 DNA Ligase （2011A）、DL2000 DNA Marker（3427Q）、DL10000 DNA Marker

（3584Q）and  10×Loading Buffer（9157 Takara）were purchased from Takara. 4S Green 

Plus Nucleic Acid Stain and Bacterial Activity-Keeping Lysis Buffer were purchased from 

Sangon Biotech. Controlled Error-prone PCR Kit（ZY-160903）was purchased from Zeye 

Biotech. 96-well Clear Flat Bottom UV-Transparent Microplate was purchased from corning. 

Other common biochemicals and chemicals were purchased from standard sources for 

laboratory use. 

 

AlyAYO sequence 

MAQLDPSKAPSENFDLSKWKIVIPMEDTKPERKGKVMEISKAELNKGYQHAPWFYTDKE

SGAMVFAAPNKAMTTPNSSNARSELHALISDKASIGPYEPENNFVLASHPNADKFGAIGG

KMSATLAVDHVSQSGDHRHNDSFSVVIGQIHAGTNEPLKIFYRKLPDQEYGSVYWNYEN

NALGDDYHRRLDISHNVFGKAKIRFGEPEPMDGIKLGEKFAYDIQVDGDVMYLEFTKNLE

SEVPITRSFAIDLAKGHYLGNKYDAGYQNEWFFFKAGAYNQCNTGVVRCKNEGIEAGDY

TQVSFYQLDIKH 

ATGGCGCAGCTGGACCCGAGCAAAGCGCCGAGCGAAAACTTCGATCTGTCTAAATGGAAAATCGTTATCCC

GATGGAAGATACCAAACCGGAACGTAAAGGTAAAGTTATGGAAATCTCTAAAGCGGAACTGAACAAAGGTT

ACCAGCACGCGCCGTGGTTCTACACCGATAAAGAATCTGGTGCGATGGTTTTCGCTGCGCCGAACAAAGCG

ATGACCACCCCGAACTCTAGCAACGCTCGTAGCGAACTGCACGCGCTGATCAGCGATAAAGCGTCTATCGGT

CCGTACGAACCGGAAAACAACTTCGTTCTGGCTAGCCACCCGAACGCTGATAAATTCGGCGCGATCGGCGG

TAAAATGAGCGCGACCCTGGCGGTTGATCACGTTAGCCAGTCTGGTGATCACCGTCACAACGACAGCTTCA



GCGTTGTTATCGGCCAGATCCACGCGGGTACCAACGAACCGCTGAAAATCTTCTATCGTAAACTGCCGGATC

AGGAATACGGTAGCGTTTACTGGAACTACGAAAACAACGCGCTGGGCGATGATTACCACCGTCGTCTGGAT

ATCTCTCACAACGTGTTCGGTAAAGCGAAAATCCGTTTCGGTGAACCGGAACCGATGGATGGCATCAAACTG

GGCGAAAAATTCGCGTATGATATCCAGGTTGATGGTGATGTTATGTACCTGGAATTCACCAAAAACCTGGAA

AGCGAAGTTCCGATCACCCGTAGCTTCGCTATCGATCTGGCGAAAGGCCACTACCTGGGCAACAAATACGAT

GCGGGCTACCAGAACGAATGGTTCTTCTTCAAAGCTGGCGCATACAACCAGTGCAACACCGGTGTTGTTCG

TTGCAAAAACGAAGGTATCGAAGCGGGTGATTACACCCAGGTTAGCTTCTACCAGCTGGATATCAAACACTA

A 

 

pET32a-Precession sequence 

TGGCGAATGGGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCA

GCGTGACC 

GCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTC

GCCGGCT 

TTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTC

GACCCCAA 

AAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTT

TGACGTT 

GGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGG

TCTATTCTT 

TTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAA

TTTAACGCG 

AATTTTAACAAAATATTAACGTTTACAATTTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAAC

CCCTATTT 

GTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTC

AATAATATTG 

AAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTG

CCTTCCTG 

TTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGT

GGGTTAC 

ATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAA

TGATGAGC 

ACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCG

GTCGCCGC 

ATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATG

GCATGACA 

GTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGA

CAACGATC 

GGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATC

GTTGGGA 

ACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGCAGCAATGG

CAACAACG 

TTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGAT

GGAGGCG 



GATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATC

TGGAGCC 

GGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATC

GTAGTTATC 

TACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCC

TCACTGAT 

TAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTT

TTAATTTAA 

AAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGT

TCCACTGA 

GCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTG

CTGCTTGC 

AAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTT

TCCGAAG 

GTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCC

ACCACTTC 

AAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCA

GTGGCGATA 

AGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCT

GAACGGG 

GGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCG

TGAGCTAT 

GAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTC

GGAACAG 

GAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTC

GCCACCTC 

TGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGC

AACGCGG 

CCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGA

TTCTGTG 

GATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGC

AGCGAGTC 

AGTGAGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATT

TCACACC 

GCATATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATACACTCC

GCTATCGCT 

ACGTGACTGGGTCATGGCTGCGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGG

CTTGTCTGC 

TCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTC

ACCGTCAT 

CACCGAAACGCGCGAGGCAGCTGCGGTAAAGCTCATCAGCGTGGTCGTGAAGCGATTCACAGA

TGTCTGCC 

TGTTCATCCGCGTCCAGCTCGTTGAGTTTCTCCAGAAGCGTTAATGTCTGGCTTCTGATAAAGCG

GGCCATGT 



TAAGGGCGGTTTTTTCCTGTTTGGTCACTGATGCCTCCGTGTAAGGGGGATTTCTGTTCATGGGG

GTAATGAT 

ACCGATGAAACGAGAGAGGATGCTCACGATACGGGTTACTGATGATGAACATGCCCGGTTACT

GGAACGTT 

GTGAGGGTAAACAACTGGCGGTATGGATGCGGCGGGACCAGAGAAAAATCACTCAGGGTCAA

TGCCAGCG 

CTTCGTTAATACAGATGTAGGTGTTCCACAGGGTAGCCAGCAGCATCCTGCGATGCAGATCCGG

AACATAAT 

GGTGCAGGGCGCTGACTTCCGCGTTTCCAGACTTTACGAAACACGGAAACCGAAGACCATTCAT

GTTGTTG 

CTCAGGTCGCAGACGTTTTGCAGCAGCAGTCGCTTCACGTTCGCTCGCGTATCGGTGATTCATTC

TGCTAAC 

CAGTAAGGCAACCCCGCCAGCCTAGCCGGGTCCTCAACGACAGGAGCACGATCATGCGCACC

CGTGGGGC 

CGCCATGCCGGCGATAATGGCCTGCTTCTCGCCGAAACGTTTGGTGGCGGGACCAGTGACGAA

GGCTTGA 

GCGAGGGCGTGCAAGATTCCGAATACCGCAAGCGACAGGCCGATCATCGTCGCGCTCCAGCG

AAAGCGGT 

CCTCGCCGAAAATGACCCAGAGCGCTGCCGGCACCTGTCCTACGAGTTGCATGATAAAGAAGA

CAGTCATA 

AGTGCGGCGACGATAGTCATGCCCCGCGCCCACCGGAAGGAGCTGACTGGGTTGAAGGCTCTC

AAGGGCA 

TCGGTCGAGATCCCGGTGCCTAATGAGTGAGCTAACTTACATTAATTGCGTTGCGCTCACTGCC

CGCTTTCCA 

GTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTT

GCGTATTG 

GGCGCCAGGGTGGTTTTTCTTTTCACCAGTGAGACGGGCAACAGCTGATTGCCCTTCACCGCCT

GGCCCTG 

AGAGAGTTGCAGCAAGCGGTCCACGCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTTGATGGT

GGTTAAC 

GGCGGGATATAACATGAGCTGTCTTCGGTATCGTCGTATCCCACTACCGAGATGTCCGCACCAA

CGCGCAGC 

CCGGACTCGGTAATGGCGCGCATTGCGCCCAGCGCCATCTGATCGTTGGCAACCAGCATCGCA

GTGGGAAC 

GATGCCCTCATTCAGCATTTGCATGGTTTGTTGAAAACCGGACATGGCACTCCAGTCGCCTTCCC

GTTCCGCT 

ATCGGCTGAATTTGATTGCGAGTGAGATATTTATGCCAGCCAGCCAGACGCAGACGCGCCGAG

ACAGAACT 

TAATGGGCCCGCTAACAGCGCGATTTGCTGGTGACCCAATGCGACCAGATGCTCCACGCCCAG

TCGCGTACC 

GTCTTCATGGGAGAAAATAATACTGTTGATGGGTGTCTGGTCAGAGACATCAAGAAATAACGCC

GGAACATT 

AGTGCAGGCAGCTTCCACAGCAATGGCATCCTGGTCATCCAGCGGATAGTTAATGATCAGCCCA

CTGACGCG 



TTGCGCGAGAAGATTGTGCACCGCCGCTTTACAGGCTTCGACGCCGCTTCGTTCTACCATCGAC

ACCACCAC 

GCTGGCACCCAGTTGATCGGCGCGAGATTTAATCGCCGCGACAATTTGCGACGGCGCGTGCAG

GGCCAGA 

CTGGAGGTGGCAACGCCAATCAGCAACGACTGTTTGCCCGCCAGTTGTTGTGCCACGCGGTTG

GGAATGTA 

ATTCAGCTCCGCCATCGCCGCTTCCACTTTTTCCCGCGTTTTCGCAGAAACGTGGCTGGCCTGGT

TCACCAC 

GCGGGAAACGGTCTGATAAGAGACACCGGCATACTCTGCGACATCGTATAACGTTACTGGTTTC

ACATTCAC 

CACCCTGAATTGACTCTCTTCCGGGCGCTATCATGCCATACCGCGAAAGGTTTTGCGCCATTCG

ATGGTGTCC 

GGGATCTCGACGCTCTCCCTTATGCGACTCCTGCATTAGGAAGCAGCCCAGTAGTAGGTTGAGG

CCGTTGA 

GCACCGCCGCCGCAAGGAATGGTGCATGCAAGGAGATGGCGCCCAACAGTCCCCCGGCCACG

GGGCCTGC 

CACCATACCCACGCCGAAACAAGCGCTCATGAGCCCGAAGTGGCGAGCCCGATCTTCCCCATC

GGTGATGTC 

GGCGATATAGGCGCCAGCAACCGCACCTGTGGCGCCGGTGATGCCGGCCACGATGCGTCCGG

CGTAGAGG 

ATCGAGATCGATCTCGATCCCGCGAAATTAATACGACTCACTATAGGGGAATTGTGAGCGGATA

ACAATTCCC 

CTCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATATACATATGAGCGATAAAATTATTCACCT

GACTGACG 

ACAGTTTTGACACGGATGTACTCAAAGCGGACGGGGCGATCCTCGTCGATTTCTGGGCAGAGT

GGTGCGGT 

CCGTGCAAAATGATCGCCCCGATTCTGGATGAAATCGCTGACGAATATCAGGGCAAACTGACC

GTTGCAAAA 

CTGAACATCGATCAAAACCCTGGCACTGCGCCGAAATATGGCATCCGTGGTATCCCGACTCTGC

TGCTGTTCA 

AAAACGGTGAAGTGGCGGCAACCAAAGTGGGTGCACTGTCTAAAGGTCAGTTGAAAGAGTTCC

TCGACGC 

TAACCTGGCCGGTTCTGGTTCTGGCCATATGCACCATCATCATCATCATTCTTCTGGTCTGGTGC

CACGCGGTT 

CTGGTATGAAAGAAACCGCTGCTGCTAAATTCGAACGCCAGCACATGGACAGCCTGGAAGTTC

TGTTCCAG 

GGGCCCCCAGATCTGGGTACCGACGACGACGACAAGGCCATGGCTGATATCGGATCCGAATTC

GAGCTCCG 

TCGACAAGCTTGCGGCCGCACTCGAGCACCACCACCACCACCACTGAGATCCGGCTGCTAACA

AAGCCCGA 

AAGGAAGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCT

AAACGGGT CTTGAGGGGTTTTTTGCTGAAAGGAGGAACTATATCCGGAT 

Enzymatic activity analysis of expressed proteins 



The strain OD235 at the 

beginning of 

the reaction 

OD235 at the 

end of the 

reaction 

Reaction 

time 

Enzyme 

activity 

Enzyme 

dilution rate 

The mutant 

strain G3 

0.505 0.998 3 41.083 5 

The mutant 

strain E3 

0.404 1.043 4 39.938 5 

The mutant 

strain H2 

0.280 0.921 4 40.063 5 

Original 

strain 

0.412 0.659 5 12.350 5 

 


