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附图 1 CMLF01 与另枝菌属菌株基于 16S rDNA 序列的系统发育树 

Supplementary Fig. 1 Phylogenetic tree of 16S rDNA sequences from CMLF01 and Alistipes strains. 
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A–H：分别为 Alistipes shahii CMLF01 培养 48 h 后人参皂苷 Rb1、Rb2、Rb3、Rc、Rd、Re、Rg1及三七皂苷

R1的转化结果。S1–S8：各种皂苷标准品；C1–C8：添加相应皂苷的 BHI 培养基（不含 CMLF01）；BHI：接

种 CMLF01 的 BHI 培养基（图 1 中的对照）；UN：BHI 培养基中的未知物质。 

A-H: Transformation of ginsenosides Rb1, Rb2, Rb3, Rc, Rd, Re, Rg1, and notoginsenoside R1 by Alistipes shahii 

CMLF01 over a 48 h incubation, respectively. S1-S8: various saponin standards; C1-C8: BHI medium supplemented 

with various saponins (without CMLF01); BHI: BHI medium inoculated with CMLF01 (the control in Fig. 1); UN: 

unknown substance in BHI medium. 

附图 2 CMLF01 转化皂苷的薄层色谱（TLC）分析 

Supplementary Fig. 2 TLC analysis of saponins transformed by CMLF01. 
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A–E：分别为 A. shahii CMLF01 培养 24、48、72、96、120 h 后人参皂苷 Rb1的转化结果。S1-S2：人参皂苷

Rb1和 Rd 标准品；C：添加相应皂苷的 BHI 培养基（不含 CMLF01）。结果显示 Rb1在 48 h 内完全转化为

Rd，且 120 h 内 Rd 条带无明显变化，表明 Rd 未被进一步代谢。 

A-H: Ginsenoside Rb1 transformation by A. shahii CMLF01 at 24, 48, 72, 96, and 120 h. S1-S2: Ginsenoside Rb1 

and Rd standards; C: BHI medium supplemented with various saponins (without CMLF01). 

附图 3 菌株 CMLF01 转化人参皂苷 Rb1的 TLC 分析（0-120 h） 

Supplementary Fig. 3 TLC analysis of ginsenosides Rb1 transformed by CMLF01 (0-120 h) 
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泳道 M：蛋白质分子量标记；泳道 1、3、5、7 分别为 AsBgl767、AsBgl1806、AsBgl2409 和 AsBgl2410 细

胞超声破碎后的粗提液；泳道 2、4、6、8 分别为对应上述蛋白的纯化产物。 

Lane M: protein molecular mass marker; lanes 1, 3, 5, and 7 are crude extracts of AsBgl767, AsBgl1806, 

AsBgl2409, and AsBgl2410 after ultrasonic cell disruption, respectively; lanes 2, 4, 6, and 8 are the purified 

products of the corresponding proteins, respectively. 

附图 4 重组酶的 SDS-PAGE 分析 

Supplementary Fig. 4 SDS-PAGE analysis of recombinant enzymes 

  



 

5 

 

 
A：重组酶转化人参皂苷 Rb1；B：重组酶转化 Gyp-XVII。AsBgl767（a）、AsBgl2409（c）和 AsBgl2410（d）

能分别将 Rb1 和 Gyp-XVII 完全转化为 Rd 和 F2/C-K，而 AsBgl1806（b）即使在孵育 24 h 后仍表现出极弱

的转化活性。S1–S3：皂苷标准品；C1–C8：对照。 

A: Transformation of ginsenoside Rb1 by recombinant enzymes; B: transformation of Gyp-XVII by recombinant 

enzymes. AsBgl767 (a), AsBgl2409 (c), and AsBgl2410 (d) were able to completely convert Rb1 and Gyp-XVII 

into Rd and F2/C-K, respectively, whereas AsBgl1806 (b) exhibited very weak conversion activity even after 24 

hours of incubation. S1-S3: saponin standards; C1-C8: controls. 

附图 5 重组酶转化皂苷的 TLC 分析 

Supplementary Fig. 5 TLC analysis of saponins converted by recombinant enzymes. 
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A–G：分别为 AsBgl767（1）、AsBgl1806（2）、AsBgl2409（3）和 AsBgl2410（4）孵育 24 h 后人参皂苷

Rb2、Rb3、Rc、Rd、Rg1、Re 及三七皂苷 R1的转化结果。四种重组酶对上述皂苷均未检测到水解活性。S1–

S7：皂苷标准品；C1–C7：对照。 

A-G: Transformation of ginsenosides Rb2, Rb3, Rc, Rd, Rg1, Re, or notoginsenoside R1 by AsBgl767 (1), 

AsBgl1806 (2), AsBgl2409 (3), and AsBgl2410 (4) over a 24 h incubation, respectively. The four recombinant 

enzymes exhibited no detectable hydrolytic activity toward the aforementioned saponins. S1-S7: saponin standards; 

C1-C7: controls. 

附图 6 重组酶未转化皂苷的 TLC 分析 

Supplementary Fig. 6 TLC analysis of saponins not converted by recombinant enzymes. 
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附录：4 个酶的基因序列与氨基酸序列 

> AsBgl767 野生型基因序列 

ATGAAAAATAAAATTCTGTTGAAGAGTCTCGCCGGGCTGTGCGCCCTGGCGGCGGTCGCCTGCGGAG

GCGGGCCGGGGCCGCAGGGCAGCGTCGCCGTCTACCTCGACGAGTCGCAGCCGATCGAAAAGCGGG

TCGAAGACGCCCTTTCGCGCATGACCCTCGAAGAGAAGGTCGCCATCCTGCATGCGCAGTCGAAATTC

TCGTCGGCGGGCGTTCCGCGCCTGGGCATTCCCGAGGTGTGGTGCACCGACGGCCCTCACGGCATCC

GCCCCGAGGTCCTGTGGGACGAATGGGACCAGGCCGGCTGGACGAACGACTCCTGCACGGCTTTCCC

GGCGCTGACGTGCCTTGCCGCGACGTGGAATCCCGAAATGTCGGCGCTGTATGGCAAATCCATCGGCG

AGGAGGCGCGCTACCGCGAGAAGGACATCCTGCTGGGACCCGGCGTGAACATCTACCGCACGCCGCT

CAACGGCCGCAATTTCGAGTACATGGGCGAGGACCCCTACCTCTCTTCGCGGATGGTCGTTCCCTACAT

CGAGGAGGTGCAGAAGAACGGCGTTGCCGCCTGCGTGAAACATTTCGCACTCAATAATCAGGAGGCC

CACCGTCACGGCATCGACGTCGAGGTCGACGACCGTGCGTTGAACGAGATCTACCTCCCGGCGTTTAA

AGCCGCCGTTCAGGAGGGCGGCGCATGGGCCGTCATGGGCGCCTACAATAAATACAAGGGAGAACAT

TGCTGCCACAACCGCTACCTGCTGAACGACATTCTGAAACGCGACTGGGCCTTCGACGGCGTGGTCGT

CTCCGACTGGGGCGGCACGCACGACACGAAGCAGGCCGCCGAGAACGGTCTCGACATGGAGTTCGG

TTCGTGGACCGACGGTTTGAGCTGGGGTGCCAGCAACGCCTACGACAACTATTACCTCGCCGCCCCCT

ACCTCGATATGCTCCGCAAGGGCGAGGCTTCGACGGCGACGCTCGACGACAAGGCGCGCCGGGTGCT

GCGGCTGATTTTCCGCACGGCGATGAACACCCGCAAACCGTTCGGGTCGCTCAATTCGCCCGAACATC

TGGCCGCTGCACGCCGTATCGCCGGCGAGGGCATGGTGCTGCTGAAAAACGAGGGCGGGGTGCTGCC

CATCGACCTCGGGCGTGCGAAGACCATCGCCGTCGTGGGCGAGAATGCGATCAAGATGATGACCGTG

GGCGGCGGTTCCTCGTCGCTCAAGGTGCGGCACGAATATACGCCGCTCGAAGGCATCCGCGCCGCTGC

GGCCGGCAAAGCCGAGGTGATCTACGAACGCGGCTACGTCGGCGACGTGACGGGCGACTACAACGG

GGTGAAGACCGGGCAGGATTTGAGCGAGAGCCGTTCCGAGGCGCAGCTGATCGCCGATGCCGCGGCC

GCGGCCCGCAAGGCCGACGCGGTGATCTTCGTCGGGGGGCTGAACAAGAGCAACCACCAGGACTGC

GAAGGCGACGACCGCCTGCAATACGGCCTGCCGTATGCGCAGGACAAAGTGATCGGGGCGCTGGCCG

AAGCCAATCCCAATCTGGCGGTGGTGATCGTCTCGGGCAACGCCGTGGCGATGCCGTGGATCGACCGT

GTTCCGGCGGTGCTGGAGGCGTGGTTCTCGGGTTCCGAGGCGGGCAATGCGCTTGCCGACGTGGTGT

TCGGTGCGGTGAACCCTTCGGGCAAGCTGCCCTTCACGTTCCCCGTGCGGCTGGAGGACAACGGCGC

GCATGCGCTGGGCGAATACCCGGGCGCGGACAAGGTGAAGTATAACGAGAGCATCTTCGTCGGTTACC

GCTGGCACGACAAGGAGCAGCTCAAGCCGCTGTTCGCCTTCGGCCACGGGTTGAGCTACACCGCCTT

CGCCGTCGGCAACGTGAAGGCCGACCGTACGACGCTCGCCCCGAACGGCAGCATCCGTATTTCGGCC

GACGTGACCAACACGGGCGACCGTGCGGGCGCCGAGGTCGTGCAGCTTTACATCGGCGACGAGCAGT

CGTCGCTGCCGCGTCCCGTGAAGGAGCTGAAAGGTTTTCAGAAAGTTTCGCTGAATCCCGGGCAGAC

GCGGACCGTGACTTTCGAGATCACCTCCGGGATGTTGCAGTACTACGACGACGCAAAGGGTGCGTGG

GTGGCCGAGCCGGGCGCGTTCACGGCCTATGTGGGCGCCGCGTCGGACGATATTCGCGGCACGGTGG

AATTCGAGTTGAAATGA 

 

> AsBgl767 优化后基因序列 

ATGTGCGGCGGCGGCCCGGGCCCACAGGGTTCTGTTGCAGTTTACTTAGATGAAAGCCAGCCGATTGA

AAAACGCGTGGAAGATGCGCTGAGCCGCATGACCCTGGAAGAGAAAGTGGCGATTCTGCATGCGCAG

AGCAAATTTAGCAGCGCGGGCGTGCCGCGCTTAGGCATTCCGGAAGTGTGGTGTACTGATGGTCCGCA

TGGCATTCGCCCGGAAGTGCTGTGGGATGAATGGGATCAGGCGGGCTGGACCAACGATAGCTGCACC

GCGTTTCCGGCATTAACCTGCCTGGCGGCGACCTGGAATCCAGAAATGAGCGCGCTGTATGGCAAAAG
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CATTGGCGAAGAAGCGCGCTATCGCGAAAAAGATATTCTGCTGGGCCCGGGCGTGAACATTTATCGCA

CGCCGCTGAACGGTCGCAACTTTGAATATATGGGCGAAGATCCGTATCTGAGCAGCCGCATGGTGGTG

CCGTATATTGAAGAGGTGCAGAAAAACGGCGTGGCGGCGTGCGTGAAACATTTTGCGCTGAACAACC

AGGAAGCGCATCGTCATGGCATTGATGTGGAAGTGGATGATCGCGCGCTGAACGAAATTTATCTGCCG

GCGTTTAAAGCGGCGGTGCAAGAAGGTGGTGCGTGGGCAGTGATGGGCGCGTATAACAAATATAAAG

GCGAACACTGCTGCCATAACCGCTATCTGCTGAACGATATTCTGAAACGCGATTGGGCGTTTGATGGCG

TGGTGGTGAGCGATTGGGGCGGCACTCACGATACCAAACAGGCAGCGGAAAACGGCCTGGATATGGA

ATTTGGCAGCTGGACCGATGGCCTGAGCTGGGGCGCGAGCAATGCGTATGATAACTATTATCTGGCGGC

GCCGTATCTGGATATGCTGCGTAAAGGCGAAGCGAGCACCGCGACCCTGGATGATAAAGCGCGTCGTG

TTCTGCGCCTGATTTTTCGCACCGCGATGAACACCCGCAAACCGTTTGGCAGCCTGAACAGCCCGGAA

CATCTGGCAGCAGCACGTCGCATTGCAGGCGAAGGCATGGTGCTGCTGAAAAACGAAGGCGGCGTGC

TGCCGATTGATCTGGGCCGCGCAAAAACCATTGCGGTGGTGGGCGAAAACGCGATTAAAATGATGACC

GTGGGCGGCGGCAGCAGCAGCCTGAAAGTGCGCCATGAATATACCCCACTGGAAGGCATTCGCGCGG

CGGCAGCAGGCAAAGCGGAAGTGATTTATGAACGCGGCTATGTGGGCGATGTGACCGGCGATTATAAC

GGCGTGAAAACCGGCCAGGATCTGAGCGAAAGCCGCAGCGAAGCGCAGTTAATTGCGGATGCAGCG

GCAGCGGCACGCAAAGCGGATGCGGTGATTTTTGTGGGCGGTCTGAACAAAAGCAACCATCAGGATT

GCGAAGGCGATGATCGCCTGCAGTATGGCCTGCCGTATGCGCAGGATAAAGTGATTGGCGCGCTGGCG

GAAGCGAACCCGAACCTGGCGGTGGTTATTGTTTCTGGCAACGCGGTGGCGATGCCGTGGATTGATCG

CGTGCCGGCAGTGTTAGAAGCGTGGTTTAGCGGCAGCGAAGCGGGCAACGCGTTAGCGGATGTGGTG

TTTGGCGCAGTTAACCCGAGCGGCAAACTGCCGTTTACCTTTCCGGTGCGCCTGGAAGATAACGGCGC

GCATGCGTTAGGCGAATATCCGGGCGCAGATAAAGTGAAATATAACGAAAGCATCTTCGTGGGCTATCG

CTGGCATGATAAAGAACAGCTGAAACCGCTGTTTGCGTTTGGTCATGGCCTGAGCTATACCGCGTTTG

CGGTGGGCAACGTGAAAGCGGATCGCACCACCTTAGCGCCAAACGGCAGCATTCGCATTAGCGCGGA

TGTGACCAACACCGGCGATCGCGCAGGTGCAGAAGTGGTGCAACTGTATATTGGCGATGAACAGAGC

AGCCTGCCGCGCCCGGTGAAAGAACTGAAAGGCTTTCAGAAAGTGAGCCTGAACCCGGGCCAGACC

CGCACCGTGACCTTTGAAATTACCAGCGGCATGCTGCAGTATTATGATGATGCGAAAGGCGCGTGGGT

GGCGGAACCGGGTGCATTTACTGCTTATGTTGGTGCGGCGAGCGATGATATTCGCGGCACCGTGGAAT

TTGAACTGAAACACCACCACCACCACCACTAA 

 

> AsBgl767 氨基酸序列 

MKNKILLKSLAGLCALAAVACGGGPGPQGSVAVYLDESQPIEKRVEDALSRMTLEEKVAILHAQSKFSSAG

VPRLGIPEVWCTDGPHGIRPEVLWDEWDQAGWTNDSCTAFPALTCLAATWNPEMSALYGKSIGEEARYRE

KDILLGPGVNIYRTPLNGRNFEYMGEDPYLSSRMVVPYIEEVQKNGVAACVKHFALNNQEAHRHGIDVEV

DDRALNEIYLPAFKAAVQEGGAWAVMGAYNKYKGEHCCHNRYLLNDILKRDWAFDGVVVSDWGGTHD

TKQAAENGLDMEFGSWTDGLSWGASNAYDNYYLAAPYLDMLRKGEASTATLDDKARRVLRLIFRTAMN

TRKPFGSLNSPEHLAAARRIAGEGMVLLKNEGGVLPIDLGRAKTIAVVGENAIKMMTVGGGSSSLKVRHE

YTPLEGIRAAAAGKAEVIYERGYVGDVTGDYNGVKTGQDLSESRSEAQLIADAAAAARKADAVIFVGGL

NKSNHQDCEGDDRLQYGLPYAQDKVIGALAEANPNLAVVIVSGNAVAMPWIDRVPAVLEAWFSGSEAGN

ALADVVFGAVNPSGKLPFTFPVRLEDNGAHALGEYPGADKVKYNESIFVGYRWHDKEQLKPLFAFGHGL

SYTAFAVGNVKADRTTLAPNGSIRISADVTNTGDRAGAEVVQLYIGDEQSSLPRPVKELKGFQKVSLNPGQ

TRTVTFEITSGMLQYYDDAKGAWVAEPGAFTAYVGAASDDIRGTVEFELK* 

 

> AsBgl1806 野生型基因序列 

ATGAAAACCTCCGTAAAACTTTTGCTCGCCTTCGCAACGGCAGCCGCGGCGATCGCACCGGCCGCCG
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CCCAGCAGGTCGTAGCGTGGGACGAGGCCTACCGGCAGGCCGACGCCCGGATCGCACAGCTGACCCT

CGACGAGAAGATCTCGTTCATGCGCGGCTACTCCTCGTTCTTCTTCTACGGCGTGCCCGAGAAAGGCA

TGCCCTACATCTATCTCTCCGACGCCACGCAGGGCGTGCACATGCGCGACAACCTGTCCGACCCGACG

ATGGTCCGCCAGCTGGAGCGTTCGACGGCCTTTCCGTGCCCGATCTCCCTCGCAGCGACCTTCAACCC

GTCGCTGGCCTATCGTTATGCCGAAGCCGTGGGCGAAGAGTGCCGCGCCGGAGGCATCGAAGTCCTG

CTGGGTCCGGGCATGAACATCTACCGCAACTCGCAGAACGGACGCAACTTCGAATACATGGGCGAAG

ATCCGCTGCTCGCCTCGGCGATGGTCGCCGAGTATGTGAAGGGCATGCAGTCGACGGGAACCGTGGC

GTGTCTGAAACACTTCATCTGCAACGAGACGGAATTTTACCGCCGCCGCTCGAACTCGATCGTCGACG

AACGGGCGCTGCACGAACTCTACCTGCCGCCGTTCAAGGCCGGCATCGACGCTGGCGTGGGTTACGT

GATGACCTCCTACAACCGCCTCAACGGCGAGTGGGCCGGGCAGAACGCCGACCTGATCCGGCGCATC

CTGCGCGGCGAGCTGGGATTCCGGGGCTGCGTGATGAGCGACTGGTCGTCGGTGAACGACACGGAGA

AGGTGGTCAAGAGCGGCCAGAACGTCGAGATGCCGGGCCGCAAGGAGTTCTTCGGCGAGGTGCGCG

CGCTGCTCAAGGAGGGCCGCATCACCGAAAAGGACATTGAGAAAATGATCCGCCCCAACATCGCCAC

GAGCATCGCCTTCGGACTTTACGACCGGGAGAAGTACGTTCCCGCCCTGCTGGAGAAATTCCCGGCGC

ACAAGCAGACCGGCTACGACGTGGCCGCCGAGGGCATCGTACTGCTGCGCAACAACGGCATCCTGCC

CCTCGCCGAAGGCCGCAAAATCCTGCTGACGGGACGCTTCACCGAGCAGATTCCCCGCACGGGAGGC

AGCACGTCGTCCTCGGCCGAAGTGCTGGGCTACGACAACGTGACGCTGACCGCGGCGCTCCGCGAGG

TCTACGGCGATGCGGTCCGCGTCGTCGAAAAACCCTCCCGCGAGGAGCTGGCCGCCGCCGACGTGGT

GCTGCTCTCGACGGGCACGATCGACGTGGAGTCGTTCGAACGTCCCTTCGCGCTGCCCAAGGAGGAG

GAGGCCTTCATCCGCACGGCCGTCGAGTCCAATCCCAACACCATCGTGCTGGTCAACTCGGGTTCGGG

AATCCGCATGGGCGGCTGGAACGACAAAGCCGCAGCGGTGATCTACGGCTGGTATCCGGGCCAGAGC

GGCTTCACGGCGCTGGCCGACATTCTTTCGGGCAAACTGTCGCCCTCGGGCAAACTGCCCATGACCAT

CGAGAAGGAGTTCAACGACTCCCCCGCCAAAGGCACGATGCCCGCCGGCGCGGAGTTCTACAACAA

GGCGCCCCGCGCCTACAACGAACGCCTGATCCAGCTCTACGACATCGACTACAAGGAGTCGGTGCTG

GTCGGCTACCGCTGGTACGAGACCAAGGGCATCGCACCGCTCTACCCCTTCGGATTCGGACTTTCGTA

CACCACGTTCGAGCTTTCGAAACCCCGCGCCCCGAAGGCGTTCCCCGCCGACAAGCCGCTGAAAGTG

AGCGTCACGCTGACCAACACGGGCGATCGCGAGGGCGCGGAGGTCGTGCAGCTCTACGTCACGGAG

AACGCCCCGACGGTCCTCCGGCCGAAAAAGGAGCTGAAAGGCTTCCGGAAAGTGACCCTGGCCCCC

GGCAAAAGCGCCGTCGTGGAGTTCGAACTCGACCGGCAGGCGCTGGCGTTCTGGGACACGCAGTCG

CGCGGCTGGAAGGTCAACCCGGGCGAATACACCCTTTCGCTGGGAACCTCGTCGGCCGACATCGCCG

CCACGCTGCCCGTCTCGGTGAAATAA 

 

> AsBgl1806 优化后基因序列 

ATGCAGCAGGTGGTGGCGTGGGATGAAGCGTATCGCCAAGCAGATGCACGCATTGCGCAGCTGACCC

TGGATGAAAAGATTAGCTTCATGCGCGGCTATAGCAGCTTTTTCTTCTATGGCGTGCCGGAAAAAGGCA

TGCCGTATATTTACCTGAGCGATGCGACCCAGGGCGTGCATATGCGCGATAACCTGAGCGATCCGACGA

TGGTGCGCCAGCTGGAACGCAGCACCGCATTTCCGTGTCCGATCAGCTTAGCGGCGACCTTTAACCCG

AGCCTGGCGTATCGCTATGCGGAAGCGGTTGGCGAAGAATGTCGCGCGGGTGGCATTGAAGTGCTGCT

GGGTCCGGGCATGAACATTTATCGCAACAGCCAGAACGGCCGCAACTTTGAATATATGGGCGAAGATC

CGCTGCTGGCGAGCGCGATGGTGGCGGAATATGTGAAAGGCATGCAGAGCACCGGCACCGTGGCGTG

CCTGAAACATTTCATTTGCAACGAAACCGAATTTTATCGCCGCCGCAGCAACAGCATTGTGGATGAAC

GCGCGCTGCATGAACTGTATCTGCCGCCGTTTAAAGCGGGCATTGATGCGGGCGTGGGCTATGTGATG

ACCAGCTATAACCGCCTGAACGGCGAATGGGCGGGCCAGAACGCGGATCTGATTCGTCGTATTCTGCG

CGGCGAACTGGGCTTTCGCGGCTGCGTGATGTCTGATTGGAGCTCTGTGAACGATACCGAAAAAGTGG
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TGAAAAGCGGCCAGAACGTGGAAATGCCGGGCCGCAAAGAATTCTTTGGCGAAGTGCGCGCGCTGCT

GAAAGAAGGCCGCATTACCGAAAAGGATATTGAAAAGATGATTCGCCCGAACATTGCGACCAGCATTG

CGTTTGGCCTGTATGATCGCGAAAAATATGTGCCGGCGCTGCTGGAAAAATTTCCGGCGCATAAACAG

ACCGGCTATGACGTGGCGGCGGAAGGCATTGTGCTGCTGCGCAACAACGGTATTCTGCCGCTGGCGG

AAGGCCGCAAAATTCTGCTGACCGGCCGCTTTACCGAACAGATTCCGCGCACCGGCGGTTCTACCAGC

TCTAGCGCGGAAGTGTTAGGCTATGATAACGTGACCCTGACCGCGGCGCTGCGCGAAGTGTATGGTGA

TGCAGTTCGTGTGGTGGAAAAACCGAGCCGCGAAGAACTGGCGGCGGCGGATGTGGTGTTATTGTCT

ACCGGCACCATTGATGTGGAAAGCTTTGAACGCCCGTTTGCGCTGCCGAAAGAAGAAGAAGCGTTTA

TTCGCACCGCGGTGGAAAGCAACCCGAACACCATTGTGCTGGTGAACAGCGGCAGCGGCATTCGCAT

GGGCGGCTGGAACGATAAAGCAGCAGCAGTGATTTATGGCTGGTATCCGGGCCAGAGCGGCTTTACCG

CGCTGGCGGACATTTTGAGCGGTAAACTGAGCCCGAGCGGCAAACTGCCGATGACCATTGAAAAAGA

ATTCAACGATAGCCCGGCGAAAGGCACCATGCCGGCCGGCGCGGAATTTTATAACAAAGCGCCGCGC

GCGTATAACGAACGCCTGATTCAGCTGTATGATATTGATTACAAGGAAAGCGTGCTGGTGGGCTATCGC

TGGTATGAAACCAAAGGCATTGCGCCGCTGTATCCGTTTGGCTTTGGCCTGAGCTATACCACCTTTGAA

CTGAGCAAACCGCGCGCGCCGAAAGCGTTCCCGGCGGATAAACCGCTGAAAGTGTCTGTGACCCTGA

CCAACACCGGCGATCGCGAAGGCGCGGAAGTTGTGCAGCTGTATGTGACCGAAAACGCGCCGACCGT

GCTGCGCCCGAAAAAGGAGCTGAAAGGCTTTCGCAAAGTGACCCTGGCGCCGGGCAAAAGCGCGGT

GGTGGAATTTGAACTGGATCGCCAGGCGTTAGCGTTTTGGGATACCCAGAGCCGCGGCTGGAAAGTG

AACCCGGGCGAATACACCCTGAGCTTAGGCACCAGCAGCGCGGATATTGCGGCGACCTTACCGGTGA

GCGTGAAACACCACCACCACCACCACTAA 

 

> AsBgl1806 氨基酸序列 

MKTSVKLLLAFATAAAAIAPAAAQQVVAWDEAYRQADARIAQLTLDEKISFMRGYSSFFFYGVPEKGMPY

IYLSDATQGVHMRDNLSDPTMVRQLERSTAFPCPISLAATFNPSLAYRYAEAVGEECRAGGIEVLLGPGMNI

YRNSQNGRNFEYMGEDPLLASAMVAEYVKGMQSTGTVACLKHFICNETEFYRRRSNSIVDERALHELYLP

PFKAGIDAGVGYVMTSYNRLNGEWAGQNADLIRRILRGELGFRGCVMSDWSSVNDTEKVVKSGQNVEM

PGRKEFFGEVRALLKEGRITEKDIEKMIRPNIATSIAFGLYDREKYVPALLEKFPAHKQTGYDVAAEGIVLL

RNNGILPLAEGRKILLTGRFTEQIPRTGGSTSSSAEVLGYDNVTLTAALREVYGDAVRVVEKPSREELAAAD

VVLLSTGTIDVESFERPFALPKEEEAFIRTAVESNPNTIVLVNSGSGIRMGGWNDKAAAVIYGWYPGQSGFT

ALADILSGKLSPSGKLPMTIEKEFNDSPAKGTMPAGAEFYNKAPRAYNERLIQLYDIDYKESVLVGYRWYE

TKGIAPLYPFGFGLSYTTFELSKPRAPKAFPADKPLKVSVTLTNTGDREGAEVVQLYVTENAPTVLRPKKE

LKGFRKVTLAPGKSAVVEFELDRQALAFWDTQSRGWKVNPGEYTLSLGTSSADIAATLPVSVK* 

 

> AsBgl2409 野生型基因序列 

ATGAAGAACCTGTTTTACCTTTTGATATGCGCTCTGGGTTGGAGCAGTTGCTCCCACTTGAATCCGCAG

ACCTTCCGTTCCGACCGGGAGATTGAGGCTCGCATTGAAAAGATCCTCGGAGGACTCACCCTCGAAG

AAAAAGTTGGCCAAATGTGCCAGCTCACCGTCGGGATGGTTATCGATAACAGCGATCCGCAAAATCCC

TTCATCAGCGATGCTCTGCTCGATACTGTGATCGGCCATTACAAAGTGGGGTCAATCCTCAACATTCCA

TTTGGAATAGGACAGCCCCGCGAAGTTTGGCTTCGGGTTATCAATAAGATCCAGCAGCGCTCGCTCGA

CGAACTGGGAATCCCCTGTATCTACGGCGTGGATCAGATTCACGGTGCCTCCTATACCGTCGGTGCAAC

CTTCTTCCCGCAGGGGATCAACATGGGAGCTTCATTGAACTGCGATCTGATGCGTCGCAGTTCAGAAA

TCACTGCCTATGAAACCCGGGCCTGCGGCATTCCATGGAATTTTGCGCCGGTCATGGATCTGGGACGC

GATCCTCGCTGGCCTCGGATGTGGGAGAGCTACGGAGAGGATGTCTGCATCAATACGCGTATGGCCGT

AGCCTCAGTATCCGGCATGCAGGGCGACGATCCCAACCACATTGCGCCGAACCGGGTGGCCGCCTGTC
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TAAAGCATTTCATGGCCTATGGCGTACCGGTTTCGGGACAGGACAGAACCCCGTCGTCGGTAACCCGC

AATGCATTGCGCGAGAAATATTTCATTCCCTTTATGGAATCGATTCGGGAGGGAGCTTTGTCGCTGATG

GTAAATTCGGCAAGCAACGACGGCATGCCGTTTCACGCTAACCACGAACTGCTTACCGGCTGGCTCAA

AGAGGAATTAGACTGGGACGGACTGATCGTAACGGACTGGAACGACATCTATAACCTTTGTGATCGGG

ATCACATTGCCGCAACCCGTAAGGAGGCCGTGGCTTTGGCCATCAATGCCGGAATCGACATGGCAATG

GTTCCTTCCGACTGGAAATTCTGCGACTACCTGCGGGAGTTGGTTCAGGAAAGGGTTGTACCTATGTC

ACGTATCGACGACGCCGTACGCCGTGTCTTACGGTTGAAGATGCGGCTGGGACTCTTCAAGGAACCTT

TTATCAAAGCCGAAGAGTTCGATCGGTTCGCATGTGACGAATTTTCGGCAGTAGCCTTGCAAGCTGCC

GAGGAGTCGATGATTCTGCTCAAGAACGAATCCGATCTTCTGCCGCTGAAGCGATCCACGCGGATACT

GCTCACCGGACCGAATGCCCATTCAATGCGCTGCCTCAACGGGGGCTGGTCATATTCATGGCAAGGAG

ATCGCTGCGACGAATTTGCAGGCGAGTATCATACGATCTACGAGGCCTTAAACAGGAAGTTTGATCAC

GTGATCTGGATTCCGGGCGTGGAGTACGGAACTTCCGAAGAGAACTGGCAGACGGAGTATGTCACGG

GAATCGATCGCGCCGTTGCCGCAGCGGCCCATGCCGACGTCATTATCGCCTGTGTCGGTGAGAACTCC

TATTGCGAGACCCCCGGCAACATAAACGACCTAAATCTTTCGTCGAATCAACAGCAACTCGTTCGGGC

TTTGACCGTAACTGGGAAACCCATGATTTTGATTCTGAACGAGGGCCGACCGCGACTCGTCCGCGAAA

TCGAACCGCTGGTTCAGGCTATCGTTGACATCCTCCTGCCGGGCAACTACGGCGGCGACGCACTGGCC

AATTTGCTGGCCGGGAATGCAAACTTCAGCGGACGGTTACCGTTTACCTATCCCCGCTGGCCCGATGC

CCTGGCTACATACGACTTCAAACCCTGTCAACAGATGGGACCCATGGAGGGCGAATACAATTACGACG

CCGTAATGGACGTGCAATGGCCCTTCGGTTATGGTTTGAGCTATACACGATTCACCTATTCGAACTTCA

AGACCAAATGCAGCGAATTCCGAGACGGAGATTGTCTCACTTTTTCGGTCGACGTGACCAATACGGGA

AATCGAAGCGGGAAAGAAGTCGTGATGCTGTGGTCGAGTGATTTGGTGGCGAGTCTCACCCCCGACG

TGATCCGACTGCGCAATTTCGAGAAGATCGAACTCGCTCCCGGTGAAACCCGCACCGTGACTCTTTCA

ATTCCCGCATCAGATCTCGCTTTTGTCGGCTACGACGGTCGTTGGCGGCTTGAAGCAGGTGAATTCCG

GATCCGAATGGGGTCGGAAGCGACCGTAATCCGCTGTAGCGAGACTCGAATCTACGAAACTCCTAATC

TTCCCCAAGTTTGA 

 

> AsBgl2409 优化后基因序列 

ATGTGCAGCCATCTGAACCCGCAGACCTTTCGCAGCGATCGCGAAATTGAAGCGCGCATTGAAAAGAT

TCTGGGCGGCCTGACCCTGGAAGAAAAGGTGGGCCAGATGTGCCAGCTGACTGTGGGCATGGTGATT

GATAACAGCGATCCGCAGAACCCGTTTATTAGCGATGCGCTGCTGGACACCGTGATTGGCCATTACAA

AGTGGGCAGCATTCTGAACATTCCGTTTGGCATTGGCCAGCCGCGCGAAGTGTGGCTGCGCGTGATTA

ACAAAATTCAGCAGCGCAGCCTGGATGAACTGGGCATTCCGTGCATTTATGGCGTGGATCAGATTCATG

GCGCGAGCTATACCGTGGGCGCGACCTTTTTCCCGCAGGGCATTAACATGGGCGCGAGCTTAAACTGC

GATCTGATGCGCCGCAGCAGCGAAATTACCGCGTATGAAACCCGCGCGTGCGGCATTCCGTGGAACTT

TGCGCCGGTTATGGATCTGGGTCGCGATCCGCGTTGGCCACGTATGTGGGAAAGCTATGGCGAAGATG

TGTGCATTAACACCCGCATGGCGGTGGCGAGCGTGAGCGGCATGCAAGGTGATGATCCAAACCATATT

GCGCCGAACCGCGTGGCGGCGTGCCTGAAACATTTTATGGCGTATGGCGTGCCGGTGAGCGGTCAAGA

TCGCACCCCATCTAGCGTTACCCGCAACGCGTTACGCGAAAAATATTTTATTCCGTTTATGGAAAGCATT

CGCGAAGGCGCGCTGAGCCTGATGGTGAACAGCGCGAGCAACGATGGCATGCCGTTTCATGCGAACC

ATGAACTGCTGACCGGCTGGCTGAAAGAAGAACTGGATTGGGATGGCCTGATTGTGACCGATTGGAA

CGATATTTATAACCTGTGCGATCGCGATCATATTGCGGCGACCCGCAAAGAAGCGGTGGCGCTGGCAAT

TAACGCGGGCATTGATATGGCGATGGTGCCGAGCGATTGGAAATTTTGCGATTATCTGCGCGAACTGGT

GCAGGAACGCGTGGTGCCGATGAGCCGCATTGATGATGCGGTTCGTCGCGTTCTGCGCCTGAAAATGC

GCCTGGGCCTGTTTAAAGAACCGTTTATTAAAGCGGAAGAATTCGATCGCTTTGCGTGCGATGAATTTA
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GCGCGGTGGCGCTGCAGGCGGCAGAAGAGAGCATGATTCTGCTGAAAAACGAAAGCGATCTGCTGCC

GCTGAAACGCAGCACCCGCATTCTGCTGACCGGTCCAAACGCACATAGCATGCGCTGCCTGAACGGC

GGCTGGAGCTATAGCTGGCAAGGTGATCGTTGCGATGAATTTGCCGGCGAATATCACACCATTTATGAA

GCGCTGAACCGCAAATTTGATCACGTGATTTGGATTCCGGGCGTGGAGTATGGCACCAGCGAAGAAAA

CTGGCAGACCGAATATGTGACCGGCATTGATCGCGCGGTGGCGGCAGCAGCACATGCGGATGTGATTA

TTGCGTGCGTTGGCGAAAACAGCTATTGCGAAACCCCGGGCAACATTAACGATCTGAACCTGAGCAG

CAACCAGCAGCAGCTGGTGCGCGCGCTGACTGTTACTGGCAAACCGATGATTCTGATTCTGAACGAAG

GCCGCCCGCGCCTGGTGCGCGAAATTGAGCCGTTAGTGCAAGCAATTGTGGATATTCTGCTGCCGGGC

AACTATGGCGGCGATGCGCTGGCAAACTTACTGGCAGGCAACGCGAACTTTAGCGGCCGCCTGCCGTT

TACCTATCCGCGTTGGCCGGATGCGTTAGCAACTTATGATTTTAAACCGTGCCAGCAGATGGGCCCGAT

GGAAGGCGAATATAACTATGATGCGGTGATGGATGTGCAGTGGCCGTTTGGCTATGGCCTGAGCTATAC

CCGCTTTACCTATAGCAACTTTAAAACCAAATGCAGCGAATTTCGCGATGGCGATTGCCTGACCTTTAG

CGTGGATGTGACCAACACCGGCAACCGCAGCGGCAAAGAAGTGGTGATGCTGTGGAGCAGCGATCTG

GTGGCGAGCCTGACCCCGGATGTGATTCGTCTGCGTAACTTTGAAAAGATTGAGCTGGCGCCGGGCGA

AACCCGCACCGTGACCTTAAGCATTCCAGCATCTGATCTGGCGTTTGTGGGCTATGATGGCCGCTGGCG

CCTGGAAGCGGGTGAATTTCGCATTCGCATGGGCAGTGAAGCGACCGTGATTCGCTGCAGCGAAACC

CGCATTTATGAAACCCCGAACCTGCCGCAGGTGCACCACCACCACCACCACTAA 

 

> AsBgl2409 氨基酸序列 

MKNLFYLLICALGWSSCSHLNPQTFRSDREIEARIEKILGGLTLEEKVGQMCQLTVGMVIDNSDPQNPFISD

ALLDTVIGHYKVGSILNIPFGIGQPREVWLRVINKIQQRSLDELGIPCIYGVDQIHGASYTVGATFFPQGINM

GASLNCDLMRRSSEITAYETRACGIPWNFAPVMDLGRDPRWPRMWESYGEDVCINTRMAVASVSGMQGD

DPNHIAPNRVAACLKHFMAYGVPVSGQDRTPSSVTRNALREKYFIPFMESIREGALSLMVNSASNDGMPF

HANHELLTGWLKEELDWDGLIVTDWNDIYNLCDRDHIAATRKEAVALAINAGIDMAMVPSDWKFCDYL

RELVQERVVPMSRIDDAVRRVLRLKMRLGLFKEPFIKAEEFDRFACDEFSAVALQAAEESMILLKNESDLLP

LKRSTRILLTGPNAHSMRCLNGGWSYSWQGDRCDEFAGEYHTIYEALNRKFDHVIWIPGVEYGTSEENW

QTEYVTGIDRAVAAAAHADVIIACVGENSYCETPGNINDLNLSSNQQQLVRALTVTGKPMILILNEGRPRL

VREIEPLVQAIVDILLPGNYGGDALANLLAGNANFSGRLPFTYPRWPDALATYDFKPCQQMGPMEGEYNY

DAVMDVQWPFGYGLSYTRFTYSNFKTKCSEFRDGDCLTFSVDVTNTGNRSGKEVVMLWSSDLVASLTPD

VIRLRNFEKIELAPGETRTVTLSIPASDLAFVGYDGRWRLEAGEFRIRMGSEATVIRCSETRIYETPNLPQV* 

 

> AsBgl2410 野生型基因序列 

ATGCATCAATCGCACCTTGATTTCATCAAACAGCGGATGTGCGGACTGCTGAGTCTGCTGCTCCCTCTG

GAGAACCTTGCTACTGATGTGCCGCAGCTGGGCAAGGATTCGGTTCAACGGATCGTAAAGTCCATGAC

CCTCGAGGAGAAGGCTTCGCTACTGGTCGGCTTATCAATGGAGGATTACGGCGGGGAGGGATCCGTAG

CGGGTCACACGCTCCGTTATATTCCCGGCTCGGCGGGAACGACCGCCCCGATGCCCCGATATGGGATTC

CGCCGACGGTTATGGCCGACGGCCCGGCCGGATTGCGGATTGATCCCGTACGAAAAGGCGATTCGCTG

ACCTATTATTGTACGGCATTCCCAGTCGGTACGATGCTCGCTTCGACGTGGAACACGAAGTTGATTGAG

CAAGTGGGAAGCGCGATCGGAAACGAAGTGCTAGAATATGGATGCGACGTTATCCTCGGTCCGGGCAT

GAATATCCATCGGAATCCGCTCTGCGGCCGTAACTTCGAATACTACTCCGAGGACCCGCTGTTGAGTGG

CAAATGCGGAGCTGCTATGGTTCGCGGTATTCAGTCGCAGGGCGTGGGTGCATCGATCAAACACTTTG

CGGCCAACAATCAGGAGGGACTTCGGTTGCAGAATGATGCCCATGTCTCGCAGCGCGCCCTGCGCGA

AATCTATCTGCGAGGATTCGAAATCGCCGTACGCGAAGGGAAACCTTGGACTGTTATGTCCTCTTACAA

CCGGCTGAACGGCTCCTATACCCAGGAAAACCGCGAATTGCTGACCACAGTTCTGCGCGACGAGTGG
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GGATACAAAGGGATTGTCGTGACGGACTGGATCGGTCGGCGCAATACCGTCGCTCAAGTTCATGCCGG

AAACGATCTGATGATGCCTGGCGAACCTTCCCAAAGTGAAGAAATCATTCGGGCGGTACGGGAAGGG

CGTCTCGATGAAAAGGAGGTGGACATCTGTGTCGAACGTATGCTCAAATACATCATGCGCACACCGCG

TTTCCGCAGATACACACCTTCTAATCGCCCTGACTTTACCAAAAATGCGACGATAGCACGGCAAGCTG

CGGCCGAAGGAATCGTATTGTTGAGCAATCGGCAAAAAACCTTGCCCTTGCCTCCCGAATCACGAATC

GCGCTGTTTGGCGTCCATGGATACGACTACATTGGATGCGGAACCGGTGCCGGATATGTCTATGCCCCG

TATATGACCGAACTGAACCGGAGCTTTACCGAGGCGGGATTCCGACTCGACTCCATCGTTGATAACCTC

TATGCCCAATACCGTTCGTTCGGTGAAATACTCTATGCCGAACAGAATCGGAAACTGGTGCTCGGCAA

CCGTATCTACACTCCGGAGAATTCGTTGACCCCGGAGTTTATCGAGGCGCGTGCCGCGACCAACGATAT

TGCCGTGATTTCATTCGGACGTCTTTCCGGCGAAGGGAACGACCGCCCGACCTTGGATTTCTACCTCTC

GGACGACGAACGCACCTTGCTCGAGCGTGTCTGCACGATCTTTCATGCAGCGGGTAGAAAGGTCGTC

GTGATCCTTAACATCGGAGGTGTGATTGAGACCGATTCCTGGCATGCCCTACCTGATGCCATTCTTGTT

GGCTGGCAAGGGGGTCAGGAGGGTGGTTGCGCCACAGTTGACGTGTTGAGCGGTAAGGTATCCCCTT

CGGGACGTCTGCCTATGACCTTCCCGAAAGACTACACCGATCATCCTTCCTCGCAGAACTATCCGTTGA

ACTACCGATCCTATCGAGGCGATTGGGCCGACAATACTCCCGAACGCAAGTTCCGAAATCTCGGATAC

ACTGACTACGAAGAAGATATCTGGGTCGGATACCGTTATTTCAATACTTGGGCATCTGACCGCATCGTC

TTTCCTTTCGGATTCGGATTGAGTTACACGACTTTCGAATGGAGCAATGCCGCATTGAAGCTATCCAGG

GACGAATGCCTCGTCACCCTGCAGGTCACCAATTCGGGTACATACCCCGCAAAGGAGGTCATCGAGCT

CTTCGTTGCGGCACCCGGAAGCACGCTGCCCAAACCCGTGCGTGAATTGAAGGCCTTTGCAAAAACC

CGTATGCTCGAACCCGGCGAGAGTACCATGATAAGGTTATGCTTCCGCGTGAACGACCTGGCATCGTTC

GATCCGGCATCGGCGTCATTCGTCACGGATGCCGGAACCTATACTATCGAATTGGCCAGCTCGGCCAAT

GAAATACGGCTTAAATTGCCCTTAAAGATACCGGCTACGCGCCGTCGGGTACACAACGTGCTTAATCCC

CAACAGCCGATCTGTGTTCCGGACTTTCAACGTGAAAACGTTGGATCATTCCGTCCGGTCGGTGGTTT

CTGA 

 

> AsBgl2410 优化后基因序列 

ATGACCGATGTGCCGCAGCTGGGCAAAGATAGCGTGCAGCGCATTGTGAAAAGCATGACCCTGGAAG

AAAAAGCGAGCCTGCTGGTGGGCCTGAGCATGGAAGATTATGGCGGCGAAGGCAGCGTGGCAGGTCA

TACCCTGCGCTATATTCCGGGTAGCGCGGGTACCACCGCACCAATGCCACGTTATGGCATTCCACCGAC

CGTGATGGCGGATGGTCCGGCGGGTTTACGCATTGATCCGGTTCGCAAAGGCGATAGCCTGACCTATTA

TTGCACCGCGTTTCCGGTGGGCACCATGCTGGCGAGCACCTGGAACACTAAACTGATTGAACAGGTG

GGCAGCGCGATTGGCAACGAAGTGCTGGAATATGGCTGCGATGTGATTCTGGGCCCGGGCATGAACAT

TCATCGCAACCCGCTGTGCGGCCGCAACTTTGAGTATTATAGCGAAGATCCGCTGCTGAGCGGCAAAT

GCGGCGCAGCAATGGTTCGTGGCATTCAGAGCCAGGGTGTTGGTGCGAGCATCAAACACTTTGCGGC

GAACAACCAGGAAGGCCTGCGCCTGCAGAATGATGCGCATGTGAGCCAGCGCGCATTACGCGAAATT

TATCTGCGCGGCTTTGAAATTGCGGTGCGCGAAGGCAAACCGTGGACCGTGATGAGCAGCTATAACCG

CCTGAACGGCAGCTATACCCAGGAAAACCGCGAACTGCTGACCACCGTGCTGCGCGATGAATGGGGC

TATAAAGGCATTGTGGTGACCGATTGGATTGGCCGCCGCAACACCGTGGCGCAGGTTCATGCAGGCAA

CGATCTGATGATGCCGGGCGAACCGAGCCAGAGCGAAGAAATTATTCGCGCGGTGCGCGAAGGCCGC

TTAGATGAGAAGGAGGTGGATATCTGCGTGGAACGCATGCTGAAATATATTATGCGCACCCCGCGCTTT

CGCCGCTATACCCCGAGCAACCGCCCAGATTTTACCAAAAACGCGACCATTGCGCGCCAGGCGGCGG

CAGAAGGCATTGTGCTGTTAAGCAACCGCCAGAAAACCCTGCCGCTGCCGCCGGAAAGCCGTATTGC

ACTGTTTGGCGTGCATGGTTATGATTATATTGGCTGCGGCACCGGCGCGGGCTATGTGTATGCGCCGTAT

ATGACCGAACTGAACCGCAGCTTTACCGAAGCGGGCTTCCGCCTGGATAGCATTGTGGATAACCTGTA



 

14 

 

TGCGCAGTATCGCAGCTTTGGCGAAATTCTGTATGCGGAACAGAACCGCAAACTGGTGCTGGGCAACC

GCATTTATACCCCGGAAAACAGCCTGACCCCGGAATTTATTGAAGCGCGCGCGGCGACCAACGATATT

GCGGTGATTAGCTTTGGCCGCCTGAGCGGCGAAGGCAACGATCGCCCAACCCTGGATTTTTATCTGAG

CGATGATGAACGCACCCTGCTGGAACGCGTGTGCACCATTTTTCATGCGGCGGGCCGCAAAGTGGTGG

TGATCCTGAACATTGGCGGCGTGATTGAAACCGATAGCTGGCATGCGCTGCCGGATGCGATTCTGGTG

GGCTGGCAAGGTGGTCAAGAAGGTGGCTGCGCGACCGTGGATGTGTTAAGCGGCAAAGTGAGCCCGT

CTGGTCGCCTGCCGATGACCTTTCCGAAAGATTATACCGATCATCCGAGCAGCCAGAACTATCCGCTGA

ACTATCGCAGCTATCGCGGCGATTGGGCGGATAACACCCCGGAACGCAAATTTCGCAACCTGGGCTAT

ACCGATTATGAGGAAGATATCTGGGTGGGCTATCGCTATTTTAACACCTGGGCGAGCGATCGCATTGTG

TTTCCGTTTGGCTTTGGCCTGAGCTATACCACCTTTGAATGGAGCAACGCGGCGCTGAAACTGAGCCG

CGATGAATGCCTGGTGACCCTGCAGGTGACCAACAGCGGCACCTATCCGGCAAAAGAAGTGATTGAA

CTGTTTGTGGCGGCGCCGGGCAGCACTCTGCCAAAACCGGTGCGTGAATTAAAAGCGTTTGCGAAAA

CCCGCATGCTGGAACCGGGCGAAAGCACCATGATTCGCCTGTGCTTTCGCGTGAACGATCTGGCGAGC

TTTGATCCGGCGAGCGCGAGCTTTGTGACTGATGCGGGCACCTATACCATTGAGCTGGCGAGCAGCGC

GAACGAAATTCGCCTGAAACTGCCGCTGAAAATTCCGGCGACCCGCCGCCGCGTGCATAACGTGTTAA

ACCCGCAACAGCCAATTTGCGTGCCGGATTTTCAGCGCGAAAACGTGGGCAGCTTTCGCCCGGTGGG

TGGCTTTCACCACCACCACCACCACTAA 

 

> AsBgl2410 氨基酸序列 

MHQSHLDFIKQRMCGLLSLLLPLENLATDVPQLGKDSVQRIVKSMTLEEKASLLVGLSMEDYGGEGSVAG

HTLRYIPGSAGTTAPMPRYGIPPTVMADGPAGLRIDPVRKGDSLTYYCTAFPVGTMLASTWNTKLIEQVGS

AIGNEVLEYGCDVILGPGMNIHRNPLCGRNFEYYSEDPLLSGKCGAAMVRGIQSQGVGASIKHFAANNQE

GLRLQNDAHVSQRALREIYLRGFEIAVREGKPWTVMSSYNRLNGSYTQENRELLTTVLRDEWGYKGIVV

TDWIGRRNTVAQVHAGNDLMMPGEPSQSEEIIRAVREGRLDEKEVDICVERMLKYIMRTPRFRRYTPSNRP

DFTKNATIARQAAAEGIVLLSNRQKTLPLPPESRIALFGVHGYDYIGCGTGAGYVYAPYMTELNRSFTEAG

FRLDSIVDNLYAQYRSFGEILYAEQNRKLVLGNRIYTPENSLTPEFIEARAATNDIAVISFGRLSGEGNDRPTL

DFYLSDDERTLLERVCTIFHAAGRKVVVILNIGGVIETDSWHALPDAILVGWQGGQEGGCATVDVLSGKV

SPSGRLPMTFPKDYTDHPSSQNYPLNYRSYRGDWADNTPERKFRNLGYTDYEEDIWVGYRYFNTWASDR

IVFPFGFGLSYTTFEWSNAALKLSRDECLVTLQVTNSGTYPAKEVIELFVAAPGSTLPKPVRELKAFAKTRM

LEPGESTMIRLCFRVNDLASFDPASASFVTDAGTYTIELASSANEIRLKLPLKIPATRRRVHNVLNPQQPICV

PDFQRENVGSFRPVGGF* 


