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Effects on productivity of avermectin by knockout of 10 polyketide
biosynthetic gene clusters in Streptomyces avermitilis genome
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(Key Laboratory of Synthetic Biology, Shanghai Institute of Plant Physiology and Ecology, Shanghai Institutes of
Biological Sciences, Chinese Academy of Sciences, Shanghai 200032, China)

Abstract: [Objective] We studied whether avermectin productivity could be affected by other
polyketide biosynthetic gene clusters in Streptomyces avermitilis genome. [Methods] By
constructing gene knock-out cosmids or plasmids and introducing into industrial host, 10 mutants
were obtained after screening double crossover colonies from conjugants of each polyketide gene
clusters knocked-out vectors. [Results] Avermectin productivities of seven polyketide null mutants
were higher than that of the starting strain. Two mutants abolished avermectin production. Three
mutants with combined knock-out of two of three strong effect clusters had no further increase on
avermectin productivity. [Conclusion] Deletions of some polyketide gene clusters can be used to
increase avermectin productivities in Streptomyces avermitilis. The results also suggested that there
were interweaved networks among these polyketide gene clusters in Streptomyces avermitilis.
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Figure 1 The chemical structure of avermectin
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Table 1 Primers for construction of targeting vectors

FE[RI 51975
Gene clusters Primer sequences (5'—3")
PKS1 F GTACGTCGATGCCGTTCACCCGCAGGGTCGCCACCGTCAATTCCGGGGATCCGTCGACC
R GCACCGCCCGGGACGTCGAACTGATCGTCGGTCACAACATGTAGGCTGGAGCTGCTTC
PKS2 F GCGCCGGCCTGGTGGTGGAGTCGGTCGTCCTGAAGATCAATTCCGGGGATCCGTCGACC
R TGGGTGCCGCGGTCCGCGGTGATGGCTCGTGCGTTCTCATGTAGGCTGGAGCTGCTTC
PKS3 F GCAGATCTTGCGCAGGGAGACGAACGCGTCGGGCCCGGCTGTAGGCTGGAGCTGCTTC
R AGGCCCCGGCCGCGGCGCCCTTGGGCCGTCAGCGGGGTGATTCCGGGGATCCGTCGACC
PKS4 F CCGGGGCCGCGGTGAGCGTCCGAGGAGCGGCCTCGGTCAATTCCGGGGATCCGTCGACC
R CGCCATCCGCGTAATTGCGAGACTAGAAGGGGGATCATGTGTAGGCTGGAGCTGCTTC
PKSS5 F CAGGCCGACTTGGAGCGCCCCGAGACCCTGCCCGCGGTGATTCCGGGGATCCGTCGACC
R CCTCGATCCATCCCCGTGCTTTCCGCGGGGCGGTGACTATGTAGGCTGGAGCTGCTTC
PKS8 F GCCGCCTGCGACGGCGCCCCGCGCGCACGGCGGCGCTCAATTCCGGGGATCCGTCGACC
R AATGATCGCTCGGCGATCGACTTGAGTCGGTCTCGGGTCTGTAGGCTGGAGCTGCTTC
PKS9 Left-F TTCTCTAGAATGACAGCGGAATCTCACTCTG
Left-R GGCGCTAGCCGTGGACGGCTCACCAAGGA
Right-F  CCAGGATCCGGGGCATGTCGATCTCGTGA
Right-R  ACCGAATTCGCGTAAAGGAGTCCGGAAAACTT
PKS11 F CTCCCGCTCCAGCCACCCGACCCAGGAAGGCCTCTCATGATTCCGGGGATCCGTCGACC
R CGCCCGCAACGGCGGGTGTACGCCGCAGGGGTGCCTTCATGTAGGCTGGAGCTGCTTC
OLM Left-F CGGAAGCTTTCCTCGAGGGACTCACCGAC
Left-R GAGGGATCCTGAGAGCGCCTCCAGTTCCC
Right-F  TGCGGATCCCCATAGAACCTTTCGTGCTA
Right-R  TACGAATTCAACTCGGCGTCCATGTGGAT
RPP F GCACGAGGAGTCCTTCGGTGGCCGTCATGAGCCCGCTCAATTCCGGGGATCCGTCGACC
R ACGAAGAGTCCTCCGGAAGGCGAAAGAAGGTCCTCCATGTGTAGGCTGGAGCTGCTTC
PTEI F CGACGAACGTGGTCACGCCCAGCTCGTGCAGGGTGTGCAATTCCGGGGATCCGTCGACC
R GCCCACACCCGCGTCGCCAGAAACTCCCGCACCTGCGCCTGTAGGCTGGAGCTGCTTC
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Table 2 Statistical data of the knocking-out eleven PKS gene clusters in S. avermilitis genome
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PKS JE[H % R A B S FE PR 2H R X Jsk XA v b T4 H
; : 5 Lengths of the two arms of 0
Gene cluster  Deletion lengths (bp) Deletion regions . Clones of double crossover (%)
targeting vector (bp)
PKS1 13 321 8 777 771-8 791 091 20 551/7 471 4/14 (28.6%)
PKS2 20015 1 893 268-1 913 282 56 33/14 389 5/22 (22.7%)
PKS3 6919 2 800 6402 807 558 4 039/28 526 12/30 (40%)
PKS4 7999 8553 604-8 561 602 6 701/28 863 7/50 (14%)
PKS5 16 469 2 877 943-2 894 411 18 437/10 020 11/32 (34.4%)
PKS8 16 240 4527 9034 544 142 11277/15 927 0/250 (0)
PKS9 16 136 2897 380-2913 515 4002/4 037 8/30 (26.7%)
PKSI11 5230 113 363-118 592 24 015/6 960 4/32 (12.5%)
OLM 100 063 3534 528-3 634 591 3598/3 743 48/50 (96%)
RPP 2274 8 490 209-8 492 482 18 975/17 948 23/38 (60.5%)
PTE1 21 225 546 803-568 027 4033/14 859 5/10 (50%)
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Figure 3 Avermectin productivity of the PKS
knockedout strains
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Figure 5 The types and distribution of polyketide biosynthetic gene clusters on chromosome of Streptomyces avermitilis
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Figure 6 Phylogenetic analysis of amino acid sequence of the type-I polyketide synthases from Streptomyces avermitilis
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