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Abstract of Thesis

In Chapter 1, General Introduction of the features of Streptomyces are presented. The massive
streptomycetes genome has uncovered the number of predicted biosynthetic gene clusters are greatly
surpassed the number of isolated natural compounds. The gene clusters that are not related with any of
the reported compounds are apparently cryptic biosynthetic pathways that are either not expressed or
expressed in minute quantities under standard laboratory growth conditions, indicating that many
beneficial compounds encoded in the genome still remain to be characterized in streptomycetes. The
multifaced regulation of secondary metabolisms in Streptomyces has been one of the advantages that can
be employed to increase the yields of secondary metabolite products in genetically amenable strains.
The autoregulator signalling cascades are known to be the important regulatory system for secondary
metabolisms in streptomycetes. Streptomyces avermitilis has a butenolide—type Streptomyces hormone
(avenolide, that stimulates the production avermectin. The avaR locus contains avaRl, avakZ, and avak3
the homologue of autoregulators. The AvaR3 controls production of avermectin and filipin, whose
biosynthetic gene clusters are located approx. 4.0 Mb away from the avaRk locus. This research were to
further evaluate the effects aval3 deletion on the activation of cryptic secondary metabolite gene
clusters in S. avermitilis and to characterize the biosynthetic gene cluster of the activated—secondary
metabolite. In chapter 2, the activation of cryptic phthoxazolin A production in Streptomyces avermitilis
by the disruption of autoregulator-receptor homologue AvaR3 was observed. The study of the secondary
metabolite profile of avak3 mutant and a detailed characterization of the remarkable peak at 33.9 min
which is observed only in the avaR3 mutant, resulting in the identification of phthoxazolin A. The
bioassays showed that phthoxazolin A has inhibitory activity against plant pathogenic oomycetes. In
contrast to avermectin production, phthoxazolin A production is adversely controlled by avenolide.
Surplus precursors resulting from the non—producer of avermectin provides only partially to the increase
of the phthoxazolin A production. As a consequence, the higher production of phthoxazolin A in the avak3
mutant can be assigned to the regulatory property of AvaR3, rather than surplus precursor. In chapter
3, the characterization of phthoxazolin A biosynthetic gene cluster in Streptomyces avermitilis had been
established. This research led to unravelling the genetic diversity between two wild-type strains of
Streptomyces avermitilis. The original wild-type strain KA-320 has the larger genome size than that of
its progeny K139 (genome sequence publicly available). The putative phthoxazolin A (ptx) biosynthetic
gene cluster (99.99 kb) was found in the extrachromosomal region located more than 4.0 Mb away from the
avaR locus of KA-320. Disruption of the ptxA gene encoding a discrete acyltransferase resulted in a
complete loss of phthoxazolin A production, indicating that the t¢rans—AT type I PKS-NRPS system is
essential for the phthoxazolin A biosynthesis. Based on the prediction of modules and functional domains
in the ptx assembly line, the biosynthetic pathway of phthoxazolin A was proposed. In Chapter 4,
conclusions of this research were described. In Streptomyces genus that deregulation of autoregulator
receptor homologue (AvaR3) activates the cryptic secondary metabolite that are genetically encoded in
the region distal to the autoregulatory locus was first reported. The uniqueness of avenolide as a new
class of Streptomyces hormone was highlighted which functions not only to elicit but also to repress
secondary metabolism. The identification of the phthoxazolin A gene cluster increases our understanding
on diversity and complexity of trans—AT-type I PKS-NRPS hybrid machinery, which might provide interesting

perspectives for the engineering of polyketide/nonribosomal peptide biosynthetic pathways.
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