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Abstract of Thesis

The spirotetronate antibiotics are a class of polyketide natural products that exhibit broad biological
activities, including antibacterial and antitumor activities. They have a distinct chemical structure of a trans-
decalin moiety conjugated with tetronate moiety spiro-linked to a cyclohexene ring. Maklamicin was isolated
form an endophytic actinomycete Micromonospora sp. NBRC 110955 as a new spirotetronate antibiotic with
antimicrobial activity against Gram-positive bacteria. Although almost 60 related spirotetronate antibiotics
have been reported from actinomycetes, maklamicin has two unique structural features. First, maklamicin
contains a stereogenic center on the substituent of the cyclohexene ring, whereas other spirotetronate antibiotics
have an achiral substituent at the same position such as methyl and formyl. Second, the carbon chain connecting
the decalin and the cyclohexene units in maklamicin is the shortest ever reported. In this work, we report genetic
information to understand biosynthetic mechanisms underlying these two distinct characteristics of
maklamicin.

The 152 kb DNA region including maklamicin (mak) biosynthetic gene cluster was identified by an in silico
screening on the Micromonospora sp. NBRC 110955 contig database, using glycerate utilization operon that is
necessary for the biosynthesis of the tetronate moiety, together with screening and sequencing of cosmid and
BAC clones. Gene disruption analysis and sequence analysis indicated that four typical modular type I PKS
genes (makAl-makA4) encoding 12 modules are responsible for the polyketide assembly process. A set of five
genes (makBI-makB5) is highly conserved in the biosynthetic gene clusters of spirotetronate antibiotics, and
makC2, a cytochrome P450 gene, is estimated to be involved in the modification step to attach the hydroxyl
group. Furthermore, the deoxy-maklamicin, produced by the makCZ2 disruptant, displayed stronger bioactivity
against Staphylococcus aureus compared to that of maklamicin. These results provide us the useful information
for not only understanding the biosynthetic mechanism of spirotetronate antibiotics but also generating

derivatives of maklamicin with significant bioactivity.
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AvRT M UBREFVEMEIZ. ACeT e UBEEEEDR ) S 24 MEEMTH Y . HUETEERHI
TEME72 8 OSREREIEME A R EMBECH D, ZOAY T b o UEEEL, £ 0HE . FOAY RS
THYI AR URENLTC, rans7 B U VIEERIE T 5. ZOREEIREEE IS L, LB S D 2
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