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Natural products are attractive because of their unique structures beyond the human intelligence, and of
their potent biological activities. Among those natural products, large circular compounds such as antibiotic
erythromycin, antitumor agent rapamycin, immunosuppressant FK-506 and so on, which are so called macrolide
compounds, are one of the most important compounds in industrial field including clinical use. Preparation of these
compounds by organic synthesis is usually difficult and it takes long time such as 1 or 2 years for the
accomplishment of complete synthesis. Therefore, these clinical drugs are industrially produced by fermentation
even at present.  Since the biosynthetic genes of macrolide compounds consist of over 100 kbp, it is also difficult
to be biosynthesized by heterologous expression. Especially, the size of biosynthetic gene of halichondrin B,
which is one of the final targets of heterologous expression research, is estimated beyond 200 kbp. Therefore, we
tried to develop the BAC library preparation technique for over 200 kbp genome sizes. After various improvements,
we succeeded to obtain the biosynthesis gene cluster of quinolidomicin, which is the largest macrolide compound
produced by Streptomyces strain isolated from terrestrial soil sample (biosynthesis gene cluster: 223 kbp).

By employing this advanced BAC technology, we have prepared large-size BAC libraries from many
strains to obtain large biosynthesis gene clusters. We selected cryptic large biosynthesis gene clusters from these
BAC libraries and performed heterologous expression to produce novel natural compounds. As a result, we
succeeded in the production of a novel compound designates as neomediomycin, of which biosynthesis gene cluster
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is 173 kbp (insert size: 205.4 kbp). This compound was biosynthesized by type | PKS, and possesses large
molecular weight of 1193 (molecular formula CesH107NO16).  Even there are few reports concerning the production
of novel compounds by using cryptic biosynthesis genes, this is the first example in the world about novel compound
production by the heterologous expression of such giant cryptic biosynthesis gene cluster.

One of another large purpose of this project is to increase the effective transformation ratio of large genes
into Streptomyces host strains.  To conquer this problem, we tried to establish the stable transformation protocol
by using integrating vectors involving bacteriophage attP/int.  This novel attP/int sequence effectively acted on
the establishment of stable transformant of our main host strain, S. avermitilis. To confirm the generality
concerning transformation efficacy not only for S. avermitilis but also other Streptomyces, this integrating vector
showed more general features to many Streptomyces strains.

Our effort to establish heterologous expression in Streptomyces resulted in the higher success ratio. To
the contrary, heterologous expression of useful compounds of Pseudomonas origin still has bottlenecks and there
are only a few success reports so far.  Genus Pseudomonas involves opportunistic infection bacteria of
Pseudomonas aeruginosa, and Burkholderia genus, which is known as infectious bacteria against both animals
and plants, is also known as related species of Pseudomonas. These bacteria frequently produce bioactive
compounds, but have a hurdle to apply for industrial production. To overcome this problem, we developed the
heterologous expression technique in Pseudomonas putida KT2440 which is approved as authorized host by the
Ministry of Education, Culture, Sports, Science and Technology. We developed heterologous expression system
by applying a variety of promoters which raised the success rate of heterologous expression in Pseudomonas
putida KT2440 remarkably.

In summary, we succeeded in developing advanced BAC technology for obtaining large (over 200 kbp)
biosynthesis gene clusters from microbes like Streptomyces. Using this BAC technology, we succeeded in the
heterologous expression of biosynthetic gene clusters of industrially useful natural compounds in Streptomyces
and also in other bacteria like Pseudomonas. Many pharmaceutical companies already started to industrial

applications of these techniques for their own natural compounds.



