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™ Introduction

Although approximately half of the drugs currently in clinical use were originally
naturally derived, many pharmaceutical companies are now neglecting the
development of natural products as potential drug candidates in favor of
high-throughput synthesis of large compound libraries. This is probably because the
traditional process of natural product drug discovery was slow, inefficient, and labor
intensive, and it did not guarantee that a lead from screening would be chemically
workable in quantity or even patentable. An alternative approach to drug discovery
lies in combinatorial biosynthesis, which is an application of molecular skeleton
constructing enzymes involved in secondary metabolism to create an array of novel
compounds. This method offers access to a pre-selected range of fairly structurally
complicated molecules based around a common core, which is a biosynthetic
intermediate, enables compound libraries to be generated i a relatively short time.

M Results

Flavonoids, which are a class of plant specific natural products involved in various
health-promoting effects in humans, are biosynthesized through the intermediacy of
chalcone skeleton from phenylpropionyl-CoAs and malonyl-CoA via the action of a
plant type Ill PKS or chalcone synthase (CHS). Using the prototype CHS, the enzyme
known to be promiscuous with substrates, novel products were synthesized using
aromatic, aliphatic and fluorinated starter units to create an array of tri- and diketide
by-products as well as the expected fully formed chalcone and stilbene type
structures. The engineering of novel compounds has been developed with both
non-physiological starter and extender units to resutt novel products.

The three unprecedented type Ill PKSs cloned from medicinal plants (Rhubarb and
Aloe) catalyze formation of an aromatic pentaketide (PCS), heptaketide
(Aloesonesynthase) and octaketides (OKS). These three type lll PKSs had
interchanging functionality with one another by steric modulation of the chemically
inert single to triple residues lining the active-site cavity accompanied by conservation
of the Cys-His-Asn catalytic triad.

On the basis of the crystal structures of wild-type and M207G mutant of PCS,
F80A/Y82A/M207G triple mutant has released an unnatural novel nonaketide
naphthopyrone through the nine molecules of malonyl-CoA condensation. A
homology model predicted that the active-site cavity volume of the triple mutant is
increased to four times of that of the wild-type PCS. On the other hand, large-to-small
Asn222G substitution at the bottom of the polyketide chain elongation tunnel, let to
decaketide-producing enzyme from octaketide-producing OKS, resulting in the
formation of unnatural decaketide benzophenone, SEKI5 previously reported as a
product of genetically engineered type Il PKSs, and now the longest polyketide
produced by the structurally simple type Ill PKS.

™ Rerspectivess

Further, in contrast to wild-type OKS, the OKS N222G mutant efficiently accepts
p-coumaroyl-CoA as a starter, and yields the unnatural hexaketide stilbene and
heptaketide chalcone as major products. Similar profile was also obtained when
n-hexanoyl-CoA was used as a starter, and the heptaketide phloroglucinol was
efficiently provided. Structure-based engineering of type lll PKSs would thus lead to
further production of chemically and structurally disparate unnatural novel polyketides.
A homology model based on the N222G mutant predicted that the active-site cavity
volume is increased to 748 A3 in the F66L/N222G double mutant to afford the
dodecaktide naphthophenone TW95a, which is known to be a product of the minimal
type I PKS (whi from S. coelicolor) and structurally related to the C20 decaketide
benzophenone SEKIS, the product of OKS N222G point mutant. This is the first
demonstration of the production of the C24 dodecaketide by a structurally simple
type lIl PKS.

With the knowledge of the detalled structures and functions of those enzymes, we
can judiciously engineer "artificial" versions of the biosynthetic pathways linking to an
artificial gene or a set of genes.
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Construction of novel unnatural polyketides by mutant PKS Ill
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Active site cavity of OKS N222G mutant
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