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Recently, middle-molecular-weight (MM W) compounds have attracted increasing attention as new
compounds to fill the gap in molecular weight between macromolecules such as antibodies, and low-
molecular-weight compounds. However, at the current scientific level, there are no strategic guidelines
for constructing biologically active MMW compounds.

On the other hand, many clinically used MMW natural compounds such as macrolides, FK506,
erythromycin, ivermectin, and macrocyclic peptides cyclosporin, are synthesized by type-I PKSs and
NRPS, respectively, and are considered to be the most ideal resource of MMW compound library. The
most characteristic feature of natural compounds is that they consist of complicated structures, which
are beyond human intellect, but conversely since their derivatization is significantly difficult, it would
become negative factor of side effects reduction or metabolism improvement during drug development.
Thus, this bottleneck becomes one of the big problem that screening for natural compounds has declined.

In view of this point, conversion of core skeletal frame of natural compounds by modification of
biosynthetic genes has been desired. But ordinal genetic engineering techniques such as homologous
recombination performed in microorganisms are not applicable for type-I1 PKS genes, since they are huge
gene clusters exceeding 100 kb consisting of extremely high homology and repeat sequences. In order
to overcome these problems, we developed a methodology that employs the CRISPR-Cas9 reaction in
vitro to avoid unnecessary off-target reactions and simplify sequence analyses of edited constructs. To
precisely engineer against highly repetitive modular PKS genes, the establishment of a precise DNA
digestion and subsequent seamless cloning method that does not depend on recombination or restriction
digestion is of great importance. The combination of in vitro Cas9-digestion of the DNA and Gibson
assembly can be applied to 100 kb of targeted biosynthetic gene cluster. Then we applied this in vitro
module editing technique to produce the desired rapamycin derivatives. We demonstrated that our in
vitro module editing could introduce target DNA fragments from endogenous and/or exogenous PKS
genes into desired sites precisely even when the BAC exceeds 160 kb and produced over 80 derivatives.

However, some kinds of chemical structures are very difficult to be modified even by module editing
of biosynthetic genes. In such cases, a different kind of methodology is required. For this purpose,
we planned screening and utilization of microbial modifying enzymes which can modify MMW
compounds. Actinomycetes are known to possess 30 - 70 P450 genes and also have many redox partner
system. Therefore, these wild strains sometimes show additional reaction which are not desired to
produce purpose compounds. To escape this problem, we developed actinomycetes host systems which
only express exogenous modifying enzyme cloned from wild strains. We aimed to collect several
species of modifying enzymes of microbial origin that can catalyze modification (oxidation,
hydroxylation and so on) of MMW natural compounds, of which reaction hardly be done by organic
synthesis. We finally constructed P450 gene expression strain library comprising more than 200
modifying enzymes. We also established an actinomycetes library (240 strains) which can show
enzymatic activities to modify MMW compounds with high ratio. We further developed the
methodology for the determination of the responsible modifying enzyme among a lot of P450 genes in
the actinomycetes strain which shows the ability of target MMW modification.

By using this method, we can clone the responsible modifying enzymes effectively and rapidly.
By developing these technologies, we established innovated technologies to construct MMW natural
compound library that fills the missing piece of drug discovery library, and it is expected that it will be
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applied to various drug development including new phenotypic and PPI screening for drug discovery in
the future.

CCETERBERE L LT MED DiF—AN— (2188 T







