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% fL @ 3 % Isolation and functional analysis of GGPP synthase gene involved in
isoprenoid biosynthesis from entomopathogenic fungi
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Entomopathogenic fungi have been known as parasitic fungi against insects and also as producers of
various secondary metabolites during their infection and proliferation. However, very few knowledge is available
from entomopathogenic fungi on secox}dary metabolism biosynthesis genes especially in isoprenoid compounds.
Thus, I started to search and investigate the genes related to isoprenoid biosynthesis in entomopathogenic fungi.
The aim of this work is to obtain genetic information on isoprenoid biosynthesis in secondary metabolism of
entomopathogenic fungi. The result is expected to lead to the application by improving the productivity of
isoprenoids by genetic engineering, and facilitate search for new bioactive compounds from entomopathogenic
fungi.

Geranylgeranyl diphosphate synthase (GGPP synthase) gene was used as a clue for the analysis of genes
in the isoprenoid biosynthesis in this study because it was supposed to be present in the middle of the
biosynthetic gene cluster for a specific diterpene compound. Degeneracy primers designed from the conserved
reéion of prenyltransferase were used to amplify GGPP synthase genes from entomopathogenic fungi. Amino
acid sequence comparison of amplified fragments revealed that two kinds of GGPP synthase gene were present
in two entomopathogenic fungi Metarhizium anisopliae and Beauveria bassiana, while only one seems present in
majority of the entomopathogenic fungi. The first type of GGPP synthase gene which was highly consérved
among entomopathogenic fungi was named as ggs/ and another type was named as ggs2 The ggsl from M.
anisopliae was functionally characterized by transcriptional analysis and heterologous expression in E. coli,
revealing that ggsl encodes a GGPP synthase related to primary metabolism. The novel specific serine-rich
region in ggsI would be useful to distinguish entomopathogenic fungi from other classes of fungi on the genetic
basis. Moreover, this study provided the first clue for the understanding of isoprenoid pathway in
entomopathogenic fungi. '

Consecutively, the ggs2 cloned from M. anisopliae was characterized. Gene disruption analysis disclosed

that ggs2 disruptant displayed significantly lowered GGPP synthase activity, delayed sporulation and almost
completes loss of helvolic acid production. Since the biosynthetic genes as well as the pathway itself for helvolic
acid still remain unclear, the knowledge obtained in this study can be useful for further study to elucidate the
mechanism of helvolic acid biosynthesis in more detail. In addition, the ggs2 mutants exhibited weaker
pathogenicity against both the larva of chestnut weevil and of peach fruit moth than wild-type strain. This
finding suggested that helvolic acid may play a role, at least in bart, in the virulence of entomopathogenic fungi.
In future, when genetic modified organism and their products is accepted to be used in the agriculture field in
the normal safe range, higher virulent strain by ggs2 over-expression may be utilized as useful biological

insecticide.
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