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Abstract :

DNA damages caused by various environmental factors induce genetic diseases including cancers
via mutations. In particular, endogenous and exogenous oxidative damages are thought to play an
important role in genetic dysfunctions as well as accelerated aging. For establishment of the
genetic risk-free society, it is important to develop the assay systems for detecting DNA damages
in a large number of uncharacterized chemicals. Therefore, I have developed the genotoxicity tests
using novel yeast-based reporter assays. In this study, I have newly prepared and evaluated the
assay using recombinant yeasts with green fluorescent protein (GFP) or luciferase as a reporter to
assess the chemical-induced genotixicity or oxidative damages. In addition, I have successfully
established a genetic editing method using CRISPR/Cas9 in the budding yeast to generate multiple
gene-deleted host strains efficiently.

In this study, first, I examined the levels of GFP in the yeast cells with the DNA damage-
responsive RNR3 promoter (RNR3p)-driven GFP reporter plasmid after the exposure to DNA
damaging agents including a DNA replication inhibitor hydroxyurea and a strong oxidant hydrogen
peroxide. Induced expression of GFP was observed in the reporter yeast cells at 6h after the
exposure to hyrroxyurea, but not in the yeasts treated with hydrogen peroxide. Second, I newly

developed the oxidative stress-responsive TRX2p-driven yeast strains with two kinds of luciferases



(i.e., luc2 and luc2CP gene coding a stable and an unstable enzyme, respectively) as well as the
corresponding RNR3p-driven reporter strains. Induction of luciferase activity caused by the
treatment with 0.1 mM hydrogen peroxide was successfully detected in the yeasts with a TRX2p-
luc2CP reporter plasmid. The oxidant-dependent induction of luciferase was clearly observed
during 2h after the treatment, indicating that the assay periods can be significantly shortened
compared with those in GFP-based assay. Third, I have examined the transcriptional responses of
the /uc2CP gene upon the exposure to hydrogen peroxide, in seven mutants whose an oxidative
stress response-gene was disrupted and increased levels of luciferase activity were observed in
some of mutant strains compared with that in the wild-type strain. Finally, I have established a
CRIPSR/Cas9-mediated gene editing procedure for the budding yeast. As a model experiment,
STE2 gene encoding a pheromone receptor was disrupted by the method. The constructs expressing
Cas9 and a STE2 guide RNA were prepared and transfected into yeast cells with the repair
fragment DNA, and then transformants with the plasmids were isolated. In this system, only yeast
cells with the STE2 locus replaced with the repair fragment DNA via homologous recombination can
be alive. Four out of seven transformants contained the disrupted STE2 locus, clearly indicating

that usefulness of CRISPR/Cas9 for efficient gene disruptions in yeast.
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