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[Abstract]
Key Words:  Genetics, Genetic Toxicology, DNA repair, Genotoxic agent, DNA damage

In this study, we developed novel method to detect genotoxic reagents using GENETIC
approach. Our quantitative high throughput screening system (qHTP) for identifying
genotoxic compounds based on the detection of increased cytotoxicity in mutant DT40
clones, each with a specific DNA repair pathway deficiency, compared to that exhibited
by the isogenic repair-proficient parental cell line. First, we screened 1408 compounds
for genotoxic reagents and we got 42 positive compounds. 42 out of 1408 compounds
tested were identified as positive genotoxic compound seems low given the results of
other genotoxicity assays. To increase the sensitivity of our genetic approach to detect
genotoxi reagents, we modified our method. (1) Increasing culture time from 24h to 72h
significantly sensitized our method. (2) Using rat liver extract (S9mix) gave us novel
opportunity to detect potential genotoxins by metabolic activation.

We analyzed chromosome aberration (CA) for validating precision of gHTS. Our CA
analysis demonstrated that this screening method exactly identifies compounds with
genotoxicity. The spectrum of the sensitivity to each chemical compound among DNA
repair deficient mutants might supply informative clue to understand the type of DNA
damage induced by chemical compound. For example, actinomycin D induced CAs in
Ku70/Rad54 mutant cells pronouncedly, suggesting that it induces DNA double strand
breaks (DSBs). Alkylating agents such as melphalan induced CAs in FancC mutant,
suggesting that it induces inter-strand cross links (ICLs). And alachlor, benzotrichloride,
and trans 1,4-dichloro-2-butane induced CAs in Rev3-deficient cells, suggesting that they
induce lesions on DNA strand that cause replication stall. The data set of the relationship
between gene-compound that can be identified with the current method might become
useful data source to estimate the nature of compound in future.

CA analysis is used to detect mutagenic chemical compounds and to estimate the dose
of ionizing radiation to be administered. It has long been believed that chromosomal
breaks are always associated with DSBs. We provided compelling evidence against
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this canonical theory using our genetic approach. WWe measured the number of
chromosomal breaks induced by three replication-blocking agents (aphidicolin,
5-fluorouracil, and hydroxyurea) in DSB-repair-proficient wild-type cells and cells
deficient in DSB-repair. Exposure of cells to the three replication-blocking agents
resulted in comparable numbers of chromosomal breaks for RAD547/KU70™ DT40
clones and wild-type cells, indicating that the replication-blocking agents can cause
chromosomal breaks unassociated with DSBs.
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