
DNA Damage Response to
Naphthalene metabolites

Jun Nakamura, DVM. PhD
Department of Environmental Sciences and Engineering

University of North Carolina at Chapel Hill
October 9, 2006



1] Abasic site assay (1998).
2] Real-time DNA SSB assay
(2003).
3] DNA damage response analysis
(2007).

Establishment of novel assays



What is the DNA damage
response analysis?



[Krokan, et al., Biochem J, 1997]



Specific DNA damage

Global DNA damage responses



1] Discover a new function of DNA
repair gene.

2] A novel screening method for
detection of genotoxic compounds.

DNA damage response project
using genetic approach





Chicken DT40 B-lymphocytes line

•High gene targeting frequencies (10-
90% among stable transfectants).

•Stable phenotype; ideal for analysis
of DNA repair defects.

•DT40 cells express some proteins
which yeast cells don’t have (e.g.,
PARP1, Pol, BRCA1, BRCA2, etc).



Method of DNA damage
response analysis



DT40-derived isogenic cells deficient in
DNA repair/checkpoint function
(BER, NER, MMR, TLS, DSB, Intra-S checkpoint)

Test compound

Seed cells in 24/96-well plates

Wait for 10-cell replication cycle

Read yellow color to detect viable cells
using regular plate reader

XTT dye cocktail

positiveDNA
damaging
agents



1] Endogenous aldehydes:
formaldehyde, acrolein, crotonaldehyde,
glyoxal, methylglyoxal
2] Naththale metabolites:
1,2-naphthoquinone, 1,2-naphthalenediol,
1,4-naphthoquinone, 1,4-naphthalenediol
3] Estrogen metabolites:
2-OHE2, 4-OHE2

DNA damage response project
using DT40 cells



ExposureExposure

- DT40 cells
- DT40-derived pol-/- cells
- DT40-derived fen1-/- cells

Model system: DT40-derived B-lymphocytes

CellsCells

survival assay

AssaysAssays
Methyl methanesulfonate (MMS)



Base excision repair (BER) for alkylated
purines
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Base excision repair (BER) for alkylated bases
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ExposureExposure

- DT40 cells
- DT40-derived pol-/- cells
- DT40-derived fen1-/- cells

Model system: DT40-derived B-lymphocytes

CellsCells

survival assay

AssaysAssays
H2O2
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ExposureExposure

- DT40 cells
- DT40-derived xpa-/- cells

Model system: DT40-derived B-lymphocytes

CellsCells

survival assay

AssaysAssays
formaldehyde
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Question:
-Do naphthalene metabolites introduce DNA
damage in cellular DNA?

- What is a major impact of naphthalene
metabolites on DNA damage response?



Base adducts

Abasic sites

Oxidized bases/
Oxidized abasic
sites/SSBs

Mutations

Carcinogenesis?
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Base adducts

Abasic sites
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ExposureExposure

- wt DT40 cells

Model system: DT40-derived B-lymphocytes

CellsCells

survival assay

AssaysAssays
1,2-NaphDiol vs 1,4-NaphDiol







ExposureExposure

- wt DT40 cells
- DT40 cells deficient in DNA damage response

Model system: DT40-derived B-lymphocytes

CellsCells

survival assay

AssaysAssays
1,4-NaphDiol
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Conclusions
•DNA damage response analyses using isogenic DT40 cell

model system are a novel and powerful experimental
procedure to identify genotoxicity and DNA damage
response for new chemicals .

•Abasic sites unlikely play a significant impact on DNA
damage response in DT40 cells exposed to naphthalene
metabolites.

•Oxidized DNA lesions and bulky adducts may cause cell
death in DT40 cells deficient in various DNA damage
response pathways.

•1,4-NaphDiol introduces a serious cell death in some of
DT40 cells deficient in DNA repair pathways at 300 nM,
which cause little cytotoxic effects in wild-type DT40,
indicating that naphthalene metabolites have a significant
genotxicity.
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Collaborations

•Need protocols
•Test your compounds
•Need new assays
•Other collaborations

•Email:
ynakamur@email.unc.edu


