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DNA damage and 
repair

•  

© 2001 Nature Publishing Group Hoeijmakers, J. H. J. Genome maintenance mechanisms for preventing cancer. Nature 411, 366–374 (2001) doi:10.1038/35077232
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Flavonoids and 
antigenotoxicity
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Isoquercitrin
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It must be great to work 
with yeast!

• The first eukaryotic organism with the 
genome sequenced

• The first microarray experiments were 
made with yeast

• Large scale analyses are “easy” with yeasts:
• Euroscarf project
• Protein interactions
• Protein localization
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Fundamental mechanisms are 
highly conserved

Harrison and Haber. 2006. Annu Rev Genet 40:209-35

Friedberg et al. 2006. DNA Repair and Mutagenesis, 2nd ed ASM Press

DNA damage checkpoint proteins
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Dilute culture to DO600=0.1 Incubate until DO600=0.4 80μl LMA + Zymolyase

Incubation with toxicant

After this point all procedures
are performed at 4ºC

LysisWash/unwinding, pH10Electrophoresis

Neutralization, pH7.4Fixation

Dying with EtBr or GelRed Analysis

DNA damage assessment 
in yeast by the comet assay

4x106 cells
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DNA damage correlates 
with toxicant concentration

Azevedo et al., 2011. Yeast 28:55-61

5mM H2O2

10mM H2O2
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DNA damage increases 
along with culture aging

Azevedo et al., 2011. Yeast 28:55-61
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Dilute culture to DO600=0.1 Incubate until DO600=0.4 80μl LMA + Zymolyase

Incubation with 
toxicant

After this point all procedures
are performed at 4ºC

LysisWash/unwinding, 
pH10

Electrophoresis

Neutralization, 
pH7.4

Fixation

Dying with EtBr or GelRed Analysis

4x106 cells

DNA damage repair 
evaluation by the comet assay

After removal of the toxic 
compound, cells are 

allowed to recover damage 
for different time points
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DNA damage repair is 
abolished at 4ºC

4ºC

16ºC

30ºC
37ºC

Azevedo et al., 2011. Yeast 28:55-61
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Dilute culture to DO600=0.1 Incubate until DO600=0.4 80μl LMA + Zymolyase

Incubation with 
toxicant

After this point all procedures
are performed at 4ºC

LysisWash/unwinding, 
pH10

Electrophoresis

Neutralization, 
pH7.4

Fixation

Dying with EtBr or GelRed Analysis

4x106 cells

Antigenotoxicity evaluation 
by the comet assay

Incubation with 
natural compounds
(pre-incubation with 

phytochemicals)

14 de Dezembro de 2011



Ginkgo biloba, the 
atomic bomb survivor

http://www.xs4all.nl/~kwanten/hiroshima.htm
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GBE protects S. cerevisiae from 
oxidative DNA damage

!

10mM H2O2H2O S buffer

S buffer before 10mM H2O2 GBE/100 before 10mM H2O2 GBE/20 before 10mM H2O2

GBE/4 before 10mM H2O2 GBE/2 before 10mM H2O2 GBE/2
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GBE protects S. cerevisiae 
from oxidative DNA damage

Pre-incubation with GBE

!

Assay with the standard extract 
EGb 761 (1mg/ml)

Marques et al., 2011. Food and Chemical Toxicology, in press
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GBE also protects cells in 
co-incubation with H2O2

Marques et al., 2011. Food and Chemical Toxicology, in press
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GBE increases DNA repair 
capability upon oxidative 

damage
Post-incubation with GBE

Non-incubated cells

Cells incubated with GBE

Marques et al., 2011.
Food and Chemical Toxicology, in press
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Yeast DNA repair 
defective mutants are 

insensitive to GBE
Cdc9: DNA ligase of the last step of NER and BER

23ºC 37ºC

Marques et al., 2011. Food and Chemical Toxicology, in press
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GBE decreases intracellular 
oxidation
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Non-treated cells

Cells treated with 10mM H2O2

Cells treated with GBE
prior to 10mM H2O2

Non-treated cells

Cells treated with 10mM H2O2

Cells treated with GBE
prior to 10mM H2O2

Non-treated cells

Cells treated with GBE

Dichlorofluorescein diacetate fluorescence

Dichlorofluorescein diacetate fluorescence

Marques et al., 2011. Food and Chemical Toxicology, in press
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Yeast cells have more 
fitness in the presence 

of GBE
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Yeast cell cycle can be 
assessed by cell morphology
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Effect of GBE on cell cycle 
arrest upon H2O2 treatment

Wash and addition of buffer

Incubation with 10mM H2O2

With GBE

Wash and addition of GBE

Incubation with 10mM H2O2
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Effect of GBE on cell cycle 
arrest upon H2O2 treatment

Cell cycle analysis by flow cytometry with SYBR-Green

Wash and addition of buffer or GBE
Incubation with 10mM H2O2
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Conclusions
• Comet assay is suitable in yeast cells for assessment of DNA 

damage and DNA damage repair

• GBE improves cell viability under oxidative stress

• GBE protects yeast cells from oxidative DNA damage

• GBE improves DNA damage repair

• GBE decreases intracellular oxidation

• GBE abrogates cell cycle arrest in G2/M upon oxidative 
shock

• Yeast mutants allow to gain important insights on 
genotoxicity and antigenotoxicity mechanisms
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