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What experimental question will you ask in
Module 27

How efficiently does DNA repair by the Non
Homologous End Joining (NHEJ) pathway act
on DNA damage with different topologies?

This raises the following questions

 How does DNA get damaged?

 What is DNA repair?

* Why does DNA repair exist?

« Why do we care about how efficient DNA repair is?

« How does one actually measure DNA repair efficiency?



DNA Damage and Repair
"

\/ \/ \/ \/

X-rays
Oxygen radicals UV light _ X-rays Replication
Alkylating agents Polycyclic aromatic ~ Anti-tumour agents errors
Spontaneous reactions hydrocarbons (cis-Pt, MMC)

¢

Uracil

Abasic site (6-4)PP Interstrand cross-link A-G Mismatch
8-Oxoguanine Bulky adduct Double-strand break T-C Mismatch
. CPD Insertion
Single-strand break Deletion
Alkylation
Direct-Reversal Base-excision Nucleotide-excision Recombinational Mismatch repair
repair (DR) repair (BER) repair (NER) (HR, NHEJ)

Repair process
Adapted from Hoeijmakers 2001 Nature



DNA Damage and Repair
‘

\/ \/ \/ \/

X-rays
Oxygen radicals UV light _ X-rays Replication
Alkylating agents Polycyclic aromatic ~ Anti-tumour agents errors
Spontaneous reactions hydrocarbons (cis-Pt, MMC)

Abasic site
8-0Oxoguanine

Repair process
Adapted from Hoeijmakers 2001 Nature



DNA Damage and Repair
"

\/ \/ \/ \/

X-rays
Oxygen radicals UV light _ X-rays Replication
Alkylating agents Polycyclic aromatic ~ Anti-tumour agents errors
Spontaneous reactions hydrocarbons (cis-Pt, MMC)

RESPONSES of TUMOR and NON-TUMOR CELLS to CANCER
RADIOTHERAPY and CHEMOTHERAPY

\ \ M v M

Direct-Reversal Base-excision Nucleotide-excision Recombinational Mismatch repair
repair [DR) repair (BER) repair (NER) (HR, NHEJ)

Repair process
Adapted from Hoeijmakers 2001 Nature




Key Experimental Methods for
Module 2

* Mammalian tissue cell culture

* Monitoring protein level by Western blot
* Generating plasmids with DNA damage
* Transfecting plasmids into mammalian cells

» Using fluorescent proteins as reporters of
biological processes

* Flow cytometry to measure DNA repair

 Statistical analysis of biological data
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DNA double-strand break repair

Non Homologous/ \ Homologous
End Joining Recombination




Non-Homologous End Joining (NHEJ)
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How does
the cell
decide
which

pathway to
use?



The Cell Cycle
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Progression through the Cell Cycle REQUIRES a series
of cyclins and cyclin-dependent-kinases (CDKs)
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Disposition of DSBs between repair pathways.
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Signaling at DSBs — ATM kinase activated
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Ataxia Telangiectasia — Cancer Prone

Defective DNA
Damage Responses
can affect both
neurodegeneration
and cancer
susceptibility




Ataxia Telangiectasia
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Basis for the fluorescent reporter assay:
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Fluorescence Detection
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Flow Cytometry

Flow Cytometry
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Flow Cytometry

Flow cytometry analyzes cells one by one

Fluorescence, diffracted and reflected light can be measured for
each cell

Multiple lasers and multiple colors can be analyzed at millions of
cells per minute

Resulting plots show the relative level of fluorescence of each cell
for specific wave lengths.
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