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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?



Key Experimental Methods for
Module 1

* 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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The Structure of DNA
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DNA is constantly being damaged by
endogenous and exogenous agents
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Damage to DNA can creates
permanent changes in the
genetic information
(mutations)
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Some cancer Chemotherapy agents and all Radiotherapies
CAUSE DNA DAMAGE




Environmental exposures to potentially
harmful agents

Harmful agents

People have different
exposures

People have different
responses
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Toxic agents in our environment
Gene-Environment Interaction

Time/Age/Behavior



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

‘Direct Reversal
Methyltransferase, Oxidative demethylase
» Excision Repair
Base excision, nucleotide excision, mismatch repair

* Double strand break repair

Homologous recombination, Non-homologous end joining
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What are the known risk factors for
Skin Cancer?
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Skin Cancer?

Modest Sunbathers
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Nature Reviews | Cancer
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Lack of DNA repair accelerates the onset of cancer

Cumulative cancer incidence (%)

XP population

Non-XP population
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Interindividual Variation in DNA Repair
Capacity
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XP frequency = ~1:250,000 giving a theoretical maximum of
how many cases worldwide with 2,000-fold increased risk

Even if just 1% of the population is relatively repair deficient,
could have how many with several-fold increased risk
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RNA Polymerase IT is exquisitely
sensitive to DNA lesions
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Nature Reviews Molecular Cell Biology 9, 958-970
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Low NER status combined with excessive sun
exposure is very dangerous
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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 will we actually measure DNA repair efficiency?



DNA Repair Strategies

‘Direct Reversal
Methyltransferase, Oxidative demethylase
» Excision Repair
Base excision, nucleotide excision, mismatch repair

* Double strand break repair

Homologous recombination, Non-homologous end joining
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DNA double-strand break repair

Non Homologous/ \ Homologous
End Joining Recombination
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Key Experimental Methods for
Module 1

* 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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How do you grow mammalian cells?

TISSUE CULTURE

PETRIDISH TISSUE

PROLIFERATION
OF
FIBROBLASTS

MONOCELLULAR
LAYER OF
FIBROBLASTS

Confluent monolayer
growing in flask after
about one week

Medium removed,
monolayer washed
in PBSA

Cells spreading
after a few hours

Cells reseeded in

fresh flask

Cells resuspended
in medium, ready
for counting and
reseeding

Trypsin removed,
leaving residual film

Cells rounding
up after incubation

From Freshney’s “Culture of Mammalian Cells”
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How do you grow mammalian cells?
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From Freshney’s “Culture of Mammalian Cells”



How do you grow mammalian cells?
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Hela cells from the
Nikon microscope
web site
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Chinese Hamster Ovary (CHO) cells are immortal
— they can grow indefinitely
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Key Experimental Methods for
Module 1

* 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



Chinese Hamster Ovary (CHO) cells are immortal
— they can grow indefinitely

NEXT LECTURE

* |solating X-ray-sensitive (xrs) CHO cells

e Xrs cells are deficient in NHEJ

e Detecting NHEJ proteins by Western

* Measuring NHEJ activity

* Using fluorescent proteins to measure
biological processes....
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