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Background
• Nanoparticles (NPs) are 1-100
nm in size (1 nm is one millionth
of a metre).
• NPs can be natural (e.g. in soot)
or manufactured (man-made).
• Manufactured NPs (MNPs) have
a wide range of uses, including
in sun screen, toothpaste, sports
equipment and clothing, and are
very commercially important.

Due to their small size,
MNPs have special
chemical properties,
making them more reactive.

The aquatic environment is the final
destination for pollutants such as
MNPs and PAHs. The health of such
water bodies is closely linked to the
health of humans that use them
(for water, agriculture and recreation etc.).

If both MNPs and PAHs are present in the environment,
they may interact to produce different toxic effects to when
they are alone, i.e. MNPs may act as chemical Trojan
horses, modifying or increasing potential damage.

Other pollutants, including organic compounds
collectively known as polycyclic aromatic
hydrocarbons (PAHs), are found in diesel exhaust,
oil spills, and tobacco smoke. They have known
detrimental effects on the health of humans and
wildlife, including induction of cancer.

• Although MNPs and PAHs may both cause detrimental
effects and they are likely to occur in all possible
combinations in the environment, their interactive
effects are unknown.
• Within cells (the smallest unit of life), they can cause
damage to biomolecules (e.g. proteins and DNA).
• They may also cause damage through the formation of
highly reactive molecules called free radicals which are
involved in many pathological conditions.

What will the Trojan Horses project do?
This project will examine the interactions between a
common PAH and two types of carbon MNPs
(carbon nanotubes [CNTs] and C60 fullerenes
[‘buckyballs’]). These pollutants will be tested alone
and in combination.

We use the marine mussels as a model
organism – i.e. one that represents
other species and the ecosystem as a
whole.

Mussel haemocyte
(blood cell) showing
DNA strand breakage
(measured by the
comet assay) after
exposure to a
reference chemical.

Blood, gill, or gut
cells removed
from the mussels
for in vitro tests.

Mussels or mussel
cells exposed to
BaP and/or MNPs
in seawater.

Mussels in
seawater for
in vivo tests.

After exposure, a variety of methods will be used to determine how MNPs interact with cells
(uptake), how they interact with DNA and genes. In addition, the effects of free radicals and
oxidative stress on DNA and cells will be determined using cutting edge techniques.

Novel techniques
• The project will use a range of novel techniques to monitor a selection of molecular responses.
• MNPs with specific surface modifications will be purpose-made. This will allow us to follow them inside mussels.
• Our Italian partner has recently developed a low density microarray, which enables the quantification of changes
in expression of many genes at once (>4000).
• This will enable us to potentially discover the key genetic pathways that are up- or down-regulated in mussels
after exposure to CNTs, C60s and/or PAHs. Such pathways are often highly conserved across species, meaning
the mechanisms of action may be very similar in humans exposed to these pollutants.
• Integration of results from multiple tests will be performed using advanced computational modelling.

What will the Trojan Horses project provide?
• Thorough characterisation of the CNTs and C60s in seawater, with and without mussels. So that we know how
these highly reactive particles behave in this environment, and therefore how they might interact with organisms.
• Identification of the pathways by which free radicals are generated by these MNPs, with and without PAHs.
• Valuable data on the uptake and toxicity of these emerging pollutants in a commercially and ecologically
important species (mussels).
• Transferable knowledge for human and environmental health protection, allowing these commercially important
materials to be used without adverse impacts on society..
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