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Figure 5.2. (a) Schematic model of a spherical metal nanoparticle with the fcc structure,
showing atoms at surface steps. (b) A model of a cubeoctahedral particle of similar size,

containing 777 atoms. (c) Icosahedron with the same number of atoms, constructed using the
homogeneous strain model. (d). decahedron, also with 777 atoms.
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e Coarse particles
* Fine particles

o Ultrafine particles
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 Nose, pharynx & larynx
 Trachea & bronchi

e Terminal bronchi and alveolar air space



Temporal perspectives

Life started about 3.5 billion years ago

Unicellular organisms primarily internalise
larger objects by pinocytosis

Multicellular organisms appeared about 450
million years ago.

Although multicellular organisms have
complex digestive systems, they rely totally
on the ability of cells to engulf particles



Engulfing mechanisms



Engulfing of viruses



Caveolar mechanism



Penetration of asbestos fibers into
airway mucosal epithelium cells

airway mucosal epithelium several weeks after attempted phagocytosis of long chrysotile fiber
exposure to crocidolite asbestos by an airway mucosal epithelial cell (in vitro)

F2003 HLTH 350 Lecture 4C




Phagocytosis of asbestos fibers

pulmonary alveolar
macrophage cell
attempting to engulf
and ingest several
long crocidolite
asbestos fibers

Incomplete ingestion
of asbestos fibers
can lead to extensive
‘selective release’ of
proteolytic enzymes
and ROS from the
‘frustrated’ PAMs

HLTH 350 Lecture 4C







Exposure







Sites of especial cellular vulnerability



Mechanisms of nanoparticle
cytotoxicity



 Membrane perturbation
 Lipid peroxidation
« Surfactant effects

e Chaperone effects on proteins
» Pathological effects on folding

* Physical damage
e Accumulation at extracellular or intracellular sites



e Catalysis
« Often oxidative damage
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Mechanisms of nanoparticle cytotxicity



TBARS thiobarbituric acid reactive substance
LOOH lipid hydroperoxide



Mechanisms of nanoparticle cytotoxicity



Mechanisms of nanoparticle cytotoxicity



e Catalysis
« Often oxidative damage

 Membrane perturbation
 Lipid peroxidation
« Surfactant effects

* Physical damage
e Accumulation at extracellular or intracellular sites



Engine emission particulates may be similar in
scale to subcellular structures



Engine emission particulates may be similar in
scale to subcellular structures



Outcomes of protein-nanoparticle
Interaction



* Protein conformation altered with loss of function (molten globule)

* Protein conformation altered with altered function (chaperone)



Outcomes of protein-nanoparticle
Interaction



* Protein conformation and function unaltered (e.g. antibody label)

* Protein conformation altered with altered function (chaperone)



Outcomes of protein-nanoparticle
Interaction



* Protein conformation and function unaltered (e.g. antibody label)

* Protein conformation altered with loss of function (molten globule)



Outcomes of protein-nanoparticle
Interaction



Cellular chaperone machinery can
Interact with nanoparticles



e Catalysis
« Often oxidative damage

 Membrane perturbation
 Lipid peroxidation
« Surfactant effects

e Chaperone effects on proteins
» Pathological effects on folding



Outcomes of protein-nanoparticle
Interaction
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Increasing commercial activity



Wichmann HE & Peters A (2000phil. Trans. R. Soc. Loné 358 2751-2769
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“The discoverer of an art is not the best judge
of the good or harm which will accrue to
those who practice.it

Plato,Phaedrus









Conclusions



“A clever man solves a problem,
a wise man avoids it”

Albert Einstein



How Does an Atomic Force
Microscope (AFM) Work?



Advantages of SPM



AFM facilities at the University of
Ulster.



AFM facilities at the University of
Ulster.



Functionalising cantilever tips
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Crosslinking to Gold



Gold Coating of Cantilever Tip
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Force Distance Curves



Dual beam cryo FIB



Nano-milling



Yeast cells -180C



Sublime!



