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ABSTRACT

Air-borne nanoparticles (NPs) can act as pollutants and have harmful effects, yet at the
same time, the recent improvements in nanotechnology have enabled the design of NPs
with specific properties, and their use in various biomedical applications. For example,
gold NPs (AuNPs) found in mining dust or exhaust fumes can cause serious lung diseases

but are also used as nanocarriers to improve the delivery of drugs into cells.

For air-borne NPs, the main route of entry to the body is via the lungs. After inhalation,
the NPs come into contact with the inner surface of the lungs’ alveolus, a component
called the lung surfactant (LS). The main site of interaction of inhaled NPs is the LS
monolayer, which is composed of lipids and proteins and forms the air-liquid interface of
the lungs. Normal physiological lung function depends on the LS monolayer’s capacity
to act as a surface tension reducer. Despite exhaustive studies, the molecular-level
mechanisms that underpin the adsorption, interaction and translocation/diffusion of
AuNPs, either in their bare (pollutants) or phospholipid/ligand-coated (nanocarriers)

states, into the LS monolayer are still poorly understood.

In this project, a series of coarse-grained molecular dynamics simulations are performed
to elucidate the interaction of bare and phospholipid-wrapped AuNPs with LS
monolayers, resulting in a number of key findings. First, bare AuNPs structurally deform
the LS monolayer in a concentration-dependent manner, changing the biophysical
properties of the monolayer, and creating pores in the monolayer. All of these changes
are likely to interfere with normal lung functions such as maintaining physiological
surface tensions at the interface. Second, the simulations reveal that the surfactant protein
B (SP-Bi2s) found in LS monolayers, is important for monolayer stability and
significantly increases AuNP aggregation in the monolayer. Third, phospholipid-wrapped
AuNPs further increase the aggregation of SP-Bi.2s, inducing buckle in the monolayer,
and participating in the cholesterol sequestration. The studies also explore how the
adsorption of phospholipid-wrapped AuNPs and monolayer perturbation are affected by
the monolayer breathing conditions, monolayer lipid composition, and nature of the
phospholipids used for wrapping.

In summary, the combined findings from these simulation studies have provided

molecular-level insight into the structure and dynamics of the LS monolayer and how
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bare or phospholipid-wrapped AuNPs interact with and diffuse into the LS monolayer.
The molecular insights of these studies will facilitate the future design of nanocarriers for
drug delivery and the assessment of AuNP as a pollutant and thus help to identify
potential health risk in people exposed to bare AuNPs.
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disrupted interfacial surfactant film due to the entrapping of AuNP (from the
air phase as pollutants) by LS. (The image has been reproduced from Bakshi et
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Figure 2.20 NPs (hydrophobic and hydrophilic) cause disruption in the monolayer during
the monolayer (a) compression and (b) expansion. The hydrophobic NPs are
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image has been reproduced from Lin et al. [230] with permission from the

Royal Society of ChemiStry. ........ccceeiieeiiieniieiieeie e 43

Figure 2.21 Pore formation in the lipid (DPPC) monolayer (lipid tail: green; head: yellow)
by C60 fullerene molecules (red). DPPC:C60 (a) 0 (b) 0.1(c) 0.2 and (d) 0.3.
The image has been reproduced from Nisoh et al. [111] with permission from

the Royal Society of Chemistry. .......cccueeviieiiiiiiieiieeiieeieeeeee e 44

Figure 2.22 CNSs (diameter=3 nm) pore formation in the LS monolayer. Effect of CNSs
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image has been reproduced from Yue ef al. [113] with permission from the

Royal Society of ChemiStry. ......ccceeeevieriiiiiiirieeieerie e 45

Figure 2.23 Fullerene concentration alters the DPPC lipid monolayer surface tension. The
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Figure 2.24 Graph showing size effects of graphene nanosheets on the LS monolayer
extractions. Three different colour bars represent outcomes of three
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Figure 2.25 SWCNTs interaction with PSM during expansion (a—d) and compression (e—
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Figure 2.26 Time evolution of different shaped-NPs translocation along Z-axis under the
surface tension 10 mN/m. The image has been reproduced from Luo ef al. [233]

with permission from the Royal Society of Chemistry..........ccocevceevevienennne. 49

Figure 2.27 Effect of hydrophilic NPs with different surface charge density (positive and
negative) on LS monolayer during expansion and compression (a) quantitative
(b) qualitative. The image has been reproduced from Chen et al. [235] with

permission from Taylor & Francis. .........ccccceeeeeevieniiiiiieniecceie e 49

Figure 2.28 The interaction of anionic hydrophobic NPs with surfactant monolayer
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Figure 2.29 (a) Coarse graining of LS components (DPPC, POPG, SP-B, SP-C, and
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and (c,d) the initial state of LS simulation. The image has been reproduced from
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Figure 3.2 a) Atomistic to CG mapping strategy of DPPC lipid (Song et al. [18]). b) CG
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image has been reproduced from Marrink et al. [15] with permission from ACS
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Figure 3.3 Periodic boundary conditions in a two-dimensional view. The image has been
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(lines with triangular marker), POPG (lines with circular marker), and water
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tensions of the monolayers consisting AuNPs with the concentrations of ~0.1,
~0.9, ~1.56, and ~3.52 mol% of AuNPs/lipids at APLs of 0.47 nm? are ~1.6,
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Figure 6.12A2 Representative snapshots showing the aggregation of AuNPs in the LS
monolayer in the state I with two different sizes (3 nm and 5 nm) AuNPs at a
concentration ~0.58 mol% of AuNPs/lipids. The reverse micelles formation
near the aggregated NPs were seen throughout the simulation. The AuNPs are
shown as yellow spheres, DPPC as cyan, POPG as green, CHOL as red, SP-Bi.
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Figure 6.13A2 Density profiles of individual components of model surfactant monolayer
(DPPC:POPG:CHOL:SP-Bi.35) in (a) state I and (b) state II at different
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Figure 6.16A2 (a) Cluster size analysis of surfactant peptide B (SP-Bis) during
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along Z-axis, (b) top view showing SP-Bis clustering in the surfactant

monolayer, and (c) SP-B1.25 number density map after 2 us of simulation..179
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Figure 6.19A2 Interaction between SP-Bi.25s (shown in orange) and the AuNPs (shown as
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(without NPs) at surface tension 0 mN/m, with (orange) and without SP-Bj.2s
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Figure 6.22A2 2D diffusion coefficients of PLs at different AuNPs concentrations, with
different colours corresponding different monolayers states; I (green), II (red),
and III (purple). The error bars have been calculated using the standard
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adsorbed DPPC (cyan), POPG (green) and cholesterol (red) beads. (b) The RDF
between the COM of AuNP molecules and the COM of cholesterol for different
combinations of AuNP and LS monolayers. All data are taken for systems in
the compressed state (APL=0.47 nm? with peptide and APL=0.46 nm? without
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