Monitoring the intracellular dynamics of polystyrene nanoparticles in lung epithelial cells monitored by image (cross-) correlation spectroscopy and single particle tracking
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Abstract
Interactions of nanoparticles (NPs) with living cells and resulting biological responses are largely dependent on NP uptake processes, intracellular transport and their complex behaviours. In order to demonstrate the applicability of image (cross-) correlation spectroscopy based techniques for monitoring the intracellular dynamics of NPs, 100 nm fluorescently stained carboxylated polystyrene (PS) NPs were used to expose in vitro cultured human lung epithelial A549 cells, thus mimicking NP exposure in the lungs. Transport direction, transport velocity and diffusion of PS NPs were determined to acquire more insights in the intracellular transport following NP uptake. To complement these ensemble average techniques, PS NP motions were also analysed by single particle tracking. Hereby, distinct clusters are registered and tracked frame by frame allowing access to individual PS NP dynamics. Potential dynamic interactions of NPs with the nucleus, mitochondria, early endosomes, late endosomes and lysosomes were also explored. PS NPs directed motions were shown to be highly dependent on the microtubule-assisted transport and were strongly associated with the endolysosomal compartment. Image (cross-) correlation analyses were shown to be a powerful tool for determining the kinetic behaviour of NPs inside the cell.
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