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Explanation of the manuscript’s significance:

The dynamics of nanoparticles (NPs) on membrane is closely associated with the cellular uptake process, which is essential for the understanding of cell functions, viral or bacterial infections and the development of artificial nanomedical delivery systems. Single particle tracking (SPT) analysis could probe the position and orientation of individual nanoparticles on cell membrane, and reveal their translational and rotational states. Fluorescence-based microscopic imaging techniques have become valuable tools for observing NPs/molecules in living cell environment. However, the inherent disadvantages of single fluorophores, such as low intensity and rapid irreversible photobleaching, reduce the accuracy and duration of tracking. Therefore, non-fluorescent plasmonic NPs, replacing the fluorescent probes, have attracted more and more attention in long-term imaging studies due to their unique optical characteristics. Based on the scattering signals of plasmonic NP probes, several kinds of optical microscopic imaging technologies have been used to study the mechanism of biological processes. In addition, the time-resolved trajectories and orientational angles generated by individual NPs are normally stochastic and heterogeneous, so it is necessary to present abundant dynamic information with various analysis methods.
In this work, we propose an integrated protocol for studying the diffusion dynamics of AuNRs on live cell membrane with SPT method. The dynamic of AuNRs was monitored with single nanoparticle darkfield microscopy, extracted using ImageJ and MATLAB, and characterized by comprehensive analytical methods. CTAB@AuNRs did abnormal diffusion motion on U87 cell membrane, and its motion shows spatiotemporal heterogeneity. Our SPT methods can be potentially used to study surface or intracellular particle diffusion in different biological cells, and can become a powerful tool for investigations of complex cellular mechanisms.
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