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Metallic nanoparticles (NPs) are attracting increasing interest in a wide range of biomedical 

applications, such as  drug delivery[1], photothermal therapy[2], and advanced molecular 

sensing schemes[3]. Locating and tracking optical probes accurately is extremely important in 

the understanding of the biological processes that they interact with[4]. Gold NPs are 

excellent optical labels as they exhibit high optical cross sections near their morphology-

dependent surface plasmon resonance (SPR) frequencies. Owing to their high photostability 

and biocompatibility, together with their photothermal properties and electron microscopy 

contrast, gold NPs are among the most promising systems utilised in the biomedical 

research community. 

Resonant FWM microscopy, a coherent third-order optical imaging technique, has recently 

emerged as a new powerful tool for background-free imaging of single small gold NPs 

directly in cells, without the need of fluorophore labelling[5, 6]. In this work, we demonstrate 

SPR-resonant Four-Wave Mixing (FWM) microscopy of gold NPs in fixed HeLa cells, 

correlative with wide-field and/or confocal epi-fluorescence microscopy.  

We have investigated 10nm and 40nm diameter gold NPs, onto which a fluorescently-

labelled transferrin (Tf) ligand is attached, to form a Tf-biotin streptavidin-NP construct. 10nm 

gold NPs had fluorescently labelled streptavidin attached via adsorption, while the 40nm 

gold NPs had an unlabelled streptavidin covalently attached. These NPs are specifically 

taken up by HeLa cells via endocytosis mediated by the Tf-receptor. Using gridded 

coverslips, the same sample region was imaged with a commercial fluorescence 

microscope, and re-located in our home-built FWM microscope. With this study, we 

specifically aim to investigate whether the construct Tf-biotin-streptavidin-NP is stably taken 

up by cells, as compared to its unbound components, a situation which cannot be 

conclusively distinguished by fluorescence only measurements. Preliminary results indicate 

that a significant proportion of fluorescence originates from unbound streptavidin. More work 

is in progress and will be presented. This study will help to devise a protocol for specifically 

transporting gold NPs into cells. 
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