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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.  

Resonant Four-Wave Mixing (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 (AuNPs) directly in cells, without the need of 

fluorophore labelling[5, 6]. In this work, we demonstrate SPR Four-Wave Mixing (FWM) imaging of 15nm and 40nm AuNP in 

fixed HeLa cells. The AuNPs are fluorescently labelled via a Transferrin ligand (Tf) which is attached to the AuNPs either 

through a Tf-Biotin:Streptavidin-NP construct (40nm AuNPs) or through a thermoresponsive polymer (PC) that coats the AuNP’s 

surface (15nm AuNPs). The gold NPs are specifically taken up by HeLa cells via endocytosis mediated by the Tf-receptor. 

 With this study, we specifically aim to investigate whether the constructs of  Tf-biotin-streptavidin-AuNP and Tf-PC-AuNP is 

stably taken up by cells, as compared to its unbound components, a situation which cannot be conclusively distinguished by 

fluorescence only measurements.  

References 

[1] O. C. Farokhzad and R. Langer, ACS Nano, 2009, 3, 16-20,  [2] X. Huang and M. A. El-Sayed, Journal of Advanced Research, 2010, 1, 13-28. 

[3] D. A. Elodie Boisselier, Chem.Soc.Rev., 2009, 38, 1759-1782, [4] Y. Gu, X. Di, W. Sun, G. Wang and N. Fang, Analytical chemistry, 2012, 84, 

4111-4117, [5] F. Masia, W. Langbein, P. Watson and P. Borri, Opt. Lett., 2009, 34, 1816-1818. [6] F. Masia, W. Langbein and P. Borri, Physical 

Review B, 2012, 85. 

 

 

 

 

 

 

 

Introduction Samples 

Two optical pulses resonantly excite the surface plasmon resonance (SPR) of a gold 
nanoparticle. Its change is resonantly probed by a third pulse and generates a FWM field. 
 

Key implementations of our experimental set-up: 
 

 Optical pulses of 150 fs duration centered at 550nm with 80MHz repetition rate 
 Our scheme is triply-resonant with the particle’s LSPR 

 Nanometric positioning of the sample (using an xyz piezoelectric stage) 
 The FWM signal is collected in reflection geometry (epi-detection) 
 Phase- sensitive heterodyne interferometric detection  
 Balanced detection to reject common-mode laser noise ( lock-in amplification) 
 Operates at low power levels (10-100μW) corresponding to negligible average 

photothermal heating compatible with live cell imaging applications 
 

 
 
 

 

The FWM microscope 

The samples consist of fixed HeLa cells embedded with 15nm and 40nm diameter gold NPs -via specific 

biological protocols- , onto which a fluorescently-labelled transferrin (Tf) ligand is attached in order to be able to 

correlate the AuNP’s position inside the cell between FWM and confocal fluorescent microscopy.   

                            40nm AuNP-SA:Bi-Tf-A647 
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Sketch of the FWM epi-detected set-up. AOM: acousto-optic modulator.  
PBS: polarising beam splitter. BDP: balanced photodiodes. 

Results and Discussion 

15nm AuNP-LCST polymer-Tf-A488 

 The following image sets show FWM images (FWM signal and reflection channels) of different regions (indicated on the DIC images) from different cells on each sample along with confocal fluorescence images. 

 Using gridded coverslips, the same sample region was imaged via a confocal fluorescence microscope, and re-located in our home-built FWM microscope.  

 FWM imaging was operated at power levels of 100μW for probe and 200μW for pump beam. 
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From the left to the right: Reflection image 
25x25μm, FWM image (the white dots indicate the 
presence of gold NPs) of the same field of view, 
fluorescent image of approximately the same region 
taken by our collaborators in School of Pharmacy (Tf-
A488 shown).  

DIC image using 100x oil objective 1.45NA/ 
the indicated areas show the field of view of 

the FWM imaging regions 
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From the left to the right: Reflection 
image 15x15μm, FWM image (the white 
dots indicate the presence of gold NPs) 
of the same field of view, fluorescent 
image of approximately the same region 
taken by our collaborators in School of 
Pharmacy (Tf-A647 shown).  

 In this work we have successfully confirmed the stable uptake of 
15nm and 40nm AuNPs conjugates inside fixed Hela cells via 
Resonant Four-Wave Mixing microscopy .  
 

 However, the correlation between the FWM images and the 
fluorescence images is still in progress. Since the FWM and 
fluorescence imaging was undertaken on different microscopes the 
issue of accurately correlating the two images together needs to be 
resolved. 
 

 More data analysis (to follow) is needed to identify and prove 
whether we observe aggregated AuNPs (as it may be the case for 
the 15nm LCST-AuNPs) or single AuNPs. 

DIC image using 100x oil objective 1.45NA/ 
the indicated areas show the field of view of 

the FWM imaging regions 


