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The enabling technologies that are prevalent in life science research and those more desirable for translational 
applications have a major difference: The former emphasizes the capability of quantitative analysis of multiplex 
components, while the latter weighs more heavily on the efficiency and robustness of the system, even though 
in some cases only qualitative results are provided. There lies the problem: the bench-based methods are not 
translational to patient-oriented applications, and the clinical tools are suffering from low sensitivity, long 
response time, etc.  
 

    Nanosensors may offer a solution to bridge this gap, as their sensitivities approach the single molecule level 
and their architectures are adaptable to various clinical needs. In this talk, I will present optical nanosensors as 
a tool to extend our capability for the applications of translational medicine. Two examples will be given to 
represent two distinct architectures to solve medical problems at single molecule and single cell level, 
respectively. In the first example (Fig. 1), the nanosensor is a gold plasmonic nanoparticle integrated to a 
nanoscale fiber tip (“lab-on-a-tip”). We will demonstrate the detection of intracellular pathological proteins 
related to Alzheimer’s disease in primary neurons – the type of cells which are challenging to label with 
fluorescent reporters using traditional methods 1, 2. In the second example (Fig. 2), we place a single gold 
nanoparticle into a photonic nanocavity and form “antenna-in-a-nanocavity”. We will demonstrate this photonic-
plasmonic hybrid configuration significantly enhances the light-matter interactions and can bring the detection 
sensitivity down to single molecule level, which enables us to study the single molecule interactions between 
DNAs and proteins unperturbed by fluorescent labels 3,4. These nanosensor approaches, complementary to 
fluorescent imaging, will broaden our understanding of basic life processes at molecular level and will provide 
new ways for drug discovery and disease diagnostics.  

 
Figure 1. (a) Illustration of the measurement flow. A baseline signal of the lab-on-a-tip probe nanosensor was first taken in 
close proximity to the cell. The probe was then inserted into the cytoplasm, incubated for 2 min and retracted from the cell. A 
second spectrum was taken at the same focus spot as the baseline spectrum. (b) SEM image of the nanofiber probe.  

 
Figure 2. (a) Illustration of the photonic-plasmonic hybrid biosensor, consisting silicon photonic chip for biosensing and 
polydimethylsiloxane (PDMS) microfluidic chip for sample delivery. (b) SEM image of the silicon photonic chip shows the 
multiplexed photonic crystal nanobeam cavities (zoomed SEM inset) connected by waveguiding components to the edge of 
the chip for input/ouput coupling. (c) SEM image of the photonic cavity nanobeam cavity, with a single 50 nm gold particle 
trapped in the central grating of the nanocavity, thus forming the antenna-in-a-nanocavity architecture. (d) Zoom in of the 
nanoparticle, and the strong localized electromagnetic field around the nanoparticle.  
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