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ABSTRACT

This presentation describes two areas of research related to the development of metallic nanostructured probes and nanosensors for chemical and biological analysis: (1) nanostructured metallic probes for surface-enhanced Raman scattering (SERS) biochemical analysis, and (2) nanosensos for in vivo analysis of a single cell.
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The first research work involves the development of metallic nanostructures that can produce the SERS effect for ultrasensitive chemical analysis. The intensity of the normally weak Raman scattering process is increased by factors as large as 106-1011 for compounds adsorbed onto a SERS substrate, allowing for trace-level detection. Our laboratory has taken a unique approach towards the SERS technology in the development of solid surface-based SERS substrates. These substrates can generally be fabricated as silver-coated nanostructures that are capable of enhancing the Raman signal of adsorbed compounds.  The fabrication process involves spincoating a smooth, planar base support with a layer of the nanoparticles (nanospheres, alumina, titatium dioxide, etc.) and then coating the nanoparticle base with a 50-150 nm layer of silver via vacuum deposition. Figure 1 shows a scanning electron micrograph (SEM) of a SERS–active surface based on nanospheres (300-nm diameter coated with a 100-nm layer of silver).  Our nanoparticle-based SERS technology that has enabled sensitive detection of a variety of significant chemicals, including polycyclic aromatic compounds, organophosphorus compounds, chlorinated pesticides, fungicides and other growth inhibitors.  The nanoparticle-based technology has also been incorporated in several fiberoptic probe designs for remote analysis. The development of a SERS gene probe technology based on the solid surface-based technology has also been reported. In one study, the selective detection of HIV DNA and breast cancer gene was demonstrated. 
Figure 1:  SEM photograph of Silver-Coated 

Nanosphere-based SERS substrates 

Recent advances in nanotechnology leading to the development of optical fibers with nanoscale dimensions have opened new horizons for intracellular measurements in living cells. We have developed nanosensors for in situ intracellular measurements of single cells using antibody-based nanoprobes. In this work, we describe the development of nano-biosensors for in situ monitoring of single cells using biosensors having antibody-based nanoprobes (3-6). Biosensor/bioprobe technology has been at the forefront of analytical instrumentation research. The nanoprobe described in this work has antibody-based receptors targeted against benzopyrene tetrol (BPT). We have selected BPT as the analyte model system because this species has been used as a biomarker of human exposure to benzo[a] pyrene (BaP), a polycyclic aromatic hydrocarbon (PAH) of great environmental and toxicological interest because of its mutagenic/carcinogenic properties and its ubiquitous presence in the environment.

Figure 2 shows a scanning election micrograph of an example of a fiber nanoprobe fabricated using a fiber pulling procedure.  The scale on the photograph indicates that the distal end of the fiber shown is approximately 50 nm (Figure 2).  To prevent light leakage of the excitation light on the tapered side of the fiber, the outside wall of the tapered end was coated with a thin layer of silver (100-300 nm) leaving the distal end of the fiber free. In this example, a 200-250 nm silver layer was deposited around the fiber. With the metallic coating, typical diameters of metal-covered bioprobes are less than one micron, on the order of 250-300 nm (Figure 2).  The next step in the preparation of the bioprobes for the present work involved covalent immobilization of anti-BPT antibodies onto the fiber tip.
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Figure 2 Photograph of an Antibody-based Nanoprobe. (The small size of the probe (200-nm diameter) allows manipulation of the nanoprobe at specific locations within single cells).

Figure  3 Photograph of Single Cell Sensing Using the Nano-Biosensor

To demonstrate proof of concept of single-cell measurements with antibody-based nanoprobes, experiments were performed on a rat liver epithelial Clone 9 cell line, which was used as the model cell system. The cells were first incubated with BPT prior to measurements. Interrogation of single cells for the presence of BPT was then carried out using antibody nanoprobes for excitation and a photometric system for fluorescence signal detection. Figure 3 shows a photograph of an antibody-based nanoprobe used to measure the presence of BPT inside a single cell.  The small size of the nanoprobe allowed it to be manipulated to specific locations within the Clone 9 cells.   

The nanoprobes in this work are single-use bioprobes because they were used to obtain only one measurement at a specific time and could not be reused due to the strong association constant of the antibody-antigen binding process. Multiple (e.g., five) recordings of the fluorescence signals could be taken with each measurement using a specific nanoprobe. We have made a series of calibration measurements of solutions containing different BPT concentrations in order to obtain a quantitative estimation of the amount of BPT molecules detected. For these calibration measurements, the fibers were placed in petri dishes containing solutions of BPT with concentrations ranging from 1.56 x 10-10 M to 1.56 x 10-8 M. By plotting the increase in fluorescence from one concentration to the next versus the concentration of BPT, and fitting these data with an exponential function in order to simulate a saturated condition, a concentration of (9.6  ± 0.2) x 10-11 M has been determined for BPT in the individual cell investigated. 

This study demonstrates the first application of antibody-based nanoprobes for measurements of chemicals inside a single cell. These nanodevices could also be used to develop advanced biosensing systems in order to study in situ intracellular signaling processes and to investigate gene expression inside single cells. 
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