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Abstract

Highly sensitive bioassays are required for biological, medical, and pharmaceutical

applications. In this paper, a highly sensitive immunoassay performed using a

microstructured surface have been described. The surface was fabricated by etching a

silicon wafer coated with microparticles. Bovine serum albumin and fluorescence-

labelled anti-BSA antibodies were adhered onto the microstructured surface. Next,

the sensitivity of this assay was evaluated by microscopic analysis of the fluorescence

intensity of the surface. The results indicate that use of a microstructured surface

greatly increases the sensitivity of the assay and that such surface can be used for

several applications in the medical and biological fields.

1 Introduction

Biosensing has received considerable attention in the fields of diagnosis, drug

discovery, food inspection, and environmental monitoring. Recently, the concept of

'Lab on a Chip' was put forth, with this new concept, it is to achieve small sample

volume and short analysis time and that have high sensitivity. Therefore, several

studies that focused on achieving an increase in sensitivity were performed. Our

approach focused on increasing the surface area of a chip. To date, microparticles and

surfaces with micro/nano structures, including porous silicon [1] and nanoimprinting

[2], have been used to increase the surface are of chips. However, these methods

present difficulties with respect the ease of handling/manufacturing and expenses

incurred. Consequently, there is a need for a new method that can be performed more

easily, involves lower costs, and has higher sensitivity than the existing methods.

Moronuki and co-workers developed a microstructured surface with adhering self-

assembled microparticles [3] (Fig. 1). This structure can be used for etching a silicon

substrate coated with microparticles and has a large surface area. Thus, this structure

meets one of the requirements for a highly sensitive biosensor. The dip-coating

method for assembling microparticles is easier than the other methods currently
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available; this is because this method merely involves immersing the substrate in a

solution containing microparticles and then removing it. In addition, the size of the

microstructures can be changed in order to use other particles with different diameter,

and it may also be possible to integrate structures of different sizes. Therefore, in this

study, a microstructured surface for fabricating a highly sensitive biosensor was used.

A representative immunosensing assay using this surface was performed. Bovine

serum albumin (BSA) as the antigen and anti-BSA antibodies as the antibody for this

assay were used. The fluorescence intensity of antibodies could be measured because

they were tagged with fluorescent dye. We determined the usability of this method by

comparing its limit of detection to that of traditional methods (Fig. 2).

2 Fabrication of the microstructured surface

The procedure used for fabricating the microstructured surface is shown in Figure 1.

A silicon substrate was immersed in suspension containing fine particles (300 nm)

and then removed; the microparticles assembled at the contact line of the suspension.

The silicon substrate is typically densely packed with microparticles and has periodic

openings around each particle. Subsequently, etching was performed; the process is

shown on the right side of Figure 1. A nano-cone array can be obtained by using the

reactive ion etching process (Figure 3). When the microstructures were defined as
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Figure 1: Self-assembly of fine particles (left) and application to etching mask (right)

Figure 2: Schematic illustration of high sensitive immunoassay on microstructure
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ensembles of circular cones, the surface area of the microstructured surface was

calculated to be approximately 2.1 times greater than that of a flat surface.

3 Immunosensing

3.1 Experimental procedure

In this study, bovine serum albumin (BSA; Calbiochem) and anti-BSA antibody

(fluorescein isothiocyanate labelled; Abnova) were used as representative. First, the

BSA solutions were applied onto the microstructured surface or plane silicon surface

and incubated at 37°C for 30 minutes. After rinsing 5 times with phosphate-buffered

saline (PBS), a blocking solution–5% (w/v) skim milk (Wako Pure Chemical Industry

Ltd.) was applied, and the surface was incubated again. After incubation, it was

rinsed with PBS, incubated with 0.1 mg/ml antibody, and then rinsed again. The

fluorescence intensity of the surface was evaluated using a microscope (IX71;

OLYMPUS) and measured using micrographs.

3.2 Evaluation of sensitivity

The results for immunosensing are shown in Figure 4. The X axis shows the

concentrations of BSA, and the Y axis shows the delta fluorescence intensities that

flat structured

Figure 3: Overall view of flat and structured surfaces (left)
and the micrograph of structured surface (right)

Figure 4: Comparison of fluorescent intensity on different structured surface
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are calculated as the difference between the intensity observed in the absence of BSA

and that at different concentrations of BSA. The experiment was performed thrice,

and the mean (standard deviation) values are shown in Figure 4. The detection limit

for a structured surface was approximately 30 μg/ml. Increase in fluorescence

intensity could not be detected for flat surfaces. Thus, it was confirmed that the

detection limit for fluorescence intensity was increased with our microstructured

surface.

Although the area of microstructured surface was only double that of the flat surface

and the 2 surfaces had the same composition, the fluorescence intensity of

microstructured surface was more than double that of the flat surface. We

hypothesized that this was attributable to the fact that proteins assemble easily in

corners. The sizes of BSA and the anti-BSA antibody are approximately 80 Å (8 nm)

[4] and 150 Å (15 nm), respectively; thus, they are smaller than the pitch of

microstructures (300 nm). Therefore, proteins are easily assembled in the corners of

microstructures, and the fluorescence intensity increases by more than 2 fold.

4 Conclusion

In this study, immunosensing was performed using a microstructured surface in

order to enhance the sensitivity of the biosensor. The results are summarized below.

-The surface area of the structured surface was approximately 2.1 times that of the

flat surface.

-The detection limit for the structured surface was approximately 30 μg/ml and the

sensitivity of detection was higher than that for the flat surface.

In future studies, we will fabricate different microstructured surfaces with varying

surface areas and determine the sensitivity of each surface.
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