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Introduction

Recently, microarray-based analytical technique is wide-spreading. It seems likely that if this technology could be made practical, it might form the backbone of the future medical diagnostics[1,2]. For the implementation of microarray-based assay, antibody plays a crucial role for its specificity and high sensitivity. For a long time, antibodies have been used extensively as diagnostic tools in many different formats. The advent of monoclonal antibodies allow us then, for the first time, to treat antibodies more like a chemical instead of a variable biological serum product, as the hybridoma cells could be continuously grown[3]. Todays, various kinds of antibody-based immunoassay are commonly used for diagnostic assay, which is still one of the fastest growing technologies for the analysis of bio-molecules.

  The requirements of assay sensitivity and antigen size make it more important to control the configuration of immobilized antibodies. Assay sensitivity and reproducibility is influenced by the surface area available for binding IgG which is one of the baffling problems that limit antibody-based applications. The reactivity of the film depends on the immobilization methods, because the activity of the antibody molecules in the film varies with its structures and packing density [4].

  In order to overcome these limitations, it is necessary to prevent the reduction of binding activity due to steric hindrance of the molecules in the solid-phase compared with that in solution. Self-assembly technique is a well-known versatile tool for the formulation of biosurfaces[5]. It is a well-defined and flexible model system able to investigate the molecular behavior of biomolecules (e.g. protein, nucleic acids, and carbohydrates) like biological surfaces[6]. Self-assembly technique also make it possible to reliably control over the packing density and the environment of an immobilized recognition center, or multiple centers, at a substrate surface. 

  A large number of molecules containing thiol or disulfide functionality are known to spontaneously adsorb from solution onto certain metal substrates and organize, or self-assemble, themselves into densely packed monolayers via formation of an adsorbate-substrate sulfur metal bond. With the aid of the above technology, molecular interactions occurred at biomolecular monolayer surfaces can be studies using a wide range of analytical techniques such as: surface plasmon resonance (SPR)[7], scanning probe microscopies (e.g. scanning tunneling microscopy and atomic force microscopy).

In this study, self-assembly technology is introduced to the steric immobilization of Immunoglobulin G (IgG) using DNA hybridization. DNA is a particularly promising candidate to serve as a construction material in nano-sciences. In spite of its simplicity, high specific A-T and G-G Watson-Crick hydrogen bonding allows the convenient programming of artificial DNA receptor moieties. DNA is the great mechanical rigidity of short double helices, so that it behaves effectively like a rigid rod spacer between two tethered functional molecular components on both ends. Moreover, DNA displays a relatively high physicochemical stability. Artificial DNA-protein conjugates are versatile molecular tools useful, for instance, in the self-assembly of high-affinity reagents for immunological detection assays, the fabrication of highly micro-structured biochips.
Experiment

For the immobilization and in situ detection of nucleic acid sequence, oligonucleotide composed of 5'-(HS)GA-ATG-AGA-GAG-TAG-GCA-GAT-3' (A1), its reverse complementary sequence (5'-(HS)CT-TAC-TCT-CTC-ATC-CGT-CTA-3', A1C) were purchased from Genotech Inc. (Taejeon, Korea). The cross-linking between A1C and IgG (anti-BSA) was mediated by using 4-(N-maleimidomethyl)cyclohexane-1-carboxylic acid 3-sulfo-N-hydroxysuccinimide ester sodium salt (Sulfo-SMCC). The oligonucleotide (A1) was immobilized onto the Au substrate. The Au substrate pretreated cleanly was incubated in 20μM oligonucleotide (A1) solution modified with thiol(-SH) functional group for 12 hours. After incubation, substrate was washed with deionized distilled water (DDW). The reverse complementary oligonucleotide (A1C)-IgG complexs was hybridized  with the immobilized oligonucleotide (A1) onto Au substrate for 2 hours. After incubation, the DNA-IgG complex film was washed with phosphate buffer saline (10 mM, pH 7.2), and then PEG[20] sorbitan monolaurate (Tween-20) solution was used to block the protein aggregation. Bovine serum albumin (BSA) was used to monitor antigen-antibody interaction.

  In order to monitor the biomolecular interactions, surface plasmon resonance (SPR) biosensor (SpreetaTM, Texas Instruments, Inc., Dallas, Texas, U.S.A) was applied to the modified substrates. SPR was equipped with flow cell system using peristaltic pump (EYELA micro tube pump mp-3N, Tokyo Rikakikai co. ltd., Japan). Before monitoring, 1 % of triton X-100 solution (Sigma-Aldrich) was flowed into the cell at a low rate below 0.5 mL/min. and then rinsed with PBS. Surface topography was investigated with atomic force microscopy (AFM, Autoprobe CP, Park Scientific, Inc., U.S.A., tolography mode, in air, at room temperature).
Result & Discussion
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The immobilization of oligonucleotide (A1) was monitored in situ by using SPR biosensor. Fig 1 showed the immobilization procedure of A1 with respect to time. The oligonucleotide modified with thiol functional group got in contact with gold thin film and self-assembled. Refractive index was increased when A1 solution was injected into flow cell. When the flow cell was washed out using DDW, the refractive index value slightly decreased and then constantly maintained its value different from the initial refractive index. As a result, the modified oligonucleotide was rigidly immobilized on the gold substrate. 

Fig. 1. In situ investigation of the DNA immobilization on Au substrate

  Fig. 2 showed the real-time SPR monitoring curve of the reverse complementary oligonucleotide (A1C)-IgG complex when it was got in contact with modified A1 substrate. Compared with the non-complementary nucleotide sequence, refractive index was highly increased. When the immobilized film was washed with buffer solution, 
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Fig. 2. In situ investigation of reverse complementary nucleotide hybridization with thiol (-SH) modified oligonucleotide.

 From the results of above experiments, we could confirm that DNA-IgG conjugates were well-attached on the modified gold substrate using complementary DNA. 

  Fig. 3 showed the AFM topography of oligonucleotide-hybridized anti-BSA layer and BSA layer binded on the anti-BSA. Severe height differences were not observed. But, in the small region, there were a few abrupt topographical changes with neighbor clusters. It can be interpreted as some block regions. Topographical deviation means the non-specific interaction of proteins. Therefore, it can be concluded that IgG thin film was successfully fabricated with moderate spatial deviations.
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These results show the feasibility of DNA-protein complex as a useful tool for the fabrication of immunosensors and protein chip which are the most commonly used type of diagnostic assay. The proposed immobilization system will give a short way to process various kinds of protein chips.
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Fig. 3. AFM topographies of a immobilized antibody and antigen (a) imomobilized anti-BSA; (b) after binding with BSA
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