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Abstract

From last two decades, it has been observed that the Aptamer has immense potential to work as a recognition element in the fabrication of efficient biosensing platform. On comparing with the traditional biorecognition elements such as antibody, enzyme etc. It has been observed that Aptamers have numerous advantages on these traditional biorecognition elements in terms of size, chemical stability, sensitivity, selectivity and cost. Recently it has been observed that, in the integration with nanomaterials, Aptamer based biosensor shows improved biosensing characteristics of fabricated electrodes. Keeping these in view, this review contains the summery of advancement in the development of aptamer based biosensors for disease detection in last five years.


Introduction

In the fabrication of biosensor, biorecognition elements or bioreceptorplay an important role. Bioreceptor is a biological molecular species (e.g. antibody, enzyme or nucleic acid) or a living biological system (e.g. cells, tissues or whole organisms) that has capability to recognize a target or substrate (analyte) molecules [1]. Bio-recognition elements have unique profile that helps in providing strong affinity for a specific molecule. This specific feature provides biosensor to become highly selective in nature. Different types of bioreceptors such as enzyme, nucleic acid, cell, antibodies, aptamers etc. are being widely used for the fabrication of a biosensor [2-7]. In these bioreceptors, Aptamers shows imminence potential in the fabrication of biosensor. Aptamers are double stranded DNA or single stranded RNA or DNA strands that bind specifically to molecular targets [8]. These "designer" molecules were first developed in 1990 and were followed by the development of systemic evolution of ligands by exponential enrichment (SELEX), which is the technology for isolation of highly specific aptamers. However, a study in 2000's revealed the presence of "riboswitches"-a type of naturally- occurring RNA aptamers that function as gene regulators in the cell nucleus. Owing to their small size, high affinity for targets and high pH and temperature stability, aptamers have been under intense investigation for a number of applications, including targeted therapeutics and diagnostics [9].

One of the potential applications for aptamers is as detection probes in immunosensors. The small size of aptamers, presence of predictable secondary structures and the easy tunability in their structures (owing to conformational changes) allow for different biosensing strategies that were not earlier with only enzymes or antibodies as biorecognition molecules [1012]. As biorecognition element, aptamers possess a number of advantages over antibodies and enzymes, such as high selectivity even for those targets which are not easily recognized by antibodies (e.g., ions, small molecules, etc.), ease of chemical modification, flexibility in structure and conformation, high pH stability and reversible thermal denaturation, cheaper production costs, and so on and so forth. Moreover, aptamer- based ELISA and other immunosensing strategies have been found to be more reproducible, robust and economical than the conventional assays. In a novel approach, Jolly et al. [12] developed an aptamer-based ELISA for quantitative analysis of free prostate specific antigen (fPSA) in a microfluidic system. In this study, DNA aptamers specific to fPSA were immobilized onto PDMS microfluidic channels using silane chemistry and quantification was performed by HRP-labeled anti-PSA antibodies yielding a sandwich ELISA format. This biosensor was shown to follow a Hill dose-response relation with a dissociation constant of 9.8ng mL-1 and could detect fPSA in a wide linear range of 0.01-50ng mL-1 [13]. An HRP-labeled lectin probe was also utilized to analyze the glycoprofiles of the PSA molecules. This study is significant in that it showed the importance of using aptamers in place of antibodies as capture probes by comparing the specificity of this biosensor to that of a conventional ELISA. Herein, the reported aptamer based immunoassay was shown to efficiently differentiate PSA from human Kallekrein 2 (hK2), a protein that has 80% homology to PSA. On the other hand, conventional ELISA was found to be highly cross-reactive and unable to differentiate between PSA and hK2. This study proved that aptamers are more specific and selective than antibodies as biorecognition probes. Ilkhani et al. [13] reported an electrochemical aptamer/antibody based sandwich assay for the detection of EGFR, a cancer biomarker. This work utilized EGFR-specific aptamers immobilized onto streptavidin-coated magnetic beads (MBs) as capture probes and gold nanoparticles (AuNP)-labeled anti-EGFR antibodies as the detector/signal probe. This biosensor was shown to display a wide range of detection (1-40ng mL-1) with good detection limit (50pgmL- 1). The performance of the biosensor was also analyzed against serum samples from breast cancer patients. Kavosi et al. [14] utilized aptamers as detection probes and developed a triple signal amplification strategy for ultrasensitive detection of PSA in real samples. In this approach, anti-PSA antibodies were covalently attached to graphene oxide/chitosan-modified glassy carbon electrodes and thionine was used as redox label. A sandwich assay was achieved by the addition of HRP-labeled PSA-aptamers that were covalently linked to polyamidoamine (PAMA)-encapsulated gold nanoparticles (Au-PAMA). The use of labeled aptamers enhanced the specificity and reduced interference by other moieties present in the matrix and hence, the biosensor displayed an excellent detection limit of 10fg mL-1 in a wide linear range. Taleat et al. [15] reported on the development of an electrochemical biosensor based on poly o-aminobenzoic acid (PABA)-modified graphite electrodes and utilized the antibody-target-aptamer sandwich strategy for the detection of MUC1 cancer biomarker. This study utilized methylene blue (MB) as redox indicator that directly interacts with the G residues present in the MUC1-specific aptamers, thus bypassing the need of additional chemical labeling steps and simplifying the fabrication process. This aptamer-mediated immunosensor was shown to detect MUC1 in the range of 1-12 ppb with a detection limit of 0.62 ppb [16].

As mentioned above, aptamers can be used to detect small molecules which do not have enough epitopic determinants to be specifically detected by antibodies. While antibodies can be cross-reactive where two molecules are same but at a single functional position, aptamers have shown to be highly selective for only one of them [17]. This property of aptamers was exploited by Xiang et al. [18] when they developed a sandwich antibody-target-aptamer assay for the detection of microcystin- leucine-arginine (MC-LR), which is a hepatotoxin and a potential bioweapon. Thus in this study, the authors sought to utilize MC-LR specific aptamers immobilized onto the glass surface of a portable analyzer as biorecognition molecules. Anti-MC-LR antibodies labeled with HRP were used as detector probes. The biosensor showed fairly good sensitivity (0.3|ig mL-1), but the main highlight of this device was its excellent specificity towards MC-LR when tested against other MCs (e.g., MC-LA, MC-YR, nodularin-R), which are structurally nearly similar to MC-LR and are cross-reactive against anti-MC-LR monoclonal antibodies. The comparative analysis of biosensing parameters of fabricated aptamer based biosensor have been summarized in Table 1. 



Table 1: Comparative analysis of development of aptamer based biosensors for disease detection.
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Conclusion and Future Prospects

From the above reported studies it has been observed that the aptamers play a significant role in the specificity of the biosensor. It have also been pointed that the advantages of using aptamer/antibody sandwich assays in place of traditional ELISA and antibody/antibody sensors. It is worth noting here that automation of SELEX procedures and use of in silico techniques would significantly reduce the processing time of aptamer selection and development, which may, in the future, play an important role in widespread use of aptamers in commercial assays and applications in communicable as well as non- communicable disease detection.
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