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Abstract 

 

Affinity labels are the extremely important tool in the field of basic as well as applied sciences. 

Aptamers are the high quality affinity labels that provide economic, scientific and less time consuming 

benefits to the researchers. Aptamers have been preferred over monoclonal antibodies as no animal is 

required for aptamers production. But animal sources are required for monoclonal antibodies 

production. This review describes about the aptamers, techniques used for synthesizing aptamers and 

their uses in different fields of science. Aptamers are actually riboswitches which act by modifying the 

basic cell processes such as transcription and translation. SELEX technology is the main technique used 

for the synthesis of aptamers. Various modifications to this technique have been done via researchers 

like invitro SELEX technology, RAPID method of selection, Blended SELEX, cross linking SELEX 

etc. 
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1. Introduction 

The recent advancement in the field of applied sciences has led to the development of Aptamers. The 

word Aptamer has been taken from the Latin and Greek means Fit-particle. These are basically nucleic 

acids short sequences having a three dimensional structure. This three dimensional shape helps it to fold 

around their specific target of their choice. The sequence of nucleotides allows interacting with only 

target of choice with strong binding affinity. Instead of nucleic acids i.e. DNA and RNA, proteins also 

have been used for synthesizing Aptamers. DNA aptamers are chosen for their more stability where as 

RNA aptamers are preferred because of their flexibility.  Earlier Aptamers were considered as artificial 

molecules but later it was stated that Aptamers are natural regulatory segment generally single stranded 

affecting the transcription and translation process. The possible binding interactions responsible for the 

affinity between target and Aptamers are van der Waal’s, salt bridges, hydrogen bonding, hydrophobic 

and electrostatic interactions [1]. Target molecules for Aptamers can range from inorganic to small 

organic molecules such as amino acids, nucleotides, dyes and various drugs, peptides, polysaccharides 

etc. Aptamers work by modulating the activity of their targets after its detection and characterization.  

 

1.1 Methodology for generation of Aptamers 

 

The main technology Used for the generation of Aptamers is SELEX: Systematic evolution of ligands 

by exponential enrichment [2]. This method was developed in United State at University of Colorado 

and Harvard University by groups of researchers respectively. SELEX technology involves screening of 

1014 to 1015 random sequences of DNA and RNA. Automated Synthesizers have been used to prepare 

the nucleic acid pool library [3]. The size of nucleic acid library should be large to get sequence 

diversity which results in more specificity and affinity of aptamers. Terminal binding sites are present at 

end of central randomized sequences of Oligonucleotide library. These terminal sites are used for the 

manipulation and capturing. After library generation, target of choice is immobilized over the surface of 
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carrier or matrix and then immobilized target is incubated with library. Selection of only those 

oligonucleotide sequences is done which binds with target efficiently and others are discarded.. For 

isolation, retrival and elution various separation methods can be utilized like chromatography, filtration 

assay and electrophoresis. Amplification of desired DNA sequence is done by polymerase chain 

reaction method and if RNA sequence then RT-PCR is used. The cycles of isolation, elution and 

amplification is run under appropriate conditions of stringency to get more efficiency and specifity. The 

selected nucleic acid sequences that bind the target are cloned and checked for their binding ability. 

Next sequencing of oligonucleotides is done to get the consensus motif among the selected aptamers so 

that its characterization can be done. After characterization selected aptamer sequences are modified for 

their probable use. 

 

 
 

 

Fig 1.1: SELEX technology showing screening, amplification and identification of aptamers [4] 

 

1.2 Modifications of SELEX technology 

 

Different modification of SELEX technology involves negative SELEX, counter SELEX, cell SELEX, 

bead based and micro fluidic based SELEX. These modified methods have been used to reduce the non 

specific binding of targets and to reduce time required for the process to occur [5]. Cell SELEX method 

is useful in characterizing the cell surface properties of target and disease related biomarkers present on 

the target for e.g. cancer disease. Reduction in time consumption has also been achieved by Invitro 

selection RAPID process which involves isolation of RNA aptamer by consecutive two cycles. Another 

Invitro method for selection is Capillary Electrophoresis which has advantage of reduction in number of 

cycles required for aptamer selection. Negative-SELEX method involves incubation of oligonucleotides 

with the matrix before immobilization with the actual target. This help in reducing the non specific 

binding. Whereas in case of Counter-SELEX use of structural analog is done to incubate with 

oligonucleotides before actual target is added. It ensures the less interference of potential target similar 

molecules. Bead based method involves synthesis of nucleic acid pool library over non cleavable beads. 

This method selects aptamers in one step process. The micro fluidic approach involves the use of micro 

fluidic chip for the selection and characterization of aptamers within days or weeks [5]. Cell SELEX is 

also one of the optimized methods used for aptamer formation. In Cell SELEX method living cells are 
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selected and utilized for synthesis of aptamers despite of having no knowledge about properties of 

target at molecular level [6]. Aptamers selected are further identified by processes like Next Generation 

Sequencing and bioinformatics analysis. 

 

1.3 Why aptamers are important? 

 

As described above, Aptamers can be nucleic acid based, protein based and antibody based. But nucleic 

acid based aptamers are preferred as they have strong binding affinity and specificity for different 

number of targets. Strong affinity of aptamers is due to the narrow range of their equilibrium 

dissociation constant. Nucleic acid based aptamers are preferred due to their thermostable nature; they 

can be stored and produced at room temperature. There is no risk of negative immune response 

associated with it. 

Chemical synthesis of nucleic acid based aptamers is less expensive and is fast. Labeling of these 

aptamers with various agents like dyes is quite easy.  

 

2. Applications of aptamers 

 

 2.1 Aptamers developed by SELEX and modified SELEX technologies have been proved useful in 

various fields for e.g. Drug development, therapeutics, targeting agents and diagnostic. The use of 

aptamers for Age related macular degeneration (AMD) was approved for the first time by US, FDA 

2004 [7]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 

 

Fig 2.1: Applications of aptamers in various fields [8] 

 

2.2 Biomedical research 

 

Aptamers have been utilized to detect food residues, biological compounds and concentration of 

molecules when conjugated with proteins, peptides, nano-particles etc.  

Florescent dyes also have been used for conjugation. They have been used in immune assays like 

microarrays, immune fluorescence etc 

Aptamers have been used to detect environment pollutant by replacing use of animal derived 

monoclonal antibodies [9]. An aptamer-based colorimetric sensor test kit has been developed by the 

group of researchers at the University of Illinois and the University of Waterloo for the detection of an 

analyte in aqueous sample. 
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2.3 Clinical research   

 

2.3 a) Therapeutics [10] 

 

Aptamers have been reported to act on viral protein by preventing their entry in the cell culture of 

human cells. Aptamers have been used to act on cancel cells by targeted delivery method. RNA 

Aptamer named Pegaptanib sodium/Macugen have been used in case of ocular neovascularization and 

vascular permeability disease against target named VEGF-165 [11]. Aptamers have been utilized as 

anticoagulants [12]. Use of aptamers for CD antigens also has been reported for their modulation and 

activity. Aptamers for capsid P domain of a human norovirus GII.4 strain [9]. Aptamers have been used 

as vaccine adjuvants and for cell targeted delivery system. Aptamers which have property of binding to 

cells surface receptors can be used to deliver drugs [8]. 

 

 

 
 

 

 

Fig 2.2: The dual aptamer probe—an A10 aptamer for PSMA (+) prostate cancer cells, and a DUP-1 

aptamer for PSMA(−) prostate cancer cells—was invented, and a drug-loaded dual aptamer complex 

was constructed by loading doxorubicin, an anticancer drug, onto the A10 aptamer strand [8] 

 

3. Conclusion 

 

Aptamers are the affinity labels that can replace animal derived monoclonal antibodies. Monoclonal 

antibodies are replaced because have certain disadvantages associated with them like negative immune 

response, exploitation of animal sources etc. The recent studies published till now show the RNA and 

DNA aptamers huge potential in the biomedical field. Various advantages of aptamers in terms of 

higher stability, affinity, specificity, and target selection make them tool of choice in the therapeutics, 

biomedical and clinical research. Recent advancement in SELEX technology has made it possible to get 

target of choice with higher specificity and efficiency. SELEX technology has been proved useful for 

identification of various cell surface markers as in case of cancer, disease associated with bacteria, 

parasites, fungi and viruses etc. With the advancement in the aptamer production, they can be utilized 

for diagnosis and treatment of various diseases like autoimmune conditions and for the neutralization of 

toxin. Future aspect of this technology lies in the computational biology. High throughput sequencing 

would make selection of aptamer easier. Conjugation of aptamers with nanoparticles and aptasensors is 

recent area of research study. But there are certain limits existing with aptamers that is their degradation 
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by nucleases and their small size makes them likely to get filtered by renal filtration. To have the full 

advantage of this technique this limitation needs to get overcome. 
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