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ABSTRACT 
Aptamers are oligonucleotide (DNA/RNA) or peptide molecules specialized in binding to specific targets including cells, 
nucleotides, proteins, peptides, antibiotics and other small molecules. Due to small size and highly specificity nature, 
aptamers can penetrate tissue barriers efficiently and move easily inside the target cells. They can improve tumor-to-blood 
and tumor-to normal tissue ratios and directly contribute towards therapeutic indices. Aptamers are a well-known tool, which 
is involved in various clinical applications such as cancer, virus and bacterial infection detection. In addition to this, aptamers 
are also helpful in food industries for contaminant detection and pesticide detection in the field of agriculture. SELEX 
(Systemic Evolution of Ligands by EXponential enrichment) is a novel technique to design the potent aptamer sequences. 
However, aptamers are an important diagnostic tool but still various stochastic and empirical studies are required to design 
the novel aptamers that can significantly improve the diagnosis of life threatening viruses. 
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INTRODUCTION 

Aptamers are oligonucleotide (DNA/RNA) or peptide 
molecules specialized in the specific and efficient binding to 
a target molecule like cells, nucleotides, proteins, peptides, 
antibiotics and other small molecules [1]. They have various 
advantages over antibodies, because of their small size, easy 
modification and higher stability in physical and chemical 
environments. Novel aptamers are highly specific to their 
targets even in life threatening diseases such as cancerous 
cells, bacterial and viral infectious cells [2-9]. They can 
efficiently penetrate tissue barriers and easily move inside 
the target cells, could improve tumor-to-blood and tumor-to 
normal tissue ratios and directly contributing towards 
therapeutic indices [10]. Due to low cost production, highly 
sensitive, nontoxic and low immunogenicity of aptamer [11], 
it could be more prominent for clinical and industrial 
applications than monoclonal antibodies. Aptamers are 
thermostable, which allows their easy storage and 
transportation. The first approved aptamer by FDA (Food 
and Drug Administration) was named as Pegaptanib and is 
delivered by Pfizer under the name Macugen. It is a 
PEGylated RNA aptamer, a fluoromodified sugar used to 
treat macula degeneration [12]. Some of the commercially 
available aptasensors which are used for clinical diagnosis 
are listed in Table 1. 
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Table 1. List of commercial aptamers. 

S. No. Aptasensors Online tool 

1 SOMAscan™ https://somalogic.com 

2 NeoVentures OTA-Sense System http://neoventures.ca/products/mycotoxin-testing 

3 APOLLOMER™ Probes http://apollodx.com/apollodx-licenses-technology-food-safety 

4 Somalogic https://somalogic.com/technology/ourplatform/ 

Systemic evolution of ligands by exponential enrichment 
(SELEX) is a combinatorial chemistry technique of 
molecular biology, designed to identify aptamer sequences 
[13,14]. It is reported that RNA aptamers are commonly 
used for therapies whereas DNA aptamers can be used as 
diagnostic tools. Aptamers are widely being studied as a 
biomaterial in various investigations pertaining to their use 
as a bio-sensing tool, diagnostic tool and therapeutic tool 
and also for the development of new drugs (Figure 1) [15]. 
In recent studies, aptamers inhibit the action of botulinum 

neurotoxin (a poison for mankind) [16]. They have been 
reported to be potential antidotes to treat deadly botulism 
[17]. A scientist named Frith has developed a highly potent 
aptamer, which is specific against P. falciparum [18]. 
Aptamers prove to be a critical vehicle to accomplish 
explicit medication conveyance to malignant growth cells. 
Presently, numerous cancer stem cell targeting aptamers 
have been created and aptamer-based nano-drug frameworks 
have accomplished anticancer stem cells impacts in 
preclinical examinations [19]. 

Figure 1. Future prospects and different applications of aptamer in various fields. 

An aptamer, termed as E3, has been identified, which 
selectively penetrates only prostate cancerous cells. It also 
target ovarian, melanoma, breast, colon, lung, leukemia, 
liver, glioblastoma cancers in addition to prostate cancer. It 
was reported that linking E3 aptamer to a Pseudomonas 
exotoxin (PE-LR-8) killed the prostate malignant growth 
cells in vitro with no side effects towards healthy cells [20]. 
It was also found that linking of E3 bound to the lethal 
monomethylauristatin drugs can kill the malignant prostate 
cells in vitro [21]. Aptamers can be used as agonists as well 
as antagonists to target the receptors on cells with high 
specificity and affinity [22]. It also characterized the RNA 

aptamer against a biomarker, expressed on germinal center B 
cells and chronic myelogenous leukemias [23]. 

Health problems are increasing worldwide due to the 
allergens, pathogens and bio toxins present in food and 
pharmacological residues or the contaminants of industrial 
origin (such as packaging materials, pesticides, dyes or 
adulterants) that can migrate into food products [24]. There 
is an increasing demand for sensitive, rapid, easy to use, 
specific and cost effective methods to detect such 
contaminants in food. Biosensors using aptamers as 
recognition elements are termed as aptasensors which were 
designed to detect the contaminants in food (Figure 1) [25]. 
Several biosensors were designed to check the toxic 
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elements in milk samples and food packaging materials 
[26,27]. It was observed that novel aptamers could be 
helpful in the field of agriculture also, for the detection of 
extensively used pesticides (acetamiprid and atrazine) 
(Figure 1) [28]. 

FUTURE PROSPECTIVES 

Aptamers have great potential in the development of 
microarrays studies. One of the major advantages of 
aptamers-based therapy is capability of selective targeting 
against cancerous malignant cells whereas other non-
aptamers-based therapies kill the healthy cells with many 
adverse side effects (while using 
radiotherapy/chemotherapy) [29]. As aptamers can easily 
penetrate cell and organelles without immunogenic response, 
however it could be a better choice for advancement in 
tumor and metastasis treatment at divergent locations like 
circulation, cancerous cells, tumor stromal cells, associated 
vessels and pre-metastatic vascular niche. In future, 
aptamers could easily replace the monoclonal antibody for 
the detection of biological as well as non-biological 
contaminants from the agricultural as well as food materials. 
Furthermore, the stochastic and empirical studies could 
design the novel aptamers that significantly improve the 
diagnosis of life threatening viruses such as Ebola, HIV, 
ZIKA, Hepatitis and Rubella [30]. 

CONCLUSION 

Since the use of aptamers is highly safe in diagnostics, as 
they show rare side effects against the health. Many studies 
have revealed the potential of aptamers in the area of 
therapeutic and diagnostic treatment, but there are still some 
stochastic parameters, which are unknown in the detection of 
severe viruses (rubella). A major challenge with aptamers is 
the requirement of different buffers, additives, ions, ion 
strengths and their optimum execution in a multiplex 
microarray for their proper folding and functioning to 
maintain their specificity. Taken together, aptamers are 
small in size, safe in use, synthesized within short periods 
and in high batches and highly specific in nature. 
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