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Novel coronavirus (SARS-CoV-2), a variant of the  
severe acute respiratory syndrome (SARS) family  
has claimed around 1 million lives and more than 33 
million people worldwide have been infected. It has 
been declared a pandemic by the World Health  
Organization. COVID-19 is transmitted mainly 
through aerosol droplets from patients (both asymp-
tomatic and symptomatic) to healthy people. Its high 
rate of transmission demands a quick and early diag-
nosis of patients followed by urgent quarantine of 
those affected. Since the SARS-CoV-2 virus is mutat-
ing, it is of utmost importance to develop a quick  
diagnosis against it. The current techniques use either 
PCR-based methods or antibody-based ELISA me-
thods for diagnosis, which are both time-consuming 
and expensive. This is the biggest impediment in 
large-scale diagnosis of COVID-19. Multiple biosen-
sors based on antibodies and aptamers have been  
reported and tested. Aptamers seem much more lucra-
tive due to ease of synthesis, cost-effectiveness and  
extremely high degree of sensitivity in terms of detec-
tion, less immunogenicity and robustness to modifica-
tions. We present the history and characterization of 
aptamers, their selection strategies and applications to 
multiple viruses such as HIV, HCV and SARS-CoV. 
However, to date, no aptamers have been designed 
against any of the protein components or the genomic 
RNA of SARS-CoV-2. Based on the success of apta-
mers against many viruses, we argue for the future 
exploration of aptamers in the context of SARS-CoV-2 
diagnostic testing. 
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THE outbreak of coronavirus (COVID-19) since Decem-
ber 2019 has plagued almost every part of the world. Ap-
proximately 33 million people have been infected with 
around 1 million deaths worldwide, and the cases are 
continuously increasing. In such outbreaks, quick and ac-
curate diagnosis of affected cases, followed by quarantine 
of infected patients and medication-based treatments are the 
standard procedures adopted to prevent further spread. 
 The conventional methods used for diagnosis of a viral 
infection are: (i) isolation of virus and culture; (ii) detection 

of antibodies specific to the virus; (iii) detection of viral 
DNA or RNA by polymerase chain reaction (PCR)  
or RT (real time)-PCR respectively, using viral-specific 
primers1,2. These methods, although used as standards, 
offer certain disadvantages which limit their usage  
for high-throughput screening. Virus separation and  
culture are laborious procedures to implement in  
routine clinical laboratories in many parts of the world2. 
Antibodies can be detected only after a period of 7–21 
days post-infection, thus making this method inefficient 
for early diagnosis3,4. Further, cross-reaction of anti-
bodies cannot be avoided due to the conserved sequences  
and structure similarities between different strains of  
viruses5,6. 
 Detecting the nucleic acid of the virus by qRT-PCR is 
considered the gold-standard method so far7. However, 
this method suffers in terms of the requirement of a high 
quantity of starting viral RNA or DNA to begin the PCR 
test. DNA-based oligonucleotides have served multiple 
purposes over time, ranging from applications in PCR 
and hybridization techniques to acting as drugs them-
selves. One of the most appealing and fascinating appli-
cations of DNA oligonucleotides is their ability to bind to 
specific target entities8,9. These sequences of DNA which 
can bind to different ligands with extremely high sensi-
tivity are called aptamers (derived from the Greek word  
‘Aptus’ meaning to bind)10. 
 This article focuses on multiple aspects of aptamers. 
First, we explain the basic concepts of aptamers and apta-
sensors, and compare them with protein-based antibodies. 
Next, we present a brief review of the selection strategies 
for aptamers. Further, we show how aptamers have been 
effective against a variety of viral and bacterial infec-
tions. Based on their diagnostic and therapeutic efficacy 
against the structural and accessory proteins of various 
viruses, we argue that aptamers must also be tested 
against the different proteins encoded by SARS-CoV-2. 

Aptamers 

Aptamers are single-stranded DNA or RNA nucleotide 
sequences that diagnose and inhibit the replication of a 
virus by intercalating with specific target molecules10. 
Naturally occurring nucleic acid sequences that can bind 
to target entities are mostly found in RNA. Naturally  
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occurring DNA-based aptamers are rarely reported in the 
literature. However, DNA itself exhibits similar characte-
ristics like RNA to recognize and bind to target entities. 
DNA offers multiple advantages over RNA in terms of its 
higher stability, cost-effective synthesis and minimum 
immunogenicity. Thus DNA is a good choice for deve-
loping aptamers for multiple applications ranging from 
tools for fundamental research to devices for biosensing 
and therapeutics11. The process of selection and identifi-
cation of DNA or RNA-based aptamers from a large  
pool of single-stranded cDNA libraries is called syste-
matic evolution of ligands by exponential enrichment 
(SELEX)12. 
 Viruses like adenovirus and human immunodeficiency 
virus (HIV) encode a small structured RNA as their  
genetic material. This RNA is injected in host cells where 
it hijacks the host cell machinery for its own amplifica-
tion and virion assembly. Aptamers offer a potential solu-
tion by mocking the viral RNA. The host proteins instead 
of binding to the actual viral RNA, bind to the decoy 
RNA. HIV has an RNA sequence called the TAR or 
trans-activation response. TAR RNA binds to the proteins 
Tat and cyclin T1, which are viral and cellular  
proteins. They control gene expression and viral replica-
tion. The TAR decoy RNA does not give viral RNA the 
chance to affect the proteins13. 
 There are two important properties of aptamers that 
make them ideal candidates for viral diagnosis – their 
specificity and extremely high affinity for targets. To en-
sure affinity, SELEX cycles are iterated multiple times 
with increasing stringency with each cycle. High specific-
ity is a desirable trait for an aptamer. Occasionally, high 
specificity also causes poor or no cross-reactivity in bind-
ing to homologs. A process known as toggle SELEX  
offers a solution to this problem. In this technique, an 
RNA pool is allowed to incubate with animal orthologs in 
addition to the human proteins. This process continues 
until an aptamer binding to both is selected. White et al.14 
have used toggle SELEX to ensure cross-reactivity  
between human and porcine thrombin. 

Aptasensors 

Aptamers bind to their targets with a certain specificity, 
which specificity is determined by the secondary and  
tertiary structures adapted by these aptamers upon inter-
calating to the target entity. The intercalating of aptamers 
to their targets is due to various intermolecular interac-
tions such as pi–pi stacking, hydrogen bonding, van der 
Waals forces, the involvement of aromatic rings and elec-
trostatic interactions. Biosensors (a combination of biore-
ceptor and transducer; bioreceptor binds to the target and 
transducer gives out the biological signals generated by 
the interaction between the receptor and the target) that 
employ aptamers are termed as aptasensors (Figure 1)15. 

Depending on the techniques used and the material to be 
tested like blood, urine, swabs, etc. aptasensors are classi-
fied into two categories: optical aptasensors and electrical 
aptasensors. 
 Furthermore, depending on which optical principle is 
used by which aptasensor, optical aptasensors are classi-
fied into various categories15. 
 (1) Chemiluminescence aptasensors: These produce 
light emission when the aptamer binds to the target due to 
a chemical reaction called chemiluminescence. 
 (2) Surface plasmon resonance-based aptasensor: 
When light of a specific wavelength falls on a metal  
surface, the free electrons begin to vibrate resulting in 
surface plasmon resonance. In this technique, the target is 
deposited on a metal surface. When the aptamer interca-
lates with the target, the thickness of the metal sheet 
changes and change in the refractive index is observed. 
Quantification of the target is done by assessing the  
intensity of the light polarized16,17. 
 (3) Colorimetric-based aptasensors: When a colori-
metric-based aptasensor binds to the target, a change in 
colour is observed. Colorimetric aptasensors can be used 
as nanomaterial-assisted or enzyme-linked. 
 (4) Surface-enhanced Raman scattering (SERS) apta-
sensors: Nanostructured gold is an example of a SERS 
active surface. The SERS technique is used for molecular 
detection, depending on the Raman scattering of  
molecules adsorbed on the SERS active surface18. A 
SERS-based aptasensor has been developed against the 
nucleoprotein of influenza virus19. 
 
 

Figure 1. Mechanism of nanogate. When there is no target virus 
present, the door is closed by an aptamer bound on it. This prevents the 
enzyme present on the electrode from reacting with any coenzyme and 
substrate. In the presence of the virus, the aptamer gets attached to it, 
thus opening the gate. The opening of the gate allows reaction of the 
enzyme with the coenzyme and substrate, resulting in a change in elec-
trical signal on the electrode. Adapted from Zou et al.15.
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 (5) Fluorescence aptasensors: These are further of two 
types, one that changes fluorescent intensity and another 
that reacts with fluorescence polarization. 
 (6) Interferometry aptasensors: Using the interferome-
try technique, we can measure the intensity of a light 
beam that is produced when different light beams  
interfere. Hepatitis C virus (HCV) can be detected using 
an RNA aptamer technique. 
 Aptamers bound to the targets either produce an elec-
trical signal or change it, forming the principle behind 
electrical aptasensors. Based on the working mechanism, 
they are further classified into electrochemical aptasen-
sors and piezoelectric transducers15,20. The former  
include aptasensors with enzymes, aptasensors without 
enzymes and FET aptasensors. Aptasensors that do not 
use enzymes directly result in a change of impedance 
when the target binds to the aptamers21. 
 The electrical aptasensor with enzymes utilizes nano-
gates (devices used for controlling reactions). The bind-
ing of the virus to the aptamer opens the gate. The 
opening of the gate causes few other reactions to occur, 
which in turn produce observable changes22. When a par-
ticular class of aptamers bind to the target, it results in  
a change in charge distribution. FET23 (a semiconductor  
device using an electric field to regulate electric beha-
viour) aptasensors help observe this change (Figure 1). 
 The aptasensor used to detect human immunodeficiency 
virus 1 (HIV-1) measures change in the current/nature of 
the current flowing through the silicon-nitride membrane 
with a fixed voltage applied at its ends24. 

Aptamers and antibodies 

Aptamers, the nucleic acid-based binders compare  
well with their protein-based analogs, i.e. antibodies.  
Although both aptamers and antibodies show binding  
affinities in low nanomolar to picomolar range25, apta-
mers are seen as a modern replacement for antibodies, 
both in therapeutics and diagnostics. Methods which use 
antibodies as the mean for detection are cumbersome and 
take several hours to give correct results. For selecting 
antibodies, we need a biological system. Aptamer selec-
tion can be carried out in vitro. This allows aptamer  
selection in principle against any target of choice ranging 
from small molecules to macromolecules to cells, cur-
rently not possible with antibodies. Some of the benefits 
of aptamers are: their ability to be stably linked to solid 
surfaces26, their stability under thermally hazardous con-
ditions27, ease of synthesis27, non-immunogenicity27, their 
ability to undergo chemical modifications and their cost-
effectiveness making them commercially attractive27,28. 

Aptamer selection strategies 

The classic strategy for aptamer selection is called 
SELEX. The process of aptamer selection is similar to the 

process of antibody selection using phage display in mul-
tiple ways26–28. The first step in SELEX is obtaining a 
DNA library of ~1015 diverse sequences which is then 
exposed to target entities like the DNA-binding protein of 
interest. Post incubation, the sequences that intercalate 
with the protein of interest are separated from the un-
bound sequences. The next step involves amplification of 
the sequences bound to the protein of interest by PCR. 
All the DNA in the vast SELEX library have the same 
sequence at their ends and random sequences in the mid-
dle. Using the primers against the end sequences of the 
library, the sequence of DNA bound to the protein is  
amplified and sequenced. Post amplification, a subset of  
desired oligonucleotides in appropriate numbers is  
obtained. The entire process is repeated 8–12 times with 
increasing stringency at each cycle (Figure 2). Numerous 
iterations are run to ensure high affinity, and to remove 
nonspecific and weak binders27. Multiple strategies have 
been developed recently that attempt to modify the tradi-
tional SELEX procedures to make them more efficient in 
terms of specificity, affinity, time and cost-effectiveness. 
Some of them are counter-SELEX and cell-SELEX,  
capillary electrophoresis SELEX29–42. 

Aptamers in diagnostics and therapeutics 

Aptamers have established themselves as promising tools 
that can be used to diagnose and inhibit the progression 
of a multitude of bacterial and viral infections. Applica-
tions of aptamers have been described across the follow-
ing dimensions: preventing the penetration of antigens 
into the cells, inhibiting the function of proteins and  
 
 

Figure 2. Schematic of the SELEX process to enrich aptamers against 
any target of choice, such as proteins. The figure represents the steps 
involved in the process starting from generation of a nucleic acid 
library of nucleotide sequences to amplifying the selected RNAs. 
Adapted from Nimjee et al.27.
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enzymes that are responsible for viral replication, deliver-
ing therapeutic molecules to cells attacked by the virus 
and selective stimulation of immune functioning. Yet 
another attractive target is the structural protein of the  
virus itself43. 
 To the extent of preventing the fusion of the virus 
within the cells, aptamers have been devised to prevent 
HCV infection. The aptamer assigned as ZE2 is bound to 
the E2 receptors which HCV glycoprotein uses as an  
entry point44. Chu45 has also used an aptamer–siRNA 
conjugation approach to establish the therapeutic efficacy 
of oligonucleotides. The aptamer was linked to the  
siRNA using streptavidin as a non-covalent bridge to  
inhibit the gene expression of prostate-specific membrane 
antigen (PSMA) on LNCaP cells. The aptamer chosen for 
delivering the target was already known for its binding 
efficacy to human prostate cancer cells, and its efficacy 
was proved because the siRNA-mediated gene inhibition 
was contingent upon its conjugation to the aptamer45. Pan 
et al.46 reviewed how ssDNA/RNA aptamers can target 
bacterial infections such as Mycobacterium tuberculosis 
(M tb), Escherichia coli, Salmonella, Listeria monocyto-
genes and Staphylococcus aureus. They divided aptamers 
targeting bacteria into two categories: those that target 
known bacteria-specific surface factors or antigens, and 
the ones that identify whole cell surfaces without the 
knowledge of specific molecular targets46. For the former 
category, an ssDNA aptamer was devised against the  
glycolipid antigen called ManLAM (mannose-capped  
lipoarabinomannan) of Mtb for the diagnosis of tuber-
culosis (TB). ManLAM is a promising antigen for TB  
detection as it is released early in the blood circulation 
system of patients with M tb infection, and also shows 
immunomodulatory activity. The aptamer named T9 
works by detecting this antigen in both the sputum and 
serum samples of individuals infected with active pulmo-
nary and extrapulmonary TB47. For the latter category of 
identifying whole cell surfaces, researchers generated  
aptamers against Listeria monocytogenes over different 
bacterial growth phases. Out of ten aptamer candidates, 
four were shown to have a high binding affinity for  
monocytogenes when selected against five species within 
the Listeria genus. While three of these DNA aptamers, 
namely LM6-2, LM12-6 and LM12-13, attached to a sin-
gle cell moiety, the fourth (LM6-116) targetted another 
region of the cell surface48. While the authors selected the 
whole surface of mytocyotogenes for aptamer selection, 
other studies have also used specific proteins of these 
cells for bacterial detection. For example, Ohk et al.49 
generated an ssDNA aptamer against the invasion protein 
of L. monocytogenes called internalin A as the target  
molecule. 
 Aptamers have also exhibited positive results for a 
spectrum of fatal viral infections such as HCV, HIV-1, 
Influenza virus, hepatitis B virus (HBC), severe acute 
respiratory syndrome coronavirus (SARS-CoV), etc. 

These authors have also classified aptamers based on 
whether they target the infected cells expressing structur-
al proteins on the surface (such as ssDNA oligonucleotide 
GE54 targeting the glycoprotein on the rabies virus-
infected cells), or if they target viral enzymes to inhibit 
their replication (such as an ssDNA aptamer against the 
SARS-CoV helicase enzyme)46. Liang et al.50 used cell-
SELEX technology to generate aptamers against RABV 
BHK-21 cells and ended up with FO24 and FO21 as final 
probes. Experimental mice had been infected with the FJ 
strain of rabies virus; the group that had received pre-
exposure prophylaxis had a higher survival rate than the 
post-exposure group. Specifically, when the mice had 
been inoculated with aptamers for 24 h (through intra-
cranial or intramuscular pathway) before the injection of 
the FJ strain, the survival rate was 60% (ref. 50). 
 Another interesting application of aptamers with  
respect to selective activation of immune cells is the  
following: the RNA aptamer CL9 attached itself to a  
cytosolic receptor retinoic acid inducible gene-1 (RIG-1). 
This receptor is known to recognize the pattern of foreign 
invasive molecules. When the CL9 aptamer binds to this 
receptor, it stimulates the release of IFN-beta, thus selec-
tively activating antiviral immunity51. 
 Despite their promising diagnostic and therapeutic  
efficacy, aptamers are susceptible to degradation by  
bodily chemical fluids. However, this can be prevented 
by adding chemical modifications to the oligonucleotides. 
Ulrich et al.52 suggested that RNA aptamers can acquire 
more resistance against degradation during the selection 
and in vivo bodily application by the 2′-fluoro or 2′-
amino replacement of 2′-OH groups of ribose of pyrimi-
dines. For DNA aptamers, resistance may be achieved by 
chemically modifying with phosphorothioate52. Similarly, 
the stability of aptamers can be enhanced by capping the 
3′-end with inverted biotin or thymidine after SELEX to 
prevent their degradation in blood53. 

Aptamers in COVID-19 research 

Structurally, SARS-CoV-2 comprise a single positive 
strand of ribonucleic acid which constitutes its genome 
which is covered by the N (nucleocapsid) protein (Figure 
3). The 30 kb viral genome comprises open reading  
frame (ORF) 1a and 1bb at the 5′-end which encode non-
structural proteins (pp1a and pp1ab). The 3′-end of the  
genome encodes essential structural proteins, namely 
spike glycoprotein (S), envelope protein (E), membrane 
protein (M), nucleocapsid (N) protein as well as acces-
sory proteins namely, ORF 3, 6, 7a, 7b, 8 and 9b (ref. 
54). The virus uses its spike proteins to latch onto the an-
giotensin converting enzyme (ACE2) receptors which are 
densely found in lungs and intestine. Zhou et al.55, recently  
reviewed antiviral tools against a multitude of viral  
targets, such as the spike protein, ACE-2 receptor targets, 
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viral replicase enzymes and the viral genome itself 
55. 

Given the effectiveness of aptamers against various  
viruses as described above, the report focuses on availa-
ble aptamer candidates for these viral targets. 
 The applications of aptamers derived from SELEX 
have been suggested to be used as an inhibitory target 
against the ACE-2 receptor. Theoretically, the ssDNA or 
RNA aptamers can bind to the ACE-2 receptor proteins, 
blocking the fusion and entry of the SARS-CoV-2 spike 
protein. These authors have also suggested utilizing  
aptamers against the entire viral genome by either using 
siRNA or antisense nucleotide mediated gene silencing56. 
However, there has been negligible output with respect to 
aptamers against the viral genome or ACE-2 receptors  
to block the progression of the coronavirus. 

Spike protein 

Spike (S) is a structural protein that renders the characte-
ristic spikes on the surface of the SARS-CoV-2 virus. 
The protein helps the virus enter the host cell by fusing 
with the plasma membrane. The protein has two major 
subdomains: S1 and S2. S1 contains a receptor-binding 
domain (RBD) and is responsible for providing stability 
during the prefusion state. S2 contains all the components 
that will be used for the fusion. The presence of a unique 
furin cleavage site occurring on the boundary of S1/S2 
makes this virus unique. The ectodomain of this spike 
protein is a trimer 160 Å long, having a cross-section and 
triangular in shape (Figure 4). The trimer exhibits con-
formational variability, an important characteristic for 
promoting entry into the host. The trimer has heterogen-
ous N-linked glycans which point out from its surface,  
serving various purposes. SARS-CoV-2 S possesses 22 
N-linked glycosylation sequences per protomer. The uni-
queness in the structure is one of the reasons why few of 
 
 

 
Figure 3. Genomic architecture of SARS-CoV-2. The genome of the 
virus is 29.9 kb in length. Two large genes namely ORF1a and ORF1b 
encode for the non-structural proteins. The structural proteins (S, E, M 
and N) are encoded by the structural genes. The part shaded grey in the 
figure codes for accessory proteins. Adapted from Alanagreh et al.82.

the drugs applicable for other coronaviruses are not effec-
tive against this new virus. The host proteases cleave the 
S2′ site resulting in activation of the protein that causes 
membrane fusion. The RBD and proteolytic functions 
promote entry into the cell. After entering inside the body 
of the host, S proteins are the primary targets of neutra-
lizing antibodies. It has been found that the sera obtained 
from a mouse infected with SARS-CoV can potentially 
inhibit the entry of S proteins of SARS-CoV-2 (ref. 57). 
To the best of our knowledge, no aptamers currently exist 
against the spike protein of this virus. However, there are 
aptamers (rich in G-quadruplexes) against the Gp120  
glycoprotein of HIV that helps the virus attach onto the 
host T-helper cells58. Similarly, there remains a potential 
for the discovery of aptamers against the spike glyco-
protein of SARS- CoV-2, which is a critical protein for 
entry into the ACE-2 receptors. 

ACE-2 receptors 

The renin-angiotensin system (RAS) has an essential 
function in controlling renal and cardiovascular func-
tions. Angiotensin-converting enzyme (ACE) is pivotal in 
regulating RAS. ACE2 is a homolog of ACE, playing an 
opposing role to ACE in regulating the rennin–
angiotensin system. A group of four enzymes, each mem-
ber being commonly referred to as angiotensin (Ang),  
regulates the blood pressure and overall well-being of the 
body59,60. Ang is converted to Ang I; proteolytic enzyme 
renin supports the process. Ang I is cleaved by ACE2 to  
 
 

Figure 4. Cryo-EM structures of SARS-CoV-2 S glycoprotein 
domain for binding to ACE-2 receptors on host cells. a, Closed SARS-
CoV-2 S trimer. b, c, Side and top view respectively, of the closed tri-
mer. d, Partially open SARS-CoV-2 S trimer. e, f, Side and top view 
respectively of the partially open trimer. Adapted from Walls et al.57.



REVIEW ARTICLE 
 

CURRENT SCIENCE, VOL. 119, NO. 9, 10 NOVEMBER 2020 1494

give Ang II. Ang 1-7 is generated from Ang I when a  
single residue is cleaved from Ang I using ACE2. A  
single residue is removed from Ang I with the help of 
ACE2 to give Ang 1-9. 
 ACE2 is a type-I transmembrane glycoprotein having 
805 amino acids. It possesses an extracellular amino-
terminal catalytic domain and a carboxy-terminal domain, 
and has a molecular weight of 120 kDa (approximately). 
The enzyme is majorly found in tissues of heart, kidney 
and testes, and in lower levels in various tissues. In the 
case of acute lung injury (ALI), it has been found that 
AngII, ACE and AT1R help in promoting lung injury, 
whereas ACE2 is involved in a protecting role. ACE2 has 
been identified as the receptor for SARS coronavirus. 
SARS-CoV infection causes severe acute respiratory dis-
tress syndrome (ARDS), leading to a high mortality rate. 
ACE2 plays a major role in controlling ARDS after the 
onset of the disease in the patient. The receptor is also a 
possible therapeutic and diagnostic target60, but no  
aptamer exists against the same to date. 

E protein 

The coronaviruses are enveloped viruses61. In the studies 
performed on various coronaviruses like infectious bron-
chitis virus (IBV) and mouse hepatitis virus (MHV), it 
has been found that coronavirus E protein is a small 
integral membrane protein containing 76–109 amino  
acids62. The primary amino acid sequence of the E protein 
in SARS-CoV-2 and SARS-CoV shows 94.7% sequence 
identity63. The E protein serves numerous purposes. It 
shows ion-channel activity forming conductive pores in 
lipid bilayers64. The ion channel in SARS-CoV is cation-
selective65. This allows entry of calcium into the Golgi 
membrane complexes/endoplasmic reticulum, which 
leads to the activation of the NLRP3 inflammasome and 
triggers the production of interleukin-β. The protein is  
also implicated in viral assembly, viral pathogenesis and 
virion release63. The membrane structure of E protein is 
still not completely clear, but many claim that it is a 
transmembrane protein having N-terminal ectodomain 
and C-terminal endodomain66. Various studies provide 
different reports while declaring the proteins involved in 
the envelope formation. Findings state that either M and 
N, M and E or M alone can cause envelope formation. It 
suppresses the host-cell response. It has also been found 
that SARS-CoV E can be anti-apoptotic in the infected 
individual62. Figure 5 is a cartoon representation of the 
SARS-CoV-2 structural proteins. No aptamers have been 
developed against the E protein of SARS-CoV-2 to the 
best of our knowledge, although Chen et al.44 have deve-
loped aptamers against the envelope glycoprotein (E2) 
found in human HCV. Such findings should catalyse 
scientific efforts to devise aptamers against the E protein 
of SARS-CoV-2 as well. 

M protein 

The M protein has a vital role in the assembly of the  
coronavirus. It is responsible for the very shape of  
the virion. It is a structural protein, quite abundant in the  
virion. It has an N-terminal ectodomain and a C-terminal 
endodomain66. The M protein appears like tightly packed 
lines over the membrane and touching the ribonucleo-
protein (RNP). The protein is known to exhibit two con-
formations which help it in binding to the nucleocapsid. 
The functional form of the protein is a homodimer67. 
Most of the information available on M protein is related 
to the M protein of various coronaviruses like mouse  
hepatatis virus or infectious bronchitis virus. Since the  
M proteins in most of the coronaviruses resemble each 
other, similar conclusions can be drawn for the M protein 
of SARS-CoV 2. However, no aptamers exist against the 
M protein of SARS- CoV-2 till date. 

N (Nucleocapsid) protein 

The coronavirus N protein is an RNA-binding protein 
serving multiple functions. It is integral for transcription 
and replication of viral RNA. It plays a vital role in pack-
ing the viral RNA genome by forming helical RNPs. The 
protein is also involved in modulating the mechanism of 
the infected cell. 
 Three distinct domains make up this protein:  
(i) C-terminal dimerization domain for oligomerization. 
(ii) N-terminal RNA-binding domain for RNA binding. 
(iii) Intrinsically disordered central Ser/Arg linker for 
primary phosphorylation. 
 
 

 
Figure 5. Cartoon representation of coronavirus virion, representing 
the four structural proteins, viz. envelope protein (E), spike protein (S), 
membrane protein (M) and nucleocapsid protein (N). Adapted from 
Ruch and Machamer62.
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 In SARS-CoV-2, the 3′-end ORF (open reading frame) 
encodes for the nucleocapsid protein. Understanding the 
structure of the SARS-CoV-2 N-NTD (the N-terminal  
region of N protein of SARS-CoV-2 virus) will help in 
studying the molecular interactions when it binds to ribo-
nucleotides, blocking viral assembly and multiplication. 
SARS-CoV-2 N-NTD crystals pack in an orthorhombic 
fashion. All the four monomers present in a crystal have a 
right-handed sandwiched fold (loops–beta sheet core–
loops). SARS-CoV-2 N-NTD has many aromatic and  
basic residues in its structure. The overall organization of 
various coronavirus N proteins is similar. It is the surface 
charge distribution that distinguishes one from the other 
type (Figure 6)54. 
 The N protein is highly immunogenic and highly  
expressed when the infection occurs. It is, therefore, an 
important viral protein that should be studied in more  
detail54. High-affinity aptamer has been selected that 
binds to the N protein of the SARS-CoV responsible for 
the SARS-CoV 2002–2004 outbreak. Using the selected 
aptamer as the antigen-capturing agent in chemilumines-
cence immunosorbent assay and nanoarray aptamer chip, 
low levels of N protein as low as 2 pg/ml could be  
detected25. A nanoarray aptamer chip method is based on 
hybridization technique. In this method, a nanoarray is 
constructed using microfabrication tools and aptamers are 
immobilized onto these arrays for capturing the protein of 
interest (in this case N protein of SARs CoV), which can 
be detected by utilizing various detection techniques68. 
Using the classical SELEX protocol, an ssDNA aptamer 
binding with high affinity and specificity to the SARS-
CoV N protein has been recently reported69. 

Helicase enzyme 

ORF1a and ORF1b of the viral genome are translated into 
two large replicative polyproteins (pp1a and pp1ab) using 
ribosomal frameshifting. These polyproteins are further 
processed into 16 non-structural proteins through the 
process of auto-proteolysis. Two non-structural proteins,  
 
 

 
Figure 6. a, Whole genomic features from SARS-CoV-2 isolate. 
UTR, Untranslated region; ORF, Open reading frame; TRS, Transcrip-
tional regulatory sequence; S, M, E, N, Encoding region of the respec-
tive proteins. b, Domain architecture of N protein of SARS-CoV-2 N 
protein and SARS-CoV. Adapted from Kang et al.54. 

viz. RNA-dependent RNA polymerase (nsp12) and 
NTPase/helicase (nsp13) are considered to constitute the 
membrane-bound transcription–replication complex70. 
The SARS-CoV helicase comprises three principal  
domains: N-terminal membrane binding domain, a hinge 
and an NTPase/helicase domain. The helicase enzymes 
are motor proteins that are responsible for unwinding the 
double-stranded nucleic acids utilizing the energy from 
the hydrolysis of nucleotides71. These authors have also 
reviewed a range of other functions performed by the  
helicase enzyme: displacement of proteins from nucleic 
acids, remodelling of chromatin structure, displacement 
of Holliday junctions and various facets of RNA metabol-
ism like transcription, splicing, export of mRNA and 
gene expression in the mitochondria. Although the exact 
role of helicase in viral replication is not fully unders-
tood, most antiviral strategies against this enzyme have 
been targeted to stop its unwinding activity. One probable 
mechanism through which the helicase enzyme could  
facilitate genome replication is through the unwinding of 
the knotted/folded RNA (due to its great length), allow-
ing the transcription/replication of RNA-dependent RNA 
polymerase. Additionally, the role of helicase enzymes in 
unfolding the G-quadruplex structures is known. The G-
quadruplex structures are non-canonical tetra-helical 
structures that come into existence by the folding of gua-
nine-rich sequences. These folded structures pose a chal-
lenge to the replication, transcriptional and translational 
processes. Thus, nucleic acids need kinetic forces that act 
upon these tightly folded G-quadruplexes, so that meta-
bolic processes like replication can follow72. Most poly-
merases do not have adequate energy to unwind this 
structure. Therefore, eukaryotic cells have evolved to use 
helicase enzymes for unwinding these quadruplexes to  
initiate replication (the exact mechanism by which heli-
case unfolds these quadruplex structures remains inade-
quately known). However, helicase remains an attractive 
antiviral target because these G-4 structures are found in 
many viral genomes, including SARS-CoV-2. Identifying 
specific vial proteins is of paramount importance to find 
suitable inhibitors against them. In this regards, using an-
tibody labelling assay in cells infected with coronavirus, 
Prentice et al.73 identified and characterized the replicase 
protein in SARS-CoV virus. Therefore, efforts have been 
made towards devising measures to inhibit helicase acti-
vity. For instance, Cho and colleagues generated a small 
compound EMMDPD (7-ethyl-8-mercapto-3-methyl-3,7-
dihydro-1H-purine-2, 6-dione). This compound was able 
to impede adenosine triphosphate hydrolysis as well as 
the unwinding activity of the helicase. The compound had 
an advantage in the sense that it did not lead to any cellu-
lar cytotoxicity74. 
 In terms of aptamers, however, there are few studies on 
how these decoys could be used to inhibit helicase acti-
vity. For example, Shum and Tanner53 reported the diffe-
rential features of G-quadruplex and non-G quadruplex 
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DNA aptamers in inhibiting the unwinding activity of 
SARS-CoV helicase enzyme. They incubated the DNA 
oligonucleotides with Ni-NTA beads using SELEX tech-
nology. While all of five selected candidates actively sti-
mulated ATPase activity and showed high affinity for 
helicase, only the non-G quadruplex class of aptamers 
could halt the unwinding function of helicase, suggesting 
that only these structures were capable of locking the 
nucleic acid-binding sites into high ATPase turnover con-
formation, whereas G-quadruplex aptamers could not53. 
Jang et al.75 developed RNA aptamers against SCV 
(SARS coronavirus) NTPase/helicase to inhibit the un-
winding activity of helicase enzyme, which was found to 
show efficient activity up to ∼85% with an IC50 value of 
1.2 nM. However, it had a lower effect on the ATPase  
activity of the protein along with the presence of poly 
(rU)75. These findings form a basis of further exploration 
of aptamers against the helicase enzyme of SARS-Cov-2 
as well. 

RNA-dependent RNA polymerase 

The RNA-dependent RNA polymerase (RdRps) (nsp12) 
is an integral enzyme in the viral genome transcription–
replication machinery. In addition to this enzyme two  
cofactors, namely nsp 7 and nsp 8 have been found to be 
essential components when nsp12 binds to initiate  
genome replication76. Analogous to other RdRps, nsp12 
of SARS-Cov-2 adopts a structure like that of a right 
hand with the finger, palm and thumb subdomains. RdRp 
has already been established as the primary target for the 
antiviral drug remdesivir77. This is a nucleotide analog 
that causes the Rdrp to recognize and incorporate the ac-
tive form of this inhibitor drug, and the consequent bind-
ing prevents the polymerase from replicating the viral 
genome further. Due to its efficacy in symptom reduc-
tion78, and no consequent adverse reactions79, favipiravir 
is also considered as an attractive antiviral drug. 
 No aptamers are reported against the Rdrp of SARS-
CoV-2. Although there have been aptamers devised 
against the RdRp (NS5B) of HCV. Like in SARS-CoV-2, 
RdRp is essential for the generation of positive-sense  
genomic RNA and replicating a negative-sense template 
from the same. For example, Bellecave et al.80 developed 
DNA aptamer against the HCV NS5B protein, which 
competed with the positive and negative-strands of HCV 
viral RNA so as to bind RdRp to itself and block the init-
iation and elongation of transcription of viral RNA. Simi-
larly, research should focus on designing aptamers 
against the nsp13 of SARS-CoV-2, because most RdRps 
share structural similarity in terms of consisting of a fin-
ger, thumb and palm domain. Additionally, while small-
molecule drugs such as HCV protease inhibitors or HIV 
integrase inhibitors attack the active sites of the enzyme 
to impede their catalytic role, aptamers are additionally 

able to bind more tightly to the protruding parts of the 
protein, thus preventing protein–protein interactions81. 
SARS-CoV-2 RdRp nsp13 also interacts with nsp 7 and 
nsp 8 to initiate its replication activity. Therefore, apta-
mers should be tested against nsp13 because of their 
proven efficacy in inhibiting protein–protein interactions. 

Conclusion and perspectives 

Here we present a brief overview of the DNA aptamers 
and the methods involved with special focus to the devel-
opment of aptamers against viral components. The field 
of aptamers presents much more advantages over anti-
bodies in terms of specificity, affinity, minimum immu-
nogenicity and cost-effectiveness in terms of production, 
modifications and applications. Though aptamers have 
been evolved and developed for various viruses such as 
HIV, HCV and SARS-CoV, we still need a large palette 
of aptamers for the genomic RNA and multiple proteins 
of SARS-CoV-2. Also, at present, the aptamers are most-
ly restricted as sensing modules, but they also have the 
capacity to be used as inhibitory drugs. This aspect of  
aptamers still remains to be largely explored. We can  
foresee immense developments in the field of aptamers, 
where the next goals would be to develop multimodal  
aptamers with capability to recognize and inhibit the  
targets. This would definitely be of immense use in  
therapeutics, especially in pandemic infections like 
COVID-19. 
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