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Dear Editor,

Since December 2019, the outbreak of severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) induced
human disease, the coronavirus disease 2019 (COVID-19),
has been reported in more than 200 countries and areas
around the world (Wu et al. 2020). By May 13, there are
4,098,018 confirmed cases with 283,271 deaths according
to the World Health Organization (WHO) report, and the
numbers are keeping growing fast. Rapid and accurate
diagnosis of suspected cases, effective isolation of infected
patients and active treatments are the most important pro-
cedures for epidemic prevention and control.

At present, the conventional methods used in virological
diagnosis include: (1) Virus isolation and culture; (2)
detection of viral-specific antibodies; (3) detection of viral
nucleic acid by PCR, sequencing, etc. (Zu et al. 2020).
However, there are some obvious disadvantages to each of
those diagnosis methods. For example, virus isolation and
culture are difficult to implement in routine clinical labo-
ratories. Antibodies can usually be detected on 7-21 days
post-infection, which is not suitable for early diagnosis. For
biosafety reason, the heat inactivation of the virus is
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required and this will reduce the antibody levels by an
average of 50%. Furthermore, cross-reaction cannot be
entirely avoided because of the conserved sequence and
structure between human coronaviruses. Detection of viral
nucleic acid by qRT-PCR is the most popular method till
now (Wang et al. 2020), but a high rate of false-negative
results is reported during the COVID-19 tests (Chan et al.
2020; Zu et al. 2020). The most possible reason for the
failure of detection is that the swab samples from
the nasal cavity or throat may not always contain enough
genetic material to provide an accurate test. Therefore,
developing a novel method to supplement the current
diagnosis of COVID-19 has become imperative.

During the outbreak of SARS-CoV in 2003, scientists
have reported that the nucleocapsid (N) protein of SARS-
CoV is a good diagnostic biomarker (Che et al. 2004; Lau
et al. 2004; Li et al. 2005). In the early stage of SARS
infection (day 1-10), the detection of viral N protein is
much more sensitive (90% positive) than that of viral
nucleic acid (42.9%) or antibodies (21.4%) in patients’ sera
(Li et al. 2005). Another study suggested that N protein in
the blood samples of SARS patients can be detected as
early as day 1 after disease onset. The sensitivity of
detection was up to 94% with serum samples taken during
the first 5 days after onset (Che et al. 2004). Compared
with the detection of N antibody, catching the N antigen
shows no cross-reaction with other related human and
animal coronaviruses. N protein can also be detected in
various patient samples including nasopharyngeal aspirate,
urine, and fecal (Lau er al. 2004). The ELISA based viral
antigen detection may have greater sensitivity, specificity,
and reliability than the nucleic acid amplification assay.

Aptamers, in vitro selected by systematic evolution of
ligands by exponential enrichment (SELEX) technology
(Tuerk and Gold 1990), are DNA or RNA molecules that
are capable of binding a wide range of molecules with high
affinity and specificity. Aptamers that recognize viral
proteins have been employed in the rapid detection of
viruses and as antiviral agents in treating infection (Zou
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et al. 2019). For example, aptamers for the hemagglutinin
(HA) proteins have been used in the detection of various
strains of influenza virus including HIN1, H3N2, H5NI1,
and HIN2 (Zou et al. 2019). Zika NS1-binding ssDNA
aptamers can be used for medical diagnosis of Zika virus
infection (Lee and Zeng 2017). DNA aptamers against the
dengue virus (DENV) envelop protein can neutralize the
infections by all four serotypes of DENVs (Chen et al.
2015). Aptamers may also suppress viral infection by
interfering with the enzymatic activities of viral encoded
enzymes (Jang et al. 2008; Shum and Tanner 2008).

The purpose of this study was to identify aptamers that
may be applied to the early diagnosis of COVID-19. In a
previous study, Korean scientists have shown that a single
strand DNA aptamer can specifically bind to SARS-CoV N
protein (Cho et al. 2011). Since the N protein
(YP_009724397.2) of SARS-CoV-2 shares 91% sequence
homology with the N protein (NP_828858.1) of SARS-
CoV (Supplementary Figure S1), we wondered whether the
reported DNA aptamer against SARS-CoV N protein binds
to SARS-CoV-2 N protein. Furthermore, we modified the
reported DNA aptamer (Aptamer 1) into different variants
and examined their binding capacities to SARS-CoV-2 N
protein.

The 5 biotinylated Aptamer 1 and its derivatives,
Aptamer 2, 3, and negative control (Aptamer n.c.) (Sup-
plementary Table S1) were synthesized by Sangon Biotech
(Sangon, Shanghai, China). The secondary structures of the
aptamers were predicted by the MFOLD program (http://
unafold.rna.albany.edu) (Zuker 2003). The 6 x Histidine
tagged N, Spike protein receptor-binding domain (S-RBD)
(fused with Fc) and 3C-like protease (3CLpro) proteins
from SARS-CoV-2 were prokaryotic expressed in
Escherichia coli BL21 (DE3) strain by the addition of
0.5 mmol/L isopropyl-b-D-thiogalactopyranoside (IPTG),
respectively. The recombinant His-tag proteins were puri-
fied using cOmplete His-Tag Purification Resin (Roche,
Mannheim, Germany) following the manufacturer’s
instruction. The protein concentrations were analyzed
using the bicinchoninic acid assay (Thermo Scientific, IL,
USA) with bovine serum albumin (BSA) as a standard.
Coomassie blue staining of purified proteins after sodium
dodecyl sulphate—polyacrylamide gel -electrophoresis
(SDS-PAGE) confirmed the purity of these proteins that
could be used for the following assays (Fig. 1A).

To investigate the binding affinity of three aptamers to
SARS-CoV-2 N protein, we performed The Enzyme-
Linked Aptamer Binding Assay (ELAA) as shown in
Fig. 1B. Briefly, 96-well plate (Thermo Scientific, IL,
USA) was employed to immobilize the serial diluted
SARS-CoV-2 N protein to the plate overnight and blocked
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with 5% BSA in phosphate-buffered saline with Tween-20
(PBST) at room temperature for 1 h. After washing,
100 nmol/L of the 5-biotinylated aptamers (100 pL),
denatured at 90 °C for 10 min following 10 min on ice,
was added into the well and incubated at room temperature
for 1 h. Then, the avidin coupled with horseradish perox-
idase (HRP) (1:1000) was used to detect the biotin signal.
The color development was carried out using 3,3,5,5-
tetramethylbenzidine (TMB) substrate and stop solution of
2 mol/L H,SO4, and the absorbance was measured at
450 nm using Synergy H4 Hybrid Reader (BioTek, VT,
U.S.A).

Aptamer binding assay revealed that all three Aptamers
(#1, 2 and 3) specifically bound to SARS-CoV-2 N protein
with a similar affinity (Fig. 1C), suggesting that the first
two stem-loops in the aptamer are required for binding to
SARS-CoV-2 N protein. The negative control aptamer
(n.c.) with only one loop cannot bind to SARS-CoV-2 N
protein. With one step ELAA, the SARS-CoV-2 N protein
was able to be detected with a concentration as low as
10 ng/mL (Fig. 1C). Interestingly, SARS-CoV-2 N protein
diluted in human sera from three healthy donators was also
detectable using aptamer 2 or aptamer 3 as probes
(Fig. 1D), implicating that detection of N protein in serum
samples with aptamer may be possible for the rapid diag-
nosis of COVID-19.

Additionally, to compare the binding efficacy of the
aptamer with a commercial antibody, we performed Wes-
tern blot analysis with aptamer 2 or anti-N antibody (Sino
Biological, Beijing, China). 3CLpro or serial diluted
SARS-CoV-2 N proteins were separated by 10% SDS-
PAGE and then transferred onto polyvinylidene fluoride
(PDVF) membranes. After blocking with 5% nonfat milk,
the membranes were probed with 5" biotinylated aptamer 2
or anti-N antibody, washed, and incubated with strepta-
vidin-HRP or goat anti-mouse IgG -labeled secondary
antibody, respectively. The protein bands were visualized
by the enhanced chemiluminescence (ECL) kit (Tanon,
Shanghai, China). The images were photographed with the
Tanon Luminescent Imaging System (Tanon, Shanghai,
China). When various amounts of N proteins (0.01-10 pg)
were analyzed by immunoblotting with 100 nmol/L of 5’
biotinylated aptamer 2, the signal increased in a dose-
dependent manner (Fig. IE), which was similar to the
results from the commercial anti-N protein antibody. This
suggested that these aptamers could be used as alternative
reagents to replace the anti-N antibody for the detection of
SARS-CoV-2 N protein. Importantly, DNA aptamers can
be synthesized easily while antibody generation requires
immunization of animals. Also, aptamers are less costive
and have higher stability than protein antibodies. All these
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Fig. 1 DNA aptamers specifically bind to SARS-CoV-2 N protein.
A The expression and purification of SARS-CoV-2 N, S-RBD-Fc and
3CLpro proteins with a His-Ni-NTA system. B A sketch map for the
ELAA. Briefly, the N protein was serially diluted and coated on the
plates. After blocking, the N protein was detected with biotinylated
ssDNA aptamers followed by HRP conjugated Avidin system.
C Aptamer 1, 2 and 3 binds SARS-CoV-2 N protein in an Enzyme-
Linked Aptamer Binding Assay (ELAA). BSA, SARS-CoV-2 S-RBD

and 3CLpro proteins served as negative controls. Aptamer n.c. binds
to none of the tested proteins. D Detection of N protein in diluted
human serum by ssDNA aptamers. E ssDNA aptamer 2 specifically
detects SARS-CoV-2 N protein in Western Blot assay. Antibody
against N protein served as controls. Serially diluted N proteins (10
ng, Ipg, and 0.1pg) and 10 pg of 3CLpro protein were probed with N
Aptamer 2 and N antibody, respectively. The data shown are
representative of 3 independent experiments.
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features make aptamers more useful in the development of
diagnostic systems.

Altogether, we have identified a novel method for the
detection of SRAS-CoV-2 N protein using DNA based
aptamers. Although the aptamers used in this study were
designed based on an aptamer previously selected for
SARS-CoV N protein, they bind to SRAS-CoV-2 N protein
with a high affinity. Most importantly, SARS-CoV-2 N
protein shares very low similarity (16%-38%) with N
protein from other five known human coronaviruses except
for SARS-CoV. Because there are no SARS-CoV cases
reported since 2004, our aptamer-based method can be
used as a supplementation to the current diagnosis of
SARS-CoV-2. Among the three N aptamers, aptamer 3 has
the smallest molecular size. It will have the minimal cross-
reaction to other proteins and be more stable than other
aptamers. However, with the lack of serum samples col-
lected from SARS-CoV-2 infected patients, the diagnostic
performance such as sensitivity and specificity needs fur-
ther investigation. Nevertheless, we have developed a
novel method based on ssDNA aptamer for the detection of
SARS-CoV-2 N protein, which may have potentials for the
early diagnosis of SARS-CoV-2. Given the fact that N
protein is also critical for viral genome assemble and
antagonism of host immune responses (Chang et al. 2014),
the N protein aptamers might be further considered used in
the antiviral therapy by interfering with the N protein
function.
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