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The prevalence of mutated species of COVID-19 antigens has provided a strong impetus for identifying a cost-
effective, rapid and facile strategy for identifying the viral loads in public places. The ever-changing genetic make-
up of SARS-CoV-2 posts a significant challenfge for the research community to identify a robust mechanism to
target, bind and confirm the presence of a viral load before it spreads. Synthetic DNA constructs are a novel

strategy to design complementary DNA sequences specific for antigens of interest as SARS-CoV-2 antigens.

SARS complementary DNA protein—-DNA

| 1. Introduction

In the pandemic era, the uncontrollable spread of COVID-19 has necessitated the development of a novel sensor
which can efficiently detect the virus in its current form as well as in future mutated forms. Early detection can be
performed by the rapid analytical techniques using graphene-based materials. The COVID-19 antigens are among
the best targeting sites for early detection of viral infection in the human system. This can be performed via the
reliable and rapid process of a label-free diagnostic method coupled with synthetic DNA constructs. Generally, the
synthesis of DNA constructs and fabrication into synthons, genes, biological circuits and construction of genomes
maps via chemical synthesis methods are emerging research area in the field of molecular diagnostic technology.
Alternatively, these DNA constructs can be used in the low-cost rapid diagnostic methods for various viral infections
[, Since December 2019, COVID-19 was declared as a pandemic by the WHO, urging the development of highly
sensitive biomarker-based detection methods capable of operating in robust conditions for detection of COVID-19

and their variants in biofluids 2.

The rapid sensing technique for detecting COVID-19 biomarkers in all phases of infection stages is a challenging
task in molecular virology and provides a platform for controlling the infection in human. The diagnostic method for
COVID-19 can be broadly divided into: (1) detection and investigation of the nucleic acid genome of the SARS-
CoV-2 via qualitative reverse transcriptase polymerase chain reaction (QRT-PCR) and loop-mediated isothermal
amplification (LAMP), (2) detection of viral antigens/proteins by the enzyme-linked immunosorbent assay (ELISA)
or lateral flow assay (LFA), (3) studying antibodies produced by the human immune system due to viral infections.
The US-FDA (United States—Food and Drug Administration) authenticated the above methods for
commercialization and they are currently in practice. However, the Abbott-based COVID-19 diagnostic method

gave false responses even at the early stage of coronavirus infection due to poor sensitivity and specificity
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problems. This occurred due to the low availability of biomarkers such as viral RNA, viral proteins and antibodies in

the serum of the human blood samples collected from the coronavirus patients.

RT-PCR is now the most desired standard technique for detection of COVID-19. RT-PCR is an accurate test for
diagnosis of COVID-19 in humans. However, it takes longer, up to days, to obtain results since skilled personnel
are required to operate the instrument. In the design and engineering of a diagnostic method for detection of
COVID-19, the bottlenecks in analytical techniques to assay COVID-19-associated biomarkers in saliva and
blood/plasma/serum and/or nasal swabs are: (1) the inability to assay different types of biomolecules in one
instrument—for example, the RT-PCR and LAMP techniques are capable of assaying viral nucleic acids but not
proteins; (2) ELISA and LFA only detect proteins but not RNAs; and (3) general inadequacy in assay sensitivity/limit

of detections to quantify a low abundance of biomarkers while retaining high specificity and accuracy 2.

The most commonly relied upon COVID-19 sensing techniques ELISA, PCR and RT-PCR are reliable but require
expansive instrumentation, training and time for diagnosis. PCR is predominantly used to detect specific organisms
such as viruses. PCR is a very powerful technique as it can identify the residual fragments of a virus even after the
disease disappears and so it has enabled rapid analysis to diagnose diseases in humans. RT-PCR is a laboratory-
based investigation process which produces copies of specific DNA/RNA sequences for investigation. Enzymes
belonging to RT are manipulated and used to vary a specific sequence of RNA to a matching piece of DNA. After
producing numerous pieces of DNA in large quantities through DNA polymerase, it can identify a specific mRNA
sequence which makes up a gene. RT-PCR can help to efficiently diagnose a disease and monitor an infection. So,
in standard PCR analysis, a DNA template is amplified and a thermocycler is used; but in RT-PCR, RNA is utilized
as a template and is reverse transcribed into complementary DNA. PCR is typically employed for viruses that have
DNA for amplification . Similarly, SARS-CoV-2 has only RNA and it can be detected through RT-PCR. Figure 1
shows the structure of and components present in SARS-CoV-2.
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Figure 1. Structure and components of SARS-CoV-2. Reproduced with permission from Ref. [1I. Copyright 2022

Elsevier.
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The aforementioned detection techniques 2 suffer from certain demerits, such as the need for trained and
gualified personnel and also more demand for expensive chemical reagents. Importantly, traditional techniques are
not suited for large-scale diagnosis in quick time frames. Although these techniques exhibit great sensitivity,
sometimes they provide false positive or negative test results. It is noteworthy to mention that the sensitivity and
the limit of detection (LOD) are respective to the COVID-19 viral dose and infective virus dose, which becomes an
issue for sensing platforms. For RT-PCR testing of nasal samples, standard COVID-19 detection techniques
provide an average LOD of 100 copies of viral RNA per mL &l Having said that, more than 10,000 fold the LOD

can be achieved through electrochemical-based detection techniques (Figure 2).
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Figure 2. Schematic of an electrochemical COVID-19 detection technique using voltametric, impedimetric and

potentiometric sensors. Reproduced with permission from Ref. LI, Copyright 2022 Elsevier.

Electrochemical detection is among the significant, low-cost and high-performance sensing techniques 2 which
can effectively detect changes in the current, voltage or charge generated from surface interactions with a working
electrode and analyte. The salient features of the electrochemical sensing platform are their user-friendly
operation, low-cost fabrication, rapid detection capability and a superior LOD. These advantages can achieve the
global need for diagnosing COVID-19 at larger scales. The overall performance of the electrochemical technique is
improved through integration of nanomaterials into the system. Nanomaterials such as graphene family materials
(GFM) can help in the successful interaction between analytes and sensors largely due to their superior specific

surface area that aids in precise, rapid detection of virus biomarkers.
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| 2. Significance of Synthetic DNA Constructs

The ease of access through which oligonucleotides are being synthesized by chemical methods has resulted in the
construction of custom-made synthetic DNA strands or synthons being used as recognition units for biosensors.
The ever-adapting SARS-CoV-2 is tough to track for sudden mutations which are specific to certain locations.
However, identification of the commonly occurring nucleotide sequences in the SARS-CoV-2 antigens can be

targeted by the synthetic constructs.

Batches of such synthetic DNA constructs can be fabricated by using controlled porous glass beads, wherein the
oligonucleotides are grown over the glass bead surface as the feed chemicals are made to flow over the surface.
Microarray-based synthesis facilitates the growth of several unique strands of DNA at the same time as enabling
the methodology to produce novel and customized nucleotide pools which can be used as probes or

complementary strands for target analytes such as COVID-19 antigens 121,

A single microchip can be fabricated for a variety of such oligonucleotide pools, which can then be segmented into
specific sub pools so that they can be utilized to generate assembly-specific harvests. Such high-throughput
fabrication of oligonucleotides can be employed to target several mutant strains or different species of microbes
altogether B3],

Kosuri et al. [8 describes the scalable gene synthesis on a DNA chip from the OLS pool without distinguishing
dsDNA and ssDNA, cleaved to form an oligonucleotide pool. Yellow or brown indexed primers are used to amplify
separate plate sub pools with DNA to assemble different genes. Blue-colored sequences are assembly specific and
are used to amplify assembly sub pools that have the DNA required to make one unique gene. The primer
sequences are cleaved, forming dsDNA by using type 1IS restriction enzymes; or forming ssDNA by Dpnll/USER/A
exonuclease. Construction primers are employed to proceed with assembly PCR reaction to build one unique gene

from each assembly sub pool. The assembled products are cloned and validated by enzyme-mediated correction.
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