ISSN: 2161-1009
Biochemistry &
Analytical Biochemistry

OPEN @ ACCESS Freely available online

Mini Review

COVID-19: Review on the Biochemical Perspective of the Structural and
Nons-structural Proteins Involved in SARS-CoV-2 Corona Virus

Soumya V. Menon*

Department of Chemistry, School of Sciences, Jain Deemed to be University, JC Road, Bangalore, India

ABSTRACT

A novel member of human SARS-CoV-2 that has recently emerged in Wuhan, China, is now formally named as
SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2). This is a unique strain of RNA viruses that have
not been previously observed in humans. The virus has wide host adaptability and is capable of causing severe
diseases in humans, masked palm civets, mice, dogs, cats, camels, pigs, chickens, and bats. The SARS-CoV-2 typically
causes respiratory and gastrointestinal sickness in both humans and animals. The main objective of this review is
to address the important biochemical aspects of SARS-CoV-2 corona virus. There is a critical need to study the
structural and non-structural proteins involved in this virus to understand and support the clinical, biochemical
and structural studies to combat the pandemic occurrence all over the world by SARS-CoV-2. The review also gives
a comprehensive view of the various analytical techniques used to study the corona virus such as size exclusion
chromatography, circular dichroic spectroscopy, and Multiage Light Scattering and micro array methods.
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INTRODUCTION

Coronaviruses (CoVs) are the largest group of viruses belonging to
the Nidovirales order, which includes Coronaviridae, Arteriviridae,
Mesoniviridae, and Roniviridae families. The Coronaviridae are
further subdivided into four genera, the alpha, beta, gamma, and
delta coronaviruses. The viruses were initially sorted into these
genera based on serology but are now divided by phylogenetic
clustering. All viruses belonging to Nidovirales order are enveloped,
nonsegmented positive-sense RNA viruses. They all contain very
large genomes for RNA viruses, with some viruses having the
largest identified RNA genomes, containing up to 33.5 kilo base
(kb) genomes. Other common features within the Nidovirales
order include: (1) a highly conserved genomic organization, with a
large replicase gene preceding structural and accessory genes.

When we see the history of corona virus, or SARS CoV, the
epidemic was out broken once in 2002 and it was controlled in
2003 and the virus has not since returned but, a novel human CoV
emerged in the Middle East in 2012. This virus, named Middle
East Respiratory Syndrome-CoV (MERS-CoV), was found to be
the causative agent in a series of highly pathogenic respiratory
tract infections in Saudi Arabia and other countries in the Middle
East [1]. Based on the high mortality rate of ~50% in the early
stages of the outbreak, it was feared the virus would lead to a very
serious outbreak. However, the outbreak did not accelerate in

2013, although sporadic cases continued throughout the rest of
the year. In April 2014, a spike of over 200 cases and almost 40
deaths occurred, prompting fears that the virus had mutated and
was more capable of human-to human transmission. More likely,
the increased number of cases resulted from improved detection
and reporting methods combined with a seasonal increase in
birthing camels. As of August 27th, 2014 there have been a total
of 855 cases of MERS-CoV, with 333 deaths and a case fatality
rate of nearly 40%, according to the European Center for Disease
Prevention and Control. Later followed by the month of December
2019, a novel infectious one that was named as COVID-19 was
identified in the Wuhan city of Hubei province, China.

On the initial monitoring of some samples of a cluster of patients
admitted with fever, cough and shortness of breath revealed
pneumonia of unknown origin, later proved to be a viral infection
by pathogen belonging to Betacoronavirus B lineage. Based on
genetic similarities to the genome of Middle East Respiratory
Syndrome Virus (MERS-CoV), Severe Acute Respiratory Syndrome
Virus (SARS-CoV) and bat coronavirus RaTG13, this novel virus
was named SARS-CoV-2 [2]. Bats that have been considered the
natural habitat for various coronaviruses including SARS-CoV-
like and MERS-CoV-like viruses were predicted, based on the
results of genome sequencing and evolutionary study, to be the
suspected natural host in the origin of the SARS-CoV-2 [3,4].

There are different types of coronavirus that cause infections in
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human beings and SARS-CoV-2 is seventh in this series. There are
four different genera of coronavirus: a-CoV, pCoV, y-CoV, and
8-CoV. The a and B-CoV cause infection in mammals, whereas y
and 8-CoV infect the birds. SARS-CoV-2 on the other hand is more
potent than SARS-CoV and MERS-CoV, and can lead to death
due to pneumonia [5]. COVID-19 was shown exhibiting high
viral shedding in the upper respiratory tract at an early stage of
infection, resulting in a high proportion of transmission-competent
individuals that are presymptomatic, asymptomatic, and mildly
symptomatic. In this review, an overview is given on the various
aspects and views to SARS CoV-2, mainly the various structural
and nonstructural proteins, different analytical techniques involved
in research studies related to SARS-CoV-2 which gives an outline
about the pandemic (Figure 1).

BIOCHEMICAL CHARACTERIZATION OF SARS-
COV-2 VIRUS

The infection caused by SARS-CoV-2 could use a one kind of host
protein named Angiotensin-Converting Enzyme 2 (ACE2) as used
by the SARS-CoV, to infect humans [6]. ACE2 is expressed by
many tissues, such as the epithelial cells lining the nose, mouth,
and lungs and acts as a major entry point for the COVID-19 virus.
Latest studies by Hoffman, indicated that SARS-CoV-2 utilizes a
cell surface complex that comprises a primary receptor called ACE2
and a serine protease named Trans Membrane Protease Serine 2
(TMPRSS2) co-localized on host cell surfaces to enhance the spike
(S) protein-mediated entry of SARS-CoV-2 to the host cell (Figure
2)[71.

The SARS-CoV-2 genome is composed of approximately about
30,000 nucleotides, which encodes four structural proteins which
includes nucleocapsid (N) protein, envelope (E) protein, spike (S)
protein, and envelope (E) protein and membrane (M) protein [4].
Among all of these proteins, N protein is abundantly expressed and
is highly immunogenic for the period of infection [3,8]. Moreover,
N protein is regularly applied in the development of vaccines and
in serological assays. Based on the results from serological assay, it
was concluded by Ahirwar et al. That the specific antibodies against
the N protein in the serum of SARS patients have higher sensitivity
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and longer persistence than those of other structural proteins of
SARS-CoV-2. Moreover, anti-N antibodies have been detected with
high specificity in the early stage of infection. Very less and meager
studies are still available for this SARS-CoV-2 N protein. Thus, any
information generated from the analysis of this protein, both in
vivo and in vitro, will improve our understanding of COVID-19
and help us to design better biological agents for the treatment or
diagnostics of this pandemic so that future screening and diagnosis
will be easier.

The domain structure of SARS CoV2 N protein was found in the
study by Zeng [9,10]. In a similar line of research, some scientists
all over the world have successfully performed the expression and
purification of two recently reported recombinant versions of
the S protein (OptSpikel and OptSpike2) and this construct has
additionally been utilized as an antigen for clinical ELISAs [11,12].

The chemistry of the various nonstructural proteins (NSP3, NSP5,

NSP12, NSP13, NSP14, NSP15, NSP16) of SARS CoV-2 was
discussed by Yoshimoto [13]. Secondly, a recent major focus of this
pandemic is the variant strains of SARS CoV-2 that are increasingly
occurring and more transmissible. For example, “D614G”, strain
possessed a glycine (G) instead of an aspartate (D) at position 614
of the spike protein. Additionally, other emerging strains called
“501Y.V1” and “501Y.V2” have several differences in the receptor
binding domain of the spike protein (N501Y) as well as other
locations. These structural changes may enhance the interaction
between the spike protein and the ACE2 receptor of the host,
increasing infectivity according to Yoshimoto.

Some of the nonstructural proteins called enzymes such as NSP13,
guanosine N7-methyltransferase: NSP14, an endoribonuclease:
NSP15, and a 2-O-ribose-methyltransferase (NSP16) are also
identified recently. This group of enzymes can generally be
classified into different subgroups: (i) proteases (NSP3 and NSP5),
(ii) enzymes involved in the 5'-capping modification of viral RNA—a
posttranslational modification of viral RNA (to allow the viral
RNA to escape the host innate immune system) (NSP13, NSP14,

NSP15, and NSP16) (Figure 3).
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Figure 1: An outline of mechanism of transmission of SARS-CoV?2 virus and its impact on human health.
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Figure 3: Structure of NSP13 in complex with NSP12.

ANALYTICAL TECHNIQUES USED THE
DIAGNOSIS OF SARS COV-2

Accurate, affordable, and rapid testing holds key importance in
timely diagnosis and isolation of infected individuals to curtail
SARS-CoV-2 spread from both symptomatic and asymptomatic
viral carriers. Different types of COVID-19 tests, including mainly
the Reverse-Transcription Polymerase Chain Reaction (RT-PCR)
for detection of viral RNA, lateral flow immuno chromatographic
strips for automated rapid antigen test, chest CT scan for analysis
of associated clinical symptoms, and antibody test for analysis of
SARS-CoV-2 antibodies have been used to detect the presence of
SARS-CoV-2 or the body’s response to the infection. Besides these,
methods based on the use of electrochemical detection systems,
isothermal nucleic acid amplification, nucleic acid microarrays,
high-throughput sequencing, and serological and immunological
assays based on colorimetry, fluorescence, and luminescence are
also being developed to improve sensitivity, affordability, and
diagnostic capacity for mass testing and assist in preventing future

epidemics [9,13].
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In order to characterize the conformational properties of the
N protein, Zeng et al [9]. employed Circular Dichroism (CD)
spectroscopy to analyze the secondary structures. The technique
used for expression and characterization of S protein of SARS
CoV2, were Size Exclusion Chromatography and Multiangle Light
Scattering (SEC-MALS).

CONCLUSION

More biochemical techniques need to be explored in studying the
different aspects of SARS-CoV-2 virus. This may enhance the rapid
testing methods, diagnosis and even prevention of occurrence of
new and menacing strains of SARS-CoV-2 corona virus.
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