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Abstract

Rapid global outbreak of novel coronavirus (2019-nCoV) showed a fearful pandemic state for which a public health emergency had
declared worldwide. This lethal virus exploits the glycosylated spike (S) trimers to get entry into the host cells and thereby shows
its lethality in human to human. Wonderful conformational flexibility of S proteins makes easy exposure of its specific receptor-
binding site and promptly undergoes complete structural rearrangement to drive fusion of viral and cellular membranes. Thus, the
covid spike (S) glycoprotein is a main target of interest for the fruitful development of therapeutic antibodies, vaccines, as well as

diagnostics against 2019-nCoV.
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Introduction

Structurally the novel coronavirus (2019-nCoV or SARS-CoV-2)
surrounded by a lipid bilayer through which spike (S) protein
trimers protrude [1]. Heavily glycosylated S trimers bind with
angiotensin-converting enzyme 2 (ACE2) to modulate the entry of
virions into host cells [2-4]. The S is class I trimeric fusion protein
which can exist in a metastable conformation and shows a form of
structural rearrangement to fuse viral membrane with targeted
cell membrane [5,6]. The receptor-binding domain (RBD) of S
protein exhibits hinge-like conformational movements to interact
with a host cell ACE2 receptor that transiently remain in hide or

expose state. These states are known as “down” conformation and

“up” conformation, where “down” corresponds to the receptor-
inaccessible state and “up” denotes receptor- accessible state, which
found less stable [7,8]. Based on such unique role of S trimer, it can
be a best focus for antibody target, hence proper characterization
of S structure will give us atomic-level insights to lead us vaccine
development and design (Figure 1).

Discussion

Scientists through their intellectual and brilliant research,
have already measured the cryo-electron microscopy (Cryo-EM)
structure of 2019-nCoV spike (S) trimer in both pre-fusion and
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post-fusion conformations [9]. They also explained the prominent

structural and bio-physical outcomes which support that spike
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protein binds to ACE2 with higher affinity than S protein of severe

acute respiratory syndrome coronavirus (SARS-CoV).
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Figure 1: Pre-fusion and post-fusion states of spike (S) protein on the surface of virus.

Moreover, they evaluated various known SARS-CoV receptor-
binding domains (RBD)-specific monoclonal antibodies and
observed that they do not have specific binding to 2019-nCoV
S protein, which supports the cross-reactivity of antibody may
show limitations between this two RBDs. The total structural
conformations study by the Cryo-EM showed that, the S of 2019-
nCoV is greatly like the SARS-CoV S. But the main dissimilarities
between these two S protein structures lie in the position of the
RBDs of their respective down conformations. Mostly, the RBD
of SARS-CoV packs tightly in the down conformation against the
N-terminal domain (NTD) of nearest protomer. Whereas the RBD of
2019-nCoV in their down conformation remains angled close to the
central cavity of the protein. Despite such observed conformational
disparity, both proteins share a high sense of structural similarity in
the case of their respective NTDs, RBDs, subdomains 1 and 2.

Latest findings reveal that both SARS-CoV S and 2019-nCoV S
share the same functional host cell receptor which is ACE2. Hence
the researchers used surface plasmon resonance (SPR) to show the
binding kinetics of interaction of human ACE2 and 2019-nCoV S. In

SPR technique they found that, this receptor binds with 2019-nCoV
S in such a way which is 10 to 20 times higher than ACE2 binding
with the S of SARS-CoV. This high affinity of 2019-nCoV S for human
ACE2 may be a good reason why 2019-nCoV can easily spread from
human to human [10]. Still vigorous studies are required to support
this possibility.

In addition, by negative-stain EM it was observed that, complex
from ACE2 bound to the 2019-nCoV S ectodomain, highly like
the complex obtained from the interaction between SARS-CoV
S and ACE2 that also observed by cryo-EM [11,12]. From such
structural homology and same receptor usage, scientists also used
biolayer interferometry (BLI) to test SARS-CoV RBD-directed three
monoclonal antibodies (mAbs) (namely: m396, S230 and 80R) for
cross-reactivity in case of 2019-nCoV RBD. But they didn’t get any
binding to the SARS-CoV RBD for any of these three tested mAbs.
This lacking binding leads that SARS-directed mAbs would not
importantly be cross-reactive. For this reason, the future efforts of
antibody isolation and therapeutic design will benefit from using
2019-nCoV S proteins as probes (Figure 2).
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Figure 2: Binding of SARS-CoV-2 S protein to ACE2 of host cell membrane.
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Conclusion

The pace of mutation of novel coronavirus is very high in

compared to the discovery of effective immunogens for vaccination

and antiviral drugs. This is the main cause of the global threat for

another pandemic in our total healthcare system. Thus, in depth

study of the atomic-level structure of 2019-nCoV spike will prompt

scientists to design and develop of effective antiviral therapeutics

as well as vaccines.
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