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Abstract

Airborne and potentially deadly SARS-CoV-2, that causes the disease COVID-19, was discovered in late December of 2019. Till now no medications including
vaccine, antibody, or any antiviral are found with success. SARS-CoV-2 is very similar to SARS-CoV-1 which was discovered in 2003, and recognizes the same host
cell receptor for entry into the cell. MERS-CoV, another lethal HCoV discovered in 2012, belongs to the same group of SARS (B-type), but recognizes a different
cell receptor for host cell entry.

All these viruses can only be studied safely under high-level biosafety conditions to protect the laboratory workers and the environment. However, these safety
precautions slow down efforts to find drugs and vaccines for COVID-19 since many scientists lack access to the required biosafety facilities.

There are four more common human CoVs, such as, HCoV-229E, HCoV-OC43, HCoV-HKU1, and HCoV-NL63, which were known from many years back. They
cause self-limiting respiratory infections, such as common cold, in humans, and can be studied safely in BSL2 lab.

In this review, a comparison of SARS and Common cold virus were done in order to search for a better surrogate virus those can be used in BSL2 lab for identifying
the disease mechanism and therapeutic intervention of SAR-CoV-2. We focused on the following key questions, like, virus-host cell interaction mechanism; the
differential cell line susceptibility; species tropism; viral replication efficiency; antigen expression patterns; mechanistic pathway of apoptosis; and structure-function

relationship of the virus.

Introduction

Coronaviruses (CoVs) are a diverse group of enveloped positive-
strand RNA viruses in the family Coronaviridae [1,2]. CoVs have been
identified in a wide variety of hosts, including mammals and birds,
and are shown to cause a number of respiratory and enteric diseases
[1,3,4]. Four coronaviruses are continuously circulating in the human
population from long time back, causing common cold, and they are
HCoV-229E, HCoV-OC43, HCoV-HKU1, HCoV-NL63 [5-8].

The seasonality of HCoV-OC43, HCoV-229E and HCoV-NL63
tend to be mainly in the winter season [9-15], but in Hong Kong, HCoV-
NL63 show a spring-summer peak of activity, also [16]. Until recently,
it was commonly accepted that the known human coronaviruses
(HCoVs), with the exception of SARS-CoV, mainly cause mild upper
respiratory tract infections (URT1Is) [9]. For this reason, the circulation
of HCoVs was not monitored and no attempt to develop vaccines or
drugs against these viruses was made [10].

In 2003, the global epidemic of an atypical form of pneumonia
named severe acute respiratory syndrome (SARS), outbreak in south
China, led to the discovery of SARS-CoV as an etiologic pathogen
[17-20]. Since outbreak, SARS caused more than 800 deaths (~10%)
worldwide [21]. Patients with SARS-CoV infection developed diffuse
alveolar damage with the potential to progress into acute respiratory
distress syndrome and eventually death [22].

Almost 10 years later, another previously unknown CoV, Middle
East respiratory syndrome coronavirus (MERS-CoV), was found to
cause a new epidemic starting in the Arabian Peninsula in 2012 [23-
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25]. MERS infection led to acute pneumonia and renal failure, with
mortality rate as high as 50% in hospitalized patients [26,27]. Very
recent, in late December of 2019, another highly infectious corona virus
(SARS-CoV-2) was identified which so far infected 32 million people
globally and causes death about 1 million, as of Sep 27, 2020. (https://
www.worldometers.info/coronavirus/?utm_campaign=homeAdvegas1).
We do not have, yet, any antiviral or vaccines against this virus to
protect from the disease, COVID-19.

Here we tried to draw a comparison between low pathogenic
common cold viruses and high pathogenic SARS viruses to find the
similarities as well as dissimilarities in the mechanism of infection and
replication inside the cells. This will help us to find a better and safe
surrogate virus to work in a BSL-2 type laboratories.

Comparison of SARS and common cold virus

Classifications: CoVs are ssRNA viruses that infect humans and
animals. According to their genomic sequences, these seven HCoVs
are further classified into alpha-coronavirus genus (HCoV-229E and
HCoV-NL63) and beta-coronavirus genus (HCoV-OC43, HCoV-
HKU]I, SARS-CoV-1, MERS-CoV, and SARS-CoV-2) [24,28].
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Zoonosis: The emergence of CoV infection in human beings are
believed to begin with zoonotic transmission from animal reservoirs
[21]. For example, high degree of genomic sequence similarity was
shown between bovine CoV and HCoV-OC43, suggesting an animal-
to-human transmission [23,29]. In the case of human SARS-CoV, over
95% genomic sequence identity was found with bat CoVs, suggesting
bats as the potential zoonotic for the SARS viruses.

Host cell receptor recognition: Angiotensin-converting enzyme 2 is
the cellular receptor for SARS-CoV-1 and SARS-CoV-2 [30-33], while
MERS-CoV, though belongs to the same Group of SARS (B-type),
recognizes Dipeptidyl peptidase 4 (DPP4) instead of ACE-2 receptor
[34]. The cellular receptors for other two a-type CoVs, HCoV-OC43
and HCoV-HKU, have not been confirmed yet, but thought to be a
9-O-Acetylated sialic acid [31, 35].

HCoV-229E and HCoV-NL63, both belongs to group 1 (a-type)
coronaviruses, but the first one while utilizes aminopeptidase N (CD13)
as its cellular receptor [36, 37], the second one (HCoV-NL63) utilizes
the ACE2 receptor like SARS-CoV to infect cells [34]. A comparison
of some properties of common cold viruses and other severe acute
respiratory syndrome causing viruses (SARS) were depicted in Table 1.

Among the above three high pathogenic CoVs, SARS-CoV-1 and
SARS-CoV-2 are phylogenetically much more similar to each other than
MERS-CoV [41]. The both SARS-CoVs contain the largest genomes
of all RNA viruses [18]. The genomic sequences of SARS-CoV-2 and
SARS-CoV-1 have extremely high homology at the nucleotide level, and
both requires a highly specific lab to study further with these viruses.

Therefore, we focused here on NL-63, a low-pathogenic common
cold virus and allowed to work in a BSL2 lab to study for SARS, as they
share the same receptor molecule (ACE2).

Identification of HCoV-NL63

In January 2003, a 7-month-old child appeared in an Amsterdam
hospital with coryza, conjunctivitis and fever. Chest radiography
showed typical features of bronchiolitis and a nasopharyngeal aspirate
specimen was collected 5 days after the onset of disease (sample NL63).
Diagnostic tests for all known respiratory viruses were negative. The
clinical sample was inoculated onto tertiary monkey kidney cells

Table 1. Human Coronavirus and it’s Different types [38]

Common Human Coronaviruses

(Less Pathogenic)
HCoV-229E HCoV-NL63 HCoV-0C43
Zoonosis Bats > Bats > Rodents >
Camels (?) > > Bovines >
Human Human Human
Classifications a-type a-type B-type
Incubation Period 2-5 days 2-5 days 2-5 days

Clinical Symptoms Malaise, Headache,

Sneezing, Nasal

Cough. Fever,
Hypoxia, Croup,

discharge, Sore throat, Rhinorrhea, discharge, Sore
Fever and Cough Tachypna throat, Fever and
Cough
Fatality rates None None None
Host Cell Receptor Amino peptidase Angiotensin 9-0 Acetylated
Converting Sialic acid
enzyme-2 (ACE2)
References [8] 4] [31, 35]
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Malaise, Headache,
Sneezing, Nasal

(tMK; Cynomolgus monkey) and a cytopathic effect was observed.
The infectious agent could subsequently be passaged onto LLC-MK2
cells (a monkey kidney cell line), and finally was identified as a novel
coronavirus, and named as NL-63 [5]. The initial PCR products
showed sequence similarity to the genome sequence of members of
the Coronaviridae family, and the complete genome sequence revealed
that this virus was not a recombinant one rather a novel member of the
group I coronaviruses [42, 43] (Figure 1).

Respiratory clinical findings

Scientific and clinical evidence show that HCoV-NL63 infects both
the upper and lower respiratory tract [44], causing symptoms similar to
those associated with HCoV-229E and HCoV-OC43.

Nonrespiratory clinical findings: HCoV-NL63 infections have
previously been associated with gastrointestinal findings [32,33,45-
47]. However, this is not unique to HCoV-NL63 infections, as SARS-
CoV and HCoV-HKU1 RNA have been previously detected in patient
diarrheic samples [48, 49]. Nontheless, these manifestations appear to
be a direct consequence of viral invasion of the intestinal mucosa [10].

Receptor-mediated cell entry of the corona virus

Coronaviruses bind to the cellular receptors via the spike protein
to mediate infection of specific target cells. The spike of HCoV-NL63
is a class I fusion protein, similar to the influenza virus haemagglutinin
and the HIV-1 Env glycoprotein gp120/gp41. The amino-terminal part
of the spike protein (S1) contains the receptor-binding domain, and the
carboxy-terminal part (S2) contains a membrane spanning region. The
S1 domain mediates an initial high affinity association with the cellular
receptor [50- 53], whereas the C-terminal S2 domain mediates fusion
of the viral and cellular membranes. The coronavirus fusion peptide is
located internally within S2 [54].

Before the discovery of HCoV-NL63, it was generally thought that
all group I coronaviruses use CD13 (also known as aminopeptidase N)
as receptor, as it was described for HCoV-229E. Unexpectedly, HCoV-
NL63 is not able to use CD13 as a receptor for cell entry [34], but uses
unusually ACE-2 receptor. Further, the virus replicates in monkey
kidney cells [5,14], whereas its closest relative, HCoV-229E, does not.

Other Human Coronaviruses
(Severe Disease Causing Pathogens)

HCoV-HKU1 HCoV-SARS-1 HCoV-MERS HCoV-SARS-2
Rodents > Bats> Bats> Bats>
- Palm Dromadery Pangulins >
Human Civets > Camels 2>
Human
Human Human
B-type B-type B-type B-type
2-5 days 2-11 days 2-13 days 3-6 days
Fever, Running Fever, Myalgia, Fever, Myalgia, Fever, Myalgia,
Nose, Cough, Headache, Dry Headache, Dry Headache, Dry
Dyspnea Cough, Respiratory | Cough, Respiratory | Cough, Respiratory
Distress, Diarrhea, | Distress, Diarrhea, Distress, Diarrhea,
Dyspnea Dyspnea, Pneumonia  Dyspnea, Pneumonia
None ~10% ~35% ~3%
9-0O Acetylated Angiotensin Dipeptidyl peptidase Angiotensin
Sialic acid Converting 4 (DPP4) Converting enzyme-2
enzyme-2 (ACE2) (ACE2)
[31, 35] [17] [34] [39, 40]
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Figure 1. Schematic comparison of the genome organization of human coronaviruses. HCoV-NL63: Human coronavirus HCOV-NL63 (NC_005831); HCoV-229E: Human coronavirus
229E (NC_002645); SARS-CoV: Severe acute respiratory syndrome coronavirus (NC_004718); HKU1-CoV: Human coronavirus HKU1 (NC_006577); HCoV-OC43: Human coronavirus
OC43 (NC_005147). ORFs S (1), E (2), M (3) and N (4) are shown, and open reading frames encoding for accessory genes are shown in grey. [6,7]. [Dijkman R, Jebbink MF, Wilbrink B,
et al. Human coronavirus 229E encodes a single ORF4 protein between the spike and the envelope genes. Virol J 2006; 3: 106; Abdul-Rasool and Fielding. The Open Virology Journal,

2010, 4, 76-84]

Intriguingly, SARS-CoV being from a different coronavirus group
(group IIp), is also able to replicate in monkey kidney cells [5]. Huh-7
and 293T cells express SARS-CoV receptor ACE2 [31, 44, 49, 55], and
thus are permissive to both NL63- and SARS-CoV-S-driven infection;
whereas CEMx174, HeLa, and HOS cells are not permissive [44,56,57];
and do not express ACE2 [44, 49].

Further, Purified antibodies against the ectodomain of ACE1 did
not modulate infection of Huh-7 cells by pseudotypes bearing 229E-,
NL63-, or SARS-CoV-S [34]. In contrast, purified antibodies against the
ectodomain of ACE2 or preincubation of pseudovirions with soluble
ACE2 ectodomain potently blocked infection driven by NL63- and
SARS-CoV- but not by 229E-S protein, indicating that NL63-S employs
ACE2 for infectious cellular entry. Further, CD13 rendered 293T cells
highly permissive to infection driven by the S protein of HCoV-229E

Integr Mol Med, 2020  doi: 10.15761/IMM.1000408

but not HCoV-NL63 or SARS-CoV. All these information confirms that
despite the similarity between 229E- and NL63-S proteins, the latter
engages ACE2 and not CD13 like the 229-E for cellular entry [34].

FACS analysis employing soluble S1 domains of NL63- and SARS-
CoV-S revealed the binding of NL63-S1 to cells expressing ACE2 but
not empty vector, indicating that ACE2 and NL63-S protein directly
interact. Of note, SARS-CoV-S bound more efficiently to ACE2-
expressing cells than NL63-S, which could be indicative of a higher
binding affinity. In brief, these data and the shared cell tropism is
suggestive of a shared receptor (ACE2) usage by HCoV-NL63 and
SARS-CoV [31]. This ACE2 surface molecule is localized to the ciliated
cells of human nasal and tracheobronchial airway epithelia, thus
supporting the presence of virus infection in the upper airways [35].
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The reduced pathogenicity of HCoV-NL63 suggests that ACE2
binding by the virus is not the only factor that determines the
severity of viral pathogenicity. Further research on this subject is
warranted, especially on the modulation of the ACE2 expression levels
during HCoV-NL63 infection, to understand the difference in lung
pathogenicity of SARS-CoV and HCoV-NL63.

Receptor engagement is conferred by the N-terminal S1 subunit;
consequently, animal and human CoVs exhibit the same functional
organization, particularly the S1 subunits differ in amino acid sequence,
resulting in interaction with specific cellular receptors. However, cells
expressing the SARS-CoV receptor protein ACE2 were susceptible to
NL63-S driven infection [14].

This was unexpected as NL63-S has no striking homology to
either the whole S1 subunit of SARS-CoV or the already identified
ACE2 interaction domain in SARS-CoV-S [15], suggesting that both
proteins either form a common three-dimensional structure that allows
ACE2 engagement in a similar fashion or that both S-proteins evolved
different strategies to target ACE2.

Direct interaction between ACE2 and NL63-S: The interaction
between NL63-S and ACE2 was specific. The closely related ACE1
protein did not react with NL63-S, and on the other hand, ACE2 was
not able to confer 229E-S-mediated infection, suggesting that ACE2 is
not a functional equivalent of fAPN in class I CoV entry.

HCoV-NL63 entry is sensitive to some changes in ACE2 that
interfere with, or are adjacent to residues critical for SARS-CoV entry.
In addition, the SARS-CoV RBD can inhibit HCoV-NL63 S-protein-
mediated infection [39]. These information indicate that the SARS-CoV
and HCoV-NL63 binding sites on ACE2 overlap. In contrast, Hoffman
et al., using a different panel of ACE2 variants, tentatively concluded
that these viruses (SARS-CoV and HCoV-NL63) have distinct binding
sites because they did not identify variants that interfered their entry
[58].

Analysis of hCoV-NL63-S1 deletion mutants and chimeric
hCoVNL63-229E-S variants: In order to map which region in the NL63
S1-protein is responsible for targeting ACE2, an analysis of a panel of
N-terminal S1-deletion mutants were done, suggesting that the central
region in the hCoV-229E-S and possibly NL63-S proteins might
determine the correct folding or orientation of a C-terminal receptor
binding domain, as has been suggested previously for hCoV-229E-S
[53,59].

Taken together, a detailed point mutagenesis of NL63-S1 will be
required to identify residues with a critical function in ACE2 interaction.

pH-dependent cell entry: The internalization of coronaviruses into
the host cell occurs either by direct fusion with the plasma membrane or
by endocytosis and subsequent fusion with the endosomal membrane.
Viruses that use the latter entry route can be inhibited by lysosomotropic

agents that lower the endosomal pH such as bafilomycin A, chloroquine
and NH CL

Treatment of Huh-7 cells with bafilomycin A or NH,Cl revealed that
entry driven by NL63-S protein depends on the low-pH environment in
intracellular vesicles [34]. The same has been described for HCoV-229E
infection and SARS-CoV-S mediated infection [60, 44, 56]. However,
there is also one opposite result that NL63-S mediated infection of
ACE2 expressing-HEK293T cells was not greatly influenced by NH,CI
[61].

Cathepsin helps virus infection: Cathepsins are a diverse group of
endosomal and lysosomal proteases that include aspartyl, serine, and
cysteine proteases with both endo- and exopeptidase activities [62].
The role of cathepsins in reovirus infection is well established [63-
67]. Following receptor-mediated endocytosis, the reovirus virion is
converted to an infectious subvirion particle by partial proteolysis,
mediated by cathepsins B, L, or S. One or more of these enzymes
degrades the reovirus outer capsid protein 03, exposing the underlying
Ml protein, which mediates penetration of endosomal membranes
[68-70]. These indicate that two coronaviruses that utilize a common
receptor nonetheless enter cells through distinct mechanisms.

Because cathepsin inhibitors can cross-react, an investigation
was done to find out the consequences of exogenous cathepsin B, L,
and S expression in 293T cells that express human ACE2. Exogenous
cathepsin L markedly increased infection by SARS/MLV but had no
effect on NL63/MLV or VSV-G/MLV. Similarly, exogenous cathepsin
S also modestly enhanced SARS/MLV infection but, surprisingly,
inhibited NL63/MLV infection. This indicate that overexpressed
cathepsin S, which is secreted and active at neutral pH, may digest and
inactivate the HCoV-NL63 S protein but not that of SARS-CoV.

Collectively, these data show that introduction of cathepsin L into
cells where this enzyme is limiting or absent can substantially boost
infection mediated by the SARS-CoV but not the HCoV-NL63 S
protein [71] (Table 2). Cathepsin S also appears to contribute modestly
to SARS-CoV infection and may partially compensate for the absence
of cathepsin L in some cells [71]. It remains to be investigated whether
other cellular proteases contribute to HCoV-NL63 infection through a
mechanism analogous to the role played by cathepsin L in SARS-CoV
infection or whether HCoV-NL63, like HIV-1 and VSV, infects cells
independently of target-cell proteases.

NL-63 and SARS-CoV: Differential Down regulation of ACE2
by the spike proteins

Several lines of evidence suggest that ACE2 plays a key role in
SARS-CoV spread: (i) ACE2 expression in cell lines correlates with
susceptibility to SARS-CoV spike protein (SARS-S)-driven entry
[34,49], and (ii) knockout of ACE2 in mice abrogates permissiveness to
SARS-CoV infection [30].

Table 2. SARS Coronavirus, but Not NL63, Utilizes Cathepsin L to Infect ACE2- expressing Cells [71]

Angiotensin-converting enzyme 2 (ACE2)
Lysosomal cysteine proteases

Cathepsin L
Inhibitors of Blocked infection by
Cathepsin L SARS-CoV

Expression of exogenous Cathepsin L S protein

Inhibitor of endosomal acidification .
protein

Integr Mol Med, 2020  doi: 10.15761/IMM.1000408

SARS-CoV
Utilizes the enzymatic activity of the cysteine protease
Cathepsin L to infect ACE2- expressing cells.

Substantially enhanced infection mediated by the SARS-CoV

HCoV-NL63
Doesn’t utilize the enzymatic activity of the cysteine protease
Cathepsin L to infect ACE2- expressing cells.

No infection by HCoV-NL63

No infection by the HCoV-NL63 S protein

Has much effect on infection mediated by the SARS-CoV S|Less effect on infection mediated by the HCoV-NL63 S

protein
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Notably, it has recently been proposed that binding of SARS-CoV
but not NL63 to ACE2 induces ACE2 shedding from the cell surface,
and evidence has been presented that this process is required for cellular
uptake of SARS-CoV [72]. Whether ACE2 shedding is indeed a pre-
requisite to infectious entry and contributes to the previously observed
ACE2 down regulation by SARS-S remains to be determined.

Inaddition, itis unclear if SARS-S and NL63-S differentially interfere
with ACE2 expression, which might contribute to the differential
pathogenicity of these viruses. Binding studies in an enzyme-linked
immunosorbent assay (ELISA) format revealed highly efficient capture
of recombinant ACE2 by SARS-S, while binding of ACE2 to NL63-S
was barely detectable. Finally, preincubation of ACE2-transfected
cells with recombinant SARS-S blocked subsequent infection with
lentiviruses pseudotyped with SARS-S and NL63-S, while inhibition
with recombinant NL63-S was much less pronounced. In summary,
it indicates that SARS-S binds to ACE2 with higher efficiency than
NL63-S [31,73].

A direct comparison of ACE2 down regulation in SARS-CoV
and NL63infected cultures was not possible due to the differential
replication efficiencies. However, it can be speculated that relatively
inefficient ACE2 engagement by NL63 might contribute to the reduced
replication and ACE2 down modulation compared to SARS-CoV.
However, ACE2 shedding is a mere byproduct of SARS-CoV and NL63
infection and is not required for infectious entry.

Crystal structure

NL63 and SARS-CoV receptor-binding domain complexed with
its host cell receptor: NL63-CoV and SARS-CoV have no structural
homology in RBD cores or RBMs; yet the 2 viruses recognize common
ACE2 regions, largely because of a “virus-binding hotspot” on ACE2.
Among group I coronaviruses, RBD cores are conserved but RBMs are
variable, explaining how these viruses recognize different receptors.
These results provide a structural basis for understanding viral
evolution and virus-receptor interactions.

A fundamental yet unresolved puzzle in virology is how viruses
evolve to recognize their receptor proteins [74]. Specifically, how do
different viruses recognize the same receptor protein, and how do
similar viruses recognize different receptor proteins?

To date, the crystal structure of SARS-CoV RBD complexed with
ACE2 is the only atomic structure available for any coronavirus S1
[75]. SARS-CoV RBD contains two subdomains, a core and a receptor-
binding motif (RBM), which exclusively contacts ACE2. ACE2 contains
a claw-like peptidase domain, with 2 lobes encircling the active site.
SARS-CoV binds to the outer surface of the N-terminal lobe of the
ACE2 peptidase domain. Structural information has been lacking for
group I coronavirus S1, either alone or in complex with its receptor.

The most Important Qs is, despite of having no obvious sequence
homology in their SI Subunits, how do NL63-CoV and SARS-CoV
both use ACE2 as their receptor? One hypothesis is that NL63-CoV
and SARS-CoV share homologous RBMs, and that through RNA
recombination, SARS-CoV acquired its RBM from NL63-CoV or an
NL63-CoV-related group I coronavirus, gaining binding affinity for
ACE2 and infectivity for human cells [39,76]. The recent analysis of
crystal structure revealed that lack of structural homology in RBD cores
and in RBMs, indicate 2 independent ways in which NL63-CoV and
SARS-CoV recognize their common receptor protein [77].

A common virus-binding hotspot on ACE2: A virus-binding hotspot
on ACE?2 lies at the center of the NL63-CoV-receptor interface. In the
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structure of unbound ACE2, Lys-353 projects into solution [78]. Upon
NL63-CoV binding, Lys-353 becomes embedded in a hydrophobic
tunnel surrounded by 2 aromatic rings of ACE2 Tyr-41 and NL63-CoV
Tyr-498 and by 2 alkyl chains of ACE2 Asp-37 and NL63-CoV Ser-
535 [77]. At the end of the tunnel, ACE2 Asp-38 forms a salt bridge
with Lys-353, neutralizing its charge. Because of the hydrophobic
environment, this salt bridge is energetically stabilizing [78], and
critical for virus-receptor interactions. Alanine substitutions for Lys-
353 or any other residues involved in the hotspot structure abolish NL63-
CoV binding [39,79]. The same virus-binding hotspot on ACE2 is also
key to the binding of SARS-CoV. The structures of the hotspots at the
2 different virus-receptor interfaces are strikingly similar [77]. The
receptor parts are nearly identical, with subtle changes in protein side
chain conformations. In the viral parts, Thr-487 and Tyr-491 on SARS-
CoV replace Ser-535 and Tyr-498 on NL63-CoV, respectively, as 2 of
the 4 tunnel walls. Adaptation to the hotspot on ACE2 is critical for
SARS-CoV pathogenesis.

Therefore, virus-binding hotspots on receptor proteins likely
dictate virus-receptor interactions, viral pathogenesis, and viral
transmissibility and thus are potentially major binding targets for
viruses.

Binding characteristics of ACE2 with NL63 and SARS

ACE2 bears an aspartic acid at this position, whereas the ACE2
of most animals, including human, rat, mouse, cat, and dog express a
glycine [80,81]. Similarly, SARS-CoV, HCoV-NL63 S1-Ig (301-749) did
not bind rat ACE2 efficiently, but bound the D354G form of palm civet
ACE2 more efficiently than human ACE2. However, in striking contrast
to the SARS-CoV S1, HCoV-NL63 S1-Ig (301-749) did not bind palm
civet ACE2 with the native aspartic acid at residue 354. Therefore,
residues in the immediate vicinity of glycine 354 likely contribute to
HCoV-NL63 association.

Further, introduction of a glycosylated region of rat ACE2 (residues
82-84; denoted MYP/NFS) into the human protein modestly decreased
binding of the SARS-CoV S1 [81]. This modification similarly decreased
HCoV-NL63 S1 binding. Again, the HCoV-NL63 S protein followed the
same pattern. However, introduction of an aspartic acid at human ACE2
residue 354 had only a modest effect on SARS-CoV Sl association,
whereas it completely abolished association with HCoV-NL63 S1. Thus
residue 354 modulates HCoV-NL63 S-protein association with both
human and palm civet ACE2. The ability of those human ACE2 variants
to bind HCoV-NL63 and SARS-CoV S1 was reflected in their ability
to support infection mediated by the S proteins of these viruses [81].
Several variants that less efficiently bound the SARS-CoV S1 domain
also less efficiently bound HCoV-NL63 S1-Ig [81].

Collectively, these data indicate that the SARS-CoV and HCoV-
NL63 S1 domains bind regions of ACE2 that largely overlap. Further,
the SARS-CoV RBD inhibits infection mediated by the SARS-CoV and
HCoV-NL63 S proteins [77].

Replication of NL-63

Coronaviruses employ posttranslational proteolytic processing as a
key regulatory mechanism in the expression of their replicative proteins.
The HCoV-NL63 la and lab polyproteins are potentially cleaved by
viral proteases to facilitate the assembly of a multi-subunit protein
complex that is responsible for viral replication and transcription. The
genome of HCoV-NL63 is predicted to encode two proteinases in the
50 region of the la polyprotein [82]. First, a papain-like proteinase
(PLpro) is expressed by the nonstructural protein (nsp) 3 gene situated
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near the 5" end of the genome. This putative papain-like proteinase of
HCoV-NL63 consists of two domains, PL1pro and PL2pro, and both
are expected to have catalytic activities.

The enzyme is predicted to cleave the 1a/1b protein at three sites
between nsp1|nsp2, nsp2|nsp3, and nsp3|nsp4, releasing the functional
papain-like proteinase protein (nsp3) molecule by auto-cleavage.
Analysis of the predicted cleavage sites of PLpro indicates that this
HCoV-NL63 enzyme has the specificity to cut between two small
amino acids with short uncharged side chains, similar to homologous
enzymes in other coronaviruses [83].

Therapeutic aspects

Antiviral agents: Several inhibitors are known to reduce replication
of at least some coronaviruses including HCoV-NL63 [84,85]. These
inhibitors act at various steps of the coronavirus replication cycle, e.g.
receptor binding, membrane fusion, transcription and posttranslational
processing. An interesting HCoV-NL63 inhibitor is intravenous
immunoglobulin [83], which is already approved as an intravenously
delivered drug by the Food and Drug Administration. Intravenous
immunoglobulin has been used successfully to treat several diseases,
mostly primary immune deficiencies and autoimmune neuromuscular
disorders, but also respiratory diseases (e.g. RSV) [86], and Kawasaki
disease [84].

Inhibition of viral replication can also occur at the level of fusion
of the viral and cellular membranes. The spike of HCoV-NL63 contains
two heptad repeat regions, HR1 and HR2, situated in the S2 part of
the spike protein close to the transmembrane domain. After binding of
virus to the receptor, a conformational change leads to the formation
of a six-helix bundle containing three HR1s and three HR2s and
subsequent exposure of the fusion peptide mediates membrane fusion
between the virus and the host cell. For retroviruses, paramyxoviruses
and coronaviruses [85,87], peptides derived from the HR2 domain can
inhibit virus infection, most likely by interacting with HR1. The peptide
thus blocks formation of the natural HR1-HR?2 interaction, prevents
membrane fusion and as a consequence reduces infection.

Another novel means to inhibit replication is RNA interference
(RNAI) [88]. Pyrc et al. (2006a) explored the antiviral potential of small
interfering RNA (siRNA) targeting HCoV-NL63 [85]. The inhibitory
properties of two siRNAs targeting conserved sequences within the
spike protein gene were analyzed in cell culture infections. Transfection
of a relatively low amount of siRNA into HCoV-NL63-susceptible cells
made them resistant to virus infection.

HCoV-NL63 can also be inhibited at the transcriptional level
by pyrimidine nucleoside analogues: «-D-N4-hydroxycytidine and
6-azauridine [85]: The exact mechanism by which these agents inhibit
HCoV-NL63 transcription is unclear. Generally, protease inhibitors act
at the level of posttranslational processing. The Mpro of coronaviruses
has a highly conserved substrate recognition pocket, thus providing the
opportunity to design broad-spectrum antiviral drugs against several
coronavirus species. One potent inhibitor, N3, showed wide-spectrum
inhibition of various Mpro enzymes, including the one encoded by
HCoV-NL63 [89]. Through comparative study with Mpros from other
human CoVs (including the deadly SARSCoV and MERS-CoV) and
their related zoonotic CoVs, HCoV-NL63 Mpro structure may provides
critical insight into rational development of wide spectrum antiviral
therapeutics to treat infections caused by human CoVs.
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Discussion

The carboxypeptidase ACE2 is an important component of the
renin-angiotensin system, which controls blood pressure [90,91].
ACE2 expression in lung and intestine explains important aspects of
SARS-CoV tropism [13], and the protein likely plays a central role in
SARS-CoV spread [80].

SARS-CoV and NL63 though belong to different groups p-type and
a-type, respectively, use the same host-cell receptor ACE-2. However,
the consequence of entry is very different. Severe respiratory distress in
the case of SARS-CoV but frequently only a mild respiratory infection
for NL63 are observed. Using a whole recombinant system, it was
found that the NL63 S protein has a weaker interaction with ACE-2
than the SARS-CoV S protein, though the residues required for contact
are similar. It was also confirmed that the ACE-2-binding site of NL63
S lies between residues 190 and 739, a lower-affinity binding site, and
that may explain the different pathological consequences of infection
by SARS-CoV and NL63 [5,18,20,31,92,93].

Further, the virus-mediated down regulation of ACE-2 has been
suggested the underlie pathology of SARS-CoV infection [30,94], but
it is unclear why this should not also be the case for NL63. Following
engagement with ACE-2, the cellular pathways of internalization of the
two viruses also appear to be different. SARS-CoV requires the presence
of the lysosomal cysteine protease cathepsin L to infect susceptible cells,
while NL63 has no such requirement [71].

It is not yet clear how cathepsin L facilitates SARS-CoV infection.
Several compatible possibilities exist. Cathepsin L may serve to
nonspecifically degrade the S1 domain of SARS-CoV S protein, thereby
permitting conformational transitions in the S2 domain necessary for
fusion. ACE2 could also be a cathepsin target, thereby facilitating its
dissociation with the S protein. SARS-CoV infection can be limited
by low cathepsin L expression in mature endothelial cells [95]. Studies
determining whether HCoV-NL63 more efficiently infects these cells in
vivo than SARS-CoV are warranted.

The above information suggest that although both viruses utilize
ACE-2 as the receptor, the consequences of receptor binding differ,
although the reasons for this remain unclear. Li et al. (2007) showed
that incubation of a tagged form of the RBD with cell lines expressing
a number of natural and synthetic ACE-2 variants indicated that the
ACE-2 contact residues critical for binding both SARS-CoV and NL63
S overlap [39].

The binding site for both viruses is distinct from the active site of
the enzyme [78,96], consistent with the fact that treatment of ACE-2-
bearing cells with MLN-4760, a potent ACE-2 inhibitor, has no effect
on S-RBD interaction or virus entry [97]. Marzi et al. (2004), showed
that the soluble forms of both SARS-CoV and NL63-S protein bind
soluble ACE-2 in vitro with substantially different affinity [98]. They
also confirmed that ACE-2 residues shown to be critical for SARS-
CoV § binding also can abolish NL63 S binding, and that the binding
of NL63 S does not involve its unique amino-terminal sequence. A
secreted form of ACE-2 fused to green fluorescent protein (GFP)
to provide a ligand with an alternate tag for the detection of ligand
binding revealed CoV S protein binding to ACE-2 in a unified format.
SARS-CoV S and S1 while can pulled down ACE-2 effectively, NL63 S
proteins pulled down between 10- and 100-fold less ACE-2 on a weight
for weight basis. Differences in the affinity of ACE-2 interaction with
the different CoV-S proteins are therefore independent of assay format
and may underlie the different pathological outcomes of infection.
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ACE-2 interaction was apparent for NL63 S, NL63 S15-739 and
NL63 S196-739 but not for NL63 S15-195 (subscript numbers indicate
the residues contained within each fragment) confirming that the
unique 180 residue amino terminus of NL63 does not bind ACE-2
[58,39]. Li et al. (2007) show that NL63 S and SARS-CoV S bind an
overlapping ACE-2 sequence [39]. However, this study demonstrated
that the role of ACE-2 residue 353 was noticeably different. In addition,
incubation of infected cells with an excess of ACE-2-GFP resulted in a
two- to threefold difference in ACE-2 binding between SARS-CoV and
NL63 S1 [39].

It can be therefore concluded that SARS-CoV S protein has a
significantly higher affinity for ACE-2 than NL63 S protein, but that
multi-valency partly reduces the factor of difference. We speculate
that while NL63 can use ACE-2 as a receptor for virus entry almost
as effectively as SARS-CoV, the consequence of binding on events
downstream of ACE-2 binding may be different.

In addition, it was confirmed that ACE-2 residues key to SARS-CoV
S binding are also involved in NL63 binding but that the contribution
of individual residues, exemplified here by K353A, may differ. This will
relate to the molecular contact between S protein and the receptor,
which has been described for SARS-CoV but remains unknown in
NL63 [75], despite the identification of residues critical for contact [79].

It remains to be determined exactly what difference in ACE-2
signaling, if any, follows SARS-CoV and NL63 S protein binding and
whether this relates to the pathology of infection. It will be especially
interesting to investigate whether the mode of ACE2 engagement by
the viral S proteins impacts viral replication and pathogenesis. The
establishment of reverse genetics systems and animal models for
HCoV-NL63 replication are indispensable for these studies.

Researchers at Washington University School of Medicine in St.
Louis have developed a hybrid virus by genetically modifying a mild
virus by swapping one of its genes for one from SARS-CoV-2. The
resulting hybrid virus infects cells and is recognized by antibodies just
like SARS-CoV-2, but can be handled under ordinary laboratory safety
conditions However, this safe model virus lacks the other genes that
should account for their pathogenicity and/or antiviral therapies.

The characterization of NL63 and SARS-CoV-S interactions
with ACE2 might also have important implications for inhibitor
development, because the S-ACE2 interface is a major target for
therapeutic intervention. Finally, the apparent similarities between
HCoV-NL63 and SARS-CoV replication and the frequent HCoV-
NL63 infection of humans suggest that pathogenic HCoV's can evolve,
highlighting the need for efficient vaccines against HCoVs.

Conclusion

Researchers at Washington University School of Medicine in St.
Louis have developed a hybrid virus by genetically modifying a mild
virus by swapping one of its genes for one from SARS-CoV-2 [99]. The
resulting hybrid virus infects cells and is recognized by antibodies just
like SARS-CoV-2, but can be handled under ordinary laboratory safety
conditions However, this safe model virus lacks the other genes that
should account for their pathogenicity and/or antiviral therapies.

The detection of HCoV-NL63 in samples collected in 1981 and
1988 shows that the virus has been circulating and causing disease
in the human population for a long time. HCoV-NL63 causes LRTIs
and URTIs in 1.0-9.3% of children, the elderly and the immune-
compromised, with symptoms ranging from mild to severe.

Integr Mol Med, 2020  doi: 10.15761/IMM.1000408

Current data clearly show that HCoV-NL63 is clinically more
important that previously suspected as it shares the same cellular
receptor, ACE-2, similar to most pathogenic BSL-2-incompatible SARS
virus. Some similarities along with some dissimilarities of NL-63 and
SARS in host cell entry mechanism and pathogenicity may open up a
new strategy to find a proper therapeutics for the most virulent SARS
virus.
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