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A novel beta-Coronavirus (SARS-CoV-2) spill-over from animal to human is widely discussed topic throughout the 

globe. A-lot of viruses originated in animals i.e. Influenza viruses (H1N1) primary reservoir ranges from poultry to 

mammalian species, including pigs, horses, seals and minks (Parrish et al., 2015). HIV AIDS came from 

chimpanzees, deadly Ebola virus co-existed in Bats (Shen, 2019). And in case of pandemic caused by SARS-CoV- 2, 

there are some evidences that it is spill-over by bats and pangolin to humans, most probably (Zhang et al., 2020). 

Viruses are very good at jumping from one specie to another but they need a specific receptor in the host system 

before jumping between the species. All primary, secondary and tertiary hosts needed to encounter with each other 

at some point to make this transmission plausible. Corona viridae is a family of RNA enveloped viruses. It includes 

two genera: 1. Coronavirus; 2. Torovirus. Coronavirus can further be divided into four groups: Alpha, Beta, Gamma 

and Delta Coronaviruses. Alpha and Beta group have tendency to infect humans. The SARS-CoV-2 belongs to Beta 

Coronavirus group (Siddell et al., 1983). The epi-morphological structure shows that Coronavirus is composed of 

lipid enveloped positive strain virus with spiky projections over it. In humans, beta coronaviruses were thought to 

cause mild respiratory infections until 2002, when a beta Coronavirus crossed species from bats to mammalian host 

(palm civet) before introducing into humans, causing the severe acute respiratory syndrome (SARS), epidemic 

(Martina et al., 2003). Another beta Coronavirus is responsible for the serious Middle East Respiratory Syndrome 

(MERS) in 2012 (Alsahafi., 2016). 

The novel beta Coronavirus, SARS-CoV-2 genomic analysis shows that it is mutated form of this virus. It is 

speculated that the Coronavirus circulating in pangolin, bat and other animals are likely perceived to be a "gene pool" 

for the generation of new recombinants. A BLAST search of the complete genome sequences of SARS-CoV-2 

suggested that the closely related Coronavirus were the Beta CoV/bat/Yunnan/RaT G13/2013 (bat/RatG13) and Beta 

CoV/Pangolin/Guangdong/1/2020 (Pangolin/1), with about 96% and about 90.5% overall genomic sequences 

identical, respectively (Zhang et al., 2020). During the long-time co-existence of Coronaviruses and their hosts, 

different viruses recombine with each other in multiple animal hosts to generate new recombination, with some of 

them adopting to the new hosts such as humans. 

Molecular Aspects of SARS-CoV-2: 

SARS-CoV-2 size is about 125nm of diameter with 30Kb positive (+) RNA genome. The structure of CoV-2 is very 

simple which is Ribonucleoprotein complex (RNP) enveloped with proteins (E) embedded with membrane 

glycoproteins (M). The C-terminal domain of RNP is attached with these membrane glycoproteins (M) at certain 

points. But the most important feature of SARS-CoV-2 is its spike proteins (S). Through these spikes it attaches with 

receptor proteins of host cells (Zhang et al., 2020). 
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Fig 1. Structure of Beta coronavirus; Nucleoprotein (N), Spike Proteins (S), Envelope protein (E), RNA and 

Membrane glycoprotein (M). 

Spike proteins are trimeric proteins which can divided into upper lobular protein, fusion machinery and hydrophobic 

fusion peptide. Through Upper lobular protein part, spike attaches itself to human Angiotensin Converting Enzyme-2 

(ACE-2) domain protein in the blood. Fusion machinery is conserved region and hydrophobic fusion peptide gives it 

stability in the blood serum. Research has proved that CoV- 2 entry into host body is driven by interaction between 

spike and Angiotensin Converting Enyme-2 (ACE- 2); subsequent protease cleavage drives fusion through TMPRSS-

2 factor (Hoffmann et al., 2020). 



3 

REVIEW 

TIJOBR, 2021; 12-25-2021 

 

Fig 2. Entry of SARS CoV-2 into human cell is done through ACE-2 transmembrane protein accompanying by 

TMPRSS-2 factor. 

Once, Cov-2 trasmits into human cells, it hijacked all the machinery of the cell and starts using it to replicate itself 

tremendously. Scientists have discovered that CoV-2 can be annotated to possess about fourteen Open Reading 

Frames (ORFs) which encodes twenty-seven different proteins (Haimovich et al.,2020). 

 

Fig 3. SARS CoV-2 genome annotated to possess about fourteen Open Reading Frames (ORFs) which encodes 

twenty-seven different proteins 
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In Prokaryotes one RNA can translate many proteins at a time but in eukaryotic cells one mRNA can only express 

one protein at a time. CoV-2 virus overcome this issue through slippery sequence for non- restractural proteins 

(NSP) and for structural and accessory proteins, nested set of sub-genomic RNAs, Leader Sequence (L) attaches 

with sub-genomic RNA transcribes by discontinuous shaved transcription (Pascual., 2020). 

 

Fig 4. for structural and accessory proteins, nested set of sub-genomic RNAs, Leader Sequence (L) attaches with sub-

genomic RNA transcribes by discontinuous shaved transcription. 

Besides all structural and necessary proteins NSP are produced in continuous manner and later cleaved into further 

sub-functional units to facilitate Coronavirus. Out of these bulk of proteins NSP-10 and NSP- 14 are of special 

importance. Since these two proteins have exonuclease activity; the proof-reading ability of these proteins hinder viral 

RNP mutation (Banerjee., 2020). Researchers checked these two proteins importance in evolutionary history of 

Coronaviruses by knocking down the sequences of NSP-14 and NSP-10 in mice. They concluded that variety of 

mutations occur while mutation within this region. NSP-14 is a bimodular protein composed of ExoN and N7-MTase 

(Ogando et al., 2019). NSP-14 and NSP-10/ExoN operate as a heterodimer is a mismatch repair mechanism. Loss of 

ExoN activity of these two gene regions dramatically increase the sensitivity of CoVs to RNP mutation (Minskaia et 

al., 2006). 

Phylogenetics of SARS-CoV-2: 

The comparative study of CoV-2 genome with other species predicts the plausible origin of SARS-CoV-2. RaTG13, 

sample from Rhinolophus affinis bat is about 96.12% identical to CoV-2. Nonetheless, before concluding something 

about its known reservoir, two things needed to get addressed. There are two notable features which were not present 

in prior beta-coronavirus: i) Receptor Binding Domain (RBD) CoV- 2 genome with ACE-2 factor studies show 

humans and functional polybasic (furin) cleavage sit at S1-S2 boundary which originated with the help of 12 

nucleotides, which additionally led to the predicted acquisition of three O-linked glycans around the site (Forster., 

2020). The RBD in the spike protein is the most mutated part of CoV-2. Six amino-acids of this region are host 

determining regions. These amino acids facilitate CoV-2 spikes to get attached with ACE-2. Five of these amino acids 

differ from SARS-CoV. Biochemical and structural study show that human, ferret, cats and other species have high 

receptor homology with high affinity to ACE-2 (Andersen., 2020). The second distinct feature of SARS-CoV-2 is a 

polybasic cleavage site (RRAR) at the boundary of S1and S2 region. Presence of this site at the junction enhances the 

efficiency of furin and other proteases. In addition to it, a proline amino acid is also added at the start of this distinct 

sequence, thus the novel sequence of PRRAR considered to be a determining factor of SARS-CoV-2. The functional 

consequence of the polybasic cleavage site in SARS-CoV-2 is unknown and for future it is welcoming researchers to 

conduct research over its impact on transmissibility and pathogenesis in animal models (Shokeen., 2020). 
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Fig 5. pBLAST reveals that a) hSARS-CoV-2 Recepetor Binding Domain (RBD) region resembles with BAT- 

RatG13, Pangolin, hSARS-Cov and Bat-Sars-CoV. (b) Polybasic Cleavage Site shows that hSARS-CoV-2 has some 

new PRRAR aminoacid sequnce which was missing in all prior available data-bank 

 

Although the RaTG13 bat virus remains the closest SARS-CoV-2in the phylogenetic study but Malayan pangolins 

(Manis javanica) coronaviruses show strong similarity to CoV-2 in the all six key RBD residues. This evidence 

gives an idea that Malayan pangolins can be a secondary host to SARS-CoV-2 where RaTG13 has mutated itself 

before spilling over to human species. Nevertheless, neither the bat virus nor the pangolin viruses sampled have 

polybasic cleavage sites. It shows that there is some tertiary host of CoV-2 before it spill-over to humans. There is no 

animal coronavirus whose genome is sufficiently similar to have served as the direct progenitor of human SARS-

CoV-2 (Lam., 2020). 

 

 

Molecular aspects related to ACE-2 factor: 

 

Angiotensin converting enzyme-2 (ACE-2) is a dimer protein embedded on the surface of enterocytes of respiratory 

tract. These factors are also found in small intestine, kidneys and urinary bladder. ACE-2 is an enzyme used during 

Renin Angiotensinogen Aldosterone System (RAAS) pathway. And turns Angiotensinogen into Angiotensin,1-7 

(AT-1,7) factor, which helps in vasodilation and ultimately controls blood pressure (Vaduganathan et al., 2020; 

Gibson 2020). 
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Fig 6. Renin Angiotensinogen Aldosterone System (RAAS) pathway: Angiotensinogen is converted into Angiotensin 1-7 (AT 1-7) which 

vasodilates and reduce blood pressure but the higher concentration of Angiotensin II (Ag II) causes vasoconstriction and eventually produces 

higher blood pressure within our body. 

ACE-2 is X-chromosome linked protein therefore, it is likelihood of having some direct or indirect co- relationship between these two 

(Gibson et al., 2020). ACE-2 is the main entry point of CoV-2 like CoV-1 which interacts with S-spike/surface glycoproteins with dimer of 

ACE-2 along with TMRSS-2 and SLC-6A19 dimer proteins (Gupta et al., 2020). 

 
 

Fig 7. ACE2 dimer factor attaches with SARS-CoV-2 spike protein, SLC6A19 dimer facilitates ACE2 for this attachment. 

Two antidote ACE inhibitor (-prils) and ARBs (-tans) are proposed to work against CoV-2 disease. But there is very limited data available to 

conclude it out either they are effective or not. However, some research is conducted in animal models which shows that hypertension and its 

medicine (-prils and -tans) have nothing to do within this particular situation. Infact these two antidotes have created greater risk of CoV- 2 to 

cause fatal situation. Comostate mesylott (TMPRSS-2 inhibitor) is proposed solution and under trial medication to get used by CoV-2 disease 

(Paumgartten et al., 2020). 
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Fig 8. CoV-2 virus can only attach with ACE-II factor if it is not attached with ATR-I factor, therefore, two antidote ACE inhibitor (-prils) and 

ARBs (-tans) are proposed to work against CoV-2 disease. 

Discussion: 

 

Most of the researchers believe that SARS-CoV-2 is spill over from bat (RatG13) to pangolin (pangoline/I) and from pangolin to some 

unknown intermediator host. From that host, it got PRRAR amino acid sequence and then it entered into humans. The grey area of its 

transmission has great potential for further research projects. 

For medicinal and molecular point of view, RAAS pathway is very important. The effects of ACE inhibitor and ARBs antidots are under trials 

to find any effectiveness in COVID-19 patients. ACE-inhibitor produces low quantity of AT-II factor which causes higher concentration of 

ACE-II factor and combines more with ATR-I factor but the low quantity of AT-II plays adverse effects in blood pressure patients due to 

vasoconstriction by aldosterone. Even ARBs cause higher the risk of blood pressure issue among patients. However, the effective inhibitor of 

TMPRRSS-II factor is under trial for further use. Thus a-lot more research is required to gather more evident data against SARS-CoV-2 to 

shutter, yet. 
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