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SARS-CoV2 belongs to beta coronavirus
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About SARS-CoV2

target for antiviral neutralizing antibodies [12]. S1 contains a re-
ceptor-binding domain (RBD) that consists of an approximately
193 amino acid fragment, which is responsible for recognizing
and binding the cell surface receptor [13, 14]. Zhou et al. exper-
imentally confirmed that SARS-CoV-2 is able to use human, Chi-
nese horseshoe bat, civet, and pig ACE2 proteins as an entry re-
ceptor in ACE2-expressing cells [3], suggesting that the RBD of
SARS-CoV-2 mediates infection in humans and other animals.
To gain sequence-level insight into the pathogenic potential of
Pangolin-CoV, we first investigated the amino acid variation
pattern of the S1 proteins from Pangolin-CoV, SARS-CoV-2,
RaTG13, and other representative SARS/SARSr-CoVs. The
amino acid phylogenetic tree showed that the S1 protein of
Pangolin-CoV is more closely related to that of 2019-CoV than
to that of RaTG13. Within the RBD, we further found that
Pangolin-CoV and SARS-CoV-2 were highly conserved, with
only one amino acid change (500H/500Q) (Figure 3), which is
not one of the five key residues involved in the interaction with
human ACE2 [3, 14]. These results indicate that Pangolin-CoV
could have pathogenic potential similar to that of SARS-CoV-2.
In contrast, RaTG13 has changes in 17 amino acid residues, 4
of which are among the key amino acid residues (Figure 3). There
are evidences suggesting that the change of 472L (SARS-CoV)

to 486F (SARS-CoV-2) (corresponding to the second key amino
acid residue change in Figure 3) may make stronger van der
Waals contact with M82 (ACE2) [15]. Besides, the major substi-
tution of 404V in the SARS-CoV-RBD with 417K in the SARS-
CoV-2-RBD (see 420 alignment position in Figure 3 and without
amino acid change between the SARS-CoV-2 and RaTG13) may
result in tighter association because of the salt bridge formation
between 417K and 30D of ACE2 [15]. Nevertheless, further
investigation is still needed about whether thosemutations affect
the affinity for ACE2. Whether the Pangolin-CoV or RaTG13 are
potential infectious agents to humans remains to be determined.
The S1/S2 cleavage site in the S protein is also an important

determinant of the transmissibility and pathogenicity of SARS-
CoV/SARS-CoVr viruses [16]. The trimetric S protein is pro-
cessed at the S1/S2 cleavage site by host cell proteases during
infection. Following cleavage, also known as priming, the protein
is divided into an N-terminal S1-ectodomain that recognizes a
cognate cell surface receptor and a C-terminal S2-membrane
anchored protein that drives fusion of the viral envelope with a
cellular membrane. We found that the SARS-CoV-2 S protein
contains a putative furin recognition motif (PRRARSV) (Figure 4)
similar to that of MERS-CoV, which has a PRSVRSV motif that is
likely cleaved by furin [16, 17] during virus egress. Conversely,

Figure 2. Phylogenetic Relationship of CoVs Based on the Whole Genome and RdRp Gene Nucleotide Sequences
Red text denotes the Malayan Pangolin-CoV. Pink text denotes SARS-CoV-2. Green text denotes a bat CoV with 96% similarity at the genome level to SARS-

CoV-2. Blue text denotes the reference CoVs used in Figure 1B. Detailed information can be found in the STAR Methods. Related to Figures S1–S3.
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• The phylogenetic tree based on the full-length 
gene sequence of the new coronavirus (SARS-
CoV2) is shown on the right.
• Red is Pangolin-derived CoV
• Pink isolated SARS-CoV2 in China
• Green indicates bat-derived CoV with 96% 

similarity to SARS-CoV2.
• Viruses isolated from bats and pangolins and 

phylogenetic tree analysis show that they are 
closely related.

ØThe origin of SARS-CoV2 is presumed to be 
from bats (Zhou, P. et al., 2020. Nature 579 270-273).



How the virus invades the animal host ？
uACE2 (Angiotensin-converting enzyme 2) and TMPRSS2 (which cleaves viral S 

protein) on our cells are SARS-CoV2 host side receptors.
uACE2 is widely expressed in the body, including the heart, liver, testis, kidney and 

digestive tract.
uTMPRSS2 is expressed in nasal mucosa and respiratory organs.
uThe SARS-CoV2 S protein binds to host cell ACE2 (RBD shown in green).
uAfter binding to the ACE2 receptor, it is cleaved by the enzymatic action of 

TMPRSS2, which activates the S protein and fuses it with the cell membrane.
uCoronavirus penetrates cells by host ACE2 and TMPRSS2.

SARS‐CoV and MERS‐CoV are considered highly pathogenic and are

known to be transmitted from bats to humans via intermediate host

palm civets4 and dromedary camels5. SARS‐CoV, which causes severe

acute respiratory syndrome (SARS), infected 8422 humans and re-

sulted in 916 deaths in 37 countries between 2002 and 2003.6,7

MERS‐CoV was first identified in the Middle East in 2012. A report

confirmed 1791 MERS‐CoV infection cases, including at least 640

deaths in 27 countries, as of July 2016.8 Because of the confirmed

human‐to‐human transmission route, up to 18 February 2020, a total

of 72 533 patients of COVID‐19, caused by SARS‐CoV‐2, including
1872 deaths, were reported in China (http://2019ncov.chinacdc.cn/

2019‐nCoV/index.html). In addition, 505 COVID‐19 cases have now

been transmitted across other 24 countries (http://2019ncov.

chinacdc.cn/2019‐nCoV/global.html), a part of them because of

contact or residence history with Wuhan.

Confirmation of intermediate hosts is essential to prevent fur-

ther spread of the epidemic. This study focuses on comparisons of

the spike sequences between SARS‐CoV‐2 with SARS‐CoV, bat

SARS‐like CoV, and other coronaviruses, which are helpful for evo-

lutionary analysis and finding the possible virus reservoirs. In addi-

tion, analysis of the ACE2 structures and binding motif alignment

facilitates obtaining clues to differentiate the potential hosts.

2 | MATERIALS AND METHODS

2.1 | Sequences used in the study

Full‐length protein sequences of spike glycoprotein and ACE2 were

downloaded from the NCBI GenBank Database, including SARS‐CoV‐2
spike proteins (accession number: QHU79173, QHR84449, QHQ71963,

QHO62107, QHO60594, QHN73795, QHD43416, and BBW89517)

SARS‐CoV spike proteins (accession number: ACU31051, ACU31032,

NP_828851, ABF65836, AAR91586, and AAP37017), bat SARS‐like CoV

(RaTG13, AVP788042, AVP78031, ATO98231, AGZ48828, AKZ19087,

and AID16716). The bat SARS‐like CoV RaTG13 sequence was down-

loaded from the GISAID (http://www.GISAID.org). The pangolin meta-

genome was downloaded from the NCBI BioProject database

(PRJNA5732983), and the coronavirus genomes sequences were ana-

lyzed by VirMAP.9

2.2 | Protein sequences alignment and phylogenetic
analysis

Alignment of spike protein sequences from different sources and

residue comparison of ACE2 among different species were accom-

plished by MGEA‐X (version 10.0.5). The phylogenetic analysis was

accomplished through multiple comparisons using the neighbor‐
joining algorithm in the MGEA‐X (version 10.0.5). Multiple compar-

isons were done by ClustalW multiple sequence alignment, the

neighbor‐joining phylogenies were estimated, and the number of

bootstraps was 1000. The Poisson correction model and gamma‐
distributed pattern were used.

2.3 | Structure and binding model of spike receptor

The full‐length structure of SARS‐CoV‐2 spike glycoprotein was si-

mulated by the I‐TASSER server online tool.10 The spike‐ACE2
binding model was predicted using PRISM 2.0.11 The spike protein

and ACE2 structure files were analyzed using PyMOL software

(PyMOL v1.0).

3 | RESULTS

SARS‐CoV‐2 encodes at least 27 proteins, including 15 nonstructural

proteins, 4 structural proteins, and 8 auxiliary proteins.12 Spike gly-

coprotein (S), a structural protein located on the outer envelope of

the virion, binds to the host‐receptor angiotensin‐converting enzyme

2 (ACE2). The S glycoprotein of SARS‐CoV, MERS‐CoV, and SARS‐
CoV‐2 has 1104 to 1273 amino acids and contains an amino (N)‐
terminal S1 subunit and a carboxyl (C)‐terminal S2 subunit13

(Figure 1). In the S1 subunit, the receptor‐binding domain (RBD),

spanning about 200 residues, consists of two subdomains: the core

and external subdomains.14,15 The RBD core subdomain is re-

sponsible for the formation of S trimer particles.16 The external

subdomain contains two exposed loops on the surface, which bind

with ACE2.17 Investigating the evolutionary relationship of the RBD

sequence in spike protein is helpful for understanding the virus

origin trends.

F IGURE 1 Structural diagrams of spike glycoproteins of SARS‐CoV, MERS‐CoV, and SARS‐CoV‐2. All spike proteins of coronaviruses
contain S1 subunit and S2 subunit, which were divided by the S cleavage sites. FP, fusion peptide; HR, heptad repeat 1 and heptad repeat 2;
RBD, receptor‐binding domain, contains core binding motif in the external subdomain; SP, signal peptide

2 | LIU ET AL.

Spike protein（S)

Viral nucleic acid（RNA)
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Coronavirus spike (S) protein structure

Zhixin Liu et al., J Med Virol. 2020;1–7  



Keep distance 
from SARS-CoV2-
sensitive animals
• Primates (chimpanzees, macaques, etc.)
• hamster
• Feline (cat, tiger, lion, etc.)
• Pangolin
• ferret
• Dog (does not multiply).
• the infection is unknown in livestock              

(it does not grow in pigs, horses and chickens).

• SARS-CoV2 can infect animals with receptors like humans, so stay away when you are unwell

• Domestic companion animals (cats, ferrets, hamsters) avoid contact with other susceptible animals 
and live a safe life against viral infections.

• In general, animals may have various zoonotic diseases, so close contact should be avoided.

• After touching the animal, wash your hands thoroughly with soap.

Species
Number matching 
human ACE2 
amino acid

％

Human 14/14 100
Gorilla 14/14 100
Monkey (Macaque) 14/14 100
Hamster / cat 11/14 79
Pangolin 10/14 71
Dog / bat 9/14 64
Mouse ８/14 57

Predict host range by comparing spike protein 
recognition sites of mammalian ACE2 (14 position)


