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Abstract

Background: COVID-19 pandemic prompts  the  study of  coronavirus  biology and search of
putative therapeutic strategies.
Objective:  To  compare  SARS-CoV-2  genome-wide  structure  and  proteins  with  other
coronaviruses,  focusing on putative coronavirus-specific  or SARS-CoV-2 specific  therapeutic
designs.
Methods: The genome-wide structure of SARS-CoV-2 was compared to that of SARS and other
coronaviruses in order to gain insights, doing a literature review through Google searches. 
Results: There are promising therapeutic alternatives. Host cell targets could be modulated to
hamper viral replication,  but targeting viral  proteins directly would be a better therapeutic
design,  since  fewer  adverse  side  effects  would  be  expected.  Conclusions:  Therapeutic
strategies  (Figure  1)  could   include  the  modulation  of  host  targets  (PARPs,  kinases)  ,
competition with G-quadruplexes or nucleoside analogs to hamper RDRP. The nicest  anti-CoV
options include inhibitors of the conserved essential viral proteases and drugs that interfere
ribosome slippage at the -1 PRF site.

Keywords: 

coronavirus;  protease;  -1  programmed  ribosomal  frameshifting  ;  macrodomain;  SARS-unique
domain; G-quadruplex; attenuation; spike; HIV-like; therapeutic targets
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Introduction

Coronaviruses (Virus; order Nidovirales: family Coronaviridae: subfamily Coronavirinae) are a
group of  enveloped viruses with single-stranded positive RNA [ss (+)  RNA] genome. They cause
respiratory,  enteric,  hepatic  and  neurological  diseases  in  multiple  species,  including  several
mammals and birds. Four genera are recognized and called Alpha, Beta, Gamma and Delta. Seven
coronaviruses that infect humans are identified; all of them are from zoonotic origin and belong to
Alpha or Beta genera. Intra and inter-species transmissions have been documented. SARS-CoV-2
belongs to the Beta-CoV together with bovine coronavirus (BCoV), canine respiratory coronavirus
(CRCoV),  human  coronavirus  OC43  (HCoV-OC43),  mouse  hepatitis  virus  (MHV),  porcine
hemmagglutinating  encephalomyelitis  virus  (HEV),  rat  coronavirus  (RCV),  human  HCoV-HKU1,
severe acute respiratory syndrome coronavirus (SARS-CoV) and middle east respiratory syndrome
coronavirus (MERS-CoV) [1] [2] [3].

Methods

L.L.H. is just a cell biologist who has dedicated professional life to basic studies in biomedicine,
working in models of neurodegenerative illnesses, cancer and (more recently) parasitic infection.
D.J.K. is a medical doctor and a Biophysicist specialized in radiation biology who investigates in the
field of genomic damage and cancer, and is deeply interested in science education at all levels.

This review has been directed by key questions and does not intend to be exhaustive. In an
emergency  context,  we  have  just  advanced  in  reading  just  as  far  as  reaching  the  necessary
information to answer specific questions. Thus, we may be unfair and we apologize to non-cited
scientists who have done important contributions to the field. 

This review is atypical since information sources have included not only scientific peer-reviewed
journals but also patents and webpages. Most searches were carried in English through Google,
using combined clue words.  Due to a problem regarding Google School  indexing system, the 2
patents and 4 webpages are identified in the text instead of being included as references. Due to
the same problem, in an attempt to overcome this indexing issue, we decided to fragment in Parts I-
V the original, extensive manuscript.

Results

1. SARS-CoV-2 genome-wide structure and druggability

There is an excellent web page, from the Zhang’s laboratory, at the University of Michigan,
which  contains  3D  structural  models  and  function  annotation  for  all  proteins  encoded  by the
genome of SARS-CoV-2. The viral genome (see their inspiring diagram) is basically organized in a
perfect order, so that the non-structural proteins (nsps) that will be needed first are translated first.
Nsps are identified with a number according to the order of appearance in the genome (from 5’ to
3’). Nsp1 codes a host translation inhibitor, which interacts with the 40S ribosomal unit to induce an
endonucleolytic cleavage of host mRNAs, targeting them, selectively, for degradation. 

CoV genomes comprise at least 5 ORFs. ORF1ab (Figure 1) covers two-thirds of the genome and
codes for 16 nsps. ORF2 codes the Spike (S). The other ORFs code some small proteins, the envelope
protein (E), membrane protein (M) and nucleoprotein (N). CoV ss(+) genomic RNA (gRNA) serves as
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template  for  both  translation  (as  an  mRNA)  and  replication.  The  former  process  generates  an
intermediate product called polypeptide 1a (pp1a) or  the longer pp1ab, depending on whether
ORF1a termination codon is translated as such or bypassed/avoided through a ribosome slippery
mechanism called -1 programmed ribosomal frameshifting (-1 PRF)  [4–6]. In both cases, nsps are
obtained after proteolytic cleavage at specific sites, by the action of two proteases which are also
coded  within  the  polypeptide,  namely  Nsp3  or  papain-like  protease  (PLPRO)  and  Nsp5  or  3-
chemotrypsin  –like  protease  (3-CLPRO)  [7].  Importantly,  pp1ab  harbors  Nsp11,  the  main  RNA-
dependent RNA-polymerase (RDRP). Thus, if either -1PRF or protease activity fails, the virus cannot
replicate and the infection does not  proceed.  Interestingly,  PLPRO inhibitors,  3-CLPRO inhibitors  or
molecules previously identified as inhibiting  -1 PRF during SARS-CoV infection [8,9], may serve as
lead compounds against SARS-CoV-2.

Replication generates the antigenome or complementary viral sequence (-RNA). In turn, the
antigenome is the transcription template. At least for Avian infection bronchitis virus (IBV, a gamma
coronavirus), the proportion of ss(-) RNA to ss(+)RNA is 1:350 and the massive production of viral
proteins  (e.g.N protein)  is  achieved through high  level  of  transcription rather  than preferential
translation  [10].  There  is  a  single  leader  transcription  regulatory  sequence  (TRS-L)  upstream
ORF1ab. Besides, body transcription regulatory sequences (TRS-B) are located upstream other ORFs.
Continuous transcription is a canonical process that consists of using the antigenome as a template
to obtain new copies of the gRNA. Nested shorter mRNAs called subgenomic mRNAs (sgRNAs) are
obtained  through  discontinuous  transcription,  which  involves  template  “pseudo-circularization”,
allowing a template switch. Except for nsps, translated from gRNA, all the other proteins including
the components of the spike trimeric complex (S), envelope (E), matrix (M), and nucleocapsid (N),
are translated from sgRNAs. Interestingly, the phosphorylation of the viral N protein by a host cell
kinase is involved in the switch from discontinuous to continuous transcription. In fact, the viral N
protein is not only structural but also regulatory of viral and host cell replication [11] [12–14].

DNA nanoball sequencing specifically of SARS-CoV-2 transcriptome reveals that it includes not
only  the  above  described  continuous  (gRNA)  and  discontinuous  (sgRNAs)  transcripts,  but  also
transcripts  encoding  unknown  ORFs  with  fusions,  deletions  and/or  frameshifts.  Some  viral
transcripts harbor a modified cis-regulatory element (AAGAA motif) and shorter poly(A)tails [15]. 

Due to the sanitary emergency, the CRUK Cancer Therapeutics Unit at The Institute of Cancer
Research, London, has used the tools formerly developed to look for anticancer drugs, to search for
druggable targets to design antiviral compounds to fight COVID-19. They explain that “can SAR is an
integrated  knowledgebase  that  brings  together  data  across  biology,  chemistry,  pharmacology,
structural  biology,  cellular  networks,  and  clinical  annotations,  and  applies  machine  learning
approaches to provide predictions useful for drug discovery and translational research”. According
to an update done on 28/4/2020, 229 COVID19, 443 SARS, and 181 MERS protein chains have been
analyzed.  Interestingly,  284  ligandable  pockets  and  339  potential  ligandable  cavities  have  been
identified at the interfaces of  protein complexes (biological  assemblies).  For example,  there are
cavities that could be drug targets on Nsp3, Nsp5 and at the interface between the coronavirus
Spike protein and the host receptor ACE2.

1.1. Multidomain protein Nsp3 includes PLPRO and 3 Macrodomains,
two of  which  belong to  SARS-Unique Domain  (SUD)  and can
bind G-quadruplexes (G4s).

Nsp1, 2 & 3 are released from the main polypeptide by the enzymatic action of PLPRO. Nsp3
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has 1922 aminoacids. It is not only a protease. It also has deubiquitinating/deISGylating activity,
participates  in  the assembly of  viral  replication vesicles,  and antagonizes  host  signaling  (type I
interferon & NF-KB)  [16]. Moreover, Nsp3 contains a SARS Unique Domain (SUD), present in the
extremely pathogenic SARS-CoV, SARS-CoV-2 and highly related CoV found in bats but not in other
CoVs. Viral Macrodomains are considered unique mediators of viral replication and pathogenesis
[17].  Canonical  Macrodomains  are  “readers”  of  a  post-translational  protein  modification  called
poly(ADP-ribosyl)ation  and  also  “erasers”  of  mono-ADP-ribosylation  [18].  SARS-CoV  contains  a
canonical Macrodomain plus two atypical Macrodomains that bind G-quadruplexes (G4s)  [19]; at
least  one  of  the  G4-binding  Macrodomains  is  essential  for  the  activity  of  the  SARS-CoV
replication/transcription complex [20]. G4s are a particular structure of the nucleic acids that can
arise in G-rich regions. Some viruses present G4s in their genome while SARS-CoV could recognize
G-4s in host nucleic acids, for example in 3’-nontranslated regions of mRNAs coding for host-cell
proteins involved in apoptosis or signal transduction. G4s can also be found in the human genome,
especially in telomeres and oncogene promoters  [21]. In other viral infections, the recognition of
G4s by viral proteins is involved in latency [22].

1.2. Nsp5 is 3-chemotrypsin –like protease (3-CLPRO).

Nsp5  corresponds  to  the  main  viral  protease  or  3-CLPRO,  which  cleaves  the  C-terminus  of
replicase polyprotein (ORF1ab) at 11 sites to release Nsp4 to Nsp15. It is able to bind ADP-ribose-
phosphate. Importantly, it recognizes and cleaves substrates containing the core sequence [ILMVF]-
Q-/-[SGACN]. Thus, 3-CLPRO is inhibited by competition by substrate analogues. The crystal structure
of SARS-CoV-2 in complex with the inhibitor Cbz-Val-Asp-Ser-Thr-Leu-Glm-CMK has been disclosed
[23].  Further  information  on  pharmacophores  and  biological  activities  of  SARS-CoV  protease
inhibitors  can  be  found  in  a  review  by  Wang  and  Liang  [24].  Certain  dipeptidyl  glutaminyl
fluoremethyl ketones were assayed as SARS-CoV inhibitors  [25] and the same scientists protected
through a Cytovia Inc patent (US7504382B2) certain protease inhibitors for coronaviruses and SARS-
CoV, which were tested in SARS-CoV infected Vero cells and inhibited up to 100 % of the cytopathic
effect at concentrations that were non-toxic for the host cells. Moreover, SARS protease substrate H-
Val-Ser-Val-Asn-Ser-Thr-Leu-Gln-Ser-Gly-Leu-Arg-Lys-met-Ala-OH-trifluoroacetate salt  (CAS 587886-
51-9) is currently commercially available and sold by cymit. Merk also offers a Coronavirus Main
Protease Inhibitor (# 235035) but its structure is not disclosed. Alternative protease inhibitors, some
of which are FDA-approved drugs and could be repurposed, are reviewed by Kuo and Liang [27].
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Figure 1. SARS-CoV-2 genome, mRNAs, outstanding features and putative related therapeutic
strategies. SARS-CoV-2 genome is the ss(+)RNA identified as gRNA. 

Once in the cell cytoplasm, gRNA is translated to polypeptide 1a (pp1a) or the end codon is avoided
though programmed ribosome shifting (-1PRF) and translation continues to a longer polypeptide

(pp1ab).

 Two proteases allow polypeptide cleavage at specific, conserved sequences: PLPRO releases nsp1, nsp2
and nsp3 and 3-CLPRO releases nsp4 to nsp16. As represented by the red symbols, PLPRO, 3-CLPRO and –1PRF
are key viral molecular targets for the correspondent inhibitors. Other putative therapeutic strategies are
represented by the pink symbols. Macrodomain binding to PAR could be inhibited using PARP inhibitors (like
Olaparib, FDA approved for certain cancers). Binding of the SARS-Unique Domain (SUD) Macrodomains to
G4s might be hampered through competition with G4s-rich sequences. RNA-dependent RNA polymerase
(RDRP) can be inhibited by nucleotide analogues.    

 gRNA is also replicated. (-) RNAs are represented as            . 

Transcription gives rise to new copies of  gRNA as well  as  to non-canonical  and canonical  subgenomic
mRNAs (sgRNAs), from which Spike (S), Envelope (E), Membrane (M), Nucleocapsid (N) and other proteins
are obtained through translation. To synthesize gRNAs and sgRNas, there is a shift  from continuous to
discontinuous transcription which is controlled by the phosphorylation of the nucleocapsid protein (N) by a
host  kinase  (which  is  another  alternative  putative  therapeutic  target).  The  mature  viral  particle  is
constituted by gRNA covered by the N protein and enveloped by M and E, with protruding Spike protein
that gives coronaviruses their name. S protein is responsible for binding to the host cell and entrance.
Special features of SARS-CoV-2 are typed in red letters and are concentrated on the Spike protein. On the
top right corner, the “be careful” symbol is aimed to help remember that the development of specific
therapeutic  strategies/drugs  is  very  important,  particularly  due  to  the  fact  that  safe  and  effective
vaccination is likely to be hampered by antibody-dependent enhancement (ADE).

1.3. Nsp8 as a primase-like RNA-dependent RNA-polymerase

In ss(+) RNA coronaviruses, replication and transcription of the giant 30 kb genome produce
genome- and subgenome-size RNAs of both polarities. Analogously to cellular DNA-dependent RNA
primases, the coronavirus Nsp8 RDRP produces primers utilized by the primer dependent Nsp12
RDRP [28]. At least in SARS-CoV, both nsp8 and nsp7 units constitute a multimeric RNA polymerase

capable of both de novo initiation and primer extension [29].

1.4. Nsp12 is the main RNA-dependent RNA polymerase (RDRP)

RNA-dependent RNA polymerase (RDRP) of SARS-COV is a recombinant, according to Rest
and Mindell  [30]. A molecular model was proposed the same year of SARS-CoV break  [31].
RNAi targeting at SARS RDRP significantly reduce the plaque formation of SARS coronaviruses

in Vero-E6 cells, suggesting a new approach for SARS treatment [32]. Nucleoside analogue inhibitors
were assayed [33]. For example, Remdesivir (GS5734) inhibits human and zoonotic coronavirus in
vitro and  in  an  acute  infection  mouse  model  [34].  In  a  randomised,  double-blind,  placebo-
controlled,  multicentre  trial  study  of  adult  patients  admitted  to  hospital  for  severe  COVID-19,
Remdesivir was not associated with statistically significant clinical benefits [35]. NIH is undergoing a
new trial since February 25th.

Template switching, initially attributed to BCoV RDRP, is now considered a common feature in
coronaviruses.  It  would  facilitate  coronavirus  genome  amplification  as  well  as  the  existence  of
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closed or circularized structures containing both the viral genome and its anti-genome [11] [12–14].

2. Initial viral attenuation (according to 7 days post-infection endpoints)
has been achieved in IBV through mutations in Nsp10, 14, 15 and 16

There  is  a  2017  patent  by  the  The  Pirbright  Institute  (EP  3  172  319  B1),  related  to  “an
attenuated coronavirus comprising a variant replicase gene, which causes the virus to have reduced
pathogenicity”. It also relates to “the use of such a coronavirus to prevent and /or treat disease”.
There was a pressing need for a (live attenuated) vaccine against Avian infection bronchitis virus
(IBV, a gamma coronavirus) suitable for use in ovo. To be useful for in ovo vaccination, the virus had
to replicate and propagate at a level low enough to avoid being pathogenic for the embryo. Still, the
virus had to be able to replicate even in the presence of maternally-derived antibodies against the
virus.  According  to  attenuation  assays  results,  obtained  up  to  day  7,  the  authors  managed  to
achieve these requirements through specific mutations in Nsp 10, 14, 15 or 16. This achievement
raised the question of whether the behavior of SARS-CoV-2, which takes a week or more to develop
the first symptoms, as well as the usually mild symptoms in children, could be related to mutations
like  these nsps.  This  question deserves  further  exploring which could  be initially  driven by  the
comparison of SARS-CoV-2 Nsp 10, 14, 15 & 16 sequences with other CoV and with these patented
mutations.

3.  SARS-CoV-2  surface  glycoprotein  or  spike  (S)  is  optimized  for
infection of multiple cell types, including immune cells 

The SARS-CoV-2 surface glycoprotein or Spike (S) is coded by ORF2 and has two subunits, S1
(residues 14-685) and S2 (residues 686-1273). S1 binds host receptors and S2 mediates the fusion of
the virion to cell membranes. Proteolisis by cathepsin CTSL (at S2’cleavage site) may be required to
unmask S2 fusion peptide. Cathepsins are host cell proteases [36,37].  

According to Andersen et al [38], SARS-CoV-2 receptor binding domain (RBD) inside S1 subunit
appears to be optimized for human Angiotensin-converting enzyme 2 (hACE2). Besides, the Spike
protein of  SARS-CoV2,  unlike any other beta coronavirus studied so far,  has  a  functional  S1/S2
boundary polybasic cleavage site with a leading proline (PRRAR) that allows efficient cleavage by
furin and other proteases and is predicted to result in the acquisition of three O-linked glycans
around the site. None of these sites are present in the related SARS-CoV which emerged in 2003.
Importantly,  specific  protease  dependence  restricts  viral  spread.  Strains  harboring  a  monobasic
cleavage site in their fusion protein result in local infections, mainly in the respiratory tract, since
the expression of the respective host proteases is limited to a few cell  types.  In contrast,  furin
protease is ubiquitously expressed. Thus, the PRRAR site increases virulence. Spike cleavage motifs
are key factors in the determination of coronavirus host range as well as cell and tissue tropism
[7,39].  In other words, this furin cleavage site increases SARS-CoV-2 potential for both systemic
infections in the organism and interspecies transmission, also named host jump or spillover.

SARS-CoV-2 does also have 4 more inserts (absent in SARS-CoV),  with high density positive
charge, very similar to human immunodeficiency (HIV-1) surface proteins gp120 and Gag  [40,41].
HIV is the agent of acquired immune deficiency syndrome (AIDS).

In  fact,  SARS-CoV-2 can  directly  infect  human spleens  and lymph nodes  [42].  T-cells  suffer
exhaustion and counts of total T cells are negatively correlated with patient survival [43]. 

Known  SARS-CoV-2  receptors  in  humans  include  hACE2  and  C-type  lectin  domain  family  4
member  M/Dendritic  cells-signaling-related  receptor  (CLEC4M/DC-SIGNR).  ACE2  receptor  is
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involved  in  blood  pressure  control,  since  it  catalyzes  the  hydrolysis  of  angiotensin  II  (a
vasoconstrictor  peptide)  into  angiotensin  (1–7)  (a  vasodilator).  ACE2  is  abundantly  present  in
humans in the epithelia of lung and small intestine, in endothelia of all organs but not in immune
cells  [44].  ACE2 receptor  is  also  ubiquitously  expressed in  the  brain,  on  neuronal  and glia  cell
membrane [45]. According to “The Human Protein Atlas” , high protein levels of ACE2 are detected
in the adrenal gland, intestine, gallbladder, kidney, testis and seminal vesicle. SARS-CoV infection
also causes massive necrosis of the spleen and lymph nodes. Furthermore, most patients develop
lymphopenia, ascribed to increased apoptosis of lymphocytes [44]. This can be explained by binding
to  DC-SIGNR,  also  called CD209,  which efficiently  binds  both  intercellular  adhesion  molecule  3
(ICAM3) and HIV-1 gp120. This has been linked to the ability of dendritic cells (DCs) to promote HIV
infection of T cells and it probably plays roles in virus dissemination within the host as well as in
horizontal and vertical transmission. CLEC4M, also named CD299 (cluster of differentiation 299) or
L-SIGN (liver/lymph node-specific intracellular adhesion molecules-3 grabbing non-integrin) is 77%
identical to CD209 antigen and enhances HIV-1 infection of T cells [46].

Discussion

SARS-CoV-2  Spike  presents  three  special  features.  First,  it  is  optimized  for  hACE2  receptor
binding. Second, it has a furin-cleavable polybasic cleavage site (PRRAR). As both ACE2 receptors
and furin protease are ubiquitous, this facilitates viral spreading across human tissues (and probably
also across species). Last but not least, the spike bears 4 HIV-like inserts and, like HIV, binds CLEC4M
(or CD299) and DC-SIGNR (or CD209), facilitating the infection of the immune system. Some new
features have also been described in SARS-CoV-2 transcriptome, including modified unknown ORFs,
with modified AAGAAs and shorter poly(A) tails. As this discovery relies on a new technique, it is
unknown both its biological meaning and whether it is exclusive from this virus or does also happen
in other CoV. 

In Part II, we will address the issue that, as expected,   SARS-CoV-2 shares with SARS and some
other CoV, the capacity of inducing a persistent systemic infection, which can reach lymphocytes,
the central nervous sytem and other organs.

Like SARS, SARS-CoV-2 harbors a SUD which has extra Macrodomains capable of G4s binding. 
SARS-CoV-2  shares  characteristics  with  other  CoV,  suggesting  that  common  therapeutic

strategies are possible. Translation of  ORF1a/1ab requires –PRF and Nsp1-15 are obtained after
cleavage of a polyprotein by the action of PLPRO and 3-CLPRO. These three activities/events can be
inhibited. In turn, nucleoside analogs can inhibit RDRP. It is also conceivable that host cell kinases
might be modulated to alter the phosphorylation of viral N which regulates template switching from
discontinuous to continuous transcription to produce sgRNAs or gRNAs. PARP inhibitors may also
alter PARylation which is recognized by viral Macrodomains. From these strategies, CLPRO inhibition
seems to be the best. CLPRO is very different from host proteases, thus it is possible to inhibit it
selectively  and  low  toxicity  is  expected  for  the  host.  Besides,  this  strategy  has  been  patented
because it has already worked in cultured cells. 

It  would be interesting to compare pro-attenuation mutations introduced in avian CoV with
SARS-CoV-2  to  see  if  there  is  a  possible  explanation  of  the  delay  from infection  to  symptoms
development.
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Conclusion

Therapeutic strategies (Figure 1) could  include the modulation of host targets (PARPs, kinases) ,
competition with G-quadruplexes  or nucleoside analogs  to  hamper RDRP. The nicest   anti-CoV
options include inhibitors of the conserved essential viral proteases and drugs that interfere ribosome
slippage at the -1 PRF site.
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-1 PRF -1 programmed ribosomal frameshifting
3-CLPRO 3-chemotrypsin –like protease (in nsp5)
ACE2 Angiotensin-converting enzyme 2
ADE antibody-dependent enhancement (of an infection)
AIDS acquired immune deficiency syndrome 
BCoV bovine coronavirus

CD 299 Cluster of differentiation 299
CD209 Cluster of differentiation 209

CLEC4M
C-type lectin  domain family 4 member  M. Also called CD299 or  L-
SIGN

CoV coronavirus
CRCoV canine respiratory coronavirus

DC-SIGNR
Dendritic  cells-signaling-related  receptor.  Also  called  CD209.  Binds
SARS-CoV-2 Spike protein and HIV-1 gp120

E Envelope
G4s G-quadruplexes
Gag HIV-1 surface glycoprotein

Gp120 HIV-1 surface glycoprotein
gRNA genomic RNA

HCoV-OC43 human coronavirus OC43
HEV porcine hemmagglutinating encephalomyelitis virus
HIV human immunodeficiency virus
IBV Avian infection bronchitis virus

L-SIGN
liver/lymph  node-specific  intracellular  adhesion  molecules-3  grabbing
non-integrin. enhances HIV-1 infection of T cells

M Membrane protein
MERS-CoV middle east respiratory syndrome coronavirus

MHV mouse hepatitis virus
N Nucleoprotein

nsp non-structural protein
ORF Open-reading frame

https://preprints.jmir.org/preprint/21593 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Lafon-Hughes et al

PARP Poly(ADP-ribosyl)polymerase
PLPRO Papain-like protease (nsp3)
pp1a polypeptide 1a

pp1ab polypeptide 1ab, or replicase polyprotein
PRRAR polybasic cleavage site with a leading proline. Furin cleavage site

RBD receptor binding domain (inside S1)
RCV rat coronavirus

RDRP RNA-dependent RNA-polymerase
-RNA antigenome or complementary viral sequence

S Spike (surface glycoprotein)
S1, S2 S subunitis

SARS-CoV severe acute respiratory syndrome coronavirus
sgRNAs subgenomic RNAs

SUD SARS-unique domain
TRS-Bs body transcription regulatory sequences
TRS-L leader transcription regulatory sequence
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