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INTRODUCTION

It is well known that in all Corona Viruses the 3’ termi-
nus contains Corona Virus canonical set of structural 
proteins, and these are four proteins1,2:
I. Nucleocapsid (N) protein, a basic RNA-binding 

protein.
II. Spike protein (S), a glycoprotein that contains oligo-

saccharides which bind with serine amino acid by 
o- glycoside bond.

III. Membrane protein (M) that spans the membrane.

IV. Envelope protein (E), a highly hydrophobic pro-
tein that covers the entire structure of the corona-
virus, and for this reason the virus cannot move 
in blood.

On the other hand, two-thirds of the genome (in the 
5’ terminus) encodes a replicase polyprotein named 
polyprotein 1ab (pp1ab), which is comprised of two 
overlapping open reading frames (ORFs): ORF1a and 
ORF1b. These ORFs are then cleaved by viral proteases 
into 16 non-structural proteins (NSPs) that are involved 
in genome replication and transcription3.
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is more likely. The sizes of NSPs per amino acid are9: 
NSP1: 180 amino acids, NSP2: 638 amino acids, NSP3: 
1945 amino acids, NSP4: 500 amino acids, NSP5: 306 
amino acids, NSP6: 290 amino acids, NSP7: 83 amino 
acids, NSP8: 198 amino acids, NSP9: 113 amino acids, 
NSP10: 139 amino acids, NSP11: 13 amino acids, NSP12: 
932 amino acids, NSP13: 601 amino acids, NSP14: 527 
amino acids, NSP15: 346 amino acids, NSP16: 298 ami-
no acids. NSP11 and NSP7 were particularly chosen in 
this study because they are small and hence more likely 
to be extracted from other larger proteins.

MATERIALS AND METHODS

The research methodology was divided into two parts:
  1.  The first part was an experimental study aimed to 

produce SARS-CoV-2 NSPs from the albumin poly-
peptide chain. The steps suggested to synthesize 
NSPs from albumin were:
I.  Heating albumin in 100°C degree of tempera-

ture for 10 minutes. 
II.  Waiting for 20 minutes to cool the albumin. Al-

bumin became an inactive long polypeptide.
III.  SARS-CoV-2 depends on Golgi apparatus pro-

teases enzymes to produce NSP 1-16; so, a pro-
tease enzyme such as papain enzyme (similar 
to angiotensin-converting enzyme type 11 that 
produces NSPs in COVID -19 disease) addition 
will produce the desired NSPs from the deacti-
vated Albumin in vitro.

IV.  The NSPs are now available for intravenous 
(i.v) or subcutaneous (S/C) injection.

V.  NSPs injection should cause no allergy because 
the sequences of amino acids are from albumin 
structure, but at the same time internal cellular 
and humoral immunity will be activated when 
the NSPs reach the blood. 

VI.  Now thin layer chromatography could be used 
to exclude running of individuals’ amino ac-
ids. This biochemical technique had previously 
been used to remove NSPs and unwanted host 
cell proteins from the purified antigen vaccine13. 
Now this criterion could be used alternatively to 
extract NSPs as a vaccine material (Figure 1).

To optimize the search of a suitable protein for slic-
ing and manufacturing NSPs, a sequence homolo-
gy scan could be performed. Several databases are 
available online which offer sequence similarity 
scanning for proteins, RNA, and DNA. 

 2. The second part was an analytical, database dependent 
study performed within the period from the 1st to 7th 
June 2020. All of this part of the methodology was 
performed online. The databases of SWISS-MODEL 
(The Center of Molecular Life Sciences, University of 
Basel, Basel, Switzerland), and Uniprot (A collabora-
tion between The European Bioinformatics Institute 
(EMBL-EBI), the SIB Swiss Institute of Bioinformat-
ics and the Protein Information Resource (PIR)) were 
used to compare NSPs sequences with sequenced pro-
teins in the databases. Similarities in sequences with 

The non-structural proteins are polypeptides with-
out sub-protein ordinary structure (primary, secondary, 
or tertiary structures). The NSPs perform important and 
beneficial tasks for the viral pathogenicity: 
 • NSP1 inhibits protein synthesis in human cells and 

prevents the cell from performing antiviral functions4. 
 • NSP2 had structural similarity a disease-inducing 

protein in the infectious bronchitis virus in birds5.
 • NSP3 is a big protein that can change the normal hu-

man protein shape5. 
 • NSP4 protects new viruses that are recently been 

replicated in the host cell DNA5. 
 • NSP5 possesses a cleavage protein capacity (helps 

the peptidase)6,7.
 • NSP9 can enter the nucleus carrying genetic mate-

rials of the virus to human cells and mediates virus 
proliferation8.

 • NSP12 seems to have an RNA polymerase activity9.
 • NSP13 seems to have a Helicase activity9,10.
 • NSP15 has an endoribonuclease activity; it is a good 

target for antiviral drugs9.
 • NSPs14 and 16 mediate the 5’ methylation of Virus 

genome9.
Severe Acute Respiratory Syndrome Coronavirus 2 

(SARS-CoV-2) uses host protease enzymes and produc-
es these 16 NSP types. The synthesis of the viral pro-
teins occurs in the host cell Golgi apparatus11.

Viral infections could be prevented with an effec-
tive vaccine. Normal vaccines could be produced from a 
complete viral protein with a primary, secondary, tertia-
ry, and sometimes quaternary structures12,13. The main 
sources of vaccine materials are vectors (such as Ade-
novirus coat), viral epitopes (the antibody attachment 
sites), viral DNA, viral surface proteins, or a complete 
protein synthesized by recombinant technology7,13,14. 
Apart from vaccination, a patient or an animal model 
whom been healed from coronavirus will gain an anti-
body mediated immunity against it15.

The synthesis of a vaccine through DNA in viruses 
such as hepatitis B, or in bacteria like mycobacterium 
TB is relatively easier than in RNA viruses. SARS-
CoV-2 is a single positive RNA virus, as well as SARS-
CoV (Severe Acute Respiratory Syndrome Coronavi-
rus). SARS Cov-2 and SARS CoV are closely related, 
as both viruses are beta Coronaviruses and share high 
similarities in structure and pathogenicity16.The vac-
cine trials for the 2002 SARS CoV included inactivat-
ed coronavirus, adenovirus-vectored spike protein, and 
naked spike protein; however, all these were not tested 
in humans because of the SARS outbreak ceased16. No 
vaccine had yet been developed to combat SARS-CoV-2 
and Coronavirus disease of 2019 (COVID-19)16.

Through this article, the authors suggested the use 
of NSPs to synthesize a SARS-CoV-2 vaccine. If it is 
possible to trans-locate the NSPs to the blood, cellular 
and humoral immune response against SARS-CoV-2 
could be stimulated. Albumin was elected by authors as 
a source of amino acids for the synthesis of NSPs. The 
choice of albumin came from its abundance, feasibility, 
and natural presence in plasma. It is more convenient to 
target smaller NSPs, as their obtainment from albumin 
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the RNA-dependent RNA polymerase of Foot and mouth 
disease virus, 29% similarity to the RNA-dependent RNA 
polymerase of Coxackie B3 virus, 28% resemblance of 
Poliovirus RNA Polymerase, and 27% resemblance to the 
RNA dependent RNA polymerase of Norwalk virus.

NSP13 has a 31% similarity to human Upf1 helicase 
core protein and 27% similarity to the RecBCD enzyme 
subunit of E-coli. NSP14 showed 24% similarity to the 
protein 3’ repair exonuclease 2 of humans. NSP16 has 
27% homology in structure with the Zika virus NS5 
methyltransferase. NSP7, the second choice of the au-
thors, has no homology with any known sequence pro-
tein other than the coronaviruses proteins.

Other resemblances of SARS-CoV-2 NSPs to known 
sequenced proteins, if present, were less than 20%. 
NSP2, NSP3, NSP%, NSP7, NSP8, NSP10, and NSP15 
have no significant homology with a known protein se-
quence. Table I summarizes the most important detect-
ed homologies of SARS-CoV-2 NSPs to SWISS-MOD-
EL and Uniprot sequenced proteins.

DISCUSSION

The main goal of this research was to detect the possibility 
of using Albumin as a source of peptides forSARS-CoV-2 
NSPs, particularly NSP11 and NSP7. The ability to extract 
the NSP peptide from the abundant Albumin could be of 
benefit  in  synthesizing  an  active  vaccine  for COVID-19 
disease. It will be better to extract SARS-CoV-2 NSPs 
form a pre-existing protein to spare the time, money, and 
effort needed for recombinant protein vaccine synthesis. 

severe acute respiratory syndrome Coronavirus and 
severe acute respiratory syndrome coronavirus-2 were 
omitted; also, protein-protein complexes and similari-
ties less than 20% in the structure were not mentioned. 
Due to the short sequence of NSP11, which is not com-
parable in the database, a trimer and tetramer of the 
NSP11 were used in the comparison.

RESULTS

It had been found that albumin, a protein containing 585 
amino acids17,18, has no homology with neither NSP7, 
NSP11 (Figure 2), or any other Covid-19 NSP, therefore 
the experimental part of the study was not performed.

Other proteins sequences similarity detection showed 
that a trimer (or tetramer) of NSP11 has 29% similarity 
with Human Astrovirus-2 capsid protein spike domain, 
a 242 amino acids tertiary protein19,20. NSP1 has a 29% 
similarity with Haemophilus Influenzae Hypothetical 
Protein HI-1011. NSP4 has 49% similarity in structure 
with the RNA directed RNA Polymerase of mouse hep-
atitis Virus protein, which considered the highest value 
of similarity between SARA-CoV-2 nonstructural pro-
tein and a non-coronavirus protein. 

NSP6 has 24% similarity to the Ca2+ binding protein 
calbindin D9k of humans, also it has 29% similarity to 
human Mitochondrial NADH dehydrogenase1 beta sub-
unit 5, and 27% similarity in structure to the B5 subunit 
of ovine NADH: ubiquinone oxidoreductase. NSP9 pre-
sented a 28% similarity in structure to human Urokinase 
plasminogen activator. NSP12 showed 27% similarity with 

Figure 1. The suggested steps of the synthesis of NSPS from proteins (in this case, albumin); subjecting heat-denatured protein to the prote-
ases of Golgi apparatus cleaves albumin into small fragments including the NSPs, these, in turn, will be run in Thin-layer chromatography 
(or any suitable chromatographic technique) where NSPs could be isolated.
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and Nucleoprotein (N). Any combination of proteins that 
spared the (S) protein failed to elicit neutralizing antibody 
response40.The spike protein is the best option of a pro-
tein to induce antibody formation but is also an important 
factor in the virulence of SARS-CoV and SARS-CoV-2. 
This 1273 amino acid containing protein has no homol-
ogy with any protein other than those of coronaviruses19.
For the 2002 SARS-CoV, the inactivated virus vaccine 
proved to be superior to the adenovirus coated spike pro-
tein and nucleoprotein vaccines43.

The vaccine trials for SARS-CoV-2 are still ongo-
ing, and plasma transfer from the recovered subjects 
would probably and hopefully confer immunity to the 
host against COVID-19, as it was against SARS44. New 
studies declared that the peaks of Immunoglobulins G 
(IgG) and M (IgM) titers could occur earlier in SARS 
CoV-2 than in SARS CoV15.

This study was performed with a minimum budget, 
in a short time, and with high accuracy (the databas-
es are of high precision and under continuous assess-
ment)45. As a disadvantage, this study considered ana-
lyzing similarities of NSPs to known protein structures 
while the surface proteins of the virus are best to be 
considered in vaccine synthesis.

The authors are planning to explore the structural pro-
teins homology of SARS-CoV-2 Nucleocapsid protein, 
Spike protein, Membrane protein, and Envelope protein. 
Currently the authors are working in summarizing the 
vaccine literature of Haemophilus Influenzae, Pyrococ-
cus furiosus, Bacillus subtilis, Mouse hepatitis Virus, Hu-

The proposed steps to synthesize NSPs from Albumin 
could be summarized as follows: denaturing albumin to an 
inactive polypeptide; breaking down albumin with Golgi’s 
apparatus  NSPs-specific  proteases;  running  the  peptide 
fragments obtained from Albumin in Chromatography 
to isolate and purify NSPs from other fragments, which 
would be available for administration through intravenous, 
subcutaneous, or intramuscular routes.

Early in the research process, it had been found that 
Albumin has no structural similarities to NSP11, NSP7, 
or any NSP of COVID-19. The similarities found to se-
quenced proteins were within a range of 48% at best 
and decreasing to less than 5%. These similarities were 
to human, viral, and bacterial proteins. Coronaviruses 
proteins were not mentioned, and they were of 73% ho-
mology or more9. Most of the results of the similarity 
assessment gave references to intracellular proteins; the 
only exception was the 29% homology of NSP11 trimer 
or tetramer to the Human Astrovirus 2 Capsid protein 
spike17,18,19. These results are disappointing when related 
to the study prospect, partially because the incomplete 
homology is not enough to extract an NSP from the pro-
tein, and partially due to the type of proteins with par-
tial homology; none of these proteins is as available or 
affordable as Albumin.

According to Buchholz et al42, the only protein capa-
ble to induce antibodies formation in Coronaviruses is 
the spike protein. This 2004 study on SARS CoV test-
ed different combinations of SARS viral proteins: Spike 
protein (S), Membrane protein (M), Envelope protein (E), 

Figure 2. Comparison of the sequence of amino acids in Albumin (above) and NSP7 and NSP11 (below); no similarities found even for the 
short NSP11.
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chose Albumin as a target for degradation, but there was 
no homology between the Albumin peptide sequence 
and any of the NSPs. The second part of the study was to 
detect homologies of NSPs to known protein sequences 
in databases. Similarities of NSPs to known sequenced 
proteins were, at best, 49% similarity of NSP4 with 
the RNA directed RNA Polymerase of mouse hepatitis 
Virus protein. The authors are welcoming suggestions 
concerning the choice of the homologous Protein and 
the suitable non-structural protein(s).
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man Astrovirus 2, Foot and mouth disease virus, Coxack-
ie B3 virus, Poliovirus, Norwalk virus, and Zica Virus, as 
all the above mentioned pathogens showed different de-
grees of protein homologies to the NSPs of SARS-CoV-2. 
Human Astrovirus 2 Capsid protein spike, in particular, is 
a good target for further study.   

CONCLUSIONS

This research was performed to investigate the possi-
bility of vaccine formation for the emerging COVID-19 
disease from the SARS-CoV-2 nonstructural proteins. 
The  aim of  the first  part  of  the  study was  to  try  syn-
thesizing nonstructural proteins from other larger pro-
teins in vitro by degradation with proteases, separation 
of fragments by Chromatography, and extraction of the 
NSPs, which will be injected to the patient to reach the 
blood and induce an immune response. The authors 

Table 1. Homologies of SARS-CoV-2 NSPs to some proteins other than Coronaviruses. Table excluded homologies of 20% or less, 
protein-protein complexes, or protein-DNA complexes*.  

*The full list of homologies is not mentioned here, but representative examples are given.

SARS-CoV-2   Homology Detected homologies-other than to Albumin % Similarity References
 NSP  to Albumin  or Coronaviruses
   
NSP1 No  1. Haemophilus Influenzae Hypothetical Protein. 29% 17,21, 22   

  2. V-type ATP synthase subunit F from  30% 23

    Pyrococcus furiosus
  3. Pyrimidine-nucleoside phosphorylase  31% 24

    from Bacillus subtilis
NSP2 No None  17

NSP3 No None  17

NSP4 No RNA directed RNA Polymerase 49% 17,19,25

   (Mouse hepatitis Virus protein).
NSP5 No None  17

NSP6 No 1. EF-hand Ca2+binding protein calbindin D9k (Human). 24% 17,19,26

  2. Mitochondrial NADH dehydrogenase1 beta subcomplex  29% 17,27

      subunit 5 (Human)
  3. NADH: ubiquinone oxidoreductase subunit B5 (Ovine) 27% 17,28

NSP7 No None  17

    

NSP8 No None  17

NSP9 No Urokinase plasminogen activator (Human) 28% 17,19,29,30

NSP10 No None  17

NSP11 No Capsid protein spike (Human Astrovirus 2) Trimer: 29% 17-20

   Tetramer:29% 
NSP12 No 1. RNA-dependent RNA polymerase (Foot and mouth 27% 17,19,31

    disease virus)
  2. RNA-dependent RNA polymerase (Coxackie B3 virus) 29% 17,19,32

  3. Poliovirus RNA Polymerase 28% 17,19,33

  4. RNA dependent RNA polymerase (Norwalk virus) 27% 17,19,34

NSP13  1. Upf1 helicase core (Human) 31% 17,19,35,36,37

  2. RecBCDenzymesubunit+-(E-coli) 27% 17,19,38 
NSP14 No 3’ repair exonuclease 2 (Human) 24% 17,29,39

NSP15 No None  17  
    

NSP16 No NS5 methyltransferase (Zica Virus) 27% 17,19,40,41



Infect DIs trop MeD

6

20. Bogdanoff WA, Campos J, Perez EI, Yin L, Alexander 
DL, DuBois RM. Structure of a human astrovirus capsid-
antibody complex and mechanistic insights into virus neu-
tralization. J Virol 2017; 91: e01859-16.

21. Pichler K, Warner K, Magrane M, UniProt Consortium. 
SPIN: submitting sequences determined at protein level to 
UniProt. Curr Protoc Bioinformatics 2018; 62: e52.

22. Patskovsky Y, Almo SC, Burley SK, New York SGX Re-
search Center for Structural Genomics (NYSGXRC). Crystal 
Structure of the Haemophilus Influenzae Hypothetical Protein 
HI1011. Published in WWPDB. doi: 10.2210/pdb1yzy/pdb.

23. Vorobiev SM, Su M, Seetharaman J, Ma LC, Shih L, Fang 
Y, Xiao R, Montelione GT, Hunt JF, Tong L. Crystal struc-
ture of the V-type ATP synthase subunit F from Pyrococcus 
furiosus. Published in WWPDB. doi: 10.2210/pdb2QAI/pdb

24. Balaev VV, Prokofev II, Gabdoulkhakov AG, Betzel C, Lashkov 
AA. Crystal structure of pyrimidine-nucleoside phosphorylase 
from Bacillus subtilis in complex with imidazole and sulfate. Acta 
Crystallogr F Struct Biol Commun 2018; 74 (Pt 4): 193-197.

25. Xu X, Lou Z, Ma Y, Chen X, Yang Z, Tong X, Zhao Q, 
Xu Y, Deng H, Bartlam M, Rao Z. Crystal structure of the 
C-terminal cytoplasmic domain of non-structural protein 4 
from mouse Hepatitis virus A59. PLoS One 2009; 4: e6217.

26. Mäler L, Blankenship J, Rance M, Chazin WJ. Site-site com-
munication in the EF-hand Ca2+-binding protein Calbindin 
D9k. Nat Struct Biol 2000; 7: 245-250.

27. Zhu J, Vinothkumar KR, Hirst J. Structure of mammalian 
respiratory complex I. Nature 2016; 536: 354-358.

28. Letts JA, Fiedorczuk K, Degliesposti G, Skehel M, Sazanov LA. 
Structures of respiratory Supercomplex I+III2 reveal functional 
and conformational crosstalk. Mol Cell 2019; 75: 1131-1146.e6.

29. Jiang L, Huang M. Crystal structure of uPA in complex with 
S2444. Published in WWPDB. doi: 10.2210/pdb5wxt/pdb

30. Zhao G, Yuan C, Jiang L, Huang Z, Huang M. Crystal Struc-
ture and Binding Epitopes of Urokinase-type Plasminogen 
Activator (C122A/N145Q/S195A) in complex with Inhibi-
tors. Published in WWPDB. doi: 10.2210/pdb2o8w/pdb 

31. Ferrer-Orta C, Sierra M, Agudo R, de la Higuera I, Arias A, 
Pérez-Luque R, Escarmís C, Domingo E, Verdaguer N. Struc-
ture of foot-and-mouth disease virus mutant polymerases with 
reduced sensitivity to ribavirin. J Virol 2010; 84: 6188-6199.

32. Gruez A, Selisko B, Roberts M, Bricogne G, Bussetta C, 
Jabafi  I,  Coutard  B,  De  Palma  AM,  Neyts  J,  Canard  B. 
The crystal structure of coxsackievirus B3 RNA-dependent 
RNA polymerase in complex with its protein primer VPg 
confirms  the  existence  of  a  second  VPg  binding  site  on 
Picornaviridae polymerases. J Virol 2008; 82: 9577-9590.

33. Sholders AJ, Peersen OB. Distinct conformations of a puta-
tive translocation element in poliovirus polymerase. J Mol 
Biol 2014; 426: 1407-1419. 

34. Hogbom M, Rohayem J, Unge T, Jones TA. Crystal structure 
of the Norwalk virus RNA dependent RNA polymerase 
from strain Hu/NLV/Dresden174/1997/GE. Published in 
WWPDB. doi: 10.2210/pdb2b43/pdb 

35. Chakrabarti S, Jayachandran U, Bonneau F, Fiorini F, Bas-
quin C, Domcke S, Le Hir H, Conti E. Molecular mecha-
nisms for the RNA-dependent ATPase activity of Upf1 and 
its regulation by Upf2. Mol Cell 2011; 41: 693-703. 

36. Gowravaram M, Bonneau F, Kanaan J, Maciej VD, Fiorini 
F, Raj S, Croquette V, Le Hir H, Chakrabarti S. A conserved 
structural element in the RNA helicase UPF1 regulates its 
catalytic  activity  in  an  isoform-specific  manner.  Nucleic 
Acids Res 2018; 46: 2648-2659. 

37. Zhihong Cheng Z, Muhlrad D, Lim MK, Parker R, Song 
H. Structural and Functional Insights into the Human Upf1 
Helicase Core. EMBO J 2007; 26: 253-264. 

38. Cheng K, Wilkinson M, Chaban Y, Wigley DB. A confor-
mational switch in response to Chi converts RecBCD from 
phage destruction to DNA repair. Nat Struct Mol Biol 2020; 
27: 71-77. 

conflict of interest:
The authors declare that they have no conflicts of interest.

REFERENCES

 1. Chen Y, Liu Q, Guo D. Emerging coronaviruses: Genome 
structure, replication, and pathogenesis. J Med Vir 2020; 92: 
418-423.

 2. Schoeman D, Fielding BC. Coronavirus envelope protein: 
current knowledge. Virol J 2019; 16: 69. 

 3. Shi ST, Lai MMC. Viral and cellular proteins involved in 
coronavirus replication. Curr Top Microbiol Immunol 2005; 
287: 95-131. 

 4. Züst R, Cervantes-Barragán L, Kuri T, Blakqori G, Weber F, 
Ludewig B, Thiel V. Coronavirus Non-Structural Protein 1 
is a major pathogenicity factor: implications for the rational 
design of Coronavirus vaccines. PLoS Pathog 2007; 3: e109. 

 5. Angeletti S, Benvenuto D, Bianchi M, Giovanetti M, Pas-
carella S, Ciccozzi M. COVID-2019: the role of the nsp2 and 
nsp3 in its pathogenesis. J Med Vir 2020; 92: 584-588. 

 6. Stobart CC, Sexton NR, Munjal H, Lu X, Molland KL, 
Tomar S, Mesecar AD, Denison MR. Chimeric exchange 
of Coronavirus nsp5 Proteases (3CLpro) identifies common 
and divergent regulatory determinants of protease activity. J 
Virol 2013; 87: 12611-12618.

 7. Helmy YA, Fawzy M, Elaswad A, Sobieh A, Kenney SP, 
Shehata AA. The COVID-19 pandemic: a comprehensive re-
view of taxonomy, genetics, epidemiology, diagnosis, treat-
ment, and control. J Clin Med 2020; 9: 1225. 

 8. Littler DR, Gully BS, Colson RN, Rossjohn J. Crys-
tal structure of the SARS-CoV-2 non-structural protein 
9, Nsp9. iScience 2020 Jun 9;23: 101258. doi: 10.1016/j.
isci.2020.101258. [Epub ahead of print].

 9. Yoshimoto FK. The proteins of severe acute respiratory syn-
drome Coronavirus-2 (SARS CoV-2 or n-COV19), the cause 
of COVID-19. Protein J 2020; 39: 198-216.

10. Astuti I, Ysrafil. Severe Acute Respiratory Syndrome Coro-
navirus 2 (SARS-CoV-2): an overview of viral structure and 
host response. Diabetes Metab Syndr 2020; 14: 407-412. 

11. Louten J. Features of host cells: cellular and molecular biol-
ogy review. Essential Human Virology 2016; 31-48. 

12. Barney S. Graham BS. Advances in antiviral vaccine devel-
opment. Immunol Rev 2013; 255: 230-242.

13. Geels M, Ye K. Developments in high-yield system ex-
pressed vaccines and immunotherapy. Recent Pat Biotechnol 
2010; 4: 189-197.

14. Wada M, Lokugamage KG, Keisuke Nakagawa K, Narayan-
an K, Makino S. Interplay between Coronavirus, a cytoplas-
mic RNA virus, and nonsense-mediated mRNA decay path-
way. Proc Natl Acad Sci U S A 2018 ;115: E10157-E10166.

15. Wölfel R, Corman VM, Guggemos W, Seilmaier M, Zange 
S, Müller MA, Niemeyer D, Jones TC, Vollmar P, Rothe C, 
Hoelscher M, Bleicker T, Brünink S, Schneider J, Ehmann 
R, Zwirglmaier K., Drosten C, Wendtner C. Virological as-
sessment of hospitalized patients with COVID-2019. Nature 
2020; 581: 465-469.

16. Subbarao K. SARS-CoV-2: a new song recalls an old melody. 
Cell Host Microbe 2020; 27: 692-694.

17. Meloun B, Moravek L, Kostka V. Complete Amino Acid Se-
quence of Human Serum Albumin. FEBS Lett 1975; 58: 134-137.

18. Wada Y, Takeda Y, Kuwahata M. Potential role of amino 
acid/protein nutrition and exercise in serum albumin redox 
state. Nutrients 2017; 10: 17.

19. Waterhouse A, Bertoni M, Bienert S, Studer G, Tauriello G, 
Gumienny R, Heer FT, de Beer TAP, Rempfer C, Bordoli L, 
Lepore R, Schwede T. SWISS-MODEL: homology model-
ing of protein structures and complexes. Nucleic Acids Res 
2018; 46: W296-W303.



NoN-Structural ProteiNS of SarS-coV-2 aS PoteNtial SourceS for VacciNe SyNtheSiS

7

DM, Voss TG, Babiuk LA, Gauldie J, Roper RL, Brunham 
RC, Finlay BB. Comparative evaluation of two severe acute 
respiratory syndrome (SARS) vaccine candidates in mice 
challenged with SARS coronavirus. J Gen Virol 2006; 87(Pt 
3): 641-650. 

44. Chan JF, Zhang AJ, Yuan S, Poon VK, Chan CC, Lee AC, 
Chan WM, Fan Z, Tsoi HW, Wen L, Liang R, Cao J, Chen 
Y, Tang K, Luo C, Cai JP, Kok KH, Chu H, Chan KH, Srid-
har S, Chen Z, Chen H, To KK, Yuen KY. Simulation of 
the clinical and pathological manifestations of Coronavirus 
Disease 2019 (COVID-19) in golden Syrian hamster model: 
implications for disease pathogenesis and transmissibil-
ity. Clin Infect Dis 2020 Mar 26:ciaa325. doi: 10.1093/cid/
ciaa325. [Epub ahead of print].

45. Biasini M, Bienert S, Waterhouse A, Arnold K, Studer G, 
Schmidt T, Kiefer F, Cassarino TG, Bertoni M, Bordoli 
L, Schwede T. SWISS-MODEL: modeling protein tertiary 
and quaternary structure using evolutionary information. 
Nucleic Acids Res 2014; 42(Web Server issue): W252-8.

39. Cheng HL, Lin CT, Huang KW, Wang S, Lin YT, Toh SI, 
Hsiao Y-Y. Structural insights into the Duplex DNA process-
ing of TREX2. Nucleic Acids Res 2018; 46: 12166-12176. 

40. Zhang C, Feng T, Cheng J, Li Y, Yin X, Zeng W, Jin X, Li 
Y, Guo F, Jin T. Structure of the NS5 methyltransferase from 
Zika Virus and implications in inhibitor design. Biochem 
Biophys Res Commun 2017; 492: 624-630. 

41. Duan W, Song H, Wang H, Chai Y, Su C, Qi J, Shi Y, Gao GF. 
The crystal structure of Zika Virus NS5 reveals conserved 
drug targets. EMBO J 2017; 36: 919-933. 

42. Buchholz UJ, Bukreyev A, Yang L, Lamirande EW, Murphy 
BR, Subbarao K, Collins PL. Contributions of the structural 
proteins of severe acute respiratory syndrome coronavirus 
to protective immunity. Proc Natl Acad Sci USA 2004; 101: 
9804-9809.

43. See RH, Zakhartchouk AN, Petric M, Lawrence DJ, Mok CP, 
Hogan RJ, Rowe T, Zitzow LA, Karunakaran KP, Hitt MM, 
Graham FL, Prevec L, Mahony JB, Sharon C, Auperin TC, 
Rini JM, Tingle AJ, Scheifele DW, Skowronski DM, Patrick 


