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Abstract; The Nspl protein, the main virulence factor of the virus of SARS-CoV-2, mediates viral immune escape in host
cells and expands the viral infection range. Systematic bioinformatics analysis and prokaryotic expression of Nspl protein were
performed to aid the understanding of the molecular mechanism of SARS-CoV-2 infection in host cells. Plam, TMHMM,
ProtScale, ExPASy. SignalP 4.0 and other tools were used to systematically analyze the post-translational modifications, phys-
icochemical properties, transmembrane helix, interaction network, homology and evolutionary characteristics of Nspl protein.

The recombinant expression vector pET-22b-Nspl was constructed through molecular cloning technology and expressed in a

prokaryotic system. Nspl is composed of 180 amino acids,
( ) (No0.20210302123397) .

(No0.202117114001) .
(No.S202117114008) |
(No.20201.0749)
(No.2020A01) .

with a molecular weight of 19.78 kDa, an isoelectric point of
5. 36 and an instability index of 28.83. It has a half-life of 30 h
in mammalian reticulocytes and more than 10 h in E. coli. It
has 12 potential phosphorylation sites, three potential O-glyco-

sylation sites and no signal peptide. It is a hydrophilic protein

(No.2020SHFZ29) (No0.31870816)
without a transmembrane helix. Secondary structure analysis
,Email: bj0726@ sxmu.edu.cn; indicated that the highest proportion of structural components
ORCID; 0000-0002-2480-0040 comprised random coils (45. 00%), followed by a-helices
;1. . 0322003 (25. 56%) and extended chains (20.56 %) ; the lowest propor-
2. s 032200 tion comprised B-turns (8.89%). Multiple sequence alignment

3. s 266021 and evolutionary analysis revealed that Bat SARS-like corona-
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virus WIV1 had the highest sequence identity (85.00%) with the Nspl protein of SARS-CoV-2. After prokaryotic expression,
Nspl protein was found to be mainly expressed in the precipitate after centrifugation of bacterial lysate. The target protein was
further identified as Nspl by mass spectrometry. This study provides an important reference for the expression, purification
and functional analysis of SARS-CoV-2 Nspl protein, and further reveals the biological functions of Nspl, thus providing a ref-
erence for research and development of related inhibitors and antiviral drugs.
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1 2 Nspl
Tab.1 Bioinformatics analysis websites Tab.2 Amino acid composition of SARS-CoV-2 Nspl protein
Analysis items Analysis websites Amino acids  Number Frequency Amino acids Number Frequency
https://web.expasy.org/protparam/ Ala (A) 7 390 Leu (L) 21 11.70
https://services. healthtech. dtu.dk/ Arg (R) 10 560 Lys (K) 9 5.00
service.php TMHMM-2.0 Asn () 6 330 Met (M) 3 1.70
/ https: //web.expasy.org/protscale/ Asp (D) 9 5.00 Phe (F) 5 2.80
https://services. healthtech. dtu.dk/ Cys (O ! 0.60  Pro(P) § 440
service.php NetPhos-3.1 Gln (Q) 7 3.90 Ser (S) 10 5.60
https: //services. healthtech.dtu.dk/ Glu (E) 18 10,00 Thr (D) 7 3.90
service.php NetNGlyc-1.0 Gly (&) 22 12.20 Trp (W) 1 0.60
https://services. healthtech.dtu.dk/ His (H) 7 3.90  Tyr (Y) 5 2.80
service.php YinOYang-1.2 Ile (D 3 1.70 Val (V) 21 11.70
https://psort.hge.jp/form2.html
http://www.cbs.dtu.dk/services/
SignalP-4.0/
https://npsa-prabi.ibep.fr/cgi-bin/
npsa automat.pl page= npsa sopm.
html
https://www.uniprot.org/uniprot/
PODTC1 # PRO 0000449635
https://swissmodel.expasy.org/inter-
active 2 Nspl
Fig.2 Transmembrane structure prediction of SARS-CoV-
2 Nspl protein
2.1 Nspl Nspl 180
« 20 D, 19.78 kDa,
5. 36, (Asp + Gluw) 27,
(Arg+Lys) 19,
(12.20%) , (
11.70%) . 2. Nspl Coro Huggs
Nz Og0 Sy s 2 776, 12 950
(mol/L) 'em ™',
30 h, 20 h, E.coli 10 h,
Nspl 28.83, 89.72,
—0.378,
2.2 Nspl Nspl 3 Nepl /
’ ( 2. Fig.3 Hydrophobic/hydrophobic analysis of SARS-CoV-2
2.3 Nspl »Nspl Nspl protein
188 , 1.878,N162
Tl Hz 2.4 Nspl Nspl 12
60 —0.378, Nepl : S17, $34. $40, S74. S100,
« 3. S135.5142  S166 ,T151
, Y68.Y97 Y154
C 4. 3.
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4 Nspl
Fig.4 Phosphorylation sites of SARS-CoV-2 Nspl protein

3 Nspl
Tab.3 Phosphorylation sites of Nspl protein and

corresponding kinases

Site  Score Kinase Site Score Kinase Site Score Kinase

S17 0.592 PKA  S74 0.567 PKG S142 0.588 CKII
S340.990 unsp Y97 0.654 wunsp TI151 0.669 CKII
S40  0.511 CKII S100 0.577 wunsp Y154 0.961 unsp
Y68 0.885 wunsp S135 0.775 unsp S166 0.828 unsp

:unsp o
2.5 Nspl
56.5%  Nspl ,30.4% .
. 4.3%, N
70 , Nspl
C 5,
5 Nspl
Fig.5 Prediction of SARS-CoV-2 Nspl protein signal pep-
tide
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¢ 6,
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O- : 540,574 T163C 7).,
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Fig.7 O-glycosylation sites of SARS-CoV-2 Nspl protein
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Fig.8 Secondary structure of SARS-CoV-2 Nspl protein
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Fig.9 Interaction network of SARS-CoV-2 Nspl protein
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Fig.11 Three-dimensional structure analysis of SARS-CoV-2 Nspl protein
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2.11  Nspl Uniprot coronavirus PUMCO02, 84.4%,
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12
Fig.12 Homology of SARS-CoV-2 Nspl protein sequence
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, BtRs-BetaCoV/YN2013 Xho1l Nspl (. 14A);PCR Nspl
HKUS3 , 72, , (. 14B).,
WIV1 , 39, 2.13.2 pET-22b-Nspl Nde 1
, BtRf-BetaCoV/J1.2012 Bat SARS-like coro- Xho 1 ,
navirus YNLF 31C R 78 ; Bat ( 15A); pET-22b-Nspl Topl0,
coronavirus Rp/Shaanxi2011 BtRs-BetaCoV/ 37 °C 13 h( 15B ),
HuB2013 , 48C  13), ) BL21C 15B ),
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13 Nspl
Fig.13 Phylogenetic tree of SARS-CoV-2 Nspl protein

A:Nspl 1:Nspl M:2-log DNA marker B: PCR 1~6
14 Nspl PCR

Fig.14 Restriction endonuclease digestion and colony PCR validation of Nsp1

A:pET-22b-Nsp1 1. 2: B:pET-22b-Nsp1 ¢ :ToplO, :BL2D)
15 pET-22b-Nspl
Fig.15 Enzyme digestion and transformation of pET-22b-Nsp1
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2.14 Nspl ODg 0.4
~0.6 0.5 mmol/L IPTG . 12% SDS-
PAGE ,Nspl
( 4 10);
N . ,Nspl
( 3.6; 9.12)C 16),
6 12 C 17,
Nspl,
Fig.16
17 Nspl

16 Nspl

Detection of induced expression of Nspl protein

Fig.17 Identification of nspl protein by mass spectrometry
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