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Comparative bioinformatics analysis of structural proteins s and N of SARS-CoV-2 and their application
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Objective SARS-CoV-2 important structural protein S and N were analyzed by bioinformatics method.
The S and N genes were fused and the recombinant plasmid was constructed by experimental methods. Then the
recombinant plasmid and the skeleton plasmid were packaged in HEK293T cells to obtain the recombinant adenovirus,
which provided a theoretical and experimental basis for vaccine research by using the fusion gene.  Methods The
genomic and amino acid sequences of the S and N proteins were obtained from NCBI database, the bioinformatics analysis
tools SOPMA,IEDB, BLAST, Immunomedicine Group, UniProt to predict and analyse the physicochemical properties,
secondary structure, tertiary structure, B cell and T cell epitopes, antigenic determination clusters, and interacting
proteins. S-pcDNA and N-pcDNA plasmids were used as templates.S-F1,S-F2,N-F3 and N-F4 were used as primers to
amplify the target genes by PCR. The S and N genes were ligated by T4 DNA ligase to get the fused gene after ligating,
and the fusion gene S-N was amplified by overlapping PCR with S-F1 and N-F4 primers,the fusion gene S-N was ligated
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with the shuttle expression vector pDC316-mCMV-EGFP to obtain the recombinant plasmid, then the pDC316-mCMV-
EGFP-S-N was cotransfected into 293T cells with pPBHGlox(delta) E1,3Cre to obtain recombinant adenovirus.  Results

S protein of SARS-CoV-2 is composed of 1269 amino acids,the formula is Cgyp5 Hozso Nigsy Opg56 S5y » the total number of
atoms is 19 671,and it’s theoretical isoelectric point (pl) is 6. 35. The protein contains a transmembrane helix (1210-
1232) of 23 amino acid sequences in length. It is a stable hydrophobic protein with mainly uncoiled (43. 89%). The N
protein consists of 419 amino acids with the formula C,4;5 Hs150 Ngos Og29S; and a total number of atoms of 6 370. It's
theoretical isoelectric point (pl) is 10. 09. It’s protein is mainly unregularly coiled (58. 23%), which is unstable
hydrophobic protein. In this research,4 dominant epitopes of S protein, 3 dominant epitopes of N protein, 2 dominant
sequences of Th epitope of S and N proteins were selected. At the same time, 2 dominant CTL epitope HLA-A of S
protein,3 HLLA-A and 2 HLA-B with N protein were selected. 3 dominant antigenic determinants were selected from S
protein antigenic determinants and 2 from N protein. 10 proteins interacting with S proteins and 6 with N were obtained.
Atlast, the recombinant adenovirus was constructed and expressed in HEK293T cells successfully.  Conclusion In our
research,the physical and chemical properties of protein,immunogenicity,antigen determination cluster and homology of

SARS-CoV-2 S and N proteins all met the basic requirements of the vaccine, the recombinant adenovirus vaccine was

successfully packaged in HEK293T cells, which laid the foundation for the vaccine research with fusion gene of SARS-
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CoV-2 structural proteins S and N,
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R 541, A SARS-CoV-2 S 2 i1 1269 > 5Lk
AL, B IR 75 : MEVFLVLLPLVSSQCVNLTT
RTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQD
LFLPFFSNVTWFHAIGTNGTKRFDNPVLPENDG
VYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNA
TNVVIKVCEFQFCNDPFLGVYHKNNKSWMESE
FRVYSSANNCTFEYVSQPFLMDLEGKQGNFKN
LREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSA
LEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSG
WTAGAAAYYVGYLQPRTFLLKYNENGTITDAV
DCALDPLSETKCTLKSFTVEKGIYQTSNFRVQP
TESIVRFPNITNLCPFGEVENATRFASVYAWNR
KRISNCVADYSVLYNSASFSTFKCYGVSPTKLND
LCEFTNVYADSFVIRGDEVRQIAPGQTGKIADYN
YKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYR
LFRKSNLKPFERDISTEIYQAGSTPCNGVEGFENC
YFPLQSYGFQPTYGVGYQPYRVVVLSFELLHAP
ATVCGPKKSTNLVKNKCVNENFNGLTGTGVLT
ESNKKFLPFQQFGRDIDDTTDAVRDPQTLEILDI
TPCSFGGVSVITPGTNTSNQVAVLYQGVNCTEV
PVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGA
EHVNNSYECDIPIGAGICASYQTQTNSHRRARSV
ASQSIAYTMSLGAENSVAYSNNSIAIPINFTISVT
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A The fusing schematic diagram of S and N gene B  Shuttle
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Fig. 1 The fusing schematic diagram of S and N genes and the pattern

diagram of shuttle plasmidand backbone plasmid of adenovirus
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Table 1 Physicochemica properties of S protein
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A Hydrophilcity and hydrophobicity analysis of S protein B
Hydrophilcity and hydrophobicity analysis of N protein
Fig.2 Hydrophilcity/hydrophobicity analysis of S/N protein
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Table 2 Physicochemica properties of N protein
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Table 5 S protein Th cell epitope analysis
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A SEHZHEMTM B ONHEA R BIGE D58
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B3 STMNRRER-REHMTN
A Secondary structure prediction of S B Secondary structure
prediction of N
Fig.3 Secondary structure prediction of S/N

3 B4R
FIH TEDB #4443 B SARS-CoV-2 S 1l K
PR S S S EE LR RN B3 M R BUK M P
PE 4 AT HTZEA 50 BT 0 2 B 40 M P ey, Hovb i
BG5BT IR 2% g 25-31, 419-421, 670-681, 769-
775 WHRIXBL (R 3),
®3 SEAMKSBARKRCTN

Table 3 Prediction of dominant B cell epitopes of S protein

75 AL E HIER T 51
Order The position of amino acid The sequence of amino acid
1 25aa-31aa PPAYTNS
2 419aa-421aa YKL
3 670aa-681aa YQTQTNSHRRAR
4 769aa-775aa EQDKNTQ

R NI g S N SR i ST TR DS 2 L X VAN
e REKYE CPUR 6 A T Uk B 4R i A, Hoh
B E S RPEF AR 4-10.295-300.384-390 2 H: iR
XE(E D,

F4 NBEGSBAMECHAN

Table 4 Prediction of dominant B cell epitopes of N protein

=2 AR AL E IR T 51

Order The position of amino acid The sequence of amino acid
1 4aa-10aa NGPQNQR
2 295aa-300aa GTDYKH
3 384aa-390aa QRQKKQQ

MHC-T X4 FER  BHEER  ZERF) IEDB 4 SYFPEITHI 1%
MHC- I molecular fii The sequence " SYFPEITHI
. ) ) IEDB Score
subtype Startposition of amino acid Score
HLA-DRBI # 01,01 2 FVFLVLLPLVSSQCV ~ 0.34 32
HLA-DRBI % 0701 711 PINFTISVTTETLPV ~ 0.45 32

®6 NEAThABRGLH
Table 6 N protein Th cell epitope analysis

MHC- D478 RREER LR EDB 84 SYFPEITHI 34
MHC- [ molecular fi # The sequence ; SYFPEITHI
. . . IEDB Score )
subtype Startposition of amino acid Score
HLA-DRBI * 1101 83 QIGYYRRATRRIRGG  0.39 25.5
HLA-DRBI * 1101 81 DDQIGYYRRATRRIR 0. 42 24,0

FIH TEDE #% 4 7€ 2k #il ] SARS-CoV-2 S Al
SARS-CoV-2 N HJR & A CTL 4 g =47, 087 9 4
FAHEMRK E M HLA-A,HLA-B ¥ #h FR ¥ CTL %
£, 5 %6 HLA-A 5 HLA-B 38 5 3547 F00 59 43 1 %5 725
ROV AE CTL A ECH Rk P —Fh R B 5 =
M Z KT 5 it i CTL i S 1% HLA-A 2}
2 A ikt CTL L% N R A HLA-A 2 3 4,
HLAB R 2 M (FET7T.£8),

®7 SEACILABKRMLSH
Table 7 S protein CTL cell epitope analysis

MHC-MEAFTR  REEER  ZERFS IEDB {2 SYFPEITHI 1%
MHC- [ molecular fii & The sequence ? SYFPEITHI
. ) . IEDB Score
subtype Startposition  of amino acid Score
66 DGYFKIYSK 0,55 25
HLA-A
265 FASVYAWNR 0.45 30

®8 NEHBCILH@MRLHN
Table 8 N protein CTL cell epitope analysis

MHC-TR4FER  RIREER  AERFS DBy SYFPEITHI &5
MHC- [ molecular i The sequence v SYFPEITHI
. . . IEDB Score

subtype Startposition of amino acid Score

181 QASSRSSSR 0.29 16
HLA-A 269 NVTQAFGRR 0.25 18.5

311 ASAFFGMSR 0.16 23

386 KKQQTVTL 0.15 21
HLA-B QKEQQ

395 LPAADLDDF 0.15 20

5 BRRER
F A Immunomedicine Group R 35 7 S & H 1
RAEETRIT I 63 PR P g 7% 2% 8 1 0T X i
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Table 9 3 antigenic determinants of the amino acid sequence
of S protein position

PaRGE-ES 2k Sk
B RAE IR )T 5 [[ICZVALS
Order Start Sequence End
position position

TRGVYYPDKVFRSSVLHSTQDLFLPFF

! 33 SNVTWFH 66
KRVDFCGKGYHLMSFPQSAPHGVVFL

2 1034 HVTYVPA 1066

3 1210 WYIWLGFIAGLIAIVMVTIMLCCMTSC 1251

CSCLKGCCSCGSCCK

10 NEBSEBRFIN 2 M RRRER
Table 10 2 antigenic determinants of the amino acid sequence
of N protein position

PO GEAE-Y 2k A
B ORME AR IT 5 R Ao
Order Start Sequence End
position position
1 298 YKHWPQIAQFAPSASAF 314
2 346 FKDQVILLNKHIDAYKT 362
6 HEERER

FIH UniProt 54 B W00 5 S 25 A BRI 8
A CD81,MX1,ISG15. IFI6. IFI35, IFITM2, OAS2,
IFIT1.IFIT3.CD19(& 4A) ;N EHMEEMNELA
EDY31957. 1., EDY31956. 1. EDY31959. 1.
EDY31954. 1, EDY31955. 1 ,.EDY31960. 1([& 4B),
7 BRERYEMEE
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