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Bioinformatics analysis of coxsackievirus A19 VP1 protein
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Objective To analyze the physicochemical properties, structure,and function of coxsackievirus A19 (CVA-
19) VP1 protein and predict the linear B cell epitopes and T cell epitopes. Methods ProtParam was used to analyze the
physicochemical properties of CVA-19 VP1 protein. ProtScale was used to predict the hydrophilicity and hydrophobicity.
The signal peptide,transmembrane domain, phosphorylation sites,and fatty acylation sites of CVA-19 VP1 protein were
predicted by SignalP 6. 0,DeepTMHMM, NetPhos-3. 1,and Motif Scan, respectively. Using NetCGlyc-1. 0, NetNGlyc-1.
0.and NetOGlyc-4. 0. the C-mannosylation sites, N-glycosylation sites, and O-N-acetylgalactosamine (GalNAc, mucin
type) glycosylation sites of CVA-19 VP1 protein were respectively predicted. The secondary and tertiary structures of
CVA-19 VPI1 protein were separately predicted using the SOPMA and SWISS-MODEL online tools. The web servers
1EDB, Bepipred 3. 0, ABCpred, and SVTMrip were used to jointly predict the linear B cell epitopes. IEDB and SYF-
PEITHI were employed to comprehensively predict the T cell epitopes.  Results The molecular weight of CVA-19 VP1
protein was 33. 099 ku, the isoelectric point was 5. 84, the instability coefficient was 37. 50,and the grand average of hy-
dropathicity was —0. 185,s0 CVA-19 VP1 protein was a stable hydrophilic protein. In addition,the protein had no signal
peptide, transmembrane domain,or fatty acylation site. It was predicted to contain 30 possible phosphorylation sites,1 N-
glycosylation site.and 7 O-GalNAc (mucin type) glycosylation sites, but there was no C-mannosylation site. In the sec-
ondary structure of CVA-19 VP1 protein, there were 24. 66 % of a-helix,24. 32% of extended strand,2. 70% of B-turn,
and 48.31% of random curl,among which random curls accounted for the majority. As predicted,there were 6 potential

dominant linear B cell epitopes,3 potential dominant cytotoxic T lymphocyte epitopes,and 9 potential dominant helper T
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cell epitopes of this protein.

Conclusion Predicted by bioinformatics methods,CVA-19 VP1 protein is a stable hydro-

philic protein and contains multiple potential dominant linear B cell epitopes and T cell epitopes, which lays the foundation

for further identification of the linear epitopes and contributes to antibody preparation and vaccine development against

CVA-19.
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Fig. 6 Tertiary structure prediction of CVA-19 VP1 protein
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Table 1 Linear B-cell epitopes prediction of CVA-19 VP1 protein
by BepiPred 3. 0

) fir J¥ 51 VaxiJen f#47
Order  Position Sequence VaxiJen Score
1 19-33 PQVQDTQSSGPVNSK 0.9003
2 87-97 SNQKPTDDNAA 0.4352
3 136-144 RFFTSTSAA -0.4914
4 162-168 PQAWDDY 0.2612
5 214-220 TIDAGAS 0.6284
6 275-292  GPTVNFNENPHVMTAVAD 0.3652

% 2 ABCpred Hiill CVA-19 VP1 E A& B AR
Table 2 Linear B-cell epitopes prediction of CVA-19 VP1 protein
by ABCpred

FFe o fi#E J¥ 41

ABCpred 134> VaxiJen 34>

Order  Position Sequence ABCpred Score VaxiJen Score
1 250-265 KVRVYMKPKHIKVWCP 0.93 0.7635
2 269-284  RAVAYNGPTVNENENP 0.91 0.2112
3 259-274  HIKVWCPRPPRAVAYN 0.91 0.4252
4 148-163 YVYQIMYIPPGAPIPQ 0.90 0.3035
5 102-117 TWKISYLDTYQLRRKL 0.90 0.4732
6 212-227 FNTIDAGASNRYGYTT 0.88 0. 8096
7 206-221 GFSLVPFNTIDAGASN 0.87 0.9912
8 196-211 IGAAYSHFYDGFSLVP 0. 87 0. 6809
9 167-182 DYTWQSSTNPSIFYTT 0.86 0.6861
10 157-172  PGAPIPQAWDDYTWQS 0.85 0.3334
11 116-131 KLEFFTYSRFDLELTF 0. 85 1.4137

% 3 SVMTriP Hifll CVA-19 VP1 EAR L B AR
Table 3 Linear B-cell epitopes prediction of CVA-19 VP1 protein

by SVMTriP
e OKE fi J751 SVMTriP 44 VaxiJen 134}
Order Length  Position Sequence SVMTriP Score  VaxiJen Score
1 20 35-54  VPALTAVETGATSQVDPSDL 1.000 1.0817
2 20 61-80 INNRLRSECTIESFFGRSAC 0,847 0.6597
3 18 123-140 SRFDLELTFVISERFFTS 1..000 0.8345
4 18 45-62 ATSQVDPSDLIETRHVIN 0. 866 0. 8902
5 16 126-141 DLELTFVISERFFTST 1.000 0. 9563
6 14 227-240 TINDFGTMAIRIVN 1..000 1.0021
7 14 126-139 DLELTFVISERFFT 0.909 11171
8 12 228-239 INDFGTMAIRIV 1,000 0. 8183
9 12 78-89 SACVAIIGLSNQ 0.837 0.7877
10 10 230-239 DFGTMAIRIV 1..000 1.5691
11 10 287-296 MTAVADIRTY 0. 887 0.5012
12 10 127-136 LELTFVISER 0.845 2.0390
13 10 80-89 CVAIIGLSNQ 0.811 1.0530
& ¢
».,,A m:“
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Fig.7 Prediction of epitope parameters of CVA-19 VP1 protein
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Table 4 Potential dominant linear B cell epitopes
of CVA-19 VP1 protein

75 (AL gl KB (bp)
Order Position Sequence Length

1 19-33 PQVQDTQSSGPVNSK 15

2 35-54 VPALTAVETGATSQVDPSDL 20

3 126-139 DLELTFVISERFFT 14

4 206-221 GFSLVPEFNTIDAGASN 16

5 212-227 FNTIDAGASNRYGYTT 16

6 250-265 KVRVYMKPKHIKVWCP 16

£S5 CVA-19 VPI EBEEMME CTL R
Table 5 Potential dominant CTL epitopes of CVA-19 VP1 protein

¥ 5 (VA4 J¥ 51 IEDB 184 SYFPEITHI 454}
Order  Position Sequence IEDB score SYFPEITHI score
1 1-9 GIDDIIDNV 0.699 24
2 254-262 YMKPKHIKV 0.653 24
3 13-21 ALKVSMPQV 0.638 22

£ 6 CVA-19 VP1 EEEENMRE Th R
Table 6 Potential dominant Th epitopes of CVA-19 VP1 protein

i SNIER fir & ol IEDB#4  SYFPEITHI# 4
Order Allele Position Sequence IEDB score  SYFPEITHI score

1 HLA-DRBL #0101 190-204  SIPFVGIGAAYSHFY 0.690 34

2 102-116  TWKISYLDTYQLRRK 0.791 30

3 134-148  SERFFTSTSAAARDY 0.785 24

1 146-160  RDYVYQIMYIPPGAP 0.554 22

5 HLA-DRBL #0301 242256  YDPVTIDAKVRVYMK 0,980 28

6 HLA-DRBI # 0401 206-220  GFSLVPENTIDAGAS 0.601 26

7 134-148  SERFFTSTSAAARDY 0,943 22

8 190-204  SIPFVGIGAAYSHFY 0.565 22

9 HLA-DRBL #0701 167-181 ~ DYTWQSSTNPSIFYT 0,519 30

10 134-148  SERFFTSTSAAARDY 0.849 28

11 HLA-DRBI # 1101 147-161  DYVYQIMYIPPGAPI 0.570 22

12 HLA-DRBI * 1501 206-220  GFSLVPENTIDAGAS 0.890 34

13 236-250  IRIVNEYDPVTIDAK 0.631 34
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