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Abstract: In order to understand the biological characteristics of the VP2 protein of norovirus (NoV), the VP2 protein of current NoV
epidemic strains was used as the research object in this study. Bioinformatics softwares were used to predict and analyze the physico-chemical
properties, phosphorylation sites, glycosylation sites, transmembrane regions, signal peptides, secondary structures, tertiary structure, antigenic
determinants and B cell epitopes of NoV VP2 protein. The results showed that the VP2 protein of epidemic NoV strain was a stable hydrophilic
protein with an average isoelectric point of 10.47, a water absorption coefficient of -0.47, and an instability coefficient of 47.91, with basic
amino acids accounting for about 11.60%. The VP2 protein contains about 43 potential phosphorylation modification sites and 2 potential
glycosylation modification sites. Most strains do not contain transmembrane domains and signal peptides, however, the GI.3 VP2 protein has the
transmembrane domain and signal peptide. The average proportion of a-helix, extended chain, -fold and irregular coil were 38.17%, 7.45%,
6.25% and 48.13%, respectively. The protein coverage of the tertiary structure prediction model was 56.70%. There were 8 potential protein
antigenic determinants and 25 B cell epitopes on average. In this study, bioinformatics analysis methods were used to predict the
physicochemical properties and structures of the VP2 protein of the currently epidemic NoV Gll.4 strains, which has laid a theoretical
foundation for further research on the function of the NoV VP2 protein.
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HIREE (Norovirus, NoV) S HRE FLILIREE
( Norwalk Viruses ) , £ J& T # IR 7w # #}
(Caliciviridae), #WIHEEE (Norovirus) i, &
— PR I RNA 5. 1968 4E 3L Mk 2 R iR
TUTT AR T NoV By, Bt 73 kR 4% R B2
e AN, Nov 3K 4H 68 = AN JF U S AE
(Open Reading Frames, ORFs), H:#1 ORF1 4ifiddF
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WEAEREE (VP2) B SRRk i T3 AT 5 0k
I, R VPL BRI EERETZIA ORFL 1) RNA
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ANFESEEER P B, HE—20%% NoV 40y 10 N
B (GI-GX) FIARREPH, Hbh G, GII. GIV.
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i, [ 2013 4ELIOK, FREER Nov Bl &tk
B 2w B EE Y, H A B RIS FAX i
2561 NoV B Bomiggett, B e san.
Kk, HH NoV 51 S B e A ) R A T

NoV HujFZMFRATEHKESE G1.3. GII.2,
GII.3. GII.4. GII.13 fl GII.17 A, iXELEE[R AR
RHFAHINZAS, s AE H BAT TR %
et A ), 7RI 22 30 4Eh, GIT.4 A L
SHhhr, S30T KY 70% NoV [RKRMN, HirkExk
B, 4 2~3 4F GII.4 TUERE L —FhHrAoAs kY,
i G 11 .4 B R B /P RAT A8 S0k, 73514 Grimsby
1995, Farmington Hills 2002, Hunter 2004, Den Haag
2006b. New Orleans 2009 F1 Sydney 201212,

VP2 HAVEAN NoV IRELEME [, nILUAT VPL
AR NoVs T igoki™; SR1, VP2 & X T
BEFRIA L TN, FEXPR R E R T
B EE RS G R R, VP2 R A VPL
HAMEAEH TR TR FI0RIE, B Nov
I, Nov VP2 B B B Sk, AR
[FIBEFRI NoV 7T REER S AN [ i A A P,

NoV B A A AR B 32 B 1 230 B s Js ik
2=, WmEAHREANER BN, EREE

RIREFEGTURN 42 1038£7T, gk 603
f226e9%0, B, WHT NoV B BBl s
X HHEATKT NoV FATHH VP2 H AN U
by HAYPEAE TR, ASEEXT NoV VP2
EAMEUCHER . & ASHEREGHNSER, &
WHFRHAEYNE B0 NoV AT 8 bk VP2 BE45H
SIREHATII, it — BT VP2 EEEThRE A IT K
AR PR IR SR, AR T NoV SRR
B 2 4 R AT (K R

1 HNSEE

11 FH7F3

G11.4 LN-2021-18 F:¥k VP2 % [R5 471 i A 5286 =
S BREEI T .

12 ZFHHRF5

2% AR B T EZE 1) NoV AT 2k, LA
T 12 BT H7 . NoV GI.3 Nashville 2016 k%
(GenBank: MK073893.1); NoV GII.2 Japan 2020 #F
¥k (GenBank: LC646332.1); NoV GII.3 AnnArbor
2016 ##k (GenBank: MK073886.1); NoV G 11 .4 Tokyo
2021 F#k(GenBank: LC699541.1), NoV G II .4 Sydney
2016 ##k (GenBank: MK073885.1), NoV GII .4
Sydney 2012 ##k (GenBank: KU678201.1), NoV
G 114 Johannesburg 2009 ##4(GenBank: KP784691.1),
NoV G Il .4 Den Haag 2006b #F ¥k ( GenBank :
KM245071.1), NoV GII .4 Hong Kong 2004 # ¥k
(GenBank: HM802551.1), NoV GII .4 Houston 2002
#Fk (GenBank: EU310927.1); NoV G I1.13 USA 2010
#Fk (GenBank: JN899242.1); NoV GII.17 CN 2014
#Fk (GenBank: KU757047.1).
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the%20method%200f, The%20reported%20accuracy%20
0f%20 method%_20is%20about%2075% 25.) Tl VP2
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BEPR VP2 B HFRRK R AL A BB 2
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Fig.1 Evolutionary tree analysis result of NoV VP2 protein
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1 NoV RITEHE VP2 EARVIRILIER
Table 1 Physicochemical properties of VP2 protein of NoV epidemic strains

RATHEH Foh PFHBOKEK TR AREK BERABRILYI%
GII.4 LN-2021-18 10.47 -0.48 47.84 12.30
GI.3 Nashville 2016 10.21 -0.27 42.13 9.30
GIl.2 Japan 2020 10.35 -0.56 45.18 11.20
GI1.3 AnnArbor 2016 10.69 -0.44 4658 11.00
GlI.4 Tokyo 2021 10.71 -0.53 50.98 12.70
Gll.4 Sydney 2016 10.47 -0.48 47.84 12.30
Gll.4 Sydney 2012 10.58 -0.50 51.98 12.30
GI1.4 Johannesburg 2009 10.58 -0.52 42.38 11.90
GII.4 Den Haag 2006b 10.67 -0.52 46.02 11.90
Gll.4 Hong Kong 2004 10.58 -0.53 43.22 12.30
GIl.4 Houston 2002 10.40 -0.50 47.16 11.20
GII.13 USA 2010 10.27 -0.42 54.88 10.60
GII.17 CN 2014 10.16 -0.40 56.74 10.80
A 10.47 -0.47 47.91 11.60
200 GI1.13. GII.17 BUEEIRAE SR 81 hrfy IR 22 IR AL A
ol % GII.4 Hong Kong 2004, 4% 7 % GIT.4 T ##ksy
050 | TESS 171 AAFERE AL AL A
& 0.00} —— Serine
2 Ry
A _::(5)3 I g T Theshold |
-2.00 - é 1
-2.50 : : : ' ' e}
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HAERRALI / bp H |
&2 GIl. 4 LN-2021-18 VP2 EERIFEH/KEFNLER = ‘ ‘ ‘ ‘
Fig.2 Hydrophobicity prediction results of G II .4 LN-2021-18 % 50 100 150 200 250

VP2 protein
3.3 VP2 & G B B ol LA

NetPhos 3.1 Server 11 NetOGlyc 1.0 Server 4371l il
VP2 2 VTR IR RR AL p AU SEALAT 55 o Z5 R
s NoV VP2 S EH 2B S (B 3) FipE
FAAL A (B 4). NoV VP2 & B E B R I i
BIN 43 NRIFERALAL SPIAFTE 2 S (R 2)5 8 Fh
GII.4 WARIEFRAESS 20, 92, 132, 160. 163. 167.
175. 180. 184. 190. 193. 199. 209. 219. 225. 226.
228. 229. 230. 235. 244 il 266 (iAF{E LRI 22H R
LA, 2 71, 94, 114, 124. 176. 194. 222. 236
A1 251 S AFTEIL R RO AL, 5F 116 AiAA7E LRI
AN, G2, GII.3. GII.13. GII.17 BUFHHRAE
%5 20, 81, 168 M1 171 (i AFFEILIR] 22 2 i, 5 103
A 121 SEAFEFL FR RO A G 1.3 GIT.2. GII.34

Sequence position
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Fig.3 Prediction results of phosphorylation sites of G1I.4
LN-2021-18 VP2 protein
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Fig.4 Prediction results of glycosylation sites of G II .4
LN-2021-18 VP2 protein
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7 2 NoV JRITEHE VP2 B ARMBR AL SFIMER LIS
Table 2 Phosphorylation sites and glycosylation sites of VP2 protein of NoV epidemic strains

. FRBRAXAT B, ) i
RATHM y—— ——— — AL EIA
YRBALEIN  FERBALEIN  BERRBRLEIAN
GIl.4 LN-2021-18 25 10 1 4
GI1.3 Nashville 2016 20 12 2 1
Gl1.2 Japan 2020 27 21 2 2
GI1.3 AnnArbor 2016 33 14 1 2
Gl1.4 Tokyo 2021 29 11 1 2
Gl1.4 Sydney 2016 25 10 1 4
Gl1.4 Sydney 2012 30 11 1 2
Gl1.4 Johannesburg 2009 28 13 1 2
GI1.4 Den Haag 2006b 28 12 1 2
GI1.4 Hong Kong 2004 27 13 1 1
GI1.4 Houston 2002 28 11 1 2
GII.13 USA 2010 35 16 3 2
GII.17 CN 2014 37 15 2 3
FHE 29 13 1 2
a 12 b 121
10 1.0
0.8 0.8 —
z Z
z; 0.6 - _’E 0.6 “7 —— transmembrane
QE_ E — inside
0.4+ —— transmembrane 0.4 — outside
— inside
0.2 F —— outside
00 T T T T T 1 1 1 1
0 50 100 150 200 250 50 100 150 200
Amino acid sites Amino acid sites
& 5 VP2 R BRI TUNLER
Fig.5 Prediction results of transmembrane domain of VP2 protein
7E: ah GII.4LN-2021-18 &4k, b G 1 .3 Nashville 2016 F#4k. B 6 F.
a b
0.8 | 0.8 |
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o cs o cs
= OTHER = OTHER
5 04r 5 04r
el el
o o
- -
00 S — 00 L et —————————————
0 20 20 60 0 20 20 60

Protein sequence Protein sequence

& 6 VP2 ZER{ESRATUMEER
Fig.6 Prediction results of signal peptide of VP2 protein
\ . W, KZHNoV JATHEk VP2 H A TEs I XIS
34 VP2 & 785 X R Az 5 MR T - g ' AT L =
Sk (& 5a #1El 6a); #ATM G 1.3 #bk VP2 SR H
TMHMM Server v.2.0 1 SignalP5.0 Server 7E£84K

JEIXAME Z K (&l 5b A1l 6b).
PEoX TN VP2 B A A AT AE RS I X AN T ik, 45
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35 VP2 & & — & H T
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Cart = —

Pred CHHHHHHHHHHHHHHHHHHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHCC

AA MAGAFFAGLASDVLGSGLGSLINAGAGAINQKVEFENNRKLQQASFQFSS
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Conf

Cart Jpr—

Pred HHHHHHHHHHHHHHHHHHHHE HHHHHHHHHH HHHHHHHCCCC HHHHHHHH

AA NLQQASFQHDKEMLQAQIEATKKLQQEMMKVKQAVLLEGGFSETDAARGA
60 70 80 90 100

Conf ¢ -

Cart

Ped CCCCCCEEECCCCCEEECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

A INAPMTKALDWSGTRYWAPDARATTYNAGRFSTPQPSGALPGRANLRDAV
110 120 130 140 150

Conf e —o— -

Cant =—————————————— —_

Pred CCCCCCCCCCCCCCCCEEEECCEEEECCCCCCCCCCCCCCCCCCCCCHHH

AA PARGPSNKSSNFSTVTSVYSNQTISTRLGSTAGSGTSVSSLPSTARTRSW
160 170 180 190 200

Conf MRS

Cart —

Pred HHHHHHCCCCCCCCCCEEEEECCCCCCCCCCCCEECCCHHHHCCCCCCCC

AAVEDQSRNLSPFMRGAHNISFVTPPSSRSSSQGTVSTVPKEILDSWTGAFN
210 220 230 240 250

Conf

Cart
ped CCCCCCCCCCCCCCCCCC
AA TRRQPLFAHIRKRGESRV

[E] 7 PSIPRED 3R-FUMIEY G I1. 4 LN-2021-18 VP2 BEHI_%K
L5
Fig.7 Secondary structure results of GII.4 LN-2021-18 VP2
protein measured on PSIPRED software
K1 PSIPRED %1l NoV AT 20k VP2 H H
TR FEILI, SR ITRBUTE VP2 A4S

AL (B 7); PRI SOPMA il VP2 81 2K
gt FERAMNEE, TS RER NoV JATEk
VP2 A o-2iE () T 5Lk 38.17%. ZEfHEE

() L 7.45%. p M (gt P dt
6.25%. JCHIIIEM () Py 5L 48.13% (& 8
A 3); oM RP G 1.3 Nashville 2016 itk
VP2 HHUL o-iBfie T, Har 12 P a3 LAICHU
L. ToRUNE i BCNAECE 2 R AR A e 5t
FRERAEE ORI, B0 BONPURERN

HH‘HHHH‘}\EHH“}H}HHH HHHHHHH“HHHHHHMH“HMW Heuu\mz\\hmmuHs\mmuuuumwmsuuuuuuuHuumuuwH‘HJHu\\z}iu‘m\@ummwmwmH‘H:H\!W\WHM
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(%] 8 SOPMA ZXEETFUMIEY G 11 . 4 LN-2021-18 VP2 EERY —Kh4EH
Fig.8 Secondary structure results of GII .4 LN-2021-18 VP2
protein measured on SOPMA software
% 3 NoV FITEHHk VP2 BRRIZREEM

Table 3 Secondary structure results of VP2 protein of NoV epidemic strains

FATEM o-SAR(BE)% EMPEE(LE)%  BEAGRE)%  RANAE(CEE)%
GII.4 LN-2021-18 36.94 7.09 6.72 49.25
G I .3 Nashville 2016 44.65 7.44 8.37 39.53
G1I.2 Japan 2020 35.14 6.56 6.18 52.12
GII.3 AnnArbor 2016 37.40 8.27 5.51 48.82
G1I.4 Tokyo 2021 37.69 8.96 6.72 46.64
G1I.4 Sydney 2016 36.94 7.09 6.72 49.25
G1I.4 Sydney 2012 36.94 8.96 5.60 4851
G 11 .4 Johannesburg 2009 37.31 7.84 5.97 48.88
G1I.4 Den Haag 2006b 38.06 7.46 5.60 43.88
G1I .4 Hong Kong 2004 37.31 7.09 5.97 49.63
G114 Houston 2002 38.81 8.21 5.60 47.39
G11.13 USA 2010 4156 453 6.17 47.74
GII.17 CN 2014 37.45 7.34 6.18 49.03
A 38.17 7.45 6.25 48.13

3.6 VP2 & G = R4y T

IR AELE MG Phyre2 %F NoV AT 8k VP2 & 1
(=25 53 H o TRINES SR VP2 SR F i m I B AR
09 56.70%, KA RFN 10%. Hi GII.3
k. GII.4 Tokyo 2021 #:#%. G 1.4 Hong Kong 2004

k. GII.4 Sydney 2016 #E#kAI GII.4 LN-2021-18
BEARAEMEL (B 92); G 1.3 ¥k, GI1.13 #E#kAN G11.17
EMAHLL (B 9b); G 1.2 Fibk (& 9¢); G 1.4 Houston
2002 ##kA GII.4 Johannesburg 2009 # #k A {11

(¥ 9d); G II.4 Den Haag 2006b 4441 G 11.4 Sydney
2012 FPRAERL (] 9e).
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& 9 VP2 EH=RLAMTENERTUNLER
Fig.9 Prediction results of tertiary structure spatial model of
VP2 protein
yE: a4 GIL.3 ##4k. GII.4 Tokyo 2021 F#k. GII.4 Hong
Kong 2004 ##k. GII.4 Sydney 2016 ##k. G1I.4 LN-2021-18
M b A G 1.3 &k, GILI3 &4k, GIL.17 &4k ¢ A GIL.2
##k; d 4 GIL.4 Houston 2002 ##&. G I .4 Johannesburg 2009
##k; e 4 GII1.4 Den Haag 2006b ##k. G 11 .4 Sydney 2012 k.

3.7 VP2 & G A B Aotk T

4 Gll.4 LN-2021-18 VP2 BEHIEREFRNTUNLE R
Table 4 Prediction results of antigen determinants of GII..4
LN-2021-18 VP2 protein

L 2+
H 4?;7& 4'55/?5_ 551
1 4 23 5'-AFFAGLASDVLGSGLGSLIN-3'
2 a4 57 5-LOQASFQFSSNLOQASF-3'
3 81 88 5-VKQAVLLE-3'
4 146 152 5-LRDAVPA-3'
5 161 171 5'-NFSTVTSVYSN-3'
6 184 193 5'-SGTSVSSLPS-3'
7 216 223 5-HNISFVTP-3'
8 230 240 5-SQGTVSTVPKE-3
9 253 259 5-RQPLFAH-3'

P P A B 1 TR T 20 1T LA s R 407
PR X, —fH 6~12 DEIERREHER KL F14H
I%. “KH Predicting Anti-genic Peptides {4 Tiiil] NoV
VP2 EHAMPUR LS, R E/R VP2 B T/F1E 8
PR g b GI1.4 LN-2021-18 Stk VP2
1E1E 9 MR E %, BIEE 4~23 fi7. 25 41~57 fif.

48

5 81~88 i £ 146~152 {7 £ 161~171 {7 55 184~193
fr 55 216~223 fii. £ 230~240 {7 A% 253~259 17,
W 4.

H—%H ABCpred FilIZ5 R 7R, NoV AT
Bk VP2 S PHAFA(E 25 A B diiffubi )ik fir; Hp
GII.4 LN-2021-18 f77E 26 4~ B 4Hffadii&hr, 45l
N 110~125 fi7. %5 171~186 fii. 55 240~255 {74,
BARKAS J7A], WK 5.

&5 GIl.4 LN-2021-18 VP2 FEE7E B 4RAGHLR RALAI TN
#R
Table 5 Prediction results of potential B cell epitopes of GII .4
LN-2021-18 VP2 protein

L 2+

Gk g;/?i 412\41 7l

1 110 125 5-DWSGTRYWAPDARATT-3
2 171 186  5-NQTISTRLGSTAGSGT-3
3 240 25  5-EILDSWTGAFNTRRQP-3
4 6l 76 5-KEMLQAQIEATKKLQQ-3
5 98 113 5-RGAINAPMTKALDWSG-3
6 8 104 5-GGFSETDAARGAINAP-3
7 39 54  5-RKLQQASFQFSSNLQQ-3'
8 186 201  5-TSVSSLPSTARTRSWV-3'
9 158 173 5-KSSNFSTVTSVYSNQT-3
10 50 65  5-SNLQQASFQHDKEMLQ-3

11 195 210
12 147 162

5'-ARTRSWVEDQSRNLSP-3'
5'-RDAVPARGPSNKSSNF-3'

13 26 41 5'-AGAINQKVEFENNRKL-3'
14 208 223 5'-LSPFMRGAHNISFVTP-3'
15 7 22 5'-AGLASDVLGSGLGSLI-3'

16 138 153
17 128 143
18 231 246
19 214 229
20 117 132
21 178 193

5'-GALPGRANLRDAVPAR-3'
5'-AGRFSTPQPSGALPGR-3'
5-QGTVSTVPKEILDSWT-3'
5'-GAHNISFVTPPSSRSS-3'
5'-WAPDARATTYNAGRFS-3'
5'-LGSTAGSGTSVSSLPS-3'

22 69 84 5-EATKKLQQEMMKVKQA-3'

23 220 235 5-FVTPPSSRSSSQGTVS-3'

24 19 34 5-GSLINAGAGAINQKVE-3'

25 79 94 5-MKVKQAVLLEGGFSET-3'

26 253 268 5'-RQPLFAHIRKRGESRV-3'
4 g

AW FE A B #7156 NoV G I .4 BAT
R VP2 B A A5 e kAT T, 45 3R BoR: VP2 &
PR35 A 10.47 0 26 FE AT DU SR B Ve 2R



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.9

M, AT ARG i e ik, RS B2
SN, Pk, VP2 B T B R R
225 IR, HUGENER: TNATREN VP2 AT
AT VP2 B A4 B AR 4t

A BT AL AT OB SRR A IR A
5, SRR I R IR D RE AR . Al
i, R EE RN, B R A TR AL T
RN, VIS B e A& BONBEIR LR T
MW EE A 5&S BRI AL R E 7 iE
FHEE, AWM S 2% nT DASE PR 7 (5 (%) 2 R A A7
RN . ASCEE R AP NoV AT TRk VP2 T
TPAE 43 BRI S (3R 2). ARYEFRMIFRAFHT VP2
AR R ST T ERANRIO R VP2 B X
NoV IE .. AN FLEREH, ket o BRI AL
AT RS A E NS B B R S 2%, XA
NoV VP2 & [ I ANZ A AZ SR 7 B 3L at .,

ZHIIWTE R a-BR e g-4r 240 T H i N
B, AT RATUR Y 2, o otk T Ll )
REALE, MMEATREAN . PR IR
Fr, e 2 L TR AR AMU, AT LA AR
B, DRI HR I A i DX 3= A R R R A B
=2, NoV WiATHbk VP2 R 1A RS K T2 S 5
N> a-BRNE L 38.17%. ZEfHEE S LE 7.45%. B A
b 6.25%- TCHRIUAE T (5 Lk 48.13%. VP2 R TCHR
T BT o BB, XSRS = AR B R e s A X I
(IR AR L o ARTE TR AR I VP2 B i)
=2 EERT A NoV BT I R SR ALEA

B 2 32 BN SR G AN s, AT AR
L AHUR IR AR IS B2 528, Wt E] NoV
SR LAA S B ARG RN, Ktk B 4R Ar
TN B A5y B 9L, fi ] ABCpred 7E£R B 1FE4T
T, 734 NoV AT 8k VP2 & I RIETE B 4iif
PUERRALTI A 25 /. (EEFTITTTH, M NoV 25
RTINS B 4ifush &Pt EEs, K aes
B AHAAH BAE I E S e ) ST fER AL, LA
SRV G RN G0, KR TSRS B 40t
JRRAL ] AT R FET NoV VP2 & [ I R R .

NoV VP2 i [ ¥ A Jo A HCAE T B3 A0RE P 3508
N B g T eSS VPL &AM EAEH A E R
FREFRL, [F R GIL.4 VP2 ALK 2 RARp
T A, BRI R L, VP2 R LR
i VPL 8 [ HARUE 1 S HRIAIKT, I Hodid Sy 3t
DUESSEORISUE 7 VP2 H 1 F 5 108~152 M AL ]
fe 5 VPL 2R R ELAE FH i 234, ) B X 2
TEARLG ISR T GIL.4 VP2 E 15 VPL EATER

BEHHEHIAE, H VP2 EEFPAI A AL E R] e D RE
BRENHI), XL TR VP2 HEATE NoV R
AR, X HHEAT A5 B 4 T BAXT NoV T
B fH— o S .

5 #ip

B FIET A, 257 NoV AT vk
GII.4 VP2 BB W FHFIE: (1) NREMEKIEE
B, PR L 1047 WK RE-047. AaE R
4791, BRMEEFERR S 11.60%. (2) “PIIFFELE 434
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