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dosm ) VLP, % GII.17 & NoV A ey L e ke, [F%]1 &4 GI.17 & NoV Rk @
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Preparation and identification of Norovirus G II.17 virus-like
particles
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Science and Agricultural Engineering, Nanyang Normal University, Nanyang 473061, Henan, China

2 College of Veterinary Medicine, Northwest A&F University, Yangling 712100, Shaanxi, China

Abstract: [Background] Norovirus, featuring genetic diversity, is a major foodborne initiator of acute
gastroenteritis in human worldwide. GII.17, the most destructive genotype, is a novel variant emerging in
Asia from 2014 through 2015 and has been predominant in Asia. Virus-like particles (VLPs) of Norovirus,
prepared by genetic engineering, are safe with high immunogenicity, which are promising candidate vaccine
of Norovirus. [Objective] This paper aims to prepare G I[.17 VLPs in Escherichia coli. [Methods] The
gene encoding GII.17 capsid protein VP1 was synthesized and cloned into pET28a-MsyB vector. The
recombinant plasmid was transformed into E. coli BL21(DE3) and expressed under the induction of
IPTG. The fusion tags were removed by tobacco etch virus (TEV) protease, followed by purification
with His-Tag nickel column to yield the natural VP1 protein. SDS-PAGE, Western Blot, and
transmission electron microscope were employed to determine the reactogenicity and structure of VP1
protein. [Results] MsyB-VP1 can be expressed in soluble form, and the optimum conditions are as
follows: IPTG at 0.8 mmol/L, and 37 °C for 8 h. The purified VP1 protein digested by TEV protease can
specifically bind to mouse anti-GII.17 VP1 polyclonal antibody and assemble into VLPs (diameter:
about 40 nm). [Conclusion] In this study, GII.17 VLPs were prepared with E. coli, which can be used
as the candidate GII .17 vaccine.

Keywords: Norovirus; G II .17; virus-like particle; prokaryotic expression
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%, WIEWF &5 X GIL.17 B NoV R E
1M TE JE BE

Ji B FF UKL (virus-like particle, VLP)H Ji
T — AR EAA N, RS
JEE b5 K ORI B ORI, RERS TR S K
A N 2T VP R R ) R B R
PERE L 7EMRAN B A B AT B 3R A TE
VLP, B HHET NoV %1 BBy s Bl
N AN A N 7R s o s
GI1.17 %I NoV Jij B FE Uk, HUEA Talifb RS 7
PIIA GI1.17 %I NoV R FIF i $2 HESEA

1 #H57%

1.1 ##
1.1.1 A, =

JFAZ e ik 34K pET28a-MsyB i P Jb A Al
B AL R - B s R 18 (Escherichia
coli) BL21(DE3)# Trans5o &2 A 200, At 57 4>
KELEYHARBRAA
1.1.2 EERF

BamH 1 .Nco 1 .Xho 1 ZFRHI1EN VI,
FEER R RBHE (P DA PR\ 5 M B Dl 8000
(tobacco etch virus, TEV)EE AR, Jods %
R, AT AEY TR RO RAF
TALON His-Tag #lifb# i, TaKaRa A H]; BT
GII.17 % NoV VPl ZwmpEdiik ALK = A
fil; HRP FRiCAYEHT R 1gG, BN = A YH
ARARAH
1.2 VP1 EFBERK

27 GI1.17 B A 8 #E AR AKX 52 8 11 VP
(GenBank &35 : NC_039475. )4 KF4,
A AR AR TR (R ) B B F AR
VP1 RN I A pUCS7-Amp #iik, & h
pUC57-VP1 JFki,

1.3 pET28a-MsyB-VP1 RiAFHIKHHER
BE

Fie BIG 8% vo b iR & 1 B 5520 VPL vk
5|#%) VP1F (5-TGTATTTCCAGGGAGGATCC
ATGAAGATGGCGTCGAATGAC-3")Hl VPIR

(5'-GTGGTGGTGGTGCTCGAGTTACTGAGC
CCTCCTTCGCCCATT-3"), 7E VP F [ 7 5 15

TR (AR 23y SRR [V 5 H Ay 5k
PR 2 [) i I A5 5 (R Rl k) o 51l A= T4
Wy TR () B A RN Rl B, 3318 B B
51658 bp.

LI & B pUCS7-VPL i kL N B i,
VPIF/VPIR J5|¥y, #47 VP1 R Y1 K
PCR ¥ #4715 |y VPI J: K& M #H A &
pET28a-MsyB # K] BamH 1 F1 Xho 1 Y17
A ZzEl, #8159 pET28a-MsyB-VP1 J5ii%#ik%k
. PREEUE PCR BHE BRI B, H Neo 1
M Xho 1 HATIEYISEE , FHaktE TAY) T
(E 7 )0 A B R4 700 P 2 2
14 HEEAFTEREHRAFRLEED

W % E TEH Y pET28a-MsyB-VP1 H 41 Jf
KA 2= R A IE BL21(DE3)ESZ 40
PRBCA TR 7% 37 °C. 220 r/min B53R5 % )5, LA
1:100 B H B AP 2 58 RIREE 2 (50 pg/mL)
() LB WiAA R g2 5w, 37 °C. 220 r/min $%3% 5
F£ 2 ODeoo 210 0.6 B, 43 I ALK N 0.2,
0.4, 0.6, 0.8, 1.0 fi 1.2 mmol/L i IPTG, 7E
37 °C FiF% 6 h itk IPTG i S W . SR H
B FSR T TR AE IPTG 1S M T 4395k S
2.4, 6. 8, 10 h, HEREIEMRIEHTE, K
WO B A B BT 1xPBS i (pH 7.4)
e, A BRPERE RGO W, TAESs, [ELSs,
#EAE 5 min)Jfor B B L ULEE, il SDS-PAGE
4 J P kot B A R 1 ) SR R Rk A B AT i
PEIEAT SR
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1.5 EHEAMALIREN LR

MRS REIE R RIAENER, 1f
FEER 2 4 °C, 12 000xg 5.0 10 min WA H
&, F 1xPBS Z i (pH 7.4)FER R, KA
A (TAES s, AR S s, A 30 min)f5
12 000xg B5.0> 10 min, W B A 0.45 pm 3§
g, JEWZ: TALON His-Tag 4ifb g4tk
T 5EH 60 mmol/L BRI 27 M P ik AR
SRJG I 180 mmol/L WRME 28 npg e B 1 %
Mo VR L HIERR LK 5, #M8 TEV &
1156 BH 5 i Ak 2 e AT U) LA S BR MsyB
P28 o B D) 5 FF i PR TALON His-Tag 44k
WRRLEAL, BRI ZER RIS VP difb &
1.6 41k ZE H B Western Blot £ &

A AL A AR A28 12% SDS-PAGE 43 &5 )5
BN 3 B — 9. £ M (polyvinylidene fluoride,
PVDF)JiE I, H 10%/BAs WA 504 2 h, HRBL
GII.17 # NoV VP1 ZwEdiikiEN—br, 76
4°C.70 r/min ¥R FWFE S, I Tris/mh i -20
2% 0P (Tris-buffered saline solution/Tween-20,
TBST)¥; PVDF YL 3 ¥k, HEHRIESE 5 min;
LA HRP FRic APt B 1gG o 90, ERBEE 1 h,
JH IxTBST ¥ PVDF ¥ 3 UK, BREEE 5 min,
B 5 8 FH 2 FEBE PR i (3,3'-diaminobenzidine,,
DAB) & (A% % PVDF R UEA T 8 4552 ) o
1.7 VP1 EERES BEMNBMENISLE
HEE

10 pL afifb s i 28 P i 2 ik 25 55 10 4
RORE |, WeRfE 3—5 min J5 FHUEAEM RN, R
JE RN ddHLO W Ves N IF I 2 2 ik . f)a
I 1T 2%BE SRR EA T YL 8 2 min, WRHUJL 6
W, FURAE AR, T A U AR
BRI KN T34h, Xaifbfa i VPL &
AT YRR S e, R Sh A SR X 4 ik
J& 1) VP12 PR KA R4 5387

2 BERXR504

21 VP1 BEWEREMTE5XE

TR OVPL RO, wET
pET28a-MsyB {E R IBEM, ZE A5 A Al
PEARZE MsyB, 75 Al PEFRZE 1 N 3 His6-Tag
DME T4k, ZE T PR n C %A TEV &R H
YR AT A5 DA T I SR 25 26 R 25BR, VP
FEHHE A TEV 8 BN S5 1 22 v 7 A5
DA J5A% 2 15 214 pET28a-MsyB-VP1 (& 1),
2.2 FHARIEFRF pET28a-MsyB-VP1 Ay
MEREE

Pty B Tk Tk Neo 1 /Xho 1 XL
BT, K SUREEE P20 1.0%35 IR M 8 Je Hi ik 1
7RI, A DLZ5 2 100 bp B H B9 3L &7 (K 2),

VP1 —

His6 H MsyB H TEV

1 AAREENREHAEEHTEE
Figure 1 Schematic diagrams of the VPI
expression vector constructed in this study.

bp M 1 2 bp

5225

2093

B2 EHFRH pET28a-MsyB-VP1 AW EGH) % E
Figure 2 Identification of pET28a-MsyB-VP1 by
double enzyme digestion. M: Trans2K Plus DNA
Marker; 1: pPET28a-MsyB-VP1 plasmid; 2: pET28a-
MsyB-VP1 enzymatic digestion fragment.
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PIE BIFF G T RIN . K Bl D) 45 7 T 1 4
Bk 2w P45 5 8 NoV VP F Bl
HERE IR, I ELR BRI 2 AR sl ik
2.3 FLHERA MsyB-VP1 RiEE ML
MALB St

B4 R IR TR pET28a-MsyB-VP1 %41k
FIRAFFE BL21(DE3)RZ 4G, XEA
FEAM IR IPTG 75 R A STk
WSCER 1) A R 258 P R 4 3 R S5 B A 7
SDS-PAGE Hik, Z5AKRWITEZ) 100 kDa 4bH;
M4, SEAEN MsyB-VPL [
KANHAF; BEAE A BB TR W R
Hr, LR PR o0 (181 3)o [R]INREE 1 A [R]
IPTG 5 7 Wk J& FLi%E T B o] A9 3 44 3k 17
SDS-PAGE 73 #r, #iHAHE M MsyB-VP1 i
WERIBAM . IPTG #E 0.8 mmol/L, 37 °C
P 8 h (4 4).

MsyB-VP1

B3 EEAZHREAMAESH M. BigEA
srEbRME; 1 BREeREA; 2. BREa
WEN; 3: BRE RE; 4 BRETE

Figure 3 Soluble analysis of MsyB-VP1 fusion
protein. M: Prestained Protein Marker; 1: Total
bacteria protein before induction; 2: Total bacteria
protein after induction; 3: Supernatant of
ultrasonicated E. coli after induction; 4: Sediment

of ultrasonicated E. coli after induction.

B4 FHEHEAREZHEHMMLE M. BIREAD FRERE; A: 7637 °C &M, AR LUUARF IPTG
WHE(1-7:0.0.2,.04,06,0.8, 1.0, 1.2mmol/L)iES 6 h; B: 7£ 37 °C &4 T, A E#F 0.8 mmol/L
IPTG &S AFEAEI(1-6: 0. 2, 4. 6. 8. 10h)

Figure 4 Optimization of expression condition for MsyB-VP1 fusion protein. M: Prestained Protein Marker;
A: Recombinant bacteria were induced at 37 °C with different IPTG concentrations (1-7: 0, 0.2, 0.4, 0.6, 0.8,
1.0 and 1.2 mmol/L) for 6 hours; B: Recombinant bacteria were induced at 37 °C with 0.8 mmol/L IPTG for
different time (1-6: 0, 2, 4, 6, 8, 10 h).
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2.4 MsyB-VP1 EHEHMLLS TEV B

B KIS T 5 A R 54 TALON
His-Tag #lifb g atifb, 4iifbf35) 49 MsyB-VP1
HAHAEAM TEV EAHTREY), BY)E ™
Yk SDS-PAGE %7€ . 45 R /R, MsyB-VP1
HEAEAC &L, VBT R E AL
e Hep—(& 5A), T H4ifb)E R B E ]
PL5E 4% TEV 8 R I (& 5B).

A kDa M 1 2 3 4

180
130

100 MsyB-VP1

70
55

40

35
25

15

10

E 5 MsyB-VP1 EEEHBLLE TEV E§1J]

2.5 4tk VP1 EARIEE

¥ TEV 25 I E AL RS BIAE L PR 22 TALON
His-Tag 2lifbiigalifh, HEEEm ol iy k4
i) VP1 E[H . Baifb/5i VP1 E AT
SDS-PAGE Hijk, 455 /R 7E 60 kDa 4b H Bl
PEZRAT , 5 RER VPL SRR/ IMHEFF(E] 6A). [FIRT,
PLEWT GI1.17 B NoV VP1 £ FilhiiilE —Hi
YEFT Western Blot %85, 455 B /n7E H A S5 ik

B kDa M 5 6

180
130
100 MsyB-VP1

70 VPI
55

40

35 MsyB
25 TEV protease

15

: BURE A TRARE; 1. BRRREEN; 2-5:

afifb i) MsyB-VP1 &1 ; 6: TEV & A EALFE)S i) MsyB-VP1 & A

Figure 5 Purification of MsyB-VP1 protein and TEV protease treatment. M: Prestained Protein Marker; 1:
Total bacteria protein after induction; 2—5: Purified MsyB-VP1 protein; 6: Purified MsyB-VP1 protein

treated with TEV protease.

Axpa M 1

180
130

100
70

55
40

35
25

VP1

15

B kpa M 1

180 — -

130 | S
100— = =

70—

ss— VT

40 — -
35—
25—

-

El 6 #hiik VP1 ZEEHH) SDS-PAGE (A)#1 Western Blot (B) 7 4
Figure 6 SDS-PAGE (A) and Western Blot (B) analysis of purified VP1 protein. M: Prestained Protein

Marker; 1: Purified VP1 protein.
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A —W R H—2a1 (B 6B), X R 4iibg 5|
1) VP18 LA R4 A0 SO0 D R S o
2.6 #hik VP1 EHHIES BEMEMNHNT
HEGTEE

A e G 2 VP 3 (i TR A R 1 e
£ 30 000> S BB NS, 1l 0L 3 K/ — 1)
ORI FEZE A (] TA)o E—2E s ORI /b
B, i 95%r4lifk )5 VP & ] IE L B AR
240 40 nm UKL (K 7B), 5 KRR EE ) BUkL
K/NHE, X FRBILifbry VP 2 AT LA A%
o B FEURE

3 L& #

VE 51 A BR SR 85 v B W 2 AT Fl 2
KB E B EAR, NoV g & NS
AN A 2R Ok O E R E
2014-2015 4, —FHiZE 5Pk GI1.17 B Nov
TE E A H ARSEW I E KT T R 2k
B kP, e, GIL17 BULE Y1 i X %
o o i A, TR T G4 B 20 RAEAEN
RHFA TR R mE ", Bar, GII.17 BfE4
BRYGE N 2RO A, A, kE. K
SRR FE ZERISE R | A SE I [ 2 B AR Ak

Percent of number (%)

EHBT GILA7 BpgdnmE"" " 5G4’
FHE, GIL.17 BB B 6 K R | e
BRI e o A g 46 J T 5 S e, R |
SRS AL, SR G 11,17 AU 75 i T A 7 it )
B, RFILGATHUSR] . AR SR I RS I
FET R SR N AR, Ik, JFRE e
B GIL.17 BY9 B 0K B 30 B 0 4 o
NoV YL i 7% 7 55 o

FE NoV £ i WF 5T, i 8 A JURLRE 1 2
HATWFSE I EZ 5 0, 4 NoV i FZATEHE
F, VP1 SyREEMZARS] . 6 B85S %
B ZAEME g R S UIAE G, 1 H VP 2R
FIRSNRIB 5 T B AT R VLP 5ok, PR %
o NoV sz #us ™, # = Hr, #FoEA
RO &N 2R FRB RS T VP & AR
HNFEIR, FIRIE BE R GE R R R G0 AW Y
FKrFGY, BERRIERGRER IR, F£ib
AR S, IR %R E. coli JFERIE R
GiittT GI1.17 BEAw B VP H AR,
i GIL.17 BRI B8 v i T RS2

pET BRI RGHAEARSRES . 12
EPELF . AL TAb A", AR
PEFE T pET28a JF A £k HAKIETT NoV VPI 2

A

1 10 100 1000 10 000
Size (nm)

7 4hifk VP1 EHRIES BRI (AN S S BT 2 4 (B)
Figure 7 The purified VP1 protein detected by negative staining electron microscopy (A) and dynamic light

scattering (B).
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FIEIE . % &S VP H AR ARG L
FIRIARTE AR IR A S0 R R P 25 1 MsyB
5 VPl @h&RIBLHM T HWEAM T IEESR
ik, R T EBRZ A E APRZE LMREE VLPs
P RIRZER, E—7E MsyB 5 VP1 EEH Z [A]
WY TEV & R B A . i SDS-PAGE
LUK M, MsyB-VP1 f@ilG 8 1 32 LA i
R FmRFE L, MsyB-VP1 4ifk 7 14 TEV &
FIEE Y E G FR Rk difh, nT LIS 2R & AR
HAi R RAR VPL BB . BN s R
B, GII.17 8 VP1 & VB T VLP, HARIE
BHRBWFPRAIM, KNS HEBERERS
il £ 1 VLP K/h—5(1""™ ) Western Blot 434
R, 4tk VP E AT LIS BRPT G117 B NoV
VP Z PR e eSS A, 2 GI1.17 1 VP
EHEA R mbEN,

i BTk, A5 IR A% R IR R G
Hil#5 T GIL.17 Byp s i) VLP, S GIL.17 &Y
NoV HLyi & Z s BEHUR I il 45 . BT BUE i F
S J L35 “F AN T (A S ST B B T S
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