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Abstract: [Background] Human norovirus is regarded as the leading cause of the outbreak of
acute gastroenteritis with GII.4 being the predominant genotype during the past decades. The
GII.17 variant that emerged in 2014/2015 was the first non-GIl.4 epidemic strain causing a
large-scale epidemic in China. The full-length genome sequencing of the GII.17 strain from
South China confirmed that it was different from the previously identified GII variants.
[Objective] To prepare the virus-like particles and systematically characterize the
immunogenicity and functions of GII.17-GZ-L343 in Guangzhou. [Methods] The baculovirus
expression system was employed to produce GII.17-GZ-L343 in S19 insect cells. The virus-like
particle was purified by cesium chloride gradient ultracentrifugation. Finally, the antiserum was
prepared and its immune function was evaluated. [Results] The results of SDS-PAGE and
Western blotting showed that the molecular weight of the obtained protein was about 58 kDa.
The prepared virus-like particle had a diameter of about 30 nm, good immunogenicity, and
binding activities to the saliva of type A/B/O/AB secretors and non-secretors. The serum titer
after immunization was above 10*, and the antiserum had no inhibitory effects on other variants.
In addition, the antiserum only blocked the binding of homotypic virus-like particle to the
receptor, and did not block the binding of heterotypic virus-like particle. [Conclusion]
GII.17-GZ-L343 has a broad binding pattern. Its antiserum is not broad-spectrum for
heterotypic virus-like particle and only has blocking effect on homotypic virus-like particle. The
results provide theoretical support for further revealing the host adaptation characteristics and
evolution mechanism of the virus and developing multivalent vaccines.
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W5 W% B (norovirus, NoV)&& 21 H I %
(acute gastroenteritis, AGE)AY 3= % JF A, Al Jgkiy
A AR BE AT, 2R il W R AR R LT
SR BEBE . B RIS A T R BT
NoV HA & B AL Yk Fn b (438 BE f1, il T
P AR T . JEAGTT, NoV ZE&ERT Y
6.84 1.1 AGE, fi4¥k AGE Ji L fi5r 2
—, g T e 600 723550, Nov H
ALY, DR R — X L

NoV J& FHRs e BH(Caliciviridae) i 4
W, HALME . e, IE L RNA R4,
& 3 NIFI B EHE (open reading frame, ORF)!,
ORF1 Zwth— KM ZREN , 22 REHEMN
BEMASIY 3¢ FEP e 2 R 2R 1 G BRI K
7 A AEGEH & 11 (p48 [NS1/2]. NTPase [NS3].
p22 [NS4]. VPg [NS5]. k& & [1HF[NS6]FIR
B RNA i) RNA A [RARp, NS7]), ORF2
I ORF3 73 5l 46 = ZEA T (U RIR ZEAK e 2R
FI(VP1 A1 VP2)PL VP1 J&—Fh 60 kDa 192 5,
A5 R EERIS(S S5 RIS 25 RSP 2544
)10, S ZE IR AE T RNA J FEIE )52 28 51 1
FEARTEIINE LN, P A5 f & R SR A8 5
Al 5 i 7Y 20 21 H1 )7 (histo-blood  groups antigen,
HBGA)Z AL, A, MR TE I (T i — A,
i 0 7 AR UG A2 U A M B 1) B A o 7
FEURE (virus-like particle, VLP)f % 180 /> VP1
T, 490 A 8K, JE AR A T AR FR 2
. VP2 HARE ML VP1 FkrThaED,
FT5EH VP R R Z B, NoV i b E
10 N EL R 2H (GI-GX) 3L 48 Fifi i R 51 1101

HBGA J& NoV HJ K8k 32 (R sl bl [H 711,
AN [F HBGA RAW A S NoV 454 RE 1A IR .
H A A AE T A S AN 2 1T s ARV A I |
IEEGARGEEE T VP 58 H 256380k & #7 4H if Fff
HHEFREM. FHIM GIL17 AR HBGA

MIZE G BE 18059, X AT R A TR AR IR A
2014 4 J5 48 Sk GIL17 A e K M 454 1 485 [l
P22 MR L, M2 T HBGA FIHtIALE &
M sE R M — 5, YRR AT DU s B
AN HBGA Z K456, X RUIX—Fp K mAT
BEVRA PUPE A A AT BEST 55 — o 2 ik ARk
F— T, INE B R4 A 22 R X B 7
RE 8% 106 B0 T SC AF AE R RE AR e, IR BURT
PRI BL, X 2L BEREAT Al 07 B DAFT B G 5 1
FHIEANMA . ESRHT T BT IGE GIL17 28 SRR
AT s AL 2E ) (A B — RS
Hm B R mRAIRN . BET, NoV GIL17 48
SMRZ B TZ PR RAUVRARAL, 15 F IR
PE G 590 B PR S 2 A 5 24 S RN
PE T TF & ) B

NoV ZEAR BRI H 3 B KA AT 45 4 Ry
K TE RN, 1EH IR DL S50 = (R A7
) NoV R L4110 #5571 NoV itfe 5
PR Z R RO, FRFRAE T NoV GIL17 f£
5 NZEMER H HBGA 254351, h& kT
HATZ 38 AR E R 2 R0 W 25 E T
filh o AW 5% A2 PR A2 FT M TR L AL B, DU
GI1.17-GZ-L343 % NoV #tk NBF5Ex4, *f
GIL.17 5[] 35 PR Y () 470 S e ik 58 SO A 7
ST AT, AR T HUALTE ) g, DU —
AT i e DAL [R] A8 SUER P YE L, O NoV S 1
(A T R PR 7R g o 3 (AL B S A

1 MR5r%

1.1 #R
1.1.1 #Mm

GII1.17-GZ-L343-ORF2 Jii ¥/ #ll pFastBac1 %
VRO TS50 5 ; 46 DyMRIRFEA DR AE B AR R 1
PR W R o S 8 (RIS e SE T
EERIR ARG IFL s SPF 9% BALB/c HEPE/NFRIE H
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J7IRAE AR SR S ) AR AT T Sl 4 B
MZ R 2t eSS GT-IACUC202102252;
GIL3 GIL4 1 GIL.8 B VLP 5256 2 jif i il 4 5
GIL.17-GZ-L343 Btk A A BART I IR TS
I RAE A% 1 0 BBORET™) s KM #F 7 DH10Bac
SO E& A4 fR A7 T A BA 52 50 %5 -80 °C UK A
(27 °CH AN T MBEREFE); E. coli DHSo J& 5%
AU T T AR TR B A IRA
112 FERFFILR

28 P EL N BUACSE P AR [ R AR I BTC LY
S FL 4510, Prime STAR® Max DNA
Polymerase 14 H 5 H BEAEYIH AR AR A FRAF
FFAR s B 24 B B2 U7 & F1 BeyoECL Moon
A FEERRAEYRARGIRAA; 5-1R-4-5-
3-15 - B-D-2f LB AT (X-gal) . QuickCut 'BamH I
& QuickCut™"Sph T W [ 4= T A TRE( i) B
A R 5 BRI S AR YT BEARIC 19 SE 40/ B
1eG W ALt B R AV EARA R A ] ; SIM
SF 1 Sinofection I F b 57 SGH M B2 e A
FRAF]; LB IR SREE . LB WA, IR
K% % (gentamicin) . RHF% & (kanamycin), P
FF & (tetracycline) . DL5000 DNA Marker Il H ]~
R FHL AR\ ; PGM (pig gastric
mucin type I A Sigma A #]; FHRIE-p 1L
FUBETF AIPTG) M 4% 5 %% % (ampicillin) iy {4t
A E  EWEAR A A PR
1.1.3 HExE

Witk LB 3R PR (g/L): tryptone 10.0,
yeast extract 5.0, NaCl 10.0, agar 15.0, ampicillin
0.1; LB HrdERiik EA(g/L): X-gal 0.100, IPTG
0.040, kanamycin 0.050, tetracycline 0.010,
gentamicin 0.007,
1.2 FiE
1.2.1 SR RBERBRY

GIL.17-GZ-L343 W PRRY 75445 |91 Primer

Premier 5.0 &itF ik £ NG RKAAE
B, BRAE N YT B S BamH 1 A1 Sph 1. DA
GIL.17-GZ-L343 FEARFE AU AR Y 1 4K 5
K5EEI(VPOZ TR T 5], PCR KN iA &R
(50 pL): #AH(75 ng/ul) 2 uL, 1E. 514
(10 pmol/L)& 1 pL, mIREMHIRK 25 uL,
ddH,0 21 pL.PCR I %514 : 95 °C 5 min; 98 °C
30s, 55°C30s, 72 °C 1 min, 30 ™MEH; 72 °C
5 min,
1.2.2 HRFESHENEE

5, f#H QuickCut™ BamH I % QuickCut™
Sph 1 XY pFastBacl R AAF-F] ] Infusion FfFi%
HHW R B SRYEEAR, i i )
E. coli DHSa /&2 540 37 °CHEFRid & IRH
e 0.1%Z itk LB 3l F-Ak b BRECBH P 7%
HEAT PCR %5, LA/ AR wI P 56 UF A%,
DI o K5I e B ) Y pFASTBac-GII1.17 #R44
alifk i 5ok DNA %5 A E. coli DH10Bac ™87 2541
Fl, ¥RA T LB Hitkdik Pk [X-Gal (100 pg/mL).
IPTG (40 pg/mL). RABEZE (S0 pg/mL). VUHFER
(10 pg/mL) R KB (7 pg/mL)], Ffis B EF A A
PR AR AT AL . 37 °CREFRd e, Phkrf
FETEIE TS PCR HiE4T DNA HERHL KSR
iE. 7% PCR W AR FR (20 uL): i 1 L, 1F .
K151 #1(10 pmol/L)4% 0.6 pL, Ex Taqfif§ 10 L,
ddH,0 7.8 uL. PCR JZhi&cf4: 95 °C 5 min;
98 °C 30s, 55°C30s, 72°C30s, 30 PMEH;
72 °C 5 min,
1.2.3 NoV GIL.17 VLP By&E = R 4k,

28 PCR Biik IF 4 i S 20 ik DNA f% 4y
2 SO 2L, A Bl g iln SR s A,
SEHE BEAE UL (1 4 e, B S 3RS PLACAT
PRI BN PLARERA T25 Ki (L
Mm%, 4h, % 2.0x10%, ZJGH P1ACHEATIX
B SR 48-72 h RIATA52] P2 AR 0, fif
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P2 AR FIEKERIXE MG 4 °C. 7000 r/min
20 10 min ZRAFANIETTIE (PR A BiE), BA DL
TEENE 35 W, B[] 30 min, #7565, B% 65)
FHEAEBE IR R 28 vh i W (PBS) H e % 2L @ 40, 1
YK 4 °C., 7000 r/min £5.0> 10 min B3, #F 2 I
FIFIRAIEA 0.5 mol/L NaCl, 7% (JisHAF 43
#0) PEG 6000 {iUF%id 7%, ¥ H 4 °C. 10 000 r/min
20 30 min WEEVIVE . ZJ5 H PBS R DLTE,
H SRR 1.4 g/mL EAEIAROR A 5 & Tl
298,288 000 r/min 20 24 hIORCH 2547
PBS EHAEJIIE, 8 °C. 141 000 r/min &.0» 3 h &
PR, FHSUUEE N GIL17-VLP,
1.24 EHREFEHLETE

H NanoDrop 2000 X} 4fifb 5 (1) 8 F1 i1 72
&, RIE B ER X 4 L 1 pg/ul GIL.17 VLP
PEAT TR Y, i I i A L R A TSR
Halifb = (9 M E4T SDS-PAGE ¥ HL 7k I 56
WEEE AR R A IR, 8 e S B i =
B = IYAHES 7 0K B L AR ED & PVDF i
b, % 5% (FTERBBOBUIE UK £ A 2 he
22 B 5 AT S S B i A B RS OB 4 ) — P (Bt
GIL.17 &K5¢ P WUk M)W, BRSNS
JE 1 h, ZJo i PBST fIGEFESHEEE 10 min,
IFEE 5K, R IR 1:3 000 /A
b #5 B¢ Goat Anti-Mouse IgG, Ff T ## K
37 °C, 20 r/min & 30 min. ZJ5 /A PBST
20 r/min #%3f 10 min {EPEIFEL 5 K. ECL
S AOCI(A W, BIROFEMRFRLL 1:1 86T
JE W B 100 uL 7 %% T PVDF Jii | . 4lifb)5 &
3 o [0 82 ELISA 17 PRI IE, B e
WRER BN 1 pg/mL, 37 °CAL#E 2 h, B/ H]
PBST %e# 5 ¥k, H 5% (R ARF 505G U
¥y 37 °CHH] 2 h, PBST ¥EM 5 K. MA#%
1:10 000 /AFR EL AR BB —Hi (Pt GIL.17 &K 7%¢ P il
BT, 37 °CHFE 1 h, PBST 4R UEM

5% IARFILE 1:3 000 F R 1 bR —PT Goat
Anti-Mouse IgG, ZE#FF 0.5h, PBST ki ik
B S W, WA T IA TMB (=6 &
7-10 min 5, FFLIA 50 pL 2 mol/L H,SO,
(ELISA %% 11 %) 2 min, BEFR I & ODyso -
1.25 PMREEXMES &

M 5 H SPF 2% BALB/c Hft/NEL 7 RIS TT
W, AAESE 0, 2, 4 Fl S FE ST 10 pg
aliflJ5 1 VLP, WOEE S i i 9 I3 1 B PR R
IR RERD R VLP 5 8RR 8 [C 8 e RR &
IEFLAL, IR RE DR VLP 5 35 A58 2457
RAEIF. ZEEMGES 18, BEEmE
FEAS .l 3 iR 25O LFE 5000 r/min 544 T 43
B o K MV AE S A AE 2 1.5 mL o B 04
W, RAETE-80 °CUKAE & .
1.2.6 MIMERX KK

¥ 28 FRELAUATE P AR (143 5l 6 B Al
1 pug/mL, 100 uL/fL, 37 °C. 2 h 8 4 °CiF Ak,
Biife FH PBST $R% M 5 W5, #% 200 uL/ALIMA
M PBS il 5% (5t AR 4380 14 i B 5
¥y, 37 °CEIA 2 h J5 ] PBST R Me 5 1K
F 100 pL/AL I AARFLEE 1:10 000 6 B 09— PLis
WL GIL.17 VLP i), BAHxs Bm AR
Mg, 37 °CWEE 1 hjEdete, PHE . &AL
100 pL fITAFE 1:3 000 {AFL EL AR B 0 B bR — 9L
Goat Anti-Mouse IgG, 37 °Ci# & 30 min J5 k1%
Ve, 23R [A] | #2100 pL/ALIIA TMB, 37 °C
WG 8-10 min, FFRMW SRS, 4% 50 pL/AL
HIAZ 1E K (2 mol/L HoSOy), AR il OD4so
B, BHRAREL 3 417,
1.2.7 ZHEEEThEEIE

AN [ i 759 7 e YA AR F AR BB 1:1 000
Wi REIG . 4 cCHAMRIT R . b BH M X B A Al
PGM, [HExFBEfIHR PBS. PBST #Ri% e 5 1%,
BALMA 5% (iR E0RE Yk 200 uL,
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37 °CHEE 2 ho ZJE A PBST #ik¥vEM, EE
5, Ay 1 pg/mL i GIL.17-VLP, 37 °C
W7 1 ho PBST IR UEM 51k, —HiieikfiLL
1:10 000 B GIL.17 %Y VLP [UPLILI , 37 °CHiF
A 1 ho PBST ¥tk 51K, HifL 100 pL #& A L
1:3 000 AT B AR —HT Goat Anti-Mouse
IgG, 37 °CH¥HE 30 min. £ _HiJ5 PBST ¥
e 5 Ik, BALAINA 100 pL TMB, 37 °Cikf
EHHE 8-10 min, IJF#% 50 pL/fLANA ELISA
LW, #E 2 min J5 I E ODasofH -
1.2.8 I iE A5 PE B iK 16

TSR AS RS MR A A AR R L 1:1 000
R JE , Bl 100 pL A EIEEsRAc, FEF
37 °C 2 h 5{ 4 °CHugiaid i, Ffif5 ] PBST #iki%
Vet 4 5, FH PBS M REAE WA 2 5% (&
W%, BFLINA 200 pL F7E 37 °C FIEH
2 h, BEHRGVEM S K. RZEPimiEHE 1:100
fEHH S 1 ug/mL B9 GIL17-VLP A FUR

A bp M 1 2 B pp M
5000

2000
1500

1 EATRBESHEEEREE

A7, i 100 uL/ALINA 96 fLtRH, FFF 37 °Cig
B LhJaset, S8 E. # 100 pLALIA A
TR 1:3 000 F B EAR —HT Goat Anti-Mouse
IgG, 37 °CI¥H 30 min J5 kb, HIRE b, %
100 uL/ALfMA TMB, 37 °Ci## 6% 8—10 min,
i SN SE S, 2 50 pL/ALAn A Z 113 (2 mol/L
H,S0,), BEFRL Fill ODyso 1, FE41IRETE
3 VAT e AR S [R]  RE ANIAE ITL
A VLP FE AN A PBS BYARE AL Rt B .

2 BRS04

2.1 HRHREREFHEFE

QuickCut" BamH I }% QuickCut™ Sph I X
fiti ] pFastBac1 2k 4 J5 F1| ] Infusion i $2 fiff 4 12
Hi R B 58k, Z)5% A E coli DH5a &7
A b SRR, W H PRECBH R I T AT
PCR I UF, BERCHLUKE FHIR 400, 8
f£ 1 700 bp Ab(El 1A). P45 SnapGene H

2 3 4 € o M1 o2 3

5000
3000

1 500

A: XX@@@]%E%&EE‘JHE&(I Ak 2. Hi R E). B: &4

5 )3 JFURT pFastBac-GIL17 [ 75 PCR %55E (1-4: FHMEFERE). C: 4Lk Bacmid-GIL17 (E V& PCR
Y2 PAMESERE; 3. BIPEXTRE, BpAERUFRIRMEEE). M: DL5000 DNA Marker

Figure 1

Construction and identification of the recombinant baculovirus vector. A: Double enzyme

digestion vector and target fragment (1: Vector; 2: Target fragment). B: Colony PCR identification of the
recombinant transposition plasmid pFastbacl-GII.17 (1-4: Positive clone). C: Colony PCR identification of
the recombinant Bacmid-GII.17 by colony PCR (1-2: Positive clone; 3: Negative control, wild type
baculovirus). M: DL5000 DNA Marker.
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T VPL P A sEA T Eu X, 455 SR e TGiR
Z% B pFastBac-GII.17 ¥ @ . M5, ¥
pFASTBac-GIL.17 Z{AR4liAk 11 Tk DNA % A E. coli
DH10Bac™ B2 A4, AT T A ARBUAER M
PR b R T 0 3 fe PR PH M TR 95 iE 4T PCR
Bk, ] ULy G IEZ) 4 000 (2 300+1 700) bp
Ab A7 B — B 5 46 (I 1B), T P2 AR 27
#9 PCR ;=¥ K /INEE 300 bp A4, UdBHEEA IR
i 75 TURL(Bacmid-GZ2015-L343) ) E 120
2.2 NoV GIL17 VLP 7 Sf9 40 gy 3RiA
53RIAE

BEBEMEAEOFT 2 RKEEE O
(55 1Y% 8°C. 288 000 r/min. 24 h it H 14
A5 5% 2 K PBS HADUIE, 8 °C. 141 000 r/min .,
3 h ZEREHEIA ), SR WIS 28 1%5x

? EHREANRIESEE

NEREEE IR TE . & 2A 459 B 8 Fiki Bacmid-
GZ2015-L343 Al 7R R i ki, HE
454 AR 2y 58 kDa &b, Johs Stk 454 i
FEHF AR RIS R4 UL 19 SO i s anf&l 2B
Fis, BT B R R T VLP 4l 157
k(294 30 nm); K] 2C Western blotting 4% 5
WESE T GIL17 VLP (5 5tk . ok B VLP %y
/N I I3 Y R B0 X GIL.17 VLP ) i 25
A EMS1(ODyso A 1.054), T X HRZH R P
B F MR E(E 2D), X segE LRI, & VLP
AN JE R BB S /N AT 7553 GIL17 VLP 4
SPEHUA R
2.3 HMER T IEMNE

2 ELISA W, 5 H/NRAE 5 BTt i
BB R 2x10*, 4x10*, 4x10*, 8x10*

A: GZ-L343 #MIR BRI A SDS-PAGE % 5E (1 4lifb 5 E A E 1 ;

2+ B B SR AR T REARS 5 (4 SE9 A1 ). B: GZ-L343 M 2 F0RE 1415 5 F B3 WL 240 000%). C:
GZ-L343 #ERRR 5 UKL AY Western blotting %87 (1: 4ifL /G RIEHEM; M: & Marker). D: GZ-L343
BRI 75 JURE (1) (8] 4% ELISA % 5E (HPEXTRE . PBS; n=3)

Figure 2 Expression and identification of the recombinant proteins. A: SDS-PAGE identification of
virus-like particle GZ-L343 (1: Purified recombinant protein; 2: Negative control-uninfected normal Sf9
cells). B: Transmission electron microscopy observation of virus-like particle of GZ-L.343 Strain (40 000x).

C: Western blotting identification of virus-like particle GZ-L343 (1: Purified recombinant protein; M: Protein
Marker). D: ELISA identification of virus-like particle GZ-L343 (Negative control: PBS; n=3).
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Al 8x10*, &2 R N 25 R ow , BUIiLi HAESAH  OD4se<0.15 1E KB, OD4so AIBAMEAY HLAE KT
I B B e 8 (R AR A X, S R 2.1 HIE A PHTE . i 4 FioR, RSN A 4
FAAFAERL SO (] 3), RPFAZEAEN  RLE/R, VLP 4515 B &, O B4, AB BIFIER
G 8 /N BRI ™ A TR LA T 15 ARSI EIER HBGA 454, Ithah, WEsy
2.4 NoV GII.17 VLP-HBGAs {F4MNESME A BMER HBGA HI554545 (A, B, O fil AB AR
xRS VLP-HBGA 255 00IE , T [0 i REAS 5 AR 20 IR e e RE AR LA N6
M AR B & AB A O BmAMAKER  JR). H, GIL17 5 13 HIFE4> % HBGAs 5%
46 NMEWFEAS , A3 AT BIEXS BB, I KB ODuso M 0.87, HME N 0368, Hidss

02 ........................................................................................
0’0\'\»%»«6‘0‘\%%\'\,%&6‘0«%% Q VIO XL AL NN N

Norovirus capsid protein P particles

3 MAENRXXRE  HESET X =0 E R
Figure 3 Cross-reactivity of antiserum. Three replications of the study were performed in triplicate under
the same conditions.

151
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Figure 4 Receptor binding function of the recombinant proteins. Results were represented as meantstandard
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