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HWE #dmFENoVs))ZERECENINREDART N AN EZRRIK, AR RE RN b o) 5 E A TS P
NoVs i Az # 69 % a, #H Gl .4 & NoVs 9% F THIHR A R PBS &bz, KM ED 5 % A 200,300,400,500
MPa, A JE A7 %5 32 B 5 C, & JE B 18] 5 min #4742 5520 % & (0.1 MPa) & 22 A s B4, K A PMAxx—RT-qPCR 5 i#& 4 &
R B A M AR R A B G o) NoVs, I R E R A st 435 5 AL 4 A= PBS & ok i P Gl .4 & NoVs 975 iR 2 R ;i & #
BEARGHYR —BRAEEREAORALALS T FNREGELES RS TR ARG RGO Y m, FRERE T . PMAxx 7T
A AR 5 B F o NoVs;qPCR M X LA R F E A eh 8 & EA G, B AR £ A% 4 F NoVs 49 RNA 3 N 43
R FB Y, SR 500 MPa B, 42355 Fo 22 oF ik P 49 RNA % W3, V& % #1>3.49 lg(copies/wl) #2>3.61 lg(copies/nl.), ¥
% Z A0 FRA T ;48 3 R AL 22 5F PBS 2 7% & P NoVs 6975 M R TR ENR AR, E TG FRKAMAFES RE

MR R R AR TR AR
9&%'@ ﬁ%f}—, ‘L%’ﬁ"ﬁ%ﬂ%r, 4}‘%, H
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35 15 2 (Noroviruses, NoVs) A&t 7w B N
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7 A HE (GI~GVIT), Horp GILGIT #1 GIV ] &%
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eI ATFE A PR K I W AR BB ) NoVs,
A PN G 27 Ve BE AT LG ] R BR B b iy s L H EDL T
131278 )G 0 A Ak 3L B T A A8 I A TR A
TE 1Y NoVs, {5 23 Bl YR 4T 5 19 fif 56 XU, A AT [7]
TABESRMER, HHWHAETE NoVs 1554
SIHETE G NoVs 9 XURS

H AT, £ NoVs Ay 32 2R F S 5 s 52
IF 28 1 5 A W #E U (Reverse transerip-
tion—quantitative real —time polymerase chain re-
action, RT-qPCR), 774X NoVs K% R 217
il #5r NoVs R J5 |, B B AT SR AFAE SR, 1%
I EANREAR LT ML IX 3 NoVs [ AE 1% RS, gk Jo ik
X 73 NoVs & 77 HAT Bt AT 58k AL G i o6l
R [ AN EE (Propidium monoazide,
PMA) 13 % 1R 1k £ %F (Ethidium monoazide, E-
MA)]. Bk o s gLkt (PMA 1 58 fit—
PMAxx, [AJ}6L7 PMA Al EMA f) XOGS#E G4k
PEMAX) K #% H % 1 # 2k (Porcine gastric
mucin magnetic beads, PGM-MB) # H i Jik 4b
P G NoVs A7 16 ZEAY R NS S E A £
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{5 PMAxx #l PGM=MB. Ye Z'"{] PGM-MB %}
22 500 MPa/0 °C HHP Ab PR 4E5 h g G I .4 7Y
NoVs # 417 #; il ,NoVs RNA #5 D £ v 3 /b 4 g
(copies/pL) . PGM f & Z Fp LI Rt it , vl 5
N3 RS NoVs ¢ S tE4h &, SR T H 78 Fll
O = AR AR R I AR S, i R R 22
PMAxx S2& — Fft 5 55 F1 7 109016 5 07 1 A 1 e ek, B
RAgE AT F 5681 NoVs, [H RE % 28 35 Bl i
WS BRI AR TS, E5 6 IS T LM 46 A RNA,
T4t RT-PCR #3417, 7 RT-qPCR Wi , F H
PMAxx X #E 5 47 W40 B, AT FH o X 49 8% e 4
NoVs,

SN T HAR AR 5 %4 (RRAE
P JELAA ) I SRR T S B /N AR MR ) A
BRI TR A5 A2 K™ o T i R 2 1Y
A #H & K (High hydrostatic pressure, HHP) &
SR B IR B 58 A R S A P AER2 e i T A R T
TSR DU i 7e , fli7e 5 R4 8 R FFE
Ty F AR IR REAE RO KA F AR K
P58 112 Takahashi ZF129%F 28 #4550 9Ky
7o 4t WE 3 Fh 3k E b B B WK # (Murine
norovirus strain 1, MNV-1)iF47 HHP 4b# | g5 11
F U] HHP X 3X 3 Ff 3L 50 (19 NoVs #B AT 5 8 3L
S TEGE MR W ST I Al 5 W T R I R
R BEAR, ] HHP X MNV-1 A9 315 s 2 306 R SR
53R &, 3% T e i T AR 05 v 0 2R 5L BR
2 AT LR MNV-1 A% HHP 0 88
TR M LR AT R 5 RO 9 HHP #F5%
Z X H MNV #£17, HIEMFS HHP %F NoVs 17
WA P B A FH 0 25 40 BV, oA 5 S ot 8 o %o
I FE T IR A S [ 52 RT—qPCR YRR, Jo ik
X 43 NoVs e

A 3CLL PMAxx K U [7] RT—-qPCR #H 45 & | 3T
W12 07 12 XA e M NoVs BSR4 31 Ak i
) ML vh b G 11 .4 % NoVs 7EA[A]JE 1 F ik
1T HHP ARS8, P4l £ 5 R 56 NoVs ifif 52
HHP Zb 3 52, #4855 HHP A2 XF G I .4 &
NoVs F4 T i 72 il 280 SR LA B x4 g i ot 48 Ak n 2
T AE P I R2 i, DU R HHP B R 7405 i 1A
{14 17 FH L B 1 4

1 MBERE®
1.1 REHR

KAV FE 405 (Crassostrea gigas ) , 11 A B 5L
I AW FRFEIX ;G 1.4 NoVs KESL (ZI5E G .4
NoVs RNA # D1 508 5.0x10° copies/pl), 43 H
[-RCY e
1.2 FERF

SAbHh BEIR R AN B IR A 25% 1%
HEW Triton X-100, [ 24548 Pl Ak 22 30 A PR A
Trizol . 5 RNA $#2BOLH &, Evo M-MLV — &
% RT-qPCR 5% &, JCRHEG A9 ; PMAxx, [
Biotium 23 A 5 ¥ & 5l g i) & S i
e &, A &3 T A RT-qPCR B 5
P F .QNIF2 (FW): ATGTTCAGRTGGATGA-
GRTTCTCWGA , COG2R  ( REV ) : TCGACGC
CATCTTCATTCACA, QNIFs (PROBE): FAM -
AGCACGTGGGAGGGCGAT CG-TAMRA, i %5 1
MBI W HAR A BR S F) G TR AR I S T A
WHARGBRAF .,
1.3 &HES5ME

BY-600-1 4= [ 2l & R A WAL, i M E— L
AR E S JEM-1200EX 3% 5 7 65t , H A H
F A &4 BYQ6094-550148 456 5E i PCR Y,
BON T H B A R Al BEAR 1Y, Thermo 23 7 5
H1650-W 2 2500 AL, 1 e WA S 3 25 AN 2 T
AR F ;GR60DA H 71 25 3K i 4% ,ZEALWAY
ONHED HH-4A B8 B KGR, WM EERSE
B> 7] 532990927 HL 40 AT KF-, 282 F ikl 2
X5 BR S 7] ;013300046 F45H Fi#l, DREMEL
A
1.4 REHZE
1.4.1 PMAxx—RT-qPCR K il J5 &5 E- A
1.4.1.1 #ALFE S TP PMAxx—-RT-qPCR ¥
W75 32 X 43 NoVs I gL M Ay 2R B 2 mL 1 000
T RER G I1.4 7 NoVs &, 43 51 76 Wk 2K U v fin 4
5,10,15,30 min AR K (121 °C,20 min) 5514
AR RS 4 PMAxx 4B B
1.4.12 PMAxx 4b 3 HU 400 wL # 5 F 1.5 mL
B BE AT X IR A PMAxx 23R
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WEGHERAE A 0.1 mmol/L. PMAxx , fii HoAERE &
P 24 B SR 25 wmol/L, JITA 0.5% Triton X-100,
TE B P IR E 10 min, 3K AT AL iR
BB RRENM, S RRRRE SRR R AE 60 W BT
T, f#iPMAxx 585 58 20 min, 5 000xg &0 10
min, B35 F FJE 22 RNA $25¢,
1.4.1.3 RNA 2 H0  4% I RNA $2 POt ] & 13t
HH X T A BE AR S EAT RNA 23,
1.4.1.4 #¢%E & RT-PCR %<6 E & RT-PCR
FN R A 50 wL AR & .25 pl. 2xOne Step RT-
qPCR 0P, 1 pL BUES19,1 pl NiE514,0.8
L 45,1 L DNA REGH,1 pul ¥ 560, 1 pl
RNA it , 7 H & RNA B K AN E 2 50 pl, 2t
JE 1 RT-PCR [N 45 1F . [ sk N 42 °C .5
min, 1 MEH ;95 °C.30s,1 MG, PCR L 95
°C.5s,60 CLEAH 30 5,40 MBI,
1.4.1.5 NoVs 9t smbr g FlH NovoPro
DNA Z3Fit i 8 F f o 28 (1) 78 R bR o i 75
DU

W72 # i ¥ DLER (copies/plL) =

RSP 0ax100 (1)

o, 6.02x10M——B] (R {78 2 5 0 5 &R
B OB bR o T B R 100 ng/pL,
1.4.2  HEWGFESHETAL I WA K S BT A g Ab
PRV R R, R F 2R A0 IR TR A B4 2 BT 7
BEHE K AT KL B BEALIE I 5 R 4EW5 , 28 RT-
qPCR Kz JC NoVs J& H I8, WA 16 S i 4t
W, TG TR ZE 18 K vh gk, WK 4RI T R K 43, I
SeJa il B HF AR IIUIW A 52 L, s oh o5t B
DUPA 6 TG TR 20358 BBCHE 05 T8 A R 07, 25
143 HEEARE NoVs FER AR B RE A
VB 3 AT R IRA , BT AT BR324 8 T ok B R
o
1.4.3.1 HWEIHAIRAIIE 50 g #1005 T Ak R 20
21 HF RSV AT 5 3 A B W R 2 mIL A3
WT KA AREREN, EEENMA 20 pL H
0.01 mol/L. PBS Z& mh il #i B 1) G 11 .4 # NoVs #
i, PRSI FEMRS), HEONLE D ,GI .4 7
NoVs Zi & K 5.0x10° copies/pL,
1.4.3.2 NoVs M B WX 20 wL H1 0.01 mol/L

PBS ZZ vh i Fi BB G 11 .4 B NoVs ¥Effh T K i B
ZEAREAEN ) A 2 mL 0.01 mol/L. PBS 2% i ,
HEOPLE T,
1433 BHHEFES I 20 pL R ZH B
G II.4 7 NoVs ¥ T KB435 A 48y i H 1
BlEE,
144 EE A R BB A R S E T HHP
WA A SRR R 5 CAA R
KNG 1 RE A 200,300,400,500 MPa, {4 B
[B]35%5E A 5 min, HPP 4B 54218 1.4.1 TP iy
e SRR
1.4.5 BEHHE T RMBEE NoVs EE H 2.5%
I R VRO BEAE A HEAT [ RS AR A T
S AR b, R XA SRR Y — T R
fih | & R F5 FH U8 2R 5% 5 o A D) 300 2 22 A AR I
TN —% 1908 R 7 0L 8 3 min, JRAEN T 24
Jed , 2 T8 30 min J5 BHLIER
1.4.6 N[ (Malondialdehyde, MDA ) &l

FRELZY 0.1 g #HMFAHEL, A 1 mL & BOR 1T
VKB A3 ;8 000 xg .4 CE L 10 min, B LW &
UK AR e BRI G ad Wy ok TG A TR S R
100 C/K W AR 60 min, B Tk A H,
10 000xg, & i , B 0> 10 min, WHL 200 pl b &
T 96 LA, W E A FEATE 450,532 nm FT 600
nm 51'3 E"J %ﬁ)"ﬁfﬁ o ﬁ‘ %'Hﬁ AA 450mn=A 450nm ;-L;—A 450nm %M s
AA s32um =A 5300 mE —A 532 ESEI) AAsoonm=A 600nm W & T
A gz e AT TSR

MDA % & (nmol/g) =5 x(12.9 x( AA s —

AA gomn) ~2.58X AA 4s50,)/0.1 (2)
147 EARHESTRINE SHREEHES
00 ) U b O i AT

2 BR55H
2.1 Gll.4 & NoVs %N EEIRME L%

1 NoVs KL A5 #fE i K 10°~10° copies/uL {8
N, priE i 22t ¢ R R4 ,y=-3.0171x +
41.109,G I .4 % NoVs ¥ A 19 ¥k &y 5.0x10°
copies/pL,

2.2 PMAxx X4 B4 NoVs S RIFM

R TR 9E PMAxx S 75 BE A &L DX 43 Jak e 1

ARG PE NoVs, AR 1 000xF B G 11 .4
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Fig.1 The standard curve of fluorescence quantitative

of GIL.4 NoVs
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Fig.2 The evaluation of PMAxx-RT-qPCR
for distinguishing infectious NoVs under different
inactivation methods

A NoVs (9% 7 ¥ £ b 5.0x10° copies/pL) , 43 1] i
i K m#k 5,10,15,30 min AHEHCKE (121 C,
20 min) 23 | 1M /5 43 548 1 PMAxx-RT-qPCR il
158 RT-qPCR Jy ik #iAT A o 4558 Wos , AEm
PAAF AL FR S | fd ] PMAxx—RT-qPCR (1) 5E &
BIK T & % RT-PCR 77 %, fii Hl PMAxx-RT-
qPCR 7E 3k /K M 44 15,30 min FE K B 418 F
YIFRKE tH NoVs, Mife 4t RT-qPCR WA K, i
THALFEXT NoVs A A& KR 16 W 4514 T ik
#k 15 min NoVs BIA[ S8 206501, ARG
etk A% 48 RT-PCR B A (B FHE R [a) 8, ik
45 B R PMAxx-RT—-qPCR 51445 RT-qPCR #f]
Fb, AT A ok e M NoVs, PMAxx—RT-qPCR
T3 0] T I S8 5 R I B NoVs 3 50 A gk e
NoVs RO

23 AREHAKFESELEI GIl .4 8 NoVs
sk
% 1 AT, X A A 0 0 R R 20 3% R PBS
Zz v Y NoVs ¥ 2 43 51 2 9.18x10* copies/pL
1 4.10x10° copies/pL, & HHP Zb# 5 min J5 , 4t
W5 T AR ST AN GE v ) G IT .4 Y NoVs R
¥ 5 25 FEAIK (P<0.05) ;NoVs Ui /b 1 bl 5 & 71 7K S
) 2 5 T 1A K 55 R AL BRAT AR FE , PMAxx Ab #S 4:
W 9 A R 5 3 N 2 i v B AT R R G T 4
I NoVs ¥ JE ¥/, 400 MPa HHP 4b 3 2% nh
WA G .4 B NoVs e & [ A% 21 4G I BR (10
copies/WL) VAT, £ 5:8 500 MPa HHP Ab B 5 | 4 45
HA RS AN ZE s h i G 1.4 54 NoVs /b i
oA 2.96 1g (copies/pl) Fil 3.61 lg(copies/
L), HWE ARSI M sl b iy G .4 &Y
NoVs #¢ [ vl K K FRR LR . 455 %W
HHP &b 3 0T A 25070 8 4 107 T 6 R 50 2% RN 2% i
Fg G4 % NoVs,
1E 200~500 MPa 1) HHP 43T | 28 vh it v (1)
NoVs {HIRZRAE FAH Wi TH AR S 3 . Ye S5200F
XK TF 6 °C/500 MPa/5 min 254 F &b A 4 15
A1 LR WA & 6 °C/600 MPa/5 min 4514 F &b
T AR A 07 20 2 ) NoVs ¢ J3E 15 1T 3k 21046 ] R 7k
SRR SARSCR A RIS, JE A A 2 Rl
t NoVs #5 DU /b 5 (9 22 5, AT LA HHP &b
PR 22 0 NoVs I WSRO Lo 415 1 Ak i 2
Fr R AT X T RS R HHP 2R3 U
T RSB SRR UM O, M S K R S A
KL 0T BRGS0 0T, 7 HHP Ab Bt /8 v
X 5T 23 %5 NoVs B ORI FT D45 2 kL
ANZ TR0, T R HHP A2 3A0CR
f£ 200 MPa HHP % F 42 5 min )5, 5
K28 HHP bR FE 5L AE LE 005 T A AR 513K i
NoVs ¥ B Al 2> 1.30 lg(copies/wL) ; 2% 1P H
NoVs ¥ JE R /b 1.68 lg(copies/wL) , I JE 17K -
TRV B[] TR AT LA S B4 5 3R 4 e . i 9
W] 300 MPa HHP b3 T F 1 min, 4457254
SRR 0 G 25 2R R, 300 MPa HHP 4t
Wi Y NoVs A 2 350 /0, B HHP 4% A fif 2
T a0 e R M, AR B 5 A [ ST A
ST DA PR P
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#£1 AEHHP 33 Gl .4 & NoVs Bl B R
Table 1 The inactivation effect of GII.4 NoVs under different HHP
HHP/MPa NoVs #, " #/lg(copies- pL™) NoVs & & /copies pL™!

HEYE AR 4 R PBS 4 i HIF ARG R PBS % &
x+ 8. 0.00 0.00 9.18x10* 4.10x10°
200 1.30 £ 0.17¢ 1.68 + 0.07* 4.57x10° 8.46x10°
300 2.57 £ 0.19 2.43 £ 0.16" 2.45%10? 1.51x10°
400 3.15 £ 0.24¢ >3.61 2.82x10? -

500 >2.96 >3.61 - -

TE + 3R PRS- 5 (E s o s 22 5 [ — 8 B AN [] B bR 57 R AR FRAT B 25 22 53 (P<0.05) ;=" R T A I FR

24 A [E HPPEN&REE GIL4 B NoVs BIiE
STE R ER

T 5 HHP Ab FEXT NoVs JE 2577 Az 952
M, 2% % 5 T 8% (Transmission electron
microscope, TEM)WLZE HHP 4 ¥ J5 NoVs JE & 4E
MEAMMRAE, 4R ER, 5% HHP A H R
G II.4 %I NoVs AHLL, 7F 200~500 MPa HHP T 4b
HY G 11 .4 B NoVs 1y S A 1 BB R BE
AN B R BRE , R HHP X
NoVs & il TR KA FE, BIR TR dERSEE M .

M3 AHH ,GI.4 & NoVs 22 HHP 4b B J5 ¥ &
B b, X 53R 1 451V G NoVs 1Y TH I8 R8UR
SRR R/NRIEAR; M m R F 52
TR #E AR ST M Z ARG G638 F 5 R
LT, 2 R T RNA, 2 (9% 35 & A [ 122
FE 3f 8 65 CHIE 4 min 4L FEAY NoVs, Ab B 5
5y NoVs H HLFEAR AR 3 NoVs BORLAT v] £ 55
KAFEE H5EH Bl 65 CHA 4 min X NoVs HY
TR AN 3

(d)

GII.4 % NoVs,

(e)

()
1 (a) WKL HHP A3 GIT.4 9 NoVs; (b)~(e) 435 200~500 MPa HHP ALY G IT.4 5 NoVs; (f) 2 65 Chn#ib #111y

B3 GIl.42 NoVs iESTHBEEE

Fig.3 Transmission electron microscope image of GII.4 NoVs

2.5 HHP 43234485 A5 B #0 2 B B A9 %0
FEUE A R E S 2 NIRRT R, AR5 KA
EALRNY . B 4a F1 4b 43 58 HHP X4 105 g 15 A0

EEBAm, LA HHP 405 MDA 75 &
B E K (P<0.05) , H B & 1 K138 K Bg s
AL RO RE e, X T RE S PR R g v 42k A

He &
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WAL, R LA BRI 2 4 e R T BN A
(R , 88 B -2 A MR T 14 S AR B i Ak
AL H HHP A #E 4] MDA {8 ) 725 Ak IR B 3K 3
Je PRy e LA T 7 R A T AR R R B B S AR R 2R

AN
= o

TR R R R S RS S KRR G
BB i 7 L TS | e S A S D e
DL BB 1 = SR i AR AR A Ol . H BT AT
HHP s 3 4w 8 1 S 2 5 it 1 Bl Ak 2
JE 3 FR RS (] % 38 T RS 0, HHP &k 352 1) 4t
W5 2 1 S S Y R R RN T B A R A

20

—
i

MDA
MDA content/nmol - g™
wn =

Y& 200 300 400 500
HHP £ Jj7KF
Pressure level of HHP/MPa

(a) 8 vy H Ak B80T A4 05 i U5 4 Ak 1 52 i)

o3
(=3
I

500 MPa HHP

[

MDA %
MDA content/nmol - g™
S

N

(=}

0 3 12 15
Aob ]

Treatment time/min

HHP 4 B4 300~400 MPa T, 33k & & 3 AR A
s U B A B 3K F 300 MPa Ji W5 8 T4
T RS A T AR R R A

K L 15 min, 505 1Y NoVs A BT E]
HRLEWIE . 75 HPP AL # T, 500 MPa 4b#E 5 min
R AT il A4 007 v ) NoVs T 98081 TS I K 1 7K SF- |, 7
PRIUE NoVs JH ISR B ETHR T, 5t 214 1
HHP b 35 5 Al 41 W5 % Az R 195 480 Ak R AR 1 o A8
FE— AR LRI T g S, ELX R I AR
JoT 1 0T 52 W AT G A TR b B (An &l 4e,d B
R) o

Kk
Sulfydryl content/pmol - g™

XHE 200 300 400 500
HHP J 71 7K F
Pressure level of HHP/MPa

() 7 i s A X A B 3 2 114 5 )

500 MPa HHP

i e
Sulfydryl content/pmol - g™

12 15

0 3 6
b B ]
Treatment time/min

(d) 7% A ] RD6F 305 28 1 54 2 1) 52 )

B 4 @5 EF e AR iR E 8 BRe 50
Fig4 Effects of HHP and heating treatments on fat and protein

3 it

7 e s AL 3K A 0 9 b R 5 SR R 8 g v Y
G I1.4 %Y NoVs 114 I8 Il 4% 1l 2R 5 g K -F- 1 R
NEETEAHSG . MK 120 500 MPa B, 5 Fh 36 5
NoVs 7 it ¥4 ] B Z A I B LA T . 4005 7 Ak R 513K

TR EE LT, MR D7 A AR B R AL BEXT NoVs
HA @R S b 3 R 2 i 4 Wi i
i ) S A RN P R AR M, (ELS R /N T A
AEFR 500 MPa/5 °C HHP 43 5 min ALK 4155
NoVs 71 s 2 TG 746 H B 7K
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Abstract Noroviruses (NoVs) are the major pathogens causing non-bacterial acute gastroenteritis in the world. To inves-

tigate the inactivation effect of high hydrostatic pressure

(HHP) on NoVs in oysters under different pressure conditions

and the effect of PMAxx in distinguishing infectious NoVs, G Il .4 NoVs in oyster digestive gland homogenate and PBS

buffer were subjected to HHP treatment with pressure conditions of 200, 300, 400, 500 MPa, respectively, at the initial

pressure temperature was 5 °C and holding time of 5 min. The normal pressure (0.1 MPa) was used as the control group.

After HHP treatment, PMAxx combined with RT-qPCR was applied for the detection of infectious NoVs, transmission

electron microscope was used to observe the morphology of NoVs, and then the effect of different pressures on the re-
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duction of GII.4 NoVs was calculated. The effects of HHP treatment on lipids and proteins were evaluated by measuring
the malondialdehyde content and protein sulthydryl content of oysters. The results showed that PMAxx—RT-qPCR could
effectively distinguish infectious NoVs. After the HHP treatment of each pressure, NoVs in oyster digestive gland ho-
mogenate and PBS buffer showed significant reduction, and the reduction of NoVs in oyster and PBS buffer was >3.49
lg (copies/pL) and >3.61 lg(copies/pL) at the pressure of 500 MPa, respectively, and both of them were reduced below
the detection limit; the effect of NoVs in the PBS buffer was better than that of oyster digestive gland homogenate; al-
though the HHP treatment promoted fat oxidation and protein degradation in oysters, the effect on oyster quality was still
better than that of heat treatment.

Keywords high hydrostatic pressure (HHP); noroviruses (NoVs); oyster; inactivation



