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Abstract: Vibrio parahaemolyticus'is a common foodborne pathogen frequently detected in seafood, and consumption of raw, pickled, or
uncooked food contaminated with.V. parahaemolyticus can cause food poisoning. Nearly all current methods for rapidly detecting V.
parahaemolyticus can not distinguish live cells from dead cells, resulting in false-positive results. In this study, a real-time visual loop-mediated
isothermal amplification (LAMP).method was developed based on the characteristics of the DNA binding dye propidium monoazide (PMA) and
fluorescent dye calcein to detect viable V. parahaemolyticus strains. This method was compared to quantitative polymerase chain reaction
(qPCR). The results of real-time visual PMA-LAMP assay could be observed by the naked eye and monitored in real-time using fluorescence
analysis instruments.. A preliminary semi-quantitative analysis was conducted, providing a basis for in-depth quantitative analysis. The results
indicated that the sensitivities of the real-time visual PMA-LAMP assay in the sensitivity experiment and artificial contamination experiment
were 5.0 x10% CFU/mL and 1:9-x 10% CFU/mL, respectively, which were consistent with the values from PMA-gPCR. The entire detection
process required only 2 h, excluding the pre-enrichment step. Furthermore, the method showed high accuracy and may be an effective technical
method for rapid detection of V. parahaemolyticus.

Key words: Vibrio parahaemolyticus; visual loop mediated isothermal amplification; propidium monoazide; real-time quantitative
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R 5 SEEA MAAEYE b, B % i
RAGAERN H 2%, JCH R e s B
SEPR, NIRRT T 25 ) BP0 e
ZHE LA, fAHEEEEEDTTRE, DA
[ R M h R R, fERIE, %
S ER BEYIHEE & ELtEA 50%~70%, HEZ K TH
PSS BT, I B A . B ik
B i i B A FIMUIAE, 78 SR R 1, i
SR, TR A M R A 3t P A 2 4l
fegE ik m S Ie =, HEBi% ), 56K
SRR, sEME e, TE4~7 di
(6], AFIT R e e B A, AR R 2 A b i Bont
REVEITE. EAESR, A PO TT AT SR R
J& M, 1 W S % W B % Cenzyme  linked
immunosorbent assay, ELISA) [, gk sis it oy 54
AREB E & maHE RS (polymerase chain reaction,
PCR) ® %% Ju5¢ & PCR (realtime fluorescence
quantitative PCR, qPCR) %43 b1 7 AN, LA
Rtk ms RS, RN I I PRE
AR TZMHEL., RN ESEZFRITHWER
(loop-mediated isothermal amplification, LAMP) J&—
MRS IAAZIRY S H AR, REAE7E 60 'C~65 “CHEER
FER, FIFIEEE BmEpusy s ot e Righ
B T I I B W A FELAORT o BEAS N S5 T B e Ak
RS B N AT IR A B e 25, ARG e R &
AT LRI, %073k R R ek,
PETTER, TCRRREEAEY, & A Hh X 5 Z 1 E

PRI . SR1, IR VEESRREIX AN, R
AR B PSSR, A IR Z RABRRRL
£Z Cethidium bromide monoazide, EMA). PMA %5 DNA
GECT YRR ARIE R I TR, I H PMA s
EMA K, XIFCARRL A4S Tk et

AW FE I ST S AT AL PMA-LAMP J7i55K
R EA TR, RS S s YRk B K7k
FERI (495 nm) IR 5K (515 nm) AT SYBR Green
| CRORMRIEIK: 487 nm, e K Rl 1 520 nm) #H
i, AIH gPCR Ok &5 4T LAMP Sobi4ig. N
T LIRS SER T AE PMA-LAMP 75725, A
W FEAE AR A 45 SR A [, R T gPCR SRS i
MR, 35 PMAQPCR [R145 ST /4T3 Lt o

1 MRISRZE

11

111 Btk

SEI6FTFH B AR CLRERINA 49T (ATCC17802).
ERLINE AGIMCCL1.449)., ¥ (GIMCC1.345).
K7 FFH O157:H7 (GIMCCL1.201) . B Ui Jizg #T i
(GIMCC1.296). HIfZ=HiFE (ATCC19115). &
PG ( GIMCCL424 ) . 4 B {0 % % 3K
(GIMCC1.142) 435I T~ ARA AV B P O
OOFNSE [ AR TR o0y, BPRAE T ARSI =
B L RRENAE I 5 5 R ERVA e B
TR IR R, VLK 1.

=1 RGP AE
Table 1 Information of bacterial strains used for specificity tests in the study

Hs5 HS AR AMEE LAMP £%  gPCR# %
1 3224 I8 Vibrio parahaemolyticus ATCC 17802 + +
2 FE+4LINE Vibrio cholerae GIMCC 1.449 -

3 M #2711 KA Salmonella enteritidis GIMCC 1.345 -
4 4% &% £ H Staphylococcus aureus GIMCC 1.142 -
5 XMAFHE Escherichia coli GIMCC 1.201 -
6 R AT Cronobacter Sakazakii GIMCC 1.296 -
7 3% A Ar4LH) Listeria monocytogenes ATCC 19115 -
8 AR KE Shigella GIMCC 1.424 -
9 &)z b JKE Vibrio parahaemolyticus? H4-3 + +
10 F K F) &3 staphylococcus epidermidis® /

1 E KINE Vibrio hollisae? / -
12 29K Vibrio mimicus® / -
13 8 9KH Vibrio damsela® / -
14 44558 F Vibrio vulnificus® / -
15 FTASRE Vibrio fluvialis® / -
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E: GIMCC.J” R A A MBAAMRARY &, ATCC.EBAEZRMRART &, * dfhl B SIS B 2 4% (RE ik

112 FEZXFFE

iR77: gPCR 77 2>GensiFAST Probe Lo-ROX J%
N E 3% Bioline, PMA $ekHE H 35 E Biotium
100 pL ddH,O BRI 2 E N 20 mMD, 3% LN
Bl 2 1 R/KF TCBS BRfiE 577250 B 5 S A4
FARBIRAF, dNTPs I H3E[E Thermo Scientific 24
w], 8U/uL Bst DNA AT H 9 [E NEB A F], LAMP
H1 gPCR 15| 3BT 0EIE (1) SHABAMRA
Al G .

1x#%: [ Bio-Rad CFX96 %)t i€ PCR X
Z%[H Biotium PMA-Lite LED Jefifd% . % @AaiE KB

B TUHEA Telstar gAY 2 pE ., & NIEIRIRZ 45
ARG FRAESE
1.13 3l4ikit

AR EA MR ) toxR FE[H (GenBank &%
52 GQ228073.1) bE—EK N 254 bp HImi IR F 1IF
H, 43Tt LAMP 51481 TagMan #8%172: gPCR 5]
YREr. LAMP 514%IH Primer Explorer version 4.0
FELI AR, BAE XA 51 FIPIBIPs: —X4h5]
Y F3/B3 Ml—2 M54 LB, qPCR FI¥FIH
Beacon Designer 7.9 5 ¥t A 13T, LR 25

% 2 BAMMINE LAVP 3450 gPCR 514
Table 2 Primers of LAMP and qPCR designed for Vibrio parahaemolyticus

HE A A5 (5-3) 4K op
VP-F3 GATGGCACAGATCACAGG
VP-B3 CGTCAAAATGATCCAAAGTGA
LAMP VP-FIP CGCGCATCAATTCGAGTTGATTTTTGGCGTATCACAAGATCG 185
VP-BIP AGCTAAAACGTGAGCCATTCCTTTTCCCAAGTTTCCAAATCCTG
VP-LB CGCCTCAGTTCCATATCAATCC
VP-F GTGCAGGTTTATGTGTTC
gPCR VP-R CCTGAATACGGGATTAGAC 213
VP-P FAM-CGCTGATGGCACAGATCACAG-TAMRA

iE: VP-P A H FAM, X H TAMRA,
12 »&

1.2.1 & H&F DNA FEMIRIC

FAF REERTE RS %% -80 C N AR R M
PESNEE R R T TCBS Jilasstkt, 37 “CHiF%
18 h J5, PHBURETET 3% AL ma i & A K,
37 CHAIEFE, 19 RIWIAER K ODeoo fHHEIE 1, £18
10° CFU/mL. 5 B 10 f5kRERRe, —i T
FEIRZH DNA FIHEEE PMA AL, — 385 F TPt
. mvETH LT AL (Colony-forming units,
CFU) #IK,

SURR % s R SR ] AU, R alisg
TR EIVA L S K 100 “CinFA 10 mine A EC—#8
YR, 10 ARG EL 1 mL 5 PAR TR
RRIR A (SIREPr GB 47892-2010), ks rdkit
5 BT 37 ‘Chidt 48 h, MEEAE LWL =4, Fitsss
3~6 d fifiE A I HATRCE, LAIEBHI VA RTAT .

N T PSRRI R LR, A TR F A A
B EA MR FE R 20 DNA. B 1 mL 37 Cit s %57
AT, 8000 r/min B5.0» 5 min, #2% FIERJEMA 1

mL ddH,O WFTVE~), T 8000 r/min 25:C» 5 min, FE3:
BIEW, BEEIIN 50 uL ddH,0, -20 'C R A% 20 min
J&> 100 ‘CHn#k 10 min, HEEE 0> 2 min 343 DNA 1
B, BET-20 C R 4 PMA WbBEJE, N T
DNA 3 53&E HdlE PMA 2T $9(5 5055, B
500 uL B, 100 ‘CAn# 10 min, IS0 2 min J5
T R85 PRSI LR 4 DNA i, 78
IFGHERT, Je BN 20 uL & il K (20 mg/mL)
A5 uL W HIEE (10 mg/mL) #BhERREE R & AR
I PRI A EE R,  FEAT RRRERIU AP IR
1.2.2 BTG LAMP 947 7 i% 4= qPCR 4~
Mkt S

AL, BEHhE 25 ul B LAMP KSR 2 G
~: 20 mM Tris-HCI(pH 8.8), 10 mM KCI, 8 mM
MgSOy4; 10 mM (NH4),SO,4, 0.1% Tween 20, 800 mM
FHSEHR, 4 Fh dNTPs % 1.4 mM, 4h514%104 uM, W
519132 uM, RS9 1.6 uM, 300 mM 45354,
500 mM MnCl,, 8U Bst DNA %4, 2.5uL DNA %
W SNAE 65 C FEET 60 min, JM4hHHFFE
Bel, —REENSEIEARL, FHEEE AL,
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PRSI A, R SR PO G R
SYBR Green | #HiT 3R, {5 B3 E Bio-Rad CFX %
JtsEE PCR X/ SYBR %&)tilil, YW R MILFEH
(IR, TERCY E Em G ZR

TagMan #R417% gPCR R MAA F 4 20 uL, J i
3 A4%E 2>SensiFAST Probe Lo-ROX, I1E[M54) 0.4
uM, K514 0.4 uM, TagMan #%1 0.1 uM AT 2.5 pL
DNA B o [ NAEFFUTR: 95 CHIANE 2 min, 95 C
A5 10 sec, 60 “CiB-KIEfH 26 sec, ARIFH DRI
IR 40 AMEER, FEIR KD IR TR .
M Ct{E/NT 35 B, A NHMEELE R, Rz M.
1.2.3 BT LAMP = qPCR 45 1A= %
BE

Rtk FIFANER N4 DNA SREGRA & B
FAERE R JREGLE 4 DNA, HRH R e
PR AIRT 78, 430t 8 RRSEIG Bk R 4] DNA
HATY Y, DAVPIR 2R

REE: PHATBOEH E VIR BN 5.0x10°
CRU/ML, SRJERHRELT I 10 2 B A SR A
“H DNA, HIT-SEif nf 4k LAMP Fi1 gPCR [ R
1.2.4 PMA IAEREARAL

REYE, B PMA WEARRE, N7 35
A RN PR HIREE, 23 E PMA KN
5. 10. 15. 20. 25 130 uM, Ll 5.0x10°CFU/mL ]
FEBENSEI N5, 23t 5 min 5 =5 5% & A1 30 min LED
FRFOOEIRG, B BNETRIUSAR, PR TS ATk
LAMP F1 gPCR 1314,
1.25 PMA 432 8 % E E R

SR PR IR FE S o PMA ALFRIICR, R
B, AMU TR B L () PMA, B2 higisims i,
WG CLR I o N T SAFEAEMIPE IR, AR E
R FR B HE IIHCN 5.040%. 5.0<107. 5.0<10°,
5.0x10°, 5,010 CFU/mL, 5% IFEE DNA [ 1
RE TS Hieoe 4 TR R5E -
1.26 FEBTHAL PMA-LAMP 547 7 ik A=
PMA-QPCR 547 77 ik 6432 52 B R B K3

(R MR R AE 10° CFU/ML,  HLAARAR K
500 uL AAE, SRJEKE 10 f R AR RE TR PSS
TEHE ] 5.0x10° CFU/ML [, 14 BRAEIS
BAW, BG4 PMA LCERFFHEEUERIZH DNA, s
DNA b H T IS S S2 i rf A4k LAMP #1 gPCR
R B RNER 34 PAT.
1.2.7  FEETAAL PMA-LAMP 7 k4= PMA-
qPCR 7 ik AL IR A%

T B it b, S0 EhR 7V e
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HONRIA MR E B M, SR JEHREL 25 g FEAA o il
51K, NN 225 mL 3% AN IIBRIE 2 A IRK, Ao
RS BRI RA M PENE 10 (5B EEARRE, —4B
TR, SRR BRI M 1.9x10° CFU/ML.
W S — BRI 2 SINE] 1.9%10° CFU/ML fRIZEE 4
W, IEANESY, SRS N TS YL % hr S S 3K,
PMA Ab3E 5 HEH DNA, FFdEAT SER rT 4k LAMP Al
gPCR [ 8L, HARMES 3 1 PAT.
1.2.8 IRt o
NG T R A 52 11 37 I AL 15 K = e ot 2

OMT R, GFEIEEER, M., B f6s a5

(£ 2) , G¥ AT G RBE , 4
FH SzB AT AL, PMA-LAMP AT PMA-QPCR HEATHG
Sifkgiirgaik (Hbx GB 4789.7-2013) &5 b1 T 5 Lt .

2 HRESH

500 |
400
300 |

2 200F
e
100 |
0 &
-100 -/
Time / min
b Amplification
1500 |
1
1000 |
2 9
I~
500 |
2.8,
10-16
0F ?
0 5 10 15 20 25 30 35
Cycles

&1 BliAMm4aNE LAMP F0 oPCR #5514
Fig.1 Specificity analysis of LAMP and qPCR assays for detecting
Vibrio parahaemolyticus
JE: a: LAMP RZ; b: gPCR RE. 1, 9: S|zdwpHif
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H; 2-8, 10-15: HEsliAdMiNE HAk; 16: Mkt

2.1 szEr AL LAMP Fn qPCR 45 3 M A R 4

i3

SEFATAAG LAMP R 757445 6 7 LAMP R
R EELR R IR i, TP R M5 toxR FERIAH G
FEHIRIT LAMP 514, %) LAMP J Rk &%
AT T, A5 MP U . FHEERR . 4b
SIS NS EELL . AR AR IR AN Mn? IR
i AL S AT R4 LAMP J2 A4 22811 gPCR 14 £t
A7 B P R S R, S T3k LAMP
Ji2F1 qPCR 52 R BIg5 SR AT LU H (3R 1 AT 1,
Bk 7 BV I SR A B ST R S e B A, AR B
HEBATESE H

500

400 -

300
200 -

RFU

100 -

-100 &

Time / min

b 2000 - Amplification

1500 |

1000 -

RFU

500

C 20 - Standard Curve
25
g 20r
E sk y=-1.2143x+29.303
2 R*=0.9913
i—‘ 10 -
5 |
0 1 1 1 1
0 2 4 6 8 10
Log CFU
d 40 - Standard Curve
35+
30 -
25+
O 20+ .
15+
" y=-3.0868x+38.99
R?=0.9926
5 L
0 1 1 1 1 1
0 2 4 6 8 10
Log CFU

B2 BEIEm 4IRS R4 LAMP F0 gPCR 45 R B1E
Fig.2 Sensitivity of the visual LAMP assay and gPCR assay
7E: & LAMP R EL; b: gPCR REZ; c: LAMP 7 k47
A &5 d: qPCR 7 ik A7 w2, 1-11: 5.0%108, 5.0%107, 5.0%10°,
5.0x10°, 5.010°% 5.0x10% 5.0x10% 5.0x10", 5.0x10°, 5.0%<107,
= G AR
BB, PR VARSI R et R, YRR
Ao HHAH R BUW B, 5 HAR S IRPEAE I TEAE R R
RIPPEAIGLL 10 AAFEHEE BRI P e S R 21
DNA A#EtR, 3 ldEA7 SEit nl A4 LAMP A A
gPCR Aarill. M&EFE Erf%n (& 20, SEiaf#ifk
LAMP (] R 85 1% %] 5.0x10" CFU/mL, R®>y0.9913,
5 gPCR (R*=0.9926) —%{.

22 PMA TAEREMRAF4FE LR

PMA {EA—Fh DNA g5&4ek], fefghs ki
AU IR IRANEE, HEALIAEA S DNA 454, 3
TELHE % DNA i %, IHGIRIERS G, M
TR R X A3 EiE B ) H ). PMA WKL &, S8 inss
WA, 2 NITEVE e AR JEAIAE DNA 1
g, BRI, BiE PMA R
FEI 4 20-30 uM (] 3), W EAGF A, ik 20uM
N S5, 4FEEKE N 5.0x10° CFU/ML K LA
T, BISERHE N EES AT 100 (8 4), T
YEWREE N 20 uM ) PMA 4ekl gt 5e e 3HISE B Ry 48
S5 W FE T, 1%5E PMA S5 & A4 5 min,
Wi 5 LED ATHEE > 30 min.
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23 S H AL PMA-LAMP # PMA-GPCR

SV I S2 I T AR AL PMA-LAMP K R A 5.010°
CFU/mL, 5 PMA-gPCR &35 W)4 (KE5)

wE
a
300
200
= 100
E 1 2 3
or } 45
500 -100}+
400 -200 C 1 1 1 1
300 0 10 20 30 40
= 200 Time / min
E 100 b 1400 ¢ Amplification
0 7 1200 -
-100 / 1000 |
0 40 - 800F
Time / min E 600 |
b Amplification 400
1200 200 L ) 2 4
1000 - oLk 4-5
00 L 0 10 20 30 40
2 600 Cyeles
2 400 | & 4 PMA SbIBEE_EFR
200 - Fig.4 Upper limit of PMA treatment
ol = N %%: a: LAMP BURZ; b: qPCR R, 1-5: 5.0x10% 5.0107,
0 10 20 30 20 5.0x10°, 5.0x10°, 5.0<10°CFU/mL.
Cycles 4 | 2 3
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Fig.3 Optimization of PIMA concentration

E: & LAMP U RZ; b: gPCR AR, 1: O uM ZFE4g5L
®;2: 5uM ZAAILHE; 30 10 uM A ELE; 4: 15uM &
ILEILH; 5 20 M KB HILE; 6: 25 M A ELE; T
30 uM L FeGLE; 8: MMTER,

T PMA [IAbEE, AHFITEE ST 7 B ey
[KISEIATRAL PMA-LAMP Rl 753 . #84 5.0x10°
CFUML SEH IAFAE T, 23l 5.0<10° % 5.010™
CFU/mL 7 MEREERTEE, i BEIE R A, KH
PMA 43, HTREERL . FRIEE 3 M0, 75
BRAZ PMA KEFEfY 5.0<10° CFU/ML 265
PMA AbH I 2EAT B AN B P . 45 5380, RIS ik

[E]3. PMA SKEEALAL
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400 -
300
200
100 - /82 /3 /a4

oF = 5.79-10
-100

-200{,

RFU

0 10 20 30 40

Time / min

1200
1000 |
800
600
400 |
200 F 1 8 2
o= . = T -1
0 10 20 30 40
Cycles
5 BliAMm PN EESEETATAAL PMA-LAMP &0 PMA-gPCR RENE
Fig.5 Sensitivity of visual PMA-LAMP and PMA-gPCR
72: a: LAMP BJZ; b: qPCR E_i, 1-7: 5.0%<10°%, 5.0<10%
5.0%10°, 5.0<10%, 5.0<10%, 5.0x10°, 5.0<10'CFU/mL; 8: PMA
LG LEE; 9: PMA LIER4IE; 100 FMATHE,

RFU

2.4 52 EHE[ ALk PMA-LAMP 1 PMA-GPCR #:

A AL By R AR

FEREAERERIG 10 BB R R R I 1 73
5 10° CFUIML [IAEHARIE A, SRJE7 BTG e T4 1
% 0 FE A, T S A AL L PMA-LAMP  FiI
PMA-QPCR 8. 455 RHT . R P e St m] 4
1t PMA-LAMP it R4 11.9X10° CFU/mL (& 6),
PMA-gPCR iR B34 1.9<10°CFU/mL.

400 -
300 -
200

D
&

100 +

0 -?——/
/
-100

0 10 20 30 40

Time / min

b o
1600 L Amplification

1400 |-
1200 |
1000 -
800 |
600 [
400 -
200 |

RFU

0 ' 10 26 30 40
Cycles
6 BliA MmN ESEAT A4 (L PMA-LAMP iR B HE R BUE
Fig.6 Sensitivity of visual PMA-LAMP and PMA-gPCR for
detecting artificial contaminated food
7Era: LAMP BZ; b: qPCR E_E . 1-7: 1.9%10°%, 1.9%10°%,

1.9x10°%, 1.9%10%, 1.9<10%, 1.9x10°% 1.9x10?CFU/mL; 8: PMA
HIEALE R AR, 90 PMA A4 4L E a9k, 10 1A
PEXTRE,,

2.5 SEITAF G

7 3 BB E SR
Table 3 Detection of Vibrio parahaemolyticus in actual samples
EETTAL PMA- PMA-QPCR %32 dkik

Ha  HE
T LAMP Fa R AR PR

KB 33 8 7 7
e 10 6 4 4
e 5 2 3 3
s 7 0 0 0
4 1 1 1

Heid 3 0 0 0

HHEET 2 0 0 0

faf 7 0 0 0

et 1 0 0 0
it 72 17 15 15

¥tk %% 23.61% 20.83% 20.83%

—RAHOLT T RERIRE SR A T AH
ARG ST R, Bz i R AR R
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SIS R SR EE, AT RS, T
IEPEVERE TR AT IE M RTIE P IR (68 h), DI'E
SRR TP TIAN B - DRI AR it T A 8 R % e o7
L5, S AT R4 PMA-LAMP. PMA-QPCR FIf£4:
BEFRE = PRI T Bein f5 TR R (A 220 8 hy 8 h
F13d, 5N 23.6%. 20.8%F1 20.8% (% 3).
55RO ERL, AT PMA-LAMP J7iEH I
2 IMEPE LS R, BB 2.8%; 1 UFEahARAG H,
BBAPER 1.4% . i Bl BH PR 5 8 B 1) R 3R 2
PMA? A it B 0 Il /2 3 7 T 9 AR ARy adt
— IR L. R RIS R, HRFRESE R
THFEAFFRN 95.8%, (HSEH A[¥i4k PMA-LAMP J5
PARAERE, RIS, MMk, HEE
PR AR B e HERf I e S5 SR, 7R DR AN i e Hh B L
eI

3 Zhip

3.1 ESER, POLER PCR ECH) R T
DA PR, AR R S s, 1 BT Lo
SEETNTZIRFE L, A2 5 IR Yeids s I BE 1
LG, BRI, 99 E R PCR A NARFIFUL 84 24 5
B A IR PR S ek L DA 3 2 B izt i DX 4
SEI RTAAL LAMP J57: 34 IR A8, BLA
AT SR kLR S e g, N R S e
AL CLFBT R PR, 55 3 B SR TR 5 )
B2 TIRGFHIfRDL . VER—FP R, s 4R
ok NG BRI B ARk, AR GIR
THEE . TEARRFFH, BAME BRI eEEm A 2R
POLER PCR X, YIBRZE LAMP J7iE 2 &)
BT, S TG PMA-LAMP ({152 SER AL AT S5 1k 4
H NS TRAIITT LAMP 807 73T S HLf
3.2 HEFiHm PMA (ERZCRINERAIRS, ik
B MRS ShIREESS . BbAh, HIA BRAIHK
JEB 2 PMA IS & 38508 . Pt 7k, Himil
A A P BB, PMA (R R 0, (H
[ I PR T LAMP T qPCR S FRIRE Sk, PRIHAE
IR BRI 51 0T, TREATANRUT . 4T SEPrkt
RIS FE P o0 2 0%, AR ERRTIG R AP IR
Jo, NLE R EARE B PMA Ab#E,

3.3 AHIF T S A E VA It R I T S AT A4k
PMA-LAMP Kl 7572, RN EEN 65 °C, S [H]
%% 60 min, FHAHRAE S E R PCR AR,
IAF] 5.0<10°CFU/ML, Ff H 5ERLINE . ¥ TRE.
B e 1 S LA R ESOR A 2 A TE A U
o HAERAMNGE B AR, AR 2 2L
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LU 5 R T B AR S I TB] RIS AR, TR 38 S
MG E K. SRR PMA-LAMP KRl 77 ik /& —Fh
fi B, FRbEm REUERIPUEREN, JomifK
WSS SRR AR AT B, RIS REHEERAE B T
o, G IUERBITERSER, ERRALER I /1
TR PR %5 T DAFESE R Sz s X ) pRIdeR ] 7 0
HESREHT, AR AR ARG sk ) F 2 T2 RN

B T K

[1] SuY, Liu C. Vibrio Parahaemolyticus: A concern of seafood
safety[J]. Food Microbiology, 2007, 24(6): 549-558

[2] RE Bk, 5 T W B - RO AR L I EIE
A IRE G B U J7 1L 5 [3]. & b 5 AR BRI,
2014,33(7):682-689
WU Shi-jia, WANG Yan, DUAN Nuo, et al. Novel
immunodetection method for Vibrio parahaemolyticus based
on magnetic separation and upconversion nanoparticles
labeling [J]. Journal of Food Science and Biotechnology,
2014, 33(7): 682-689

[B1  XUFHg. A g AR BRI FE[0]. b [ Bl AR,
2004,16(1):3-9
LIU Xiu-mei. Studies on the techniques for the monitoring
and controlling foodborne illness [J]. Chinese Journal of
Food Hygiene, 2004, 16(1): 3-9

[41 B SC W e, 45 BIVA I PG 2 0 R RIATT Fe it e [0].
AFEL DA 5T PR, 2013,24(3):65-67
CHEN Mao-yi, HU Jie, CHEN Ting, et al. Research progress
of virulence genes of vibrio [J]. Journal of Public Health and
Preventive Medicine, 2013, 24(3): 65-67

[5] Nakaguchi Y. Contamination be Vibrio parahaemolyticus and
virulent strains in seafood marketed in Thailand, Vietnam,
Malaysia, and Indonesia [J]. Tropical Medicine and Health,
2013, 41(3): 95-102

[6] k&4 BIVE ML IR R S F A AT FU0E R [J]. & MR EE 22,
2014,35(25):5720-5722
ZHANG Qian-hua. Progress in laboratory detection of Vibrio
parahaemolyticus [J]. Jilin Medical Journal, 2014, 35(25):
5720-5722

[ EHE,7EENFILIEREE ELISA PRIgURIE R @A
[3]. & LolkRH,2007, 28(6): 205-209
DOU Yong, NING Xi-bin. The establishment of indirect
ELISA rapid method for detecting Vibrio parahaemolyticus
[J]. Science and Technology of Food Industry, 2007, 28(6):
205-209



MR BRI

Modern Food Science and Technology

2016, Vol.32, No.7

(8]

(9]

[10]

[11]

[12]

K, B B S UK S BRI T S - SEIN O SR B i
25 B2 PR T A I i ity o ) I e SRR ). & i R,
2014,35(4): 107-110

ZHANG Lei, ZENG Jing, WEI Hai-yan, et al. A novel
method  of

nano-Immunomagnetic  separation-Real

time-polymerase chain reaction for detecting Vibrio
parahaemolyticus in seafoods [J]. Food Science, 2014, 35(4):
107-110

Khamesipour F, Noshadi E, Moradi M, et al. Detection of
Vibrio spp. in shrimp from aquaculture sites in lran using
polymerase chain reaction (PCR) [J]. Aquaculture, Aquarium,
Conservation and Legislation, 2014, 7(1): 1-7

Kaufman GE, Blackstone GM, Vickery MC, et al. Real-time
PCR quantification of Vibrio parahemolyticus in oysters
using an alternative matrix [J]. Journal of food protection,
2004, 67(11):2424-2429

Notomi T, Okayama H, Masubuchi H, et al. Loop-mediated
isothermal amplification of DNA [J]. Nucleic Acids Research,
2000, 28(12): e63-e63

Tomita N, Mori Y, Kanda H, et al. Loop-mediated isothermal
amplification (LAMP) of gene sequences and simple visual

detection of products [J]. Nature Protocols, 2008, 3(5): 877-

[13]

[14]

[15]

[16]

882

BUFRIN, B S, H 8,525 T DNA 44k EMA 1) PCR £
ARSI 46 ) ) of A I A A P[], £ S e
2010,36(7):144-149

ZHU Ru-gang, LV Shu-xia, LIU Yue-ping, et al. Detection
and identification of Vibrio parahaemolyticus cells based on.
DNA EMA PCR Dye [J]. Food and Fermentation Industries,
2010, 36(7): 144-149

Zhu R, Li T, Jia Y, et al. Quantitative study of viable Vibrio
parahaemolyticus cells in raw seafood using propidium
monoazide in combination with quantitative PCR [J]. Journal
of Microbiological Methods, 2012, 90(3): 262-266

Fittipaldi M, Nocker A, Codony F. Progress in understanding
preferential detection of live cells using viability dyes in
combination with DNA amplification [J]. J. Microbiol.
Methods, 2012, 91(2): 276-289

Schnetzinger F, Pan Y, Nocker A. Use of propidium
monoazide and increased amplicon length reduce
false-positive signals in quantitative PCR for bioburden
analysis [J]. Applied Microbiology and Biotechnology, 2013,

97(5): 2153-2162

213



