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Abstract: The heat-sensitive hemolysin (tlh) gene was used as thetarget in this study, and loop-mediated isothermal amplification (LAMP)

conditions were optimized to develop.a-method for the detection of Vibrio parahaemolyticus in aquatic products. The LAMP reaction system
was catalyzed using Bst DNA polymerase/and the reaction proceeded at a constant temperature for 60 min. The amplified products were
identified by 2% agarose gel electrophoresis and SYBR Green | staining, and all reaction parameters were optimized. LAMP and polymerase
chain reaction (PCR) amplification-were performed.after ten-fold serial dilution of the fresh bacterial culture, and the sensitivities of the two

methods were compared. LA performed on 32 foodborne pathogens (including 25 strains of Vibrio parahaemolyticus isolated from

aquatic products; Vibrio parahaemolyticus strain ATCC 17802, Escherichia coli strain D5, Staphylococcus aureus strain CMCC26003, Shigella
boydii strai

4, &illus cereus strain 63302, Listeria monocytogenes strain 54001, and Salmonella Enteritidis strain 50041), and the specificity
of LAMvas

ified. The reliability of LAMP was evaluated by measuring shrimp samples contaminated with V. parahaemolyticus culture.
The optimum conditions were as follows: 3.6 mmol/L magnesium ion, 0.96 mmol/L dNTPs, 4.8 U Bst DNA polymerase, 8:1 ratio of inner and
outer primers, reaction temperature of 63 °‘C, and reaction time of 60 min. The detection limit of the LAMP assay was 1 CFU/mL, which was
lower than that of the PCR method (1x10° CFU/mLY). In specificity tests, all 26 strains of V. parahaemolyticus were positive, and the other six
strains were negative. In the detection of artificially contaminated samples, the detection limits were 1 CFU/mL and there were no false positive
results. In conclusion, the established LAMP assay is a simple, rapid, specific, and sensitive detection method that is suitable for the rapid on-site
detection of V. parahaemolyticus in aquatic products.
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1.3.2 DNA A 9% &
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WP tih ZEF R X 3 (GenBank &[5
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Table 2 Primer sequences of the tlh gene. 7 %

Fik HEZ) 714 /53(5°-3)

LAMP tih-F3 GGCACAAGCGATGTACTACA

LAMP tlh-B3 GACGCTGCACACTCAGAG

LAMP tih-FIP GCGCAGAAGT%STCTCGAAG&?GGWACAACATCAC
LAMP tih-BIP GGTTTCGTGAACGCGAGCGACGCAA GTGGGTGTAC

PCR tih-F AA GCGGATTATGCAGAAGCACTG

PCR tlh-R GCTACTTTCTAGCATTTICTCTGC
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F1BIP % 4 pL, DNA b LuL, 8 U/uL Bst DNA £
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R A, Gerpbiml: 76 25 pb RAEHIIA
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PR R B E R o, WSs SRR
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Table 3 Design of parameter optimization in LAMP system

HACS S RIS
Mg?* &/ (mmol/L) 1.2. 24. 36. 48. 6.0. 7.2
dNTPs R & /(mmol/L) 0.64. 0.8. 0.96. 1.12. 1.28. 1.44. 1.6. 1.76
Bst DNA &&&/U 0. 1.6. 3.2. 48. 64. 8
AEOEIEZ 124 41, 6:1. 81. 10:1. 12:1
JRAL B 18] /min 20. 30. 40. 50. 60. 70
B 8 &) C 57. 59. 61. 63. 65. 67
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FH5E PCR /EXTLL, 3HHREE. PCR 25 pL x
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1.3.9 AT AN
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I3 STRAERE S (IR R, =iRE 4h J5, B
mL JCBH 25 B KRR, ) 1.3.2 AR
B T T % A TR SR R 2H DNA. %X 1
BRI 1.3.6 SRR N 1A R BT LAMP
AEELE R, 15 H N 75 Y S AS I PR

2 HZBRG0Hh

DNA BN 1.3.6 SIS AR RREATR, 7> < .
: e

21 LAMP R ZAH

B 1 BIEH3IE ATCC17802 LAMP 3 H4E
Fig.1 LAMP results for Vibrio parahaemolyticus ATCC17802
E: a AT E)EmEIKE LAMP £ikienls R, b &8l
ZaHIRE LAMP SYBR Green | #4m#%. M &= 100 bp
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marker; 1 & FHMSTR; 2 A7)z miikE ATCC17802.

ARG FHEA Mg tih JE R R e 5 | Pk
17 LAMP #3144 ek 4 SR an s 1a fir
N, BENEMEIRE DNA G B, BIPEXS
FERY B S5 3w 1b B, PSR BLEAS
o%, BIVEXRTRRE NG . 45K, I LAMP R R5E
B o R I P SICE thh RT3 T IE A 1

22 Mo* W E o =

a
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& 2 Mg”iREEXT LAMP Jz Ri B2
Fig.2 Effect of magnesium ion (Mg®*) concentration on LAMP
reaction

M %= 100 bp marker; 1 & FMHHxER; 2~7 &7 Mg? R EAR
K 1.2 mmol/L. 2.4 mmol/L. 3.6 mmol/L. 4.8 mmol/L. 6.0
mmol/L #= 7.2 mmol/L.

ARIN LAMP [ [K) Mg e BEHEAT T 1Ak
1K 2a Fios, 24 Mg® W% 24 1.2 mmol/L 1 2.4 mmol/L
B BERR T B2 A2 4R EES 9 3.6 mmol/L. 4.8
mmol/L. 6.0 mmol/L F17.2 mmol/L B F=A4f itk A
B, HLAE 3.6 mmol/L B FIK 2% R I B RN e P e
SYBR Green | frill&s S anfsl 2b pras, BAAAEXT REEFI
Mg ¥k 9 1.2 mmol/L 1 2.4 mmol/L B f 83 i
W, HRRMNBCNG G, Kk, #e 25 pb AR+
Mg [ EER S A 3.6 mmol/L.

2.3 dNTPs % JZ 8 # €

HE 3a AT 4, 24 dNTPs ¥4 0.64 mmol/L i,
PRI BERIR B 4R EEIA )] 0.8 mmol/L K,
Btk B M 4IRS 0.96 mmol/L i, Fi
BER P B fisii . SYBR Green | K645 5 4n & 3b i
N, IR R S REONAGE AR R BIRUER E
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Rltt, W 25 pL /K& dNTPs HIEERE N 0.96

mmol/L.

[E] 3 dNTPs JREEXT LAMP [ RZEISZAE

Fig.3 Effect of dNTP concentrations on LAMP reaction
7E: a & dNTPs JREAT LAMP BB &7 44 5k A 45
£: b &7 dNTPs JRExT LAMP B #7f49 SYBR Green | 4
M 2E R .M & 100 bp marker; 1 & = A t5t & ; 2~9 & 7~ dNTPs
REARAK S 064 mmol/L. 0.8 mmol/L. 0.96 mmol/L. 112
mmol/L.1.28 mmol/L.1.44 mmol/L.1.6 mmol/L #= 1.76 mmol/L.

24 BstDNA R &8 &t =

@
b 1 2 3 4 y 6 7
- . —__ x g
* [ [

[E] 4 Bst DNA RABEEXT LAW & RZEYSZA0
Fig.4 Effect of different amounts of DNA Bst polymerase on
LAMP reaction

JE: a &7 Bst DNA JAF2% LAMP B %57 49 @ik
A4 R ; b & Bst DNA A8 4T LAMP BUE %7749 SYBR
Green | #9145 R, M &7~ 100 bp marker; 1 &= AT, 2~7
4.7 Bst DNA & AB24kAH 0U. 1.6 U, 3.2U. 48U. 64U
F=8U,

Bst DNA Z & B0 N 152 an il 4a fios,
RN 0 U L6 UK, T 1, 40
X3 3.2 UK, JFaar=EBaEmm Bk B 4l
(PR 4.8 U B, F=AERIFTHRR i Bei o iE M. SYBR
Green | £t SR 4n Bl 4b B, BT R FD Bst DNA
REHEEN 0 UM 16 UK RMBONES, HARM
WG G R, #i5E 25 uL 1k & Bst DNA R4

(BUMML) FfEREHN 4.8 U,

25 AN AR e

abp

b

2 3 Bl 5 6

5 MIMSIARELLRT LAWP 2 2 HYS200
Fig.5 Effect of concentration ratios of inner and outer primers
on LAMP reaction

E: a KT PN RE AT LAMP R #5764 7K AS
275 b AT NSNS | iR B ext LAMP RUEL#7f149 SYBR Green
| #m£E R, M &= 100 bp marker; 1 &M, 2~6 &+
AN MR AR R H 4.1, 6:1. 81, 10:1 4= 12:1,

GRS A R LK R, WlE Sa
FizR, AN 4:1. 6:1. 8:1 F1 10:1 B,
B BRSPS VIR EEEL Y 8:1 I, HIK
B NiE T . SYBR Green | A& II4E 4 5b Bk,
FRPEXT R A ARSI IR Ly 12:1 I S RS
o, HARRPIONGE. B, #iE 25 pL AR5
FERI WA PIRIZ L 8:1.

2.6 KRB IA] o R

AR S TRT 45 e 6 PN, 2 s wime [a]
fi&F 50 min B, JEF=Wy ;s R N [A]ZF] 50 min
I, AR~ A TE M RRIR B 24 RS T] 4 60 min
IF, BB R B e B RS R fefd,  ELASARAIE SN
(5642347 . SYBR Green | K6:ill45 S 4n & 6b Frows,
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[ ek 0 /B N S 2B 1] A 20 min. 30 min AT 40 min .
28 REELYK
W RBSHES, HA RIS . R, ¥4 60 REUETH
min s fE S N [A]

o e | o

5,0 - e D B8 LAW g *mr&*gmﬂi%ﬁg(rg
& 6 RIATEIRT LAMP [ R AIE2A0 i iti MP and.PCR
Fig.6 Effect of reaction times on LAMP E: a R INTE R ARE 8 kA 45

vE: a ZRBL AR LAMP R %4 44 sk A ) 45 3R ; R; b A= PCRA IR RS A AT RS
b & T R AT 1A AT LAMP R #70149 SYBR Green | #2045 R = LAMP #0088tk I R AZ 69 SYBR Green | 444
M &= 100 bp marker; 1 & =BT R; 2~7 &7 R B IAIR . M % 100 bp‘ marker; 1~9 FEHBREARA A 1x10°
KA 20min. 30 min. 40 min. 50 min. 60 min #= 70 min. CFU/mL. l@mL\ 1x10® CFU/mL. 1x10° CFU/mL. 1x10*
R . U/mL. 1x10° GFU/mL. 1x10% CFU/mL. 1x10' CFU/mL #= 1

2.7 RONIRE R E hP.

1A 8a 1 8b W AIl, ASLIGFT L) LAMP J572%

(R EARKIIFR Ay 1 CFU/ML, T PCR 77 R

KrIBR g 1x10° CFU/ML, 78T LAMP 759%. SYBR

)Green | 4S5 SR P 8c fiw, i IRNEE (1 S S

/ KNG, B, LAMP 7 BA B i RS .

29 HRMER

X 7 PR 32 MR TR A, 45 R 9

JIT7R » R IR IR bR B ARRT 25 PR SEER %50 B3 1)

RIVE L IR A IR & =42, H SYBR Green |

r 2 SIS R € 6 AR R If A IR R B %o

L ': " 4 £ ] : b |
s X‘;kﬁﬂrﬁﬂ LAWP IR BETCSA R, F SYBR Green | K& N kG i
€ecC

f reaction temperatures on LAMP [RltE,  ASEES AL 1) LAMP 5B A e k.
2 A RRASR A LAMP L ¥t ikbnss £ P T TR T TR
b AR EST LAMP B % 7h 4 SYBR Green | A %, ﬂ 1 |

M &7~ 100 bp marker; 1 &-FHAMATRE; 2~7 T RILIREAR
KA B7TC. 59°C. 61°C. 63°C. 65 CA67C.

EHIE 7a BT, YRGS T 63 TR, ol
WA B4 8 57~63 CRA IR & =4, HAE
63 C 3 1441 iS5 i - SYBR Green | &4k 54 &
b i, BAMENS FRE AR SAR B 65 “C AT 67 “CH X
MBS, HARRBICAS (. Rk, %5 63 CH
AR R SR -

318




MK EmBHL

2017, Vol.33, No.6

M 14715716 1718 19 2021 22 23 24 2

o B S

2
-
-

'.": n .‘ . W \‘; .
E 9 LAWP 453 smiassR
Fig.9 Results of LAMP specificity tests
71 a. c A e A LAMP 45kt 52860 W kab il Reg b,
d #e f & T LAMP 45531 523049 SYBR Green | A2 45 5
7 100 bp marker; 1~8 & 7 &l 4K E Vp-WG15
14~17 A7 &R 4 IRE Vp-HG15.1=8; 18~26 &7
JRE Vp-C15 1~9; 28 &7 &|iAdm4 iR # ATCC17802; 13. 27
F 20 A IR 30 Aa K AATHE; 31 ATAEER Ak
%, 32 ATARKE; 33 RonHAt ot 34 AT A

¥ A B 35 F &
a bp

<2nou
& B 1200

500

100
=3 6 i 8§ 99
“q *-4--

; ! B

X W

I§l10 LAVWP #&5M A TiT3t$ M

Fig.10 LAMP detection of artificially polluted samples
E: a iﬁk’l‘/\l /";)‘7’[@7}%ua7}/l/)m éJJ %/7]47"4 JIE % b ﬁ’l‘/\

Modern Food Science and Technology

TG FA M6 SYBR Green | #4R., M &= 100 bp
marker; 1 &I, 2~5: B EHRA A 1x10° CFU/ML.

1x10* CFU/mL. 1x10" CFU/mL %w 1 CFU/mL (/A 132 #7%i%
%14 DNA); 6~9: B % 4RK# 1x10° CFUML. 1x10°
CFU/mL. 1x10' CFU/mL #= 1 CFU/mL (A &b R & 8695 %
#14 DNA).

210 AT g A

LIS YR SR AN ] 10a iR, BT Yemifore
AR B I, HLF P RPASIE] 77 ] %% DNA
ABEAR 3 AT S 0 ) ) KEi’Jaﬁu 1 CFU/mL SYBR
Green | f&45 : i
B, HRRMG

P 2 v g2 I MR B R B 1 v At
X, RS0 E NG L PCR HR SR RR

i Joidkih a2 il BB AT I SEPR R R BEE 71
VI BR KA RIS E0HT, LAMP JiiAMY

W R RSN VR PP ) 65 g A e g A
CL BB FH P it 22 Akl 4R, 2000 4E, HA
= Notomi & m%z'ﬁ? LAMP AR %77 5% #E

BRI 6 AL s 4 SRRERIESIY, TERNETER R E
it DNA REBHEN T, 1HIRZMF (60~65 C) N R
60 min 2 A7, BUAJSERAHZIRIGY 3. ZHAR 1 h )
B[R DNA B 10°~10"0 M5 DL, AR
YRS BURVELT . BRAERTR, R TR S AT
WA 1) R FE I 55t o BRI MBI (AN R i B 2 (tlh)
5 Lk Taniguchi 2584 11, tih R K- 55 9 1257 bp,
Gnfis K N 45000 FILTRRAN b HEREHERE, /5P
AR AN B g, 1%
FE RS R i IR S0w AR 26 & H T A B
ghie, ARG IHAE P E R RN S T
AT I 3 0 IR o
LAMP sz AN, ok Mg™ Kk

Bst DNA &R P45 W09 LLAT dNTPs ¥R i
N, AT ARIA IR tih R FEIER 7E
LR IO R 4 R RYES I, FE0 RR R Mg
HTANTPs UE . Bst DNA SBAGHIE . N4k
FELG ORI AR BE T Rk, B fRIE
Mg V& 4y 3.6 mmol/L, dNTPs <y 0.96 mmol/L,
Bst DNA AR INEA 4.8 U, WA IR N
8:1, el NIRE N 63 'C, JMNEA 60 min, A
1738 37— BRI B S ) LAMP 53 . Ay
TR AR TR S ARAT I R A 1 CFU/mL AR T
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il PCR MM 1x10° CFU/ML,  [FI AR T 4k
£ E PCR M5 tE & PCRM VL, whliFRE i
T N5, R WA % DNA 3T LAMP Jx
N, g5 FERKEIIIRIAS] 1 CFU/mL, REHA T %
AR AR S O, EAIUAEI . RAE
(1) LAMP J7iE0} 25 BRMCEG . FEdS RIS 25 2 i al
MR A 6 ARAERIS I E B THE . £5 R
N, B 6 BRARRIES SRR S, FEAR BRI NP,
DR A2 7 VR R S P R . ASSEIG TE TR I 28 15
%, R AKEARIA] SE BRI SRR %, 50 min
AR B S N R, By eli@Eid i SYBR
Green | 4utty, WS MR AR AL FIT .

4 5

ARG L B T R RN th B 1
LAMP J5ik, &SHEmE&MN: MTRIE N 3.6
mmol/L, dNTPs #&E 4 0.96 mmol/L, Bst DNA &
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