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Abstract: A loop-mediated isothermal amplification (LAMP) method was developed for simultaneous and rapid detection of Vibrio
parahaemolyticus and Vibrio cholerae in aquatic products. Based on the nucleic acid sequences of toxR of V. parahaemolyticus and ompW of V.
cholerae, a pair of primers was designed for LAMP. After optimizing the reaction conditions, the levels of V. parahaemolyticus and V. cholerae
in aquatic products were estimated using LAMP and PCR, and the detection rate and efficiency of the two methods were compared. The optimal
reaction temperature was found to be 61 “C; at this temperature, the detection limit for the DNA templates of V. parahaemolyticus and V.
cholerae was 3.1 fg, and no cross-reaction with other common bacteria was found, yielding a detection specificity of 100%. For direct detection
of V. parahaemolyticus and V. cholerae in artificially contaminated food samples, the detection limit was found to be 50 cfu/mL. In addition,
when 50 seafood samples were tested by LAMP and PCR, 6 of them were found to be positive, but only 4 were detected to be positive by
conventional microbiological methods. Thus, the LAMP method had high specificity and sensitivity for detecting V. parahaemolyticus and V.
cholerae in aquatic products, and would be suitable for rapidly detecting V. parahaemolyticus and V. cholerae.
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W54 BIP 2uL (20 pmol/L). #M54) F3 0.25 uL (20
umol/L). #5142 B3 0.25 uL(20 pmol/L). ¥£5|4) LF 1
uL (20 umol/L). 354 LB 1 pL (20 umol/L). Bst
&1 1 pLy EFLINE Ve (RN V,) DNA B
2 pL. ddH,0 3 uL, W4T, PITERTHIEA S R K12 DNA.
{8 H DNA & 3505 S AE M B A LA-320 34T LAMP
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W IEYEICHNEE . QIR . SRR . 2 Sl A
HIMSNE DNA, %8 TR PCR M2k HF3HATH 14,
HEATXUEE PCR 52 R 56

PCR [ W A& %24 50 pL: Premix Taq 2243 25 pL+
514 toxR-F3 1 uL (20 pmol/L)- 5|4 ompw-F3 1 pL (20
umol/L)- 3#toxR-B3 1 pL (20 umol/L)- 5|4 ompw-B3
1 puL (20 pmol/L). DNA 4% 3 puL ddH,O 15 uL, PCR
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SNAFEAZECN 95 CTIAYE 3 min, 94 ‘CARME: 45 s,
57.5 ‘CiE-k 30s, 72 CZEf# 1 min, 3L 35 MER; &

Jii 72 “CZEf#H 5 min. PCR M5 G (T 1%35 EHE
B KT, DA 51 P00 EE PCR e 7tk

R 1 BLAMMINE toxk EEH LAWP 5|4
Table 1 Vibrio parahaemolyticus toxR primers for LAMP assay

HE?) A KE (I 40) A7) (5°-3")
toxR-F3 Forward-outer prime 24-mer ACTACCGATTTGCGTACTGCTGTT
toxR-B3 Backward-outer primer 22-mer GCCAGTGGCAATCACTTCCACT
AGGTGTCATCACTGGTACGTTC-ACCCAGCGGAATCT
toxR-FIP Forward-inner primer (F1c+F2) 40-mer
CAGT
ACCCGCAAATCAACAACTGGTT-GGTAACGAGTCTTC
toxR-BIP Backward-inner primer (Blc+B2) 43-mer
TGCATGG
toxR-LF Loop-forward primer 22-mer TGATACTCACCAATCTGACGGA
toxR-LB Loop-backward primer 21-mer GCCTTCTATTGAGCAGTGCAT
72 EAINE ompl EFHY LAMP 514
Table 2 Vibrio cholerae ompW primers for LAMP assay
il XA KE (#Ad0) 3 (5°-3)
ompW-F3 Forward-outer prime 22-mer CGCTTGGCTATATGTTTACCGA
ompW-B3 Backward-outer primer 20-mer TGGTGTAATTCAAACCCGCA
) ) TCACCTAAACCCAGCAAATCAGTCG-AACAT
ompW-FIP Forward-inner primer (F1c+F2) 47-mer
CAGCTTTGAAGTCCTCG
TGCTGAAACTAAACATCTGCCACCT-CCAACA
ompW-BIP Backward-inner primer (B1c+B2) 47-mer
TATGGACGGAAAGTCG
ompW-LF Loop-forward primer 22-mer TTTGTGTGAAAATGGCGTAGCA
ompW-LB Loop-backward primer 25-mer TGGTTCAGTACTATTTTGGTGAAGC

12.5 E LAMP 457 HiK5

FRAE AR & R R . B 2=y
B AERINEE . QU9 BRI 5E . EEELINE F|
BIMICE DNA, 1] DNA 3 84375 & 7 h B X
LA-320 3T E LAMP #5756 .

LAMP J AR ZR N 25 pl: SR 12.5 ul
514 ompw-FIP 1 uL (20 pmol/L). P 5|4/ toxR-FIP 1
uL (20 pmol/L). 514 ompw-BIP 1 pL (20 umol/L).
M 5% toxR-BIP 1 pL (20 umol/L). #H514% ompw-F3
0.125 uL (20 umol/L). #h5|#) toxR-F3 0.125 uL (20
pumol/L)+ #5147 ompw-B3 0.125 pL (20 pmol/L). 45
¥ toxR-B3 0.125 pL (20 pumol/L)« 15|47 ompw-LF 0.5
uL (20 pmol/L) ¥£5|#) toxR-LF 0.5 uL (20 umol/L).
A5 ompw-LB 0.5 pL (20 umol/L). 3154 toxR-LB
0.5 pL (20 pmol/L)-Bst A8 1 uL. EHLINE Ve DNA
BEHR 1 uL @A MITE Vp DNA AR 1 uL A1 ddH,0 3
ul, Y851, F 61 CH 1 60 min, SEIGLEH)E 72 CK
% S min. JIEFEMIHEAT 1%BIRHEEE Ik b, I
XU E ) LAMP 255884512617 EXCEL /K&, BA
KA LAMP 55724
12.6 ¥ LAMP R &HZ X5

PRI EELINE . BVAMYTE DNA BRI E
WRE G, A BIFHAEA K L 10 fEEUR G BEZ 107,
B HEMREABAE S 1 uL I PCR &, & vtk
Z o5 [E S PRI DNA 4 3.12 ng. 312 pg-
312 pg. 3.12pg. 312fg. 31.2fg. 3.12 fg #10.31 fg,
FEGLINEE 519, mlVE ke 5|74~k LAMP K
NEZ&AE, {8 F DNA 4 #9380 G AE I BEA 3T LAMP
48R

LAMP S WAARZ KN 25 uL:  SZEMR 12.5 pl.
514 ompw-FIP 1 pL (20 pmol/L)+ P4 514 toxR-FIP 1
uL (20 pmol/L)« 45|47 ompw-BIP 1 pL (20 umol/L)+
M54 toxR-BIP 1 pL (20 pmol/L). #h5|%) ompw-F3
0.125 pL (20 pmol/L). #5|#) toxR-F3 0.125 pL (20
umol/L) #h514) ompw-B3 0.125 uL (20 umol/L). 4k
¥ toxR-B3 0.125 uL (20 umol/L)« ¥£5[47 ompw-LF 0.5
uL (20 pmol/L)~ 45|47 toxR-LF 0.5 pL (20 pmol/L)+
FR5]14 ompw-LB 0.5 pL (20 pmol/L). ¥£5]#7 toxR-LB
0.5 puL (20 pmol/L). Bst EAME 1 uL. EAELINE Ve
DNA AR 1 L FlA 5K V, DNA AR 1 ulddH,O
3ul, 85, F 61 CHHE60min, SLIRLEHR)E 72 C
K 5 mine I MIRAT 1%I5 T EEER B UK 4T
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BIEREITR 3 Fin. ¥ LAMP ¥ 38745581t 1%
LR R AT H VARSI, HRPK &5 SR LI 2 0 3 s,
FEFLINEE . FIA MR ZE R 2 DNA JaE =4k
2y, DURTRZKAE 9B i [ 14 ot JE A 30 B Y22 1) 2%
i, FREPE LAMP 5193880 5548 20009 a6l
JKEE ompw AIEVAIMINE toxR FEK; H4h, ERLINE
190, BE IR 514 (REIR) $97E 61 CHAF T
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B 1 EELINE omow LAMP HHEEER
Fig.1 LAMP assay results with Vibrio cholerae ompW primers

X 65C 63°C 61°C  Marker

E 2 REGREXTESLINES |4 omow LAWP 2 R EIFZAR
Fig.2 Effect of reaction temperture on the ompw LAMP

reaction
Marker 65°C 63C 61C Xof

[ 3 FLREXELAMINES 4] toxR LAWP [ BRI
Fig.3 Effect of reaction temperture on the toxR LAMP
% 3 SRR RLRER HEE
Table 3 Amplification values of primers and different reaction

temperatures
HEZ] B AU A) K&l
61 38 0.58
e N 63 37 0.4
65 43 0.38
£
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S AN I I B VR A AR 28 B SR ) H 25
ney o FCHER HE AR AR e 48, LR AR A Y
DL, Rk, XCE PCR SR IS 04 4 N
AMEHIE R, 5 H AR AR T R AT

1 2 3 4 5 6 7 8 Marker

4 SE PCR #5514 LR B AR FR K [E]
Fig.4 Double-PCR agarose gel patternselectrophoresis using
specific

E: Marker &7 2000; 1 REELINE Fo 8l i5 m IR E iR
SAEM, 2 AT alEmINE; 3 ATELRE,; 4 ATERE;
5 ATAVMAINE; 6 AT AERING; 7 AFEEIMHFE; 8
ATHERERA.
232 XE LAMP #3047

FEMBEA 1, (] DNA § 460 mx 7 #k
SEUG MR SR RL . BIVA LI R S W21 T XE LAMP
T3 IR 1% 35 R B IR P VAR E X
LAMP [R5, FRHm A ) LAMP 45 R4t
7 EXCEL 1R, S5 nE 5 frs, (CERLINE. &l
WM AERL. BIVA MRV S B 2 R
74k, N6 WACEFRLINE . BIEMyTEAERL. &l
VA I INER VR 5470 IR BB RRR Y 1 2ty AR
TR AREIR B ERIR SR, PIE AR 8L R
B LAMP VR RPERLF, HSRE5REL PCR J5ik
RORYS -

0.7 F — etz
2
0.6 wyupeans
T
051 s
< 04} — EHOE
i — EY
% 031 — E#. AWLEAY
= 02f
0.1F
Y —
-0.1

03 69 121518 21242730 3336 39424548 515457 60
ff 8] / min
E5 WE LAW LI HIRGER
Fig.5 Results of double-LAMP assay using specific primers

1 2 3 4 5 6 7 8Marker

& 6 WE LAWP 45514 SEIEEAT L ik &
Fig.6 Double-LAMP agarose gel electrophoresis using specific
primers
JE: Marker &7 2000; 1 &7 EEIAE A miRE R
ARG 2 AT alEmig; 3 ATESND; 4 RTEINE;
5 KTRVGINE; 6 AT HKING; 7 R EMHEHE; 8
RTRERHRA.

24 XE5MRPE QM

24.1 ME LAMP R HE5H7

FIFALIG 1 LAMP 44 20065 82 BL AR FHE 7
JKEE DNA VR AR T E LAMP REUZ ST, 4
W, JRAATRA RN 31.20 ng/ul (L EFELIN
B EIE MR . SHARIRS), DNA HRH
HILKEL 10 SR RFREZE 107, % Bk LAMP
SN R B AAT AT G S5 R 7 FoR, Bl
FEACE LAMP Hiiast iR, MEELINE . Bl K
RS DNA BHRZ 10 MRS ERRE, 1002 107
FEAHRAE 25 min ATECIE, HIE IR RGY Mg, L
B DNA FReZ 10° 0, 338 #hiZR7E 50 min J& G
sLide, ELRIKEER (B 9) SBow, ERLINE. BIAIMm
IR A4 10 (5B E 107 1, 108,
B4 DNA AR 10° 1, 2673838, FTBLAA
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X PTG R AR Y 1 . A T BAIE X E LAMP [ R B
FE, AT 10" BATEE LY. LAMP [N 44
b SIRAERE, SHMEAC R LAMP g5 R EdE T
EXCEL £, &R TE 8 fim. g5RiER, &it%
WEE R, 4kl DNA FRZE 10°, LAMP ¥
RN, kg R (B 10 gt 52—
. FIHOE LAMP SEE6 R BUE N 3.12 fg.

| KU LAMP 7 #5525
1o} 107
10°
0.8F 10
< -5
< 06} —10
J_%( —10°
c 04+ __10n7
= o
02p 10
0.0
0.2

03 6 9 121518 21242730 3336 39424548 515457 60
fif 18] / min
B 7 WE LAW REE SKIHIELER
Fig.7 Sensitivity of double-LAMP assay using specific primers
01r M

[ e e  ——

———

-0.11
-0.2

R /A

-0.3
-0.4

-0.5

-0.6 ~

(=}

3 6 9 121518 21242730 333639 424548 515457 60
i 8] / min
[E 8 WE LAW REIEEE LI HIBER
Fig.8 Results of repeated experiments of sensitivity of

double-LAMP assay using specific primers

8 7 6 5 4 3 2 1 Marker

TR SEcI e

T

-8 s

B9 WE LAWP R B5F KU EEAR K&
Fig.9 Agarose gel electrophoresis for sensitivity of
double-LAMP assay
7E: Marker &7 DL 2000; 1 & DNA ##& 107; 2 &
= DNA ##& 107; 3 £~ DNA #HR 107; 4 &7 DNA #

258

Bk 10% 5 &~ DNA ##%& 107, 6 &~ DNA ##% 10°;
7 %= DNA ##% 107; 8 &7 DNA ##% 107,

Marker 1 2 3 4 5

10 WE LAW R EES MR HIES
Fig.10 Agarose gel electrophoretogram of repeated experiments
of sensitivity of double-LAMP assay using specific primers
7£: Marker £~ DL2000; 1~5 £ DNA ##& 10°,
242 ALFERBAUIE LAMP RHLH
Hr

Marker 1 2 3 4 5 6 7 8 9

B 11 1A RE LAWP RS SEId st 3R
Fig.11 Result of double-LAMP assay sensitivity in artificially
contaminated food samples

7&: Marker &% DL 2000; 1 &% 5x107 cfumL; 2 &+
5x10° cfwmL; 3 %% 5x10° cfwmL; 4 %% 5x10° cfwm; 5 &
7 5x10° cf/mL; 6 &% 5%10° cf/mL; 7 & 2.50x10% cfi/mL;
8 & 5x10' cfw/mL; 9 &7 2.50x10" cfu/mL.

% 8 mL AWASIIERR, R FERER 5x107
cfumL. 5x10° cfu/mL. 5x10° cfu/mL. 5x10" cfu/mL.
5x10° cfw/mL. 5x10° cfu/mL. 2.50x10° cfu/mL. 5x10'
cfu/mL 1 2.50x10" cfu/mL ()8 GLINE AR TG
PIFPEE % 1 mL, &SRS LAMP &0l 25 S 11 fr
s el 5%107 cfw/mL. 5x10° cfu/mL. 5%10° cfu/mL.
5x10* cfw/mL. 5x10° cfu/mL. 5x10% cfu/mL. 2.50x10
cfu/mL 1 5x10" cf/mL € SRR B REIR 265,
MY 2.50x10" cfu/mL [R50 P SI A H IR S
W, IXFRE LAMP 2 BLAZA I 6 SR b B B A
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FeGiiE IR TRt 4 B3 BT XUE LAMP & LL K PCR
ERLH 6 frPHYE, PIE AR 2, SRR 4. S
B AR P 2 S A I T VEAE SE PR v B — 58
e AT

50 cfu/mL.
2.5 K7 b B ELINE A0 B A AL B AR

FAAHH FCRTEE L0 LAMP £ DL K PCR 2%t

60 477K FE AT 2R LN A M e s,
4 K@ EA LI E R EELNERNEER

Table 4 Detection of Vibrio parahaemolyticus and Vibrio cholerae in seafood products

P LAMP PCR RISERA 5
SN/T 0173 SN/T 1022
Jsit Tegillarca granosa 0/8 0/8 0/8 0/8
X #& Meretrix meretrix Linnaeus 2/9 2/9 0/9 1/9
4] # Xiphias gladius 1/12 1/12 0/12 0/12
B 4T Fenneropenageus chinensis 2/14 2/14 1/14 1/14
##5 Cyclina sinensis 0/8 0/8 0/8 0/8
% $% Sinonovacula constricta 1/9 1/9 0/9 1/9

3 g

ST K it A e B RN LB s,
TR H AR i E S am b b B AR
VIEERE IR -FA I RS (GB/T 4789.7-2013) LA
R 2 R TIARAE CH B P B A
K6 77922) (SN/T 0173-2010) Al H A Fh b E LK
EAIGTTE) (SN/T 1022-2010), PiE LS AL
e sEvd, T EE Iz S % e AN RS B A
PR AR IIEOR 71 B T HRa A s e, Hil
[ Py AN B FERS N 5725987 . PCR-GER FLki . Sz
FOEPCRIED, JERIFE AL /3 HriEP) . ELISAE!
s, RERNTERZ, HREMITEMGEERLE S
MR AF R Y. RN AR e S
7, {HRAERERRRERT SCEBA, RN BT A AR
TERARIANRE , 2405 %578 55K T AR K B R HEFI AN 5 1
Gy RAIRIS I G PCR-EE FRMKVEIRGE . BRAMIE, 2
MR, R, H AN R K
TogeEl, e EPCREOR BE AR SR, R
AL, AT AR A A A v S e AR
FEIF IRV v 2 AL SR SU B it
FH BRI S AR B o

B TA% G 5 2 R0 A RS I VA R R, 1
ARG I A 2 AR S T Rl . AREEAD
BRI AT 777 . LAMPU YR A DA H bR (1)
s, SNy B b A S0 BRI AR i
(SNT2754-2011) ASZERER X EIVE i A 5K R A EE FLIIK
BRI 7 [ B E LAMP RSN 77 v 545 G 7iEAR E,
BRI I — AR S s A i I A L AR 1) [
EHAGIN, BR IS R) 48 96 255 h, RGN PREE AT ik 3.12 fg,
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