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Abstract: Loop-mediated isothermal amplification (LAMP) was applied to establish a rapid duplex LAMP-dissociation curve method for
the simultaneous detection of toxigenic Vibrio cholerae and Vibrio parahaemolyticus in foods. The primers were designed according to the
sequences of the ctxA gene of Vibrio cholerae and the gyrB gene of Vibrio parahaemolyticus, and the amplification products were analyzed by
dissociation curves to determine the target bacteria using the DNA template. The results from the detection of nine target bacterial strains and 17
non-target bacterial strains were consistent with the expected results, and the target bacteria represented by the DNA template could be
accurately analyzed using the characteristic peaks in the dissociation curve. DNA sequencing results of LAMP products indicated that the
amplified sequences were also consistent with the target gene sequences, further confirming the specificity of this LAMP method. The
experimental results showed that the detection limits for the two target bacteria could reach 100 fg DNA/tube. The results suggest that the
established method has a high specificity, and can be used as an important technique for the rapid detection of two pathogenic Vibrio species in
foods.
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Table 1 Sequences of primers for LAMP

B AR /B0 3457 (5'—3")
F3 CTCAGACGGGATTTGTTAGGC
FEEEMEEING ctxA AR B3 GGTATTCGTCAAGGAATTTTACACC
(GenBank: NC_015209.1) FIP TGGATGAGGACTGTATGCCCCTAATAGTTATAGCCACTGCACCCAACA
BIP CGAGTTCATTTTGGGGTGCTTGTAGCCCCTATTACGATGTAATTGTT
F3 CTTACCGTCATGGTGAGCCT
o n B3 CATTGCCACTTCTACCGAGATA
B INE gyrB A E
FIP CGTTTTGCTAGGATGTCGTAATGGCGGTTGTGGGTGATACGG
(GenBank: NC_004603.1)
BIP TATCAAGCTTATTGATGAGCGCGAAGAAGTGGTCTTGCTTGTCCG
LOOP CAAGTGCAGAAACTTTCTCTAACAC

L2 P

Mini-Opticon %% PCR 1%, Basic ! HLHkAX .
Gel Doc XR % H B SR 24 (Bio-Rad A F]);
Veriti 486 PCR 1Y (AB A7),
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36 “CH53% 18 h Ja#E 4l B ZE K 2H DNA.

132 3 EREAKRANGEL

A 25 pL SRiqg 2o, Horb & I i B T
1Y F3 % 0.02 pmol/L 514 B3 % 0.02 pmol/L. 0.9
umol/L ZE ELINE 54 FIP. 0.9 umol/L ZE &LINE 514
BIP. 0.6 pmol/L VI 45KE 54 FIP, 0.6 pumol/L
B M PEIRE 514 BIP. 0.6 pumol/L &IV ML # 3
51 LOOP. HABLH /645 2.5 uL 10x MG PR,
0.8 mmol/L dNTP, 8 U Bst X &, 1xEva Green Wt
Jukl, 0.64 mol/L FEH%, 1 uL J:KZH DNA $eHGR
I HGI 1] 4 100 min. 7 AR R 2461 N S50 560k
R IIE MgSO, IR A AT SR .
133 4HFFtegmFiie
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— DI I 1
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SE 1 ng/ul FIHREE 10 fEREFEMIREZE 1 fg/ul. N B
d 8 LAMP £l 5755 PCR &0l v, 43 ilErst
PR BRI SR SR 4 DNA #4784 H
o BRI 7 SR AR A E A . — EE LAMP #8315 5]
SR A 38 i 2R AN B AR BRI L bk A 7 UM 82 4
J, PCR A DAB B e e i vk 7 N 82 45 IR s i
PCR J A& Z 3404 0.2 umol/L F3 A1 B3 5[4 (JF41
PEWEE 1), 2.5 uL PCR TilJE, DNA $2HUK 1 L,
N ZAS R 95 ‘C Smin, 95 C. 30s, 56 ‘C. 30s,
72 °C. 30s, 30 MEF, 4 CHAF. BANKRERER
DNA B HIEAT 10 SBSZIER, HHEAHKRE DNA
BRI 10 YN A 1 IXTGVE SR 45 R, %K
FEEAREB N B ARSI R U, Tk ) b —
FRREIR FE A REASA 8 A s A R AL o I DAY
PRI FE R ZH DNA 1N M R
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FERZH DNA #5452 PL 1:150. 1:100+ 1:50. 1:10 Al
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DNA BB IR B [ 2 7E 1 ng/ul, P8 R MEE L
JEE R DNA 8k 52 P 1:2004 1:1005 1:50- 1:10
AT 1:1 TR A DNA BIR . 4 5B A DNA AR 77
HHT 10 IRZ HE LAMP W IR TIG AL 24T, LA
AR —F B AR 4] DNA Bk & & e, 5
—Fh EH PR LR 20 DNA BOb (R R 0% . 454
WL DNA BRI 10 K 1 IRTCEM SRy
WEER, ZIREEARE e AR A I REE, 1
IR b — R MR B RE A A B A ) R
FEo DRI LAV SEI B F2 K120 DNA 1E AR X R
13.8  AEIEE S b LGRS 60 A A AT
pri Bty

W reae 2 M SLY B AR I 5 4 Fh T
3% SN PR KIS R, 36 CHEFR 24 h )E,
PAAE A /KPS b = SC AR DUNZE R, 525 HH SRk
OLor 5l 2% 10 U Bdnl = o3 2 M 2 LA BB
10 3 B DI FHAERE S AN 10 (RSB PEAE S
Ty IS S AEA ) 130 HLRAE (7K™ iR EL SR

VR RADUAE fot FH B S 70 ol LA AR S0 3 37 PR 92
FIAR AR A7 i AT e MG, 3 LA R
ERINE Ul 2 N

2 #R51He

& 1 AN[E] MgSO. SR 18 F=491e8 ik 4a R
Fig.1 Electrophoresis results of amplification products with

different MgSO, concentrations
E: a, £EUIKHE; b, 810K EH ; M, DNA marker DL2000;
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1~5, MgSO, #43& 5% % 3.8 mmol/L.4.2 mmol/L.4.6 mmol/L.
5.0 mmol/L. 5.4 mmol/L.

[ 2 REHIEREY =8 kAR
Fig.2 Electrophoresis results of amplification products with

different temperatures
E:a, EEUAHE; b, 81 0INE; M, DNA marker DL 2000;
1~6: ¥ 3GBmE A4 60°C.61°C.62°C.63°C.64°C.65C,

2.1 ik MgSOs IR E Ak 9 3R

FEER R M EE LN FIE A & 2L K2 DNA
TEANE] MgSO, R FE 61 R Ry B 25 R 1 phow, 18
AR ML T I 2 R 2 Fos. Bkl A,
2 MgSO, W FEN 5.0 mmol/L, ¥ IR A 63 “CH,
XA AR IE R DNA 3 88RO BEAR,
I3 IR 3 B 46 o BT R B MgSO, Ik
9 5.0 mmol/L, Y GIREEA 63 C.

22 WFRERERIE

Fluorescence

Cycle

(& 3 LAMP Z35H 15 E
Fig.3 Fluorescence curve of LAMP amplification
X5 9 Mk HARB AT 17 #R3F HARTE IR 4 DNA,
PAJ 2 Fi B FRE TR G R I 2H DNA 1) 3 AT 3
ZER S8 EDO6E E PCR ST VA,
HARTE SRS DNA [ 3 CHATY 13 LI Ly 1
2k, maEEARESTCT G (B 3). 3
LUK SR P28 S SE 4 i g R — 30 (B 4).
AN F RIS, WERAATT R R R
B AL INER A EIA ML SR R R 20 DNA R R AR 51

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS5 16 17

m
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e
1 1 R B} .

[ 4 LAWP #4416 k&
Fig.4 Electrophoresis pattern of LAMP amplification products
J£: M, DNA marker DL2000; 1-4, EEUKE; 5~7, 2|
BAIRE;  8~11, HARINE; 12~17, FBAFEHGEE A,
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Fig.5 Dissociation curve analysis of LAMP products
E: a, EFUAE; b, aAIRNE; ¢ EEURF AR
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IR,

B = E O B PCR A ERHTIE R M2k
NG RI: R B MEERLIE DNA ¥ 3874
PRI AR i 2R 06 U BILTE 81~86 ‘C 2 1A, Hifk g HElfE
83.5 Chiti (B 5a); H—RIWA ML DNA 415
VIR R 2606 HELAE 86~91 “C 2], b i ai
1E 88 ‘Chits (& 5b); r=Bi g Mg BLY B AR i
INEEVR A 2L K40 DNA [ 38 =4 NITE 81~86 °C 2 [H]
H186~91 CIalgA — At £ (B 5¢). it
AL, ASZIGATE ST ) — 8 LAMP K44 RAME AT #E
Tff A W00 7= 2 2% 1 B L S TR AR 1) i S A 36 R 4
DNA, T1fif HaJfEt— ST Is it e s, SREnHE
B BARTRAS B . A5 7E 83.5 “C A AT H A4 ik th 2%,
ULIAAEAE =B R MR LN 2L R 24 DNA; #4578 88 C
JeAn AR AR M R0, 150 B A CE RV a1 IR 25 DRI 2
DNA; 7 83.5 ‘CAHl 88 “C I A [FlHT Hi BN AR i 2804,
IR PR P R R M E LN R4 DNA X
I R SR 2H DNA.
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(& M 1 2 3 4 5 6 7

[ 6 iR BERTEE
Fig.6 Sensitivity comparison of multiplexed LAMP and PCR

JE: afeb A LAMP ¥ 3845699k E; ¢ F=d % LAMP
T T Y &K, DNA MR (VA 10 AR ) K
I ng/L %) 1 fg/L; e#=f % PCR ARG ERE; a. c A=A EELL
IRHE; b. dfe £ A SN RIRE; M A DNA marker DL 2000; 1~7
7) DNA BARRE (VA 10 13HH5 ) A 1ng/L 3| 1 fg/L 694735
#.

Sl PR R R R E ELINE AL AR it
I (CICC 10435) (1) DNA #i##47 PCR. LAMP
HLUKFI LAMP G R RIN. 45 R8s, 2mpk
HARB I DNA BRI EEFESE 10 fg DNA/R N

(DNA SR INFERA 1 uL, AHZHIA ) DNA K
PRV E T DNA 58D B, 10 IRZ E LAMP
MSZIA & 2 VORRESAFIHMEY G LR itk
F AR ) DNA SRR FE %% 1 pg DNA/RSE R, 10
IR PCRBSZINRH A 2 R REIRAS BHPED 45 Bk
FEPES M 2 AR5 . M HIRSEIR S5 AT, ARSI T
AL LAMP Rl 7, o e g el
WEhZE, SRR AT, O PR E A e 2k R 2H
DNA [N R S TIAE] 100 fg DNA/JR B, i
PCR 75X WA B AR B 2L R 2H DNA A R B AC N
10 pg DNA/ B (] 6).

25 RAEAEHSANRGE

XA AR R A 2R R 4H DNA MHRJE R, 2
PR RVEEALINE SRV I FERIZH DNA K
FEEED 1:100 I, 10 24y 58 A7 gk i 2e 7 B st 475 T W
B BTN B R B A il 2, (HAIREZLE Dy
1:150 I, CANREMLSE BRIV LSRR R At e
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R4 B I IR 5 7 5 2R M E L O B 2 DR
DNA (IR FEHCA 1:100 B, 10 703 B ke ih 28 20 b
BT AT DL A BA 2 AN E bR B A A 20, H 9K
JELEN 1:150 B, HEAREM SRR d R EELIE
AR 2R, MR, WAl HARE DNA K
FERAZERGE 100 {50, 2P EE B s DNA 1L
Y RN H AR DNA 935

2.6 %% LAMP 7=yl % 3bE

Xt LLEE LI AT IV 5B PR VR 5 DNA
R Y — B LAMP 4 847 AT BRI, 25 2R
s PR EFRE DNA PRI Ren s 1, Ha
Freai RS e WG . PSSt — D RE RS
1~ LAMP J7iERe B A BUF R AR 2 1

2.7 BERURE e oFe ST A I X PR S

i E LAMP Al 7 5% B i 4 AR UL RS (b
FFEAS ) LR S PRSI 8 S5 b 7 v RS &5
Widr, HAIRE R RS R ST e A —8. Bk
(1) 130 4 A= 7K™ it FLSERE i, A 21 fsr HH I
P, BHEN 16.2%; ArAFE PR E L
SN . AR, Frdar i — = LAMP Kl 5y M &
FASEE B ARSI AN 1 d, I Es YR, &
WSRO AP IR G AT/ 3 h RIS S, ARl
TR FE BARG 3~5 do

3 Zig

3.1 HT LAMP Rk Z&Mp A& 5 %0t 8 PCR 3
%, [FEWICERAIERR B AR5 B =P e R A
RE R R I A 1 o2 X 43, R 5| 0 B o HBER PR A
BT RESR, (HN AT R&MER G EZ b
FAEPFHEUR B DNA ARS8l G o. AR5
R SONAR RN T e B AR SIS | YT
P R, AHIE AU R I (AR T 5
YUt RN T 1 %3851, BERE T ERRPE
FIMAESNE DNA [ 8 30%, (FRRR E AR e 2% R 20
DNA ] LAMP 4 S8 RCRAX—8. it x) bR
PRANAE BARTERR AR, LA 38 =P il 5 34,
FAIIE T AT ERR R

3.2 YN E LAMP BT R IE S R,
AT EEHY B B O MR TE, BB BT,
LUTHEB, NInT B e AL R s
FIIREB, MR R S BRI B AE, 7 Bl Siie =
Jagt—1EDOE & PCR (X L TAMRINZR b, AT
B e AR P B S 1 H b DNA i e R B, ie

#& PCR X EHIR KB, #REVE N —H LAMP ¥
T, SRS RAFIY SGRCR, HBAPEDY 1
FEYIREAE R E B PCR A AT HERR IR Hh 4 40
Br, HEASNE BRI F Al PR
T,

33 ASCHTESLH T E LAMP 4R R5 iR H bR R
[KIZH DNA (IR R B4R 2] T 100 fg DNA/R MY
B, B PCR AN R SRR = 1 100 fiF . (HEIE
AR IR RBE, S5 AR T &
at, AT RRE G R R = H AR R, R H AR
DNA BRI AR A6 L BRI H AR S 1 5 3 i+
EG R IIRES (PR, IR S BRI
FHEMAD, 1] B & 4B DNA SKIREG 1
AR, A A A, A T I . (HEH
BP0 H AR B AR 4 A T U5 PCR X
SRS, EAPTHS BT, M. 5IkRid
S5 AR, RS TE AR
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