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W OE: EARAA M ITZNRRUBEARE, T EIIREMMES LR, LhEONEAFTLEL. REBEELRA
8 mdh & FAEBFI], & 2 FEFHEAN 4, AA DNA FA-FREY EH K (Loop-mediated isothermal
amplification, LAMP), 2 R Ak Z Ak, RAHEL T EEIRE 69 LAMP B 7 ik, Z5 kR ERLREN 65C,
60 min T AR, AIFIE AR MIE A 25 CFU/mML, 7 F R &+ FILINE 698N R4 32 CFU/g, A 33 AR B AF R LR
40 $E4T LAMP #0), EELIREHFR Faky 3. LAMP F ik £ & A4 R AW, sF 1057 brdr. B, H5, AL, A
MLB M AR ATA M, Ahd 85k, 5EFRAE (ISO TS 21872-1-2007) #il4E R a9 44%H 100% . %Rk
B, KRFRESHEILRE LAMP el 74 M., IHES. BERE, AH T EEIREG EHEG LR,

XBWAE: ANFREY N, kEkn, FLIKE, mdh & ZEE

Rapid detection of Vibrio cholerae by loop mediated
isothermal amplification (LAMP) method
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Abstract:  Vibrio cholerae is an important foodborne pathogen, mainly causes acute intestinal infectious disease. The development
of rapid method for detecting Vibrio cholerae is critical for early diagnosis of its infection. In this study, two pairs of specific primers
were designed according to housekeeping gene mdh of Vibrio cholerae. Following optimization of the reaction, DNA loop-mediated
isothermal amplification (LAMP) for rapidly detecting Vibrio cholerae was successfully established. The optimal reaction for the
LAMP assay is 65°C for 60 min, with detection limit for cultivated Vibrio cholerae of 25 CFU/mL and for its contaminated food of
32 CFU/g. The specificity of the assay was determined using thirty-three kinds of same species or closely related bacteria, only
Vibrio cholerae strains were specifically amplified. In practice, 85 pieces of positive samples were detected from 1057 pieces of
shrimps, crabs, oysters, meat and human diarrhea complex using the LAMP method, which accorded with the detection result by ISO
TS 21872-1-2007. Thus, the LAMP assay established in this study is a sensitive, rapid and simple tool for detecting Vibrio cholerae
and will facilitate the surveillance for its control.
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FEELINE (Vibrio cholerae, VC) JE5|EEHL
P JE T, TETHE S B g 2 R KAT, AT
A A = E KRR HARE LR, A
J& VC ME— B8, 32 2538 13 9l Jt 1 V5 L oK
BE B2 DALYy, IEIRR I R RIZ Rtk | g
5. KK, SET-REPY, BT E bR Y
TEFR EBL I A AL G o DR 1 b 12 W i K It
S BRRENG . A SR HURE it 45 2 1 0 e s T

HHl, VC ARk R AL B YTk
M¥E# T2 . PCR ik, ARG RS, Gn &
Y8 Ty RO AR S e AR A, (EUAS DN B ] R
K, BAOTE3~5d, A YOG EsRE ;i
B FELEHT VC iR 8, DLBUA Y I A
D, 508 s T B, By R A A ; PCR Ik
BRI, Hzws . WO & & 5
MR, )2 AR T R, ORI T AL
WY A3 Jie A 4 B R BRI B, B IR
S SR EOR, AR EOR FYE RO R, R
WA LA 85 95 el Rk, R SRR (S
PR Sy e BRI Ty i 0 R ELRE I A I
I EA EEE X

DNA PR T H 4" 39 AR & — g 2 0 15 I
MR ¥ 7k, FURR R EF XN IE Y 6 A Xk
Wt 4 5Fe w519, FIHEE B DNA RG BE7EE
ISR 40~60 min, B AJ 58 A R Y 34 & i
L G B A R R 0T A e B AT
Wi & & A W U I R R AR, 4
WL EW, BA RSN A ABF5EiLEsE ve
PRAFEESR I mdh 58 R SRS 19, ##17
VC LAMP HRIg I 77 15 BT 5T o

1 MR57%

11wy

AW SE BTl 0SS TR AR WL 1; Bst DNA
Polymerase 4 1 NEB A l; Tag DNA Polymerase .
FHEZ8 (betaine). SmartGreen 4 | Sigma 2\ ; 4l
PR PE PO & [ TaKaRa ] EAHEEH
Fi e i BPW: MR 200 g. NaCl 10.0 g,
Na,HPO, 12H,0 18.0 g. KH,P0,3.0 g, ZEIH/KEL
% 1000 mL,

Fz1 REE#H% LAMP 52 MHER
Table 1 Bacteria strains used in this study and specificity
of LAMP method

Bacteria Origin LAMP results

Vibrio cholerae O1 ATCC 14035 +
Vibrio cholerae O1 CMCC 16010 +
Vibrio cholerae 0139 ATCC 51394 +
Vibrio vulnificus AAF;%% 211%?%’ —
Vibrio alginolyticus ig(é(é 313777i79’ —
Vibrio parahaemolyticus AA}I%CC 2177;)92’ —
Vibrio cholerac ATCC 25872 +
Listeria monocytogenes ATCC 19111 —
Listeria welshimeri ATCC 35897 -
Listeria seeligeri ATCC 35967 —
Listeria ivanovii ATCC 19119 —
Listeria innocua ATCC 33090 -
Salmonella typhimurium CMCC 50115 —
Salmonella paratyphi A CMCC 50001 —
Salmonella paratyphi B CMCC 50004 —
Salmonella enterica subsp.

enterica serovar ATCC 10708 —
Choleraesuis

Enterobacter sakazakii ATCC 51329 —
Enterobacter aerogenes ATCC 13048 —
Enterobacter cloacaes ATCC13047 —
Escherichia coli ATCC 8739 -
Escherichia coli O57:H; ATCC 35150 —
Enterotoxigenic E. coli ATCC35401 -
Proteus vulgaris ATCC49027 -
Shigella flexneri ATCC 12022 —
Yersinia enteroxolitica ATCC 9610 -
Citrobacter freundii ATCC 8090 -
Staphylococcus aureus ATCC 29213 —
Streptococcus hemolyticus CMCC32121 -
Campylobacter jejuni ATCC 33560 —
Aeromonas hydrophila ATCC 7966 —

1.2 A%
121 9/ & 56K

A& GenBank H' VC mdh & FE: N5 (Accession
No. AF343303), it EPissM 149 Ve: F3 il Ve:
B3 KW 4N5 14 Ve: FIP(F1e+TTTT+E2)Hl Ve: BIP
(B1c+TTTT+B2)% 4 4 LAMP 345191, 5141551
33N VeF3: 5-GGATCGTGCGGATCTGTTC
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-3'(152-170); Ve:B3: 5-AGGTTTCAGAGCGGAT
CAC-3'(348-367); Vc:FIP: 5'-GGCCTTCGGACAC-
ACCACAG(214-232)-TTTT-AATGTGAACGCTGG
CATTGT(171-190)-3'; Ve:BIP: 5-G-GTCCCTA
TCGCAGCCGAAG(268-288)-TTTT-CCAGTGTG
GTGACACCAAAT(326-345)-3" , 5l % 1 Kk #

TaKaRa 23 Hl & 1.
1.2.2 Y ZA 4 DNA 194245

e 1 PRI AR LR T 5 mL BPW B g%
e, MR 450 20 T B Bl TR i RO AR . i L
1 mL 5 3% PR, (8 40 7 i TR A 42 O ) &
(TaKaRa), $ZHUNEFEKL4] DNA, 20 CHEAFEEH .
1.2.3  LAMP I/ HM

LAMP WK Z A 50 pL: 10x ThermoPoL Buffer
5 pL (200 mmol/L Tris-HC1, 100 mmol/L KCI,
20 mmol/L MgSO4. 100 mmol/L (NH4),SO4. 1.0%
Tritonx-100). 2.5 mmol/L dNTPs 8 pL. 100 mmol/L
MgSO, 2 pL. 40 mmol/L Vc:FIP 1 pL. 40 mmol/L
Ve:BIP 1 pL, 10 mmol/L Ve:F3 1 pL. 10 mmol/L
Ve:B3 1 uL, 10 mmol/L #{Z¥H8 2 uL. 5 U/uL Tag
DNA Polymerase 2 uL . 8 U/uL Bst DNA Polymerase
2 uL \VC &K 20 DNA #2451 uL, it ddH,0 % 50 pL.
PR X RO & VC R 20 DNAL B i S i IR A
BTE 15 mL B.O08 P, ETKBHWN, KinEE
G 60°C, 63C. 65C. 67C, fEH—ER
)5, 2 BN R I v DA T 7 3G 45 2R, LU 8
3l N T EE o LAMP SOW IR BERRE 5, AR B
A 18] 43 51 % %€ & 30 min. 45 min, 60 min, 75 min,
90 min I 120 min, 28U HEBE S L VR DN 97 1 45
A, LUB E 38 OB ]
1.2.4  LAMP 7" 1577 Y55

RS G , WK B R i, B
ik HALILEE BN R AR A LAMP 73 il
YRR BEULTE , LARIBR R R AR O, 5 LR
I, ) BRI L UK RN 2O B (TR B E
1.2.5 LAMP R /E A5

R &R VC R4 DNA (41 3 e &
A4 T 2.5x10° CFU/mL) HEAT 10 580 R BE, LA
PEAE AR, SE4T LAMP ¥ 34, i 30 i b 2 e
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FL KR 0 47 3 A4 R | (] A A AT S A O PCR AT
W W 7 ) R U EAT T L
1.2.6 LAMP #F71Eid %

K ARG ST 19 LAMP )7 L9342 &
LRI R 1P 33 MR A A FL 41 DNA, LUS IR
ENYRPNE R
1.2.7 Bl 77 R i W i 5

B 10 g 28 [ BRAREE R AAS H VC 1 fif £ )
FeEdl, A 90 mL BRPESE FURIK , 51U A
s S 1 mL 41 E A 3.2x10° CFU/mL
) VC TRk, F84MR5); B mL 2)3K (5 40 TR e
258 3.2x10° CFU/mL) #E47 10 f5E6EER B 205
W1 mL R R S5 08 5 3 A D 440 7 35 PR 2 48 BB 7
&4EHUDNA, #17 LAMP ¥4,

1.2.8  Z2uF A4

B BT ST A VC LAMP R K I 7 2k 107 46
ISR RE SRR TAR R (7 BRI B SLIR e 7S
W REA B A 2 Ak 25 R B 7 v T AL B 2 P RE AR
A B AT AN 5 X T2 i TR B Y REAR T 20
AT HRIEATAI) , HZE R S E BrbRifE (ISO TS
21872-1-2007) #EAT LA, BoiFiz i mynl bk,

2 &

2.1 LAMP [ S R9H5aL

50 uL Y LAMP W AR R 53 517 60°C . 63°C .
65C. 67°CAKITAERAMIEIRIT], 2 1.5% B b
HERE LKA I, LAMP 973845 R ULE 1A iR, 7K
IR R 60°CHY, LAMP (4 B3R 55 (K 1A,
VK 4), WA RNARIRE W T &, T IE8cCR s
I, KIBIRE R 65°CR, P IR RERAE (&
1A, k3B 2), BP RN R Rl R 2 65°C. LAMP
TR R ol R #E S5, KR AE B E] 43 303k R
30 min.45 min.60 min.75 min.90 min f 120 min,
2 1.5%3NRBEEE R VKA, PR LI 1B
FER, KU E A 30 min B, §7 1G5 0 R D
(1B, YKiB 2), B SOV R R IE, P37
(R THE Z2 , N B KRN 44 B R] 1 A % 0
AR LAMP J5 i 0038 AR TR K IR BB E ) 60 min
(E 1B, VkiE 4).

© PERZERMEVARTATIKSHES http://journals. im. ac. cn



TR L% DNA R G fe R 30 BAR DA I 2 ALK

401

1 BERKREFEX LAMP ¥ 383 R 1G

Fig 1 Effect of temperature and reaction time on the
efficiency of LAMP. (A) Effect of temperature on the
efficiency of LAMP. 1—4: amplification at 67°C, 65°C, 63°C,
60°C, respectively; 5: DNA marker 100 ladder. (B) Effect of
reaction time on the efficiency of LAMP. 1: DNA marker
100 ladder; 2—7: amplification for 30 min, 45 min, 60 min,
75 min, 90 min, 120 min.

2.2 LAMP &8 =1 s R

DL VC S H 4 DNA NERIETT LAMP ¥ 3
(ANFr VC SN 4] DNA [ REHR R BA X R, a8 i
HIWEES, 255 WoR 48 = 4: LAMP 334 /il
FEYFERE R BEULTE (B 2A), T B X R 41 R

2 VC ZEF 4 DNA LAMP ¥ & & == 4 46 N 45 5B

B, UL LAMP BEATAH S 1S s R ZEOE Wik
R 25 R o, BH A B R Y St B, T
BF X BRZH Sy 48 230 (18 2B); Bl i e v,
TRITEZE RN Bon , PHMELL & LAMP ¥ 34 =)
LR LAMP &34 LUk 25007, PR R R
KRN (K 2C),
23 LAMP REEIRWER

B 40 B B A S T 2.5%10° CFU/mL iy VC 3%
N4l DNA 747 10 f580 R R, LUREAS i B B2 AR
BN, BEAT LAMP 78, 28 1.59% 3 IEAE&E R
TRAGEIN, g LA 3 TR, DNA BEARZ 107 1%
MBS, a9 LAMP J5 WA RE E4 T4 20 1
(K 3, WkiE 8), ULHIIZIy I ny R 2 BRIk
DNA MR R 1077, BIAH 4 F 25 CFU/mL 40 14
W, 5SCRESOE PCR i AG I R AR A LG, AH
2 — BRI (FEETFOE PCR Jy vk il R BN
L IH DNA SRR 10°°, 45 3R BoR), [HM S
B oy BRAEVE L ARA M B R, ATEARK N —
AR Y 3 4%
24 LAMP $#5RMHRIEGER

il FHEE S VC LAMP K7 5% 33 k40 B it
A, 5 E 1 i, L VC Ol #f (ATCC
14035), VC 0139 #f (CMCC 16010). VC dE O1/4F
0139 Hf (ATCC 51394) SEFHMESC L, Hoth 40 5 Y
LAMP 9§ 2 [, SLEHIZ 7 2 fehe e M A ve,

Fig. 2 Detection results of LAMP amplification outgrowth of genomic DNA of Vibrio cholerae. (A) Observation of turbidity. 1:
precipitation produced by LAMP amplification of mdh gene of Vibrio cholerae, as arrow showing; 2: negative control. (B)
Observation of fluorescence. 1: negative control; 2: result of LAMP amplification of mdh gene of Vibrio cholerae shows green
fluorescence. (C) Detection of electrophoresis. 1: DNA marker; 2: result of LAMP amplification mdh gene of Vibrio cholerae; 3:

negative control.
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25 SEEMENREE

it 4 TR 4R MR B 240 3.2x10° CFU/mL B 4548
TS YR S EAT LAMP A, 4G 0 45 5 UL & 4 BoR
% LAMP J7iEXPis Qe g dt VC A I R % ok
32 CFU/mL,
2.6 KERIIEER

20094F1~9 H Wilal, {fi FHFT &7 1 VC LAMPY
X105 700 R . 8 L AhuE . RZSE SRR RR A R
TR B il b I VS P R St A TR I, TR
BF SR FH I BRam i ik AT 30 E , 25 R LR 20K,
FALAMPT5 i B9 8563 FHEAEAS , 28 [ Prodm i J7
FIAE, 5RO, BORIZLAMP L EATZ
7 R4 A3 FH 1

3 VC E[EH DNA LAMP &l R §E

Fig. 3 Sensitivity of LAMP for genomic DNA of Vibrio
cholerae. 1: DNA marker; 2: 107'; 3: 10 %, 4: 102, 5: 10°7%; 6:
1073 7 1076; 8:1077;9: 1078; 10: negative control.

4 SHRESF VCH LAMP &7 R & F
Fig. 4 Sensitivity of LAMP for detecting Vibrio cholerae in

food. 1: DNA marker; 2: 102, 3: 10, 4:107%,5: 107, 6: 10°%;

7: food control.

%2 LAMP 72 5EFRHRAE (ISO) XfLLEER
Table 2 Comparison between LAMP and ISO method in
practice

Detection result LAMP method ISO method
Positive 85 85
Negative 972 972

Total 1057 1057

Journals.im.ac.cn
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FERLZ R VO R —Fh BV B AL Y, 75—
JESRIETT, VCHEAUNG, RGBTl BE T B2 20 i
TE Al R Tl 5, AR R, W
AU, BT, B 7 E N AMYE AN &
AEFAT, W TERLAT G, AR AT ] e
RRBCT R, fEFEW, P L R T A
M WT, XA ST R B A0 1) & SE A 8RR

HAT, VOB Ly s s | B8
AEACRRIE R VG 7 %, RS, AR T T
WA JE R & R 2 38 ik PV RIPCR T A O i AL
AR R S RO, AH TR M S e i A
SERAPRRRE, METTEELZ) e R . R
KRS . RS R | RAERE,
If HBUAAR R, 8 TR HE AR 7 v, XL
PENE 1) Wa 4 BB AE FH . Notomi%gE!F20004F
W i — FICH R0 B A R 3G O v - A S R 1Y
2 (LAMP), HURR SUR SR XT3 51 9 64~ S DI
BT (iR T RN i e, FIHEA
BB 05 T 1Y Bst DNA polymerase, fHR 230478
MY, TEY WA, PR SRR EL ML T
254, A KE R Y —ERRYE (0 AT,
3 WIS B A TITE,  HIW 1S N S Sk
Ao BOTERREE . REUE S BAERE . &
BORMAL, A MIIE LR, TERRRIIIT . BRI W |
PRI ME T | e o PRGN R i A 0 45 450 4k A5 3] )0z
o H o

A A DNA 34 AR R T EOR T VC
LAMP PRI 7 2 5 o 1 S A D A 5 I 1
e, AR VC JrTEY i gy i kss ve
M7 J1 A ctxAB (Gt EGLIATER) 5 tepA (Gl
T E A WAL S BARERET, A
A8 O1 Ff VC SR X BERE S HE I, A7 7E Jay FR
Yo VC mdh 8 Z 3 AEA R HE AL b BAT 8 L DR ST
PEOT JRAE ARG IO R G FRAR 28 R, ARBIFSE
Ph VC mdh & 5B N BB R T et 5%, Zad 5149010
Kt SOV AR &R B &A1 VC LAMP
PRHAS I 7 vk 1% B RO EE R 65°C L 60 min
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PRI RTS8 R, 2 R B, T B R kAR
I ASCHEAT 45 SRR o 2% TR 2 A e e s I 2R
JE (SR E IR A 25 CFU/mL, {55 dh
VC RMBR A 32 CFU/g) AR rE (EILER 1) 1%
Tk S EEPOE PCR MM, H RS A2 —4
g, (3 LAMP J5 ik TR ZAd ] PCR ALSE By 5t
KSR, BRAETE O . R A A, T
HIE T2 RN, o VC IR 4
PR R B T T Y 1

WeAh, Ry T 2D ARG I BAS o D T i ]
41 DNA $2IBCA] SR A& Wb s, 7R 0] 35 21 AR ARG 5
R BARTTEIT B R EE SR 1 mL, 12 000 r/min
B0 5 min, 3 EVE, HIA 300 pL JCRK, FoorE
FIRAT, 100°C/KIE 10 min, #K¥& 2 min, 12 000 r/min
B0 S min, FIHEBRAAT-20CHEH.
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