124 W2 JEg I R Vol. 12 No. 2
2021 41 A Journal of Food Safety and Quality Jan. , 2021

B A1 M2 mkmA e Ry

(1. FEEA Ll BE2ERe A BT bR v SR 4 AR BFSE R, M 350003,
2. AL MR E L ST AIRE, M 350003)
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Determination of Salmonella in irrigated water of vegetable producing
environment by visual loop-mediated isothermal
amplification method
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ABSTRACT: Objective To establish a method for the detection of Salmonella in irrigated water by visual loop
mediated isothermal amplification (LAMP). Methods One group of specific LAMP primers were designed based
on the sequences of invasion protein A (invA) gene of Salmonella. After the LAMP reaction system and reaction
conditions were optimized, the LAMP method for Salmonella detection was tested by specificity experiment and
sensitivity test and verified by comparing with the national standard detection method through Salmonella detection
in artificially contaminated irrigation water. Results The results of sensitivity test showed that the minimum limit
of detection of the LAMP detection method was 7 CFU/25 pL, the results of specificity test showed that the LAMP

method had good specificity, and the genomic nucleic acid of interference strains had no effect on the LAMP method.
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Compared with the national standard method, the LAMP method had the same accuracy for Salmonella detection in

artificially contaminated irrigation water, and the detection sensitivity for Salmonella was 1x10*> CFU/mL.

Conclusion This study establishes a rapid, reliable and sensitive constant temperature amplification system, which

can be applied to the rapid detection of Salmonella in irrigated water.
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WAEMZ —, mESIRNEY S SR AN ET 2
AN AR 2005—2011 4F, [EIANEA: (1 19 [ R EE 3 e s
Bl s et 5 R A IR MEBIR R B, A 1R R
TGRSR, &Ebmik 58%P, YT R @ w23 Ef
TR 1) B A, R = & AR A B IR h R
A 80% A DT TR ISP, [N CAT 2R 3¢
BRRBLEAE N B, B ARERERAAED T TR
TG Y KU OL BRIV T T QA TS Y nT il & A e AR HH 3148
SRR RIS U AE S R A ST R S A 0 4 32 TR o
VoI R B V5 G XURS AR I, 2 BT ER B 15 Y JXURS: B R 5
LI BE A REAS IR, (EA AR B R, R R
ARG VDT ER B ¥ e RURS: e R, 2 0 1 R T 0 0 R PR
RO Tt

FI RUTER 327 i RS T A I b v ) TR AR RS AT R
GB 4789.4—2016( & i %4 EAEIMME B S MAYAAG KD
FTRRTERE B ) U053k, (030 vk T BN AR 5 A T i
W R . AfbSIIR e, BRI, FERT TR T, X
i VD1 FR R AT BE BT e B 3~4 B H, S8Ry fbss
T 2~3 AT HUSL G AR T KRR i e s A
FIEESK o M PCR BiARFISL AT 5678 it PCR AR B SRAG I 3
FET, (A5 E AR PCR AXER, BRI T IZH AR A B
A FEIRY W5 A (loop-mediated isothermal amplification,
LAMP) H 2000 4F-H H ARH#ZK NOTOMIM & Wl 18 )5,
FCRT R IR 454 (60~65 °C)10 min N 58 IR 1Y 54 14,

RPUELL PCR HiAR S 2~7 MR, =AML AT LIE
SIS UK . PREESCRIE i PCR K, o mT LAIE 45 3
L FAILZEMYE . SYBR Green T a5 Wigg!> 10 i ik,
A4k PCR HARZ G X —E R kiR, BRic s
FIFUDTTECHA | WSRESEAUAT R . RTINS . A3 R %2
Tl Sl A g 1 7200

inv L PR JR VD 1T EG TR 4 i 0 o AN 42 28 b 2 40 B e T
EAHRMER, SYITKRENTE D ZARARERL, 4
$§ invA .| invB., invC. invD. invE ZE3E[R, HA Ll invA %
R A R )12 . B RTHRTE invA BER 39 4 e 5 1
BTN TELM . RS BESEERTP U TT R R
OIS B Py AR A O T HEBE KR T YT TR LAMP
K ik s R3E . I, ARWFREI XTI TR R 2 &
- AGnVASEFE PSR LAMP K514, gyt
TG 25 2 0 A0 (W R S R B B K U b ] FC B T A
AP AN %, DA A B8 2 M PR S R K R T G
T LR G A0 R S 977 R PR R S

1 RS

1.1 & #

AR TR IR 1, 7 MR B P E Tk &
Wy TE A58 4 B AP0 (China's industrial culture collection,
CICC), H [ 38 fs A= ¥ v b (R 8048 BP0 (China general
microbiological culture collection center, CGMCC)FI3E
ML TR B 35 W - £F 7 0> (American type culture collection,

ATCC).

®1 BFTAEK

Table 1 Experimental bacteria strains

TR R 24 B BT %44 TR 5 TR SHC R
RAGZE TR Salmonella typhimurium 1.1174 CGMCC
& WA IR A Staphylococcus aureus 25923 ATCC
KI5 KA Escherichia coli 25922 ATCC
eV, 7L R Enterobacter aerogenes 1.0876 CGMCC
KAt [RIE 0157:H7 Escherichia coli O157:H7 10907 cicc
AT 2N B A 2R R G R Listeria monocytogenes 1.9136 CGMCC
B S 2R IR T Listeria innocua 1.7730 CGMCC
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1.2 KI5

R F K = I8 ¥ (trypticase soy broth, TSB), Ml
Mk K S 3118 (tryptose soya agar, TSA)(AL R FEMFH ARG
FRZFAE 2N F]); DL2000 Marker, dNTP(H 7% Takara 23 wl);
Bst 2.0 DNA polymerase(3% [El NEB /A #]); B HEHE(H 7k 4%,
VGHESF Biowest 23 7)), Betaine[ZE#ikilgk, £ TAY T
BRI BM A RAE] MnCl,. NaCl, Caleein(43#7 41,
BTHL T A FD

TEWE K IR AR ORI VE B AR M B SR AT AR
5, AR K PR A 224 1 3 T A2 I — 2 A LR /MR
TCR A, HAAVER KR FLE bR T pH hy 7.32, BA
(TN)J7 0.85 mg/L, MBE(TP) N 0.037 mg/L, k4485
4 10.51 mg/L, Z & (NH,-N)» 0.35 mg/L.

1.3 UFE5E%

BIO-RAD™ S1000PCR {¥ . BIO-RAD™ Gel Doc
XR+EE I BUR R 58 (35 ER SR A Fl); DYY-6C B LKA .
DYCP-31DN I H 3k AL (AL 7S —AL#RT); HSW24 #UfH
MK 5 . DHP-9082 fH L1 746 (L E — Rl U3 A
FRAFD) o
1.4 LWTE
1.4.1 3l4pikst

M4l Genbank MWD ITIRHAFAREEN A
(Invasion protein A, invA)ZE:[A F51(Accession: M90846.1),
K Fi Primer Explorer 5.0 7E £k #K 14 (http:// primere
xplorer.jp/e/)i5Ei1 3 X LAMP 514 F F V01 FC A, (4%
1 X415 91 (F3/B3) .1 % P51 91(FIP/BIP)AI 1 %1355 [ #) (loop
F/loop B). BIWIZZ Filgd TAY TRA R A M. Bik5]
YIFHIILE 2.

142 ITKEEHR. 4 A L E 4 DNA £

¥ TSA ARG T TR, PRICREEIE M+
5 mL TSB WfAR 33, 37 °C. 180 r/min 198535, LU
1:100 L@l 100 mL TSB WiAREFRIL, 37 °C.
180 r/min K537 3 h A2 47 S AN RIXT B0 (OD4g00=0.55) o K BRI

FHK B A FRER K e 10 A5 B6 BEARIR AR, B 100 pL ¥ T
TSA My, B8 37 °CH;3% 18~24 h L.

R FH SR DB D T IS DNA SR, B 1 mL ¥00)
G A 10000 r/min 8.0 5 min, 3 FISK, TMIEEET
0.5 mL A= FERK, A 0.5 mL 2xTZ 2%, F 99.5 °C
I 10 min, 7K E¥%#12 minJ5, 7£ 10000 r/min 25.0> 5 min,
YR E 3 W B R 701 T FC T DNA 547, —20 °CHREAE4
1.43 LAMP K AR % Fo KR A AL

£ % LAMP 2B AR ZE  ANTPs #RBE . MgSO, W FE Fll
Betaine ¥RJE, [N 4% A RN i BE A R N B )R A T Ak,
Horfr ANTPs 2943510 0.8, 1.2, 1.6, 2.0, 2.4 pmol/L,
MgSO, KM E43 50 2, 4. 6. 8. 10, 12 mmol/L, Betaine
LURFE4YHIH 0.6, 0.8, 1.2, 1.4, 1.6 mol/L; SN IHES
HEE 60, 61, 62, 63, 64, 65, 66, 67 °C, JLHf[A]5>
51k 30, 40, 50, 60, 70, 80, 90 min, Y& 50 pmol/L
Calcein—500 pmol/L MnCl, YE 4578512, BHM: 2 v B 43
o, RN BEEA, SOEFRE 3 AEE, Diig
Fie A SN A 2 AR B 25 AP o
1.4.4 LAMP B R BEA M

PL 10 £ ks V0 1] FR TR e BE R B N 7% 10%~7x107
CFU/mL 7 /MAJE, DAL EPT I ICHE DNA, A5
PIAR R B B 7P T TR DNA AR, X LAMP 2 % 8
FEEATRIN 25 R E R IRLEE, P ek, B
S A HE A, IR 1.5% B MR A i bk b A
1.4.5 LAMP R 45 5 M A

SrALA RGP TTIREE . &M EmABRE . KIGiRA
W . =S . KRR A R O157:H7. Bz
A 2 R LG TR AN v AR R [C TR TR i ), LAAAZY A
Pl B DNA, BFFTEES. LAMP #0709 R 5
PE. LIS BBk DNA it SRIRC AL SR 5 5%
A TR S AT, RONESRE, LA P B AR 1k T 1 [
PR, B bEk e, B e s Sy 8 M7E 1.5%
BN L PR A, BEPE S h ] R B RN MR R, [
P Sy AT H B 4

®2 HNSHFERYHESY

Table 2 Primers of loop-mediated isothermal amplification

514 751
FIP 5'-GCGCGGCATCCGCATCAATATGCCCGGTAAACAGATGAGT-3'
BIP 5'-GAACGGCGAAGCGTACTGGACATCGCACCGTCAAAGGAA-3'
F3 5'-CGGCCCGATTTTCTCTGG-3'
B3 5'-CGGCAATAGCGTCACCTT-3'
loop F 5'-GGCCTTCAAATCGGCATCAAT-3'

loop B 5'-AAGGGAAAGCCAGCTTTACG-3'
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1.4.6 LAMP #077 ik 5 B AT EAR R 7 ik 3t LIE

1 mL W B Sl B E TP T IR A 24 mL &
] AR ARSI A v ) G 1 (S 4 0 R K R B, &AL
F) 225 mL 2 5% K (peptone buffer water, BPW)IJC
RIS, DAl ST TIREWEE R 0, 1x10°, 4x10°,
1x10°, 4x10°, 1x10*, 4x10* CFU/mL By A T.75 4B K
VERE S . ANFEVDTT QR RE 1 N T35 Y e /K 5 o 4536
214y, HAp 1438 37 CCHIEEH 4 h /&, BU 1 mL BRI
DLAEL 4R IO TG DNA, TR K I8 b 1 IR
WAL LAMP &0, 7540 1 0 R FH B S AR 2:(GB
4789.4—2016 (B S IMA YR B vb 1 [CTA A3 ) ) FF T4
U b 56 T ST A TR K U AR v ) R AT Rk
LAMP #i0 J5 ¥k R 14

2 GRE5SH

2.1 LAMP &M 755EM T

T AL SN I EE RIS ], B LAMP S5 20 i
JEH 65 °C, [ RiBF 2 1 ho Rk 5 HERE KR Fh b 1] G TS
LAMP K il ff 4 /e B & & 25 L @6 2.5 ul
10xIsothermal Amplification Buffer, 1.4 mmol/L dNTPs,
0.2 umol/L F3-B3, 1.6 umol/L FIP-BIP, 0.4 pumol/L loop

F-loop B, 0.8 mol/L Betaine, 6.0 mmol/L MgSQO,, 8 U
Bst2.0DNA polymerase, 50 pmol/L Calcein 1 500 pmol/L

MnCl,, DNA A 1 uL, KB KENE 25 uL (R B.
1B LAMP J 8 R 1 s o

s a: LAMP 7= 935 i Ml e TRCRG: I 235 2R 5
b: LAMP =145 8 4t 3% W A45 R
M: DL2000 DNA Marker; 1: BAGFEVTTREE; 20 PR IR,
Kl 1 LAMP KREMY TR
Fig.1 Detection of Salmonella by LAMP system

22 RYPERNER

SRILL T AR ET TR DNA[(7x10°~7x10%)
CFU/MLI AR A 793, 30UF LAMP {A R W R 5E, B
JUE R G Fh DK ARG I 235 R SR, ZEVDTTIRTE DNA R EE Sy
(7%10°~7x10%) CFU/mL B, Bl 7~7x10° CFU/25 pL HI#5HR

DNA #7] DL H B LAMP =454 R IE 45 (] 22), 1024
TP TR DNA WJE/NT 7 CFU/RS L YA BT 4%
o ATAAR S 25 S I e W I H VK 45 SR — B (18] 2b),
UL LAMP S AR R BT ARG E] 7 CFU/25 uL VT TG
DNA.,

T a: LAMP P43 e sl vk A I 25 5% b: LAMP P4 45 & 4t K i
BahR,
M: DL2000 DNA Marker; 1: BAPEXFIE; 2-8: 25 pL SN AK 2 #4331
B Tx10°, 7x10%, 7x10°, 7x10?, 7x10', 7. 0.7 CFU,
K2 LAMP BT TE ) R s
Fig.2 Sensitivity analysis of LAMP assay in detection of
Salmonella

2.3 HFMERNLE

4350 A B AR ZE VD 1T IR DA B AR R0l VD 1) G AT T PR 1
DNA Wi HAT LAMP SN 4Gt adr, 45R%RM, 74
calcein-MnCLIERFIMIEAT, 65 °CIRE 1 h)5, BHFE
IR LAMP R gk ta, miftix 6 AN TG
PRI LAMP N4 45 A7 v (& 3a)o E—2PHL 2 pL
T HE= W 1.5% PSR NE BRI rR Tk A, 45 SR BR R v
ITECTH LAMP 3§38 71 BB P 45 46, Hofth 6 4SBT SY
AT 5571 (B 3b) 25 3R B, AT ST T 837 (1) LAMP
Ry XD T IR B RAT 1R

2.4 MFEEIEIELER
RS UE BT ST B K TR v T R B T ALfE LAMP
K vk A vER P, AN UARILYD ) G B 75 Y IR K TR
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237 °CHUME 4 h, SRJFHRIUEE 5 A0 TR B DNA JE1 T 44
W, SIS PR 0, 13107, 4x102, 1x10%, 4x10°, 1x10,
4x10* CFU/mL 7 ARSI ] EC R e B0 BE -1 T LAMP 9™
MR, WA 3. WIF4 R LK 3, LAMP ¥ B4 A I
100 CFU/mL WY N AR T EG B 15 YR K IRAE i, 3 IR
R SR IS R, 5 E K A (GB
4789.4—2016 (& 5 AR IV RS ) )UK I
R B, SRR, AU EL A LAMP il gy ik B
A AR R

TE: a: LAMP 7B IR Ml it JRAS N 2528 b: LAMP =485 8 4t R 1o
e

M: DL2000 DNA Marker; 1: FI#EXS B 20 RABZEWPTTIOA; 3: &

WAMA KA 4 KIGBRA A, 50 77 3UBHIE; 6 KIBRAEIR

W O157:H7; 7: FRLANNIE A= 2 Wk [RTAT; 81 Sy se s [T o

K3 LAMP J5 ksl vbi ] [ noss bk
Fig.3 Specificity analysis of LAMP assay in detection of

Salmonella

R3 2 MEEILRNDTREFRERKFEHERER
Table 3 Comparison of results of detection of irrigated water for
Salmonella by 2 different methods

VBT FR e BE/(CFU/mL)

ik
0 1x10* 4x10% 1x10° 4x10° 1x10* 4x10*
ESL7IRES - + + + + + +
LAMP & - + + + + + +

TH: AR B PESE R, SRR B4

3 4 i

FF LAMP [ B #6007 75 5 3538 PCR AH L HAT
) AR AN T A . TR R B R O
A (invA)JE R 2 fc i FH U0 T TR B 20 TR IR A, AR B
invA 3L 3 41 L T TE & 2 AU TR B 4 1A T 5|
¥, HARA-KUDO 24P invA JE 51 #5353 6 454
SHEBII%F 9 FOASE MLTE RV TR HE T LAMP #201,
ALK VP T T IR R AR 2.2 CFU/tube; 5K 7% A
ZIRGE invA FEAIBETE T 4 &V TTIREE LAMP A& 5
Y, TEEMFEN TR sk H RS 1.5 CFU/100 g;
TEEUSFIA invA K% —4 LAMP 514, R
5 IR 3 SR R AR, PRI YD 1) PG P S AR
b 6 CFU/tube, A .75 YL P B By 450 CFU/g,
ARV T TR R EEA A (invA)FEFH P55 £E
S LAMP 519, @7 —Fh L 56 0 1 1 5L Pkt
R R SR T K P YD 1T EC T A DR SEAS I v, A
REGFEATIL 7 CFU/25 pL. RAZ LAMP J5isxd A T75
e 1) WE K IEAE G 5 T AR VERS TNy 1 X LB, 45
HRH] LAMP A6 00 25 5 5 [ AR A I 7 74 45 R — 5,
Ut BH 3% 3 BE R T 07 P T T I K VR R VD T R R A R
R, AT Ay R K U U 1T B TR VS Y A B A B A
RHE,

PR | 2855 b ARE S A BRI T R R R A R R 4
DNA JEiEfT LAMP POl f T4 . 448 AY 4 e S R 41
DNA $2HUJy ik 2 2K Fl -+ Z 4 BL 67 B2 40 (sodium  dodecyl
sulfate, SDS)Jriki, HIR DNA V3 R4l BE A s, (HBRfE
HRE e, Femt K, HARBUS R PR Z R . A5 xT
NI ERAVLIRT . Mk DNA BECPAE . 4F/
HHLEER], EWNIMNF R T 2R ZER 4 DNA EEGH
XS S PRI A A, HRAE AR B, $RIUY DNA
TR R, (AAAR 0 5%, A TG R A A i Bl
TCEE R MRHE RS U A o TAEASIF T h R FH AR vk S
IR A IE 4] DNA, Z0r kB hnge vt . IR, SRR
B AR BB [B] A 2R 7E 10 min P, H R G UL O PR B
RS A] 8 AR A

A 5% B ) 7T R KR YD T R R R AR Ak
LAMP PRl 73, 9R#0 T 1 GEPR A 5 125 F PCR 7
PR INRE R K DR RV T T R T IAS A, ARG 2o it B 24
7 h, AITE 1A TAE H AR A SE R, FLAEAS S fE e R K
B PN T SR, ARG 2 SR g S A e R AR A B AR Ak
Al E B IR, AN BRI, FEa s G
WEK PR V1T TR PR i AR, K K I P v T T IR
PRI A9 FE [0 6 00 197 D 8o T e o
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