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Application and evaluation of loop-mediated isothermal amplification method
for detceting of Salmonella spp. in food
ZHANG Lei, ZHANG Hai-yu, WEI Hai-yan, ZHANG Xi-memg, CHENG Ji-xia, ZENG Jing
( Beijing Entry-Exit Inspection and Quarantine Bureau, Beijing 100026, China)

Abstract: Objective The loop-mediated isothermal amplification ( LAMP) detection method was applied to detect
Salmonella spp. in food. The specificity and sensitivity of this method were compared with real-time PCR and conventional
detection method. Methods The fimY gene of Salmonella spp. was used to design LAMP primers, and then optimized
LAMP reaction system. LAMP method was compared with real-time PCR and conventional detection methods in some
aspects, such as specificily, sensitivilty and practical food samples detection. Results The specificity of LAMP method
was tested by using 93 targets and 31 non-targets bacteria. The results showed that the LAMP method was highlyspecific to
Salmonella spp.. No cross-reaction was founded. In pure culture, the sensitivity of LAMP was 6.4 x 10° ¢fu/ml, which
was consistent with real-time PCR method. The detection limit of LAMP reached 2 cfu/25 g in base-material addition test.

The detection of 45 practical food samples showed the detection rate of LAMP was 11. 1% , which was as same as real-time

PCR and traditional methods. Conclusion The LAMP detection method of Salmonella spp. established in this study has

good specificity and sensitivity, which can apply to the rapid detection of Salmonella spp. .
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Table 1 Test strains and strain number
Ak B WHRS |75 T bR k45 A= [EL73 kRS
1 W RV T CMCC 50041 || 13 [y o B ATCC 1. 1611 25 AN CMCC 51252
2 PR B (5 S U0 1) T CMCC 50001 || 14  fBIZSIRE ATCC 1. 1969 26 PR BAAT B ATCC 29544
3 RAGIE T T CMCC 50115 || 15 ¥ om & ATCC 1. 1607 27 MR FT & CMCC 48017
4 PR A0 M 15 A A b ATCC 15313 || 16 il ATCC 1833 28 DAL IR A BR A CMCC 32206
5 & FC 2 30T 1 ATCC 700545 17 # @ Mok i ATCC 1. 1612 29 ZAVES R HE BR B CMCC 32210
6 TG 7R 25 40 e ATCC 35967 || 18  f# A AN ATCC 1. 1826 30 /NS A R EB R AR CMCC 52212
7 Wi TR ATCC 33090 || 19 Jifi & 7 HE A0 CGMCC 1.1736 || 31  KIpFF & ATCC 25922
8 R 2 T ATCC 2540 20 FAH A CGMCC 1.57 32 G AR ATCC 25923
9 [ 28 75 e B ATCC 19119 || 21 BEREZEHUAT ATCC 11778 33 AR ATCC 15442
10 TR IG5 e ATCC 35897 || 22 F A ER I ATCC 12228 34 Bk CGMCC 1.2135
11 I I A B ATCC 17802 || 23 ThZIBREH ATCC 6936 35 WIE 53 Bk 90 Fk
12 A1 4598 ATCC 1758 || 24 &[G A CMCC 51571
11,2 F2EAU 5600 RTTAE A H) 51 h B4 T A .
LAMP §"#{% ( QIAGEN) | 5 i} 5% 5t 5 7 PCR 1.2 ik

X (7900, Life ) | {5 i Jin #4 e 4 &2 8 Wi &% (10,100 1.2.1  #i7& DNA By 42 HL

200 .1 000 wl,Eppendorf) HiE £ 56 .

GH3Z 88 (5 mol/L) ,dNTP (10 mmol/L, F ¥ 4=
T) .MgSO0, (50 mmol/L) .Bst DNA B4 (8 U/ul,
NEB) .10 x ThermoPol Z& #f1 i (1 x ThermoPol 2% #1 if{
& 0.1% TritonX-100, 10 mmol/L ( NH, ),SO, .
10 mmol/L KC1.20 mmol/L Tris-HCL, NEB) | 55 &% %4
RICYRL ()N A Y E R A R A 7)) [ TagMan
Gene Expression Master Mix ( 7 B3 %% 2 x , Life) (2%
AR MR 7K 35 7 35 ( Buffered Peptone Water, BPW |, b,
HURk B AR 5T AR A A LB E R K S R
( Alkaline Peptone Water, APW , dt 5T [ifi #f A R 7% /T
NED) RO IR TR BNE B 3% & ( Brain-Heart Infusion
Agar, BHI, b 5¢ i #F A BR 53 4E 2 7)) \RVS A ¥
( Rappaport-Vassiliadis Soya Broth, dt 5 [ifi #F A R 7
{2 7)) . MKTTn P 37 %& fili & & hn 57 ( Muller-
kauffman Tetrathionate Novobiocin Broth Base, -t & i
WA MR35 2 ") . XLD B iE ( Xylose Lysine
Deoxycholate Agar, BD ). & &% filf I B € B g
( Brilliant Green Sulfadiazine Agar, BGA ,dt 5t [t A

PR EL DNA B 1 ml 3 F %, 10 000 1/ min
B0 2 min, A 50 pl JCEE /K &, Wb /K 2 f# 10 min,
YK 5 min, 10 000 r/min #5.0> 2 min, H50 wl b5
YEk DNA f54), —20 CLRAE% H .

1.2.2 Pt 4

% M GB 4789.2—2010'") ¥ ¥» 1 CMCC
50041 4z 7 3] BPW 1% 5% 5,36 °C o 7% 15 5%, il &
10 5% 22 51 7 B8 R B VR, W 1 ml G5B R T JC 1 IIL
P, B R EE A AT, YR 20 46 °C Y P AR
THEL BHI B 35 57 L 1L, 36 C 4557 (24 £2) h,
PEAT IR
1.2.3 LAMP )5

LAMP 5| 9. ¥ 5L K ik B W0 1] 3 fimY 3
(NCBI Ui 5“5 M90677 ), K A 51 ¥ & 1 3K 14
PrimerExplorer 4. 0 11 8 51 4 )7 51 64 35 : S I i
21 F3 (5’ -GCTGGTATCA GATAAAACCT C-37) .
SMIF 5] 4 B3 (57 -GCCTTGCGCT AAAGTTTC-3") |
WOl L3 Bl ¥ FIP (5 -AGGCCAGATTTTGTC
GTCGC CGCTATAACA CAGTTTATCC G-37) . [N i
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5Bl % BIP (5°-ACGCGAAGCC TTGTTATCAG
ATCAACCAGT CAGTACGG-3") FF4k B84 LF
(5’ -GGACAAAAAA ACGCCCAGCC-3") Ik T it
214 LB(5’ -CCTCCAAACC TCGCTTATCG G-37),

25 wl Jz Wi K & £ 45 10 x ThermoPol 2% #
12.5 pl,F3 B3 4 0.2 wmol/L,FIP BIP 4 1.8 pmol/L,
LF.LB 4 0.8 wmol/L, dNTPs 1.6 mmol/L, MgSO,
6.0 mmol/L, H =8 1 mol/L,Bst DNA R &l 1 wl,
DNA #ifl 3 pl, HA ik R LK H 2 o

LAMP J )W 4514 :65 °C 35 5% 60 min, 2 W 45 R 5
T8 2 S AE T R R 4
1.2.4 RT-PCR }ik

RT-PCR 5|4 : 4% fimY & K #8564, piz T 51
YT 84 PrimerExpress 3. 0 i35 %%, FiF
214 Sal-F (5’ -AAACCTCGCT TATCGGAAAG C-37) .
TUWE5 % Sal-R (5’ -CCTTGCGCTA AAGTTTCAAT
CA-3") FI 4R & Sal-T (5’ -FAM-TTAGCCGTACTGA
CTGGTT-TAMRA-3") .

25 pl Jz B AR & A AL 2 x TagMan Gene
Expression Master Mix 12.5 ul, Sal-F | Sal-R , Sal-T %%
0.4 pmol/L,DNA #itg 3 wl,z&18K 6.5 pl, KN+
$7:95 °C 10 min,95 °C 15 5,60 °C 1 min,40 G,
1.2.5 LAMP i R G pE

Fie R 1.2.2 J7 kil 45 CMCC 50041 1) T & i T 1
M8, B 1 ml 2586 B B 1T LAMP &2 RT-PCR
SN 5 [5] Bsf 4% A 32 P A2 VI 1 A R 2 XD B fig 4% 5%
B B8 10 6579—2002-" J7 ik, fE S HUE XTI
b AR R A R AT 2% B TP, R R R E AR R R
WA A= 2= B ke [G TR ATCC 15313 . K #F R ATCC
25922, WA T Y BE 435114 10°F1 10° efu/ml,

1.2.6 &3 %

NN T R A B 7 R IAE TV T TR 5 Fh
i (EIEFR SR AR S E R IR T R E
GE R T A K IR S ) L, B R 45 A 1SO 6579—
2002 Jrkan R (1) $HEMEO1.2.2 g5 kil & CMCC
50041 7 B2 7 B T 2O I AT B (2) A3 R - AR
B 25 g £ AR A 225 ml BPW i, B I 3 25 1R
530 s, Gn il 25 22 00 A S S R, B A A0 SRS T
1 ml 2886 BE R BE Y AR TR AR, o5 AN TS I o B
B AT SR B XS B, 36 C 3R (18 £2) h Bt 1 ml
I B VR B B DNA i 47 LAMP fil RT-PCR 3 Il
(3) 3k 5 Pk 38 W AT 3G W 0. 1 ml 43 5l 45 Fh T
10 ml RVS % fil MKTTn A% %, RVS W% & T
41.5 C¥:5:(24 +3)h,MKTTn R % & T 36 C 153
(24 +3)h; B 1 P3G 1R W53 0l 401 Ze XD B0 - di A
BGA BifI§ -4, 2 IR 1SO 6579—2002 773 .

2 BREHH
2.1  LAMP # il 5

R 93 BRVD T, A 45 A S 56 % 43 85 1R 90 #E
W 2 V01 TB CMCC 50041 FH & B 98 VT8 CMCC
50001 B A5 2€ Vb 1T G CMCC 50115, LA & 31 #k3E
H¥r &tk , % F LAMP #1 RT-PCR 5| ¥ 55 5 1 9k 47
T SRR 2, R R R SS RR W, ik it
() LAMP 514 BA )4 09 48 5%, 5 38 B AR 8 A A7
TEAE U

#2 LAMP 4 RT-PCR £ Il 4% 5
Table 2 The detection specificities of LAMP and RT-PCR

I8 Bk 44 T LAMP RT-PCR
19 4 Y171 CMCC 50041 n +
WAL FE V0 T CMCC 50001 + +
B9 vb 1T CMCC 50115 + +
90 B D 17T T8 43 B Bk + +

31 BRAE U ] bR T b - -
Y« + SR N B 5 — 2 R B
2.2 LAMP #5 il 7 & 5

¥ S L CMCC 50041 535 7% 35 75 4 0 47 6
Wi Be, N 6.4 x 10° cfu/ml T 14 ¥k 1 K - #E 4T LAMP
D7 A I R AR A, SRR 1 TR o 1RO R
ALRMIE] 6.4 x 107 cfu/ml B B, 55 RT-PCR 45 )
REPE(FE 2) —3 [FECRHA IS0 6579—2002 J5 ik
PEAT R 3% 7 1k RO ARG T RS 6.4 x 10° cfu/ml,
B, LAMP &6 32 4 5 RT-PCR K il 7K - 4H XY,
FeAL ek N J7 ik i 100 5, BLAh, 75 2% B A7 16 1 1
BF,LAMP J RT-PCR W 46 0 5 5 ) 2 650 8 R
SRS A% 48 75 1, XLD B AR 3% 738 2 A A R Ak
B VR AR K, R A ) &5 R K . PRt LAMP
RT-PCR 75 % 515 58 J5 2 AH Lo 2L A 505 (4 B0 2% i+
i hE
2.3 AR LR

P A N AR 00 25 SR (3£ 3) AT, LAMP |
RT-PCR F1 ISO 6579—2002 = it 75 32 14 ¥ I 1K B 2
A3k 2 cfu/25 g M. Hod IR A& &R, B
FRETTS N M BE Ry 2 cfu/25 ¢ ¥E & i, LAMP £ 1SO
6579—2002 Jy ik i Ke I £5 3 Sk BE M, T RT-PCR /Y
R 25 S S B, T RE R TR B D AR A
PCR #0571 , NI 5% M T RT-PCR BYAG I &5 5. &
tAFE K ,LAMP 5 1SO 6579—2002 #& i 45 5 — 3 .
2.4 SRR SRR S B A

WA S AN T o 25 ) £ o #% B8 LAMP RT-PCR il
ISO 6579—2002 — FhJ5 2 1 A7 K il , A6 00 45 SR 4n 3=
4 7N S 2B AR AL, 3R 45 S, =R Oy v R AR
Kt 5 Oy BHEERE S R R 11.1%
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W A: LAMPFOGIE 51, BEAMR A B4 I 5 i 2k L 6.4x100 . 6.4x10° . 6.4x10* . 6.4x10° . 6.4x10? cfu/ml
B B: LAMPRAEKE, MR IKIE: 6.4x10°, 6.4x105, 6.4x10% 6.4x10%, 6.4x10%, 64. 6.4 cfu/mIFE R A PEXS

Bl 1 LAMP £ 2 %
Figure 1 The sensitivity of LAMP
201 3t
2.5+ P, Y Nt e L
=T ATFAHUE T fim JEH B 6 % LAMP 3]
sl Wy ARALIEEESE T LAMP J B (R 22 AR RE 4R 76
B s N[ YL b
R 10 IR R IS A MnCl, (955 8 2 ROOC U,
031 NEZE AT AR R IR S A 77 AR g B 2
0 L . 1 L !
I R T T TR R TR 8 B 47 6 5 75 R T3 38 LAMP 520t
' LEEER/€ TSN Wl e . —
WS TR L A SRS R %
e WO A AL I I ek R e “7E%¥JE ”% fj’f @?I AR RN >
6.4x10° , 6.4x10°, 6.4x10°, 6.4x10°, 6.4x10° cfu/mlFH LAMP J5 00 3 Bk V0 177 8 b 1 B & S 90 #k 0 17]
K 2 RT-PCR # il 5 & 5 W BRI O B, 31 MR AR B AR X o B, B
Figure 2 The sensitivity of RT-PCR RAF 0 R S Pk o LA I R AR M 6. 4 x 10% cfu/ml >
3 BRI 5 2R
Table 3 The result of base-material addition test
YOI R U e g/ (efu/25 g)
5 I 44 K 2x10' 2 153 14 %F &
LAMP RT-PCR ISO 6579—2002 LAMP RT-PCR ISO 6579—2002 LAMP RT-PCR  ISO 6579—2002
44 + + + + + + - - -
% N + + + + + + - - -
iy + + + + + - - -
Sy i) + + + + + - - -
2R + + + + + - - -

T+ R DL PR 5 — 2878 RO I 1k
A SEBREE AR AR

Table 4 The detection result of practical samples

PR 1 25 SR AL KL

ek R #HAK

LAMP RT-PCR  ISO 6579—2002

P il s 5 1 1
T 7 1 11 0 0
2% 17 2 2
il 5 5 0 0
& 7 2 2
FFPE R o BB 5 5
e HR /% 11.1 11.1

1

— NN o N o

5L PE0t PCR J7 4024, I HAE 2% W A7 18 1916 00
T LA R AR AR AZ B, R S i g
o, LAMP R IR ER A 2 cfu/25 g A i, LA i 25
Aoy Z B T 0, R T B — 20 5 AR
GEEE ST VP TR LAMP K 0 77 2% 04 o B M L % 45 45
SRR RE S R AT AR I, LA I 25 SR 5 S PO
PCR K 1SO 6579—2002 # il 2% R — 2, #& i} %
11, 1% .
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