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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 specificity, sensitivity 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%

PCR and traditional methods.

, which was as same as real-time

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

A=) T Tk WA |75 RS Tk 4 5 s T ik VA Bk
1 7B 3NN | CMCC 50041 || 13 AR INE ATCC 1. 1611 || 25  SigEWE CMCC 51252
2 F 20 I 005 FE VD 1 1 CMCC 50001 || 14 #IASIE ATCC 1.1969 || 26 B iy g 4T 1 ATCC 29544
3 BAGIEY TS CMCC 50115 || 15 3R ATCC 1. 1607 27 My TRFT I CMCC 48017
4 oA 2 i 386 A 2 T R ATCC 15313 || 16 ¥ #EIKH ATCC 1833 28 PRV I PEEEER T CMCC 32206
5 % G 25 7 4 ATCC 700545|| 17 3R #rok i ATCC 1. 1612 29 2B I PR A BR A CMCC 32210
6 VG 4R 25 17 45 1 ATCC 35967 || 18  fitf 1k ATCC 1. 1826 30 /NS A BB R FR T CMCC 52212
7 Y 2 A ATCC 33090 || 19 MiZFCE AR CGMCC 1.1736 || 31 KIHFF@ ATCC 25922
8 R LG ZE T ATCC 2540 || 20 BI¥AMAHF B CGMCC 1.57 || 32 &t maisk ATCC 25923
9 G 25 75 4 T ATCC 19119 || 21  JSREZHFMFFE  ATCC 11778 33 4R A ATCC 15442
10 2R FC 2 07 1 ATCC 35897 || 22 & mi4iek ATCC 12228 34 HEGRE CGMCC 1.2135
11 I I A B B ATCC 17802 || 23 HHLLBREA ATCC 6936 35 VI I3 Bk 90 B
12 B4 I ATCC 1758 || 24 fRIREWE CMCC 51571

L2 EE R BLEE 28 7)) 31 el i T4

LAMP "4 f% (QIAGEN) | 52 I %¢ )t %€ & PCR 1.2 Jris
X.(7900, Life ) . if fin #4 e 13 & % W 4% (10,100 1.2.1 #4074 DNA B2 HL

2001 000 wl,Eppendorf) {8 i 55 F74

FHEE MK (5 mol/L) ,dNTP (10 mmol/L, |- ¥ 4=
T.) \MgSO, (50 mmol/L) Bst DNA & (8 U/pl,
NEB) .10 x ThermoPol 2% #h i (1 x ThermoPol Z% i
£ 0.1% TritonX-100, 10 mmol/L ( NH, ),S0, .
10 mmol/L KC1.20 mmol/L Tris-HC1, NEB) 45 &% %4
SIS (3 S B R AT B /A7) TagMan
Gene Expression Master Mix ( # B %% 2 x , Life) 2%
R R 7K 55 3% 5 ( Buffered Peptone Water, BPW , b,
SR AR T AR 2 B ) TR E R K By R A
(‘Alkaline Peptone Water, APW , dt &% [ifi #F A kR 35 1T
N MU IR R B I 5% 37 2 ( Brain-Heart Infusion
Agar, BHT, Jb 5t Bl 8 A BR 53 4£ 2 #] ) \RVS W ¥
(Rappaport-Vassiliadis Soya Broth, Jb 5% i #F A [R 5%
28 7 ) . MKTTn P4 3% J fill & % n 57 ( Muller-
kauffman Tetrathionate Novobiocin Broth Base, 3t %t fifi
B A R 55 4 2 Bl ) . XLD B g ( Xylose Lysine
Deoxycholate Agar, BD ). #& &% fif B v% W€ B iR
(Brilliant Green Sulfadiazine Agar, BGA ,Jt 5 [t A

PP EL DNA CHL 1 ml 3 E ¥, 10 000 r/min
B0 2 min, A 50 pl BHE/KEE, ¥ K 2410 min,
VK S min, 10 000 r/min 5.0 2 min, 50 pl I8
£ DNA it , —20 CLR A+ H .

1.2.2 PR %8

%M GB 4789.2—2010""" % ¥b '] B CMCC
50041 4% Bk 2] BPW 15 J7 5,36 C i 55 5%, il &
10 A% 2 51 i 8 TR A2, IR 1 ml TR B R T T T - LI
W, BT R BE AP AT, IR 1 2 46 °C 1y Pl
T4 BHI 358 By 97 FL M4 - 10,36 C 1537 (24 £2)h,
AT
1.2.3 LAMP ;i

LAMP 5| ¥y 8 5L & £ VD 11 | fimY B
(NCBI W 5¢ 5 M90677 ), L H 51 ¥ & it 3K 1
PrimerExplorer 4. 0 1% i1 (1) 5| ¥ )7 543 45 : S L 9%
51# F3 (5’ -GCTGGTATCA GATAAAACCT C-37) .
AMIUITR U514 B3 (5’ -GCCTTGCGCT AAAGTTTC-37) .
N E g 5l % FIP (57 -AGGCCAGATTTTGTC
GTCGC CGCTATAACA CAGTTTATCC G-37) . Nl
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T 5 ¥ BIP (5°-ACGCGAAGCC TTGTTATCAG
ATCAACCAGT CAGTACGG-3") 34K FiEs| ¥y LF
(57 -GGACAAAAAA ACGCCCAGCC-3’) AR T UF
5[4 LB(5’ -CCTCCAAACC TCGCTTATCG G-3),

25 wl B W AR & 4§55 10 x ThermoPol 2% i %
12.5 wl,F3 B3 % 0.2 pmol/L,FIP BIP 4 1.8 wmol/L,
LF.LB £ 0.8 umol/L, dNTPs 1.6 mmol/L, MgSO,
6.0 mmol/L, &% H% 1 mol/L,Bst DNA RA&F 1 ul,
DNA Bibg 3 b, HA A R A ICHE KA E .

LAMP JZ B 554 :65 C 15 5% 60 min, 2 [ 45 30 f5
3 AT 5 A R BN 4
1.2.4 RT-PCR i

RT-PCR 51 ¥y : W4 fimY FE[A DG 8B EE A, R 5
Wit F PrimerExpress 3. 0 it 5154, Lt
5|4 Sal-F (5’ -AAACCTCGCT TATCGGAAAG C-3’) .
T 5% Sal-R (5°-CCTTGCGCTA AAGTTTCAAT
CA-37) 1 4 Sal-T (5’ -FAM-TTAGCCGTACTGA
CTGGTT-TAMRA-3") ,

25 wl B2 W R & % AL $5 2 x TagMan Gene
Expression Master Mix 12.5 pl, Sal-F Sal-R | Sal-T %%
0.4 pmol/L,DNA HitR 3 wl, 76687k 6.5 wl. RMFT
#7:95 °C 10 min,95 °C 15 5,60 °C 1 min 40 MEFF,
1.2.5 LAMP #i0 & 5

IR 1.2.2 J7 i 45 CMCC 50041 (1 1 8 8 - F
PIHE BT ml &80 2R B E 4T LAMP A2 RT-PCR
RN 5 [7) Fsf 5 B8 2 TAT A TR 1 ARk XD Byt 15 %
3 B8 1S0 6579—2002 " Jr k. 1 R BUY HoHRA K
Sl Rl il Bl /A R 7 R AW e Ve L i [ S T A
A0 M3 AE 2= 30 4 [G T ATCC 15313 (R #F 7 ATCC
25922, AT He B 43510k 10° A1 10° efu/ml
1.2.6 & &I

WS IN BT Ry 2L 5 7 IR VP TR 5 Fh
mn (CELAEAR YR RN AR E R T K
Rt T A K el O ) T . il ik R 45 5 1SO 6579—
2002 Jy¥EAN R (1) 4% MR 1.2.2 J7 ¥ % CMCC
50041 A6 B s B8 11 2 W1 BT 2805 (2) 14 1 - B
W25 ¢ £ A RE S I A 225 ml BPW H 5 i5 3h 4% 1R
5330 s, AN B 22 0 A b ST, AR SRR
1 ml 285 B2 R 00 H bR TR B, o5 AN S I A
B 50 38 W Ry B PR o R, 36 C 4555 (18 £2) hy B 1 ml
Hif 3 7 W 32 G DNA 3E 17 LAMP #1 RT-PCR A& Il ;
(3) 3 % P 1 787 < HBCHT 3G AW 0. 1 ml 43 J 4% Fh T
10 ml RVS A7 fil MKTTn A% 1, RVS W7 & T
41.5 CH53: (24 £3)h,MKTTn R E T 36 C 53
(24 +3) h; BT PRI TR 43 0 300 2k XLD B 7 A fn
BGA B4k , Z B8 1SO 6579—2002 J7 s,

2 HBRE55MH
2.1 LAMP #6555

K HI O3 BRUD TR , 4 475 A 52 46 % 43 B K90 #k |
W 2 V> 1T CMCC 50041  H RL I 4; FE V0 T3 CMCC
50001 B ZEVP T IR CMCC 50115, L J 31 Bk
H AR Bk, % T LAMP FIl RT-PCR 51 ¥ 5 5 7k vE 17
T, G5 R IR 2, RS R RS R KW, it
) LAMP 519 HA B4 AR 527, 5 9E B AR 3 A F7
FEAE LR

%2 LAMP &5 RT-PCR il 45 52 1
Table 2 The detection specificities of LAMP and RT-PCR

T bk 24 B LAMP RT-PCR
% % b 1B CMCC 50041 + +
WSR3 9€ V0 1T CMCC 50001 + +
BAGFEVP T CMCC 50115 + +
90 BRIV 1T 43 85 bk + +

31 bR Vb ] B A B - -
U« + R TN B 5 - 205 R TP
2.2 LAMP &0 R

S L RIBE CMCC 50041 3o 5 55 = W) 6 47 46 B2
T, N 6.4 x 10° cfu/ml B 4 4k & 7K F- # 47 LAMP
J7 VA0 R AERE (I, 25 R AN 1 TR o IO R
AR E] 6.4 x 107 cfu/ml BB, 5 RT-PCR 4]
REE (K 2) —F, [FEERHA] 180 6579—2002 J5
PEATRIN L 3% 7 9k WA I R A 6.4 x 10 cfu/ml,
R, LAMP £ 2 £ 52 5 RT-PCR A I 7K - AH >4,
Lo A% Gedar I 75 15 v 100 A, Ak, 7E 2% e A7 78 1 1
LR, LAMP Jz RT-PCR W A6 I 7 2 0 R 5502 oK
RGN AL G5 7 v b, XLD B B8 35 3% A AR SR 1
PRVE AR I, R R T 25 S 0 ) W, PR, LAMP
RT-PCR J5 vk 5165 )7 ¥ M e B A Sk 1 BT 24 1+
P HE
2.3 B AR

P B o 2 T AN il e 45 2R (3% 3) WM, LAMP |
RT-PCR HI 1SO 6579—2002 = Fh 75 32 B 46 I FR 4
Ik 2 cfu/25 g KEfh . Eor, LI A SR, B
FREE S VR BE R 2 cfu/25 g BE S EF, LAMP Fl 1SO
6579—2002 75 ¥ (1 6 I 25 SR Sy B, T RT-PCR (1)
e 45 5 Sy B R, AT B R R T RE Y TR R TP A A
PCR #I4 ) , W1 B0 T RT-PCR ARG 45 5, &
R K ,LAMP 5 ISO 6579—2002 #4558 — %k .
2.4 SCBRE SRR YRS D

Wy 3K AS [m] Bh 25 04 £ i 4% B LAMP RT-PCR I
IS0 6579—2002 = Ffr Jy ¥k FE 47 K I, A6x I 25 2R 4 &
4 R, 5 B AR RESh 3t 45 At = RN Oy vk A RE
Kty 5 0y AP RE S A R 110 1%
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Figure 1  The sensitivity of LAMP

s0r 3t
25} e N R Topn Lo
o ABEGERRIEID T fimY BN BT 6 4 LAMP 5]
2 20 Wy R ALIEEE 7 T LAMP J R P R B 4 . 7%
é:\j —H= v Mo
810t N FR NS A MaCl, 1955 8 4 R 9OE YR},
03t PEGE TR AE G PR W58 2 5 7 Ak (55 5 2
0 : . ; . . A
os 510 15 20 25 30 35 40 B YR W RE L A7 AE 5 A5, A8 T JE A LAMP 52
s TR EL N = o sl Pz N 32
B e B R4 R R %
BB M S I I A A ”?E%ﬂm Ho #T’ffi%ﬁ A2 >
6.4x10° . 6.4x10°% 6.4x10° . 6.4x10%, 6.4x10? cfu/mlE i LAMP J7 46000 3 £ ¥ 171 & 5 v 3 Ak & 90 £ b 17]
B2 RTPOR Kol AN BB R TR, 31 Bk A 6 B 2 S 9 1, ELA
Figure 2 The sensitivity of RT-PCR RGP R 5 dE o LA I R B M 6. 4 10 cfu/ml,
23 MR RIS,
Table 3 The result of base-material addition test
U TR TR B IHR BE/ (cfu/25 g)
Bt 5T 44 B 2x10" 2 99 1 % Bt
LAMP RT-PCR ISO 6579—2002 LAMP RT-PCR ISO 6579—2002 LAMP RT-PCR  1SO 6579—2002
N + + + + + + - - -
X4 A + + + + + + - - -
i A + + + + - + - - -
1y + + + + + + - - -
Ei + + + + + + - - -
T s+ R B B 5 — 3873 B 9 1
4 SEBRAE ARG T &5 N NN N7 e ,
b Rb R B HEE PCR 7 ok 5, Jf ELE 4 B 77 7 K
Table 4 The detection result (lj; ;r:;::;;;amples ¥, R b e T A R A e RN
ERBERAH O T o 00 T LAMP BRI 2 cfu/25 g i, A 0 45 S
e 5 1 1 1 ANy 5 B RE G BB R SE W . R T R 2D R A AT
o no ’ ’ FEHEST VDT TE LAMP Kl J7 3% 1 57 FFL ¥ L %4 45
ASHI
54 5 0 0 0 SRR Al AR A R AT A I, A I &5 2R S 9L B Ot
B 7 2 2 2 _ A Sl 4k B A s
P12 R 5 2 2 5 5 5 PCR Jz 1SO 6579—2002 F i 2% H — 3%, 44 ) %
¥ %/ % 11.1 11.1 11.1 K11.1% .
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