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Abstracts: Loop-mediated isothermal amplification (LAMP) is a novel DNA amplification technology which amplifies DNA with high
specificity, efficiency, and rapidity under isothermal conditions. According to the specific invA gene of Salmonella spp., a set of specific primers
were designed to amplify the special DNA sequences by LAMP. Moreover, the reaction conditions of LAMP were optimized. The results
showed that the optimal concentrations of inner primers, exogenous primers, Mg>", dNTP, betaine, Bst DNA polymerase, reaction temperature
and reaction time were 40 pmol/L, 5 pmol/L, 6 mmol/L, 0.8 mmol/L, 0.8 mmol/L, 8 U, 63 °C and 1h, respectively. Under those conditions, the
detection limit for Salmonella spp. DNA template was 10 fg/tube and no cross reaction with other usual bacteria was found. For Salmonella spp.

in milk products, the detection limit of the method was 10*cfu/mL. So this method was suitable for rapid detection of Salmonella spp. in

contaminated foods.
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Table 1 Examined strains in this study and their specificity of LAMP assay

A5 EE ARG 5 P LAMP B 4§45 R
No. Bacterial species Strain serial Origin Specificity of LAMP assay

1 Staphylococcus aureus ATCC6538 AREIHERBE -

2 S. aureus(SEA) HZFS3001 AL ERBE -

3 S. aureus(SEB) HZFS3002 AL ERBE -

4 S. aureus HZFS3003 B A -

5 S.aureus HZFS3004 AL ERBE K -

6 Shigella flxneri HZFS4001 AL FARR B -

7 Shigella sonnei HZFS4002 AT ERBE K -

8 Shigella dysenteriae HZFS4003 AFEHERBE K -

9 Salmonella enteritidis HZFS1001 AL R s +

10 Salmonella choleraesuis HZFS1002 AL SRR P S +

11 Salmonella derby HZFS1003 AL R s +

12 Salmonella agona HZFS1004 AL R s +

13 Salmonella spp. HZFS1005 AL ERBE +

14 Salmonella spp. HZFS1006 AR ERBE +

15 Salmonella spp. HZFS1007 AR ERBE +

16 Salmonella typhimurium CMCC50051 KT S 2] s +

17 Escherichia coli HZFS2001 AR ERRE K -

18 E. coli HZFS2002 AERERBEASK -

19 Eoli 05 HZFS2003 AZIERBA K -
20 pseudomonas aeruginosa HZFS5001 AFBERBEAK -
21 Bacillus cereus HZFS5002 REHERKE -
22 Bacillus subtilis HZFS5003 AFEHERRA®K -

23 Vibrio parahaemolyticus HZFS5004 AZBERARB -

24 Listeria spp. HZFS5005 AFEBERRA®K -

25 Listeria monocytogenes HZFS5001 AL TR R P -

JE: +: LAMP R a5 R/LAMP positive result; —: LAMP R [ M 45 X /LAMP negative result.
1.1.2 &t large fragment), LLNE#KN Bst DNA 417, New

Bst DNA &K BL (Bst DNA ploymerase England Biolab, dNTP, Z[E Genview A #]; DNA
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Marker, KIEFAEV THEARAR; BilahE, VOIS
Biowest AH]; RILZEE (EB), #Z¢Hk (betaine),
Sigma A H] .
113 A
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Al; DYY-8C HLUKAY, dbmi/s—Adds) s HAUK R4,
% Millipore 2 %]; GL200 BERMf% R45, £E
Eastman Kodak A #]; Centrifuge 5415R {5if A% 550
ML, 7E[E Eppendorf AH], HURHIREKIKH HH-2,

TEHBAIR AR, EIRER, BSOS & AR
NHE].
1.2 HiE

121 5Bt 5 &R

KB I913ETHEFE Primer Explorer 4.0, HR4EVD1]
invA B[, BTSSR —E51Y), fEESh
5% F3 (forward primer) #1 B3 (backward primer)
DL N 514 FIP(forward inner primer ) A1 BIP(backward
inner primer), 15 2. SIMZAEIL WAV EYE AR
PR =] & R

2 IIE invA EER LAWP 54

Table 2 Primers of invA gene of Salmonella spp. for LAMP assay

HEZ KJE(bp) Flrgl (5-3)
Primer Length Primer sequence (5-3")
F3 20 TGTTACGGCTATTTTGACCA
B3 18 TCGAGATCGCCAATCAGT
AGAGTACGCTTAAAACCACC-
P 4 GATTTCAATGGGAACTCTGCC
BIP 18 TAGCGCCGCCAAACCTAAAA-
CCTAACGACGACCCTTCT

122 4 DNA $2HL

WE FR AR RN LA S B LB N (LB,
37 ‘CH53% 18 ho BUAFREFEY) 1 mL T~ 12000 r/min 25
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10 mmol/L EDTA, pH 8.0) #¥%%, 12000 r/min &> 5
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Tritonx-100)2.5 pL, 20 mmol/L Mg*™ 5 uL, 10 mmol/L
dNTP 2.5 pL, betaine 0.8 mmol/L, 10 pumol/L FIP F

BIP % 2 uL, 5 pmol/L F3 f1B3 % 0.5 uL, 8 UBst DNA
R, RPOEE 63 °C, RSETE] 1 he FRJEHRHE
S AL Mg? WREE . ANTP WREE. BIUE LA
SRS B S5 R 2 A TR AL
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DNA Marker {EAER 3 F TR, H 2.0%B M &
2 (4 EB 0.5 pg/mL) 7E 100 V HJE T HJK 30 min,

TR BUE R G T Ei R

12.5 LAMP gt

ME AR ERE CMCC50051 (1) DNA #KEE, 435
DARBALK 10 fEEAFEMRE, BRI 2 uL AR
PEE R, AR NARZHYPTTR DNA FIE5 74 100
pg. 10pg. 1pg. 100fg. 10 fg. 0.1fg, PAFBAKIE
BAYERTHR,  HLIK ST LAMP (145
1.2.6 T TEVGHAEYE S LAMP

HU AR MRV T T8 CMCC 50051 M 25 75 N7

o, 37 ‘CHEFE 18 ho | mL 53R T4 i,
TR PR AMRKIGE W 37 °C 150 t/min B E 77 18
h (GB/T4789.4-2003). #8771k 1.2.2 #2HU DNA, R
F LAMP 734, DL RO T TR A5 s e A
PEXTHR . RIS, FRRETARH O B b TR

2 HR5SH
2.1 LAMP 5|9t S s 7 bt

8 o

B 1 SRS A b
Fig.1 Turbidity of LAMP reaction systerm using specific

primers.

Note: Lane 1-25: DNA templates as shown in Table 1; lane
26: ddH,O0.
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Fig.2 Agarose gel electrophoretogram of LAMP —amplified
DNA using specific primers
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Note: Lane 1-25: DNA templates as showed in table 1; lane
26; ddH,O; M: DNA marker.

PAZE 2 it g1 9, e fbkiEvk GR 1D et
17 LAMP. Z5R50R, BRIV SN 1 IE
W D, HIKEEY &, MHEIRDT TRk
SSE AR PER, KR WY % (B 2). &
Lt (1 5 I 0 B R e
22 LAMP B

i 1.2.1 RBARRHBEAT LAMP R, 7R -,
SRt Mg® WK ANTP #FE. B4 RE EE DL R s B
AT, SRIRERATT
22.1 Mg WX LAMP J S (#1540

HIF Mg® WREERCIA 514 S s e, AT LRI T
T Mg® WM 2~16 mmol/L Xf LAMP 540, 45
3.

& 3 Mg SREEXT LAMP 2 B2 AIE2E
Fig.3 Effect of Mg?" concentration on the LAMP reaction
Note: lanel-8: 2 mmol/L, 4 mmol/L, 6 mmol/L, 8 mmol/L,

10 mmol/L, 12 mmol/L, 14 mmol/L, 16 mmol/L; lane9: negative
control; M: DNA marker.

ME 3 A& H, £ Mg” ¥y 6 mmol/L i 5t Al
BRI —. e EWRY &, X5 ATRIER
Mg W ELE 4~8 mmol/L AT AP,

222 dNTP IREEXT LAMP [ B fFI520

M3E T dNTP KM 0~1.6 mmol/L Xt LAMP %
NEFIRZ, 2R L 4.

1 2 3

4 5 6 7 8 9 M

(& 4 dNTP JREEXS LAWP 2 Rz RIS
Fig.4 Effect of dNTP concentration on the LAMP reaction
Note: Lane 1-9: dNTP 0 mmol/L, 0.2 mmol/L, 0.4 mmol/L,
0.6 mmol/L, 0.8 mmol/L, 1.0 mmol/L, 1.2 mmol/L, 1.4 mmol/L,
1.6 mmol/L; lane 10: negative control; M: DNA marker,
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HE 4 7IEH, ANTP KM 0.6~1.4 mmol/L 3
Aed 14 HUBE DNA, {H/27E 0.8 mmol/L A5 215 —.
FRUB 5K IR 5 HA AN FRIE R FH T4l i 4 3
IR AR AU,
223 SIYREREELLXT LAMP [N 52

HFSCRRR A T8 2 s ik B L, HIL L
Xt LAMP J 7 OBt 1R Rt M. 2 5144
SIEF T 7 MREEELAY RN 121, 122, 14, 1:6. 138,
1:105 1:12, HVKGERIE S,

1 2 3 4 5 6 7 8 M

[E5 SI¥ERELLRS LAWP & RIHISZ0
Fig.5 Effect of ratio of the exogenous primer to the inner on the
LAMP reaction
Note: lanel-7: 1:1, 1:2, :4, 1:6, 1:8, 1:10, 1:12; lane 8:
negative control; M: DNA marker.
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ReFRART o
224 NI EX LAMP J N5

AHIREFRATED T 60min B AN WELE] LAMP
B BETE T RIS A 15~60 min Xt LAMP
SHIFEE, i 6, FATKIAE 45 min HEAEU 5]
Ve ISR AR, {H7E 60 min A RS RIIY—. £2
SE [T IR SR o
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Fig.6 Effect of reaction time on the LAMP reaction
Note: Lanel-4: 15 min, 30 min, 45 min, 60 min; Line 5:
negative control; M: DNA marker.
BT LA EarHT, AR LAMP 8644 9: 25 ul
RSk 2 10<LAMP bufffer 2.5 uL, 6 mmol/L Mg,
0.8 mmol/L dNTP, 0.8 mmol/L betaine, 5|4 FIP 1 BIP
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% 40 pmol/L. F3 1 B3 % 5 pmol/L, Bst DNA % &
8U, KMNIRE 63 °C, JWHIE 60 min.
2.3 LAMP UMD E

KRk DNA £ 10 BBk, vk
%% DNA W9 100 pg. 10 pg. 1 pg. 100 fg. 10 fg.
0.1 fg, PAHAKIE NN, Z0tbEr LAMP
Ry WG, BB A 7. gRRE: iR
SLH LAMP JriEReR IR 10 fg Y01 1H DNA, B
Bt DNA WREERIFES, 25t me BEgii AL s . AR
PRI 8.
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Fig.7 Agarose gel electrophoretogram of LAMP-amplified
DNA of Salmonella with different DNA concentration
Note: Lanel-7: DNA concentration of 100 pg, 10 pg, 1 pg»
100 fg, 10 fg, 1 fg, and 0.1 fg; Lane 8, ddH,O; M: DNA marker.

%] 8 LAMP Ui mE EL 45
Fig.8 Turbidity of LAMP reaction system with different DNA
concentration of Salmonella

Note: Lanel-7: DNA concentration of 100 pg, 10 pg, 1lpg,
100 fg, 10 fg, 1 fg, and 0.1 fg; lane 8: ddH,O; M: DNA marker;
+: positive; —: negative.
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Fig.9 Agarose gel electrophoretogram of LAMP

—amplified invA gene in milk samples

Note: Lanes 1-6: 10° cf/mL, 10*cfwmL, 10°cfu/mL,
10*cfu/mL, 10'cfu/mL, 10°cf/mL; lane7: ddH,O; M: DNA

marker.

17}
+
& 10 SEIDT TR UIERAT LAWP jh

Fig.10 Turbidity of the LAMP reaction for amplification

of the invA in milk samples

Note: Lanes 1-6: 10° cfw/mL, 10*cfu/mL, 10° cf/mL,
10*cfwmL, 10'cfumL, 10°cfumL; lane7: ddH,O.
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