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Application of isothermal amplification techniquein the detection of
Salmonellain food
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(Tianjin Entry-Exit Inspection and Quarantine Bureau, Tianjin 300461, China)

ABSTRACT: Objective To design the specific primers and probes on the basis of sequence analysis of Salmonella,
and evaluate the application of isothermal amplification methods (cross-priming amplification and loop-mediated
isothermal amplification, CPA and LAMP) in the detection of Salmonella in food. Method The specificity of the
method was evaluated by 19 strains of Salmonella and 35 negative strains of Enterobacteriaceae. The sensitivity of
the CPA method was evaluated by testing the quantitative DNA and pure bacteria count compared with the LAMP
method. According to the ISO standard, 2 isothermal amplification methods were confirmed from the aspects of
sensitivity, specificity, false positive rate, false negative rate and relative accuracy with the current national standard
as the reference method. Result The CPA method had the same specificity as the LAMP method, was more
sensitive than the LAMP method. The performance of methods could meet the requirements of ISO which compared
with the reference method. Conclusion This method is highly sensitive, specific, and does not require any complex
equipment, which can be used as a rapid qualitative detection method for Salmonella in food. It has practical
significance for the rapid screening in the ports, and the detection in grassroots areas or the economically
underdeveloped areas in remote areas.
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10xBst buffer(New England Biolabs

); MgSO,

5d ", (Sigma ); Bst DNA polymerase large fragment (New
> England Biolabs ); dNTPs (Fermentas); betaine (Sigma
> ); 10xloading buffer( );
—_ (cross-priming amplification, (Sigma ); ( ); DNA
CPA)”, ladder TI( ); SXTBE(
, , )
> 19 (4 CMCC 15
PCR R ), 35,
F1 REEH
Tablel Experimental bacterial strains
50041 CMCC 45201 CMCC
50019 CMCC 48021 CMCC
50115 CMCC 46116 CMCC
50096 CMCC L.mon6801
S.senf5810 49334 ATCC
S.kent5712 46114 CMCC
S.abo5905 51252 CMCC
SAL 5729 51250 CMCC
SAL 51024 51175 CMCC
SAL 51107 51334 CMCC
SAL 51227 53501 CMCC
SAL 51229 52301 CMCC
SAL6607 27156 ATCC
SAL70115 46104 CMCC
SAL70216 ENF5329
SAL70307 O157: H7 PTS001
SAL71123 13880 ATCC
SAL 100323 33077 ATCC
SAL 081013 Serliq5123
E coli0856 entagg5624
pesaer6310 43046 CMCC
E.cl06929-1 45301 CMCC
49027 CMCC 45103 CMCC
49005 CMCC E.int51231
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PCR (T gradient,
(5417R, Eppendorf );
(UVmini-1240, );
Hoefer ); (T2A,

23 ZER¥ 83| RIRE

Biometra );

(PS3000,
Bio-Rad )

invasion

protein (invA) (4

23.1 RSB Y B K| M BARAT

SALF: 5°-GCGGAAGTCGCGGCCCG;

SALB: 5’-TCGCACCGTCAAAGGAACC;

SALCPR:
5’-AGATGAGTATTGATGCCGATTTGTCAGTACGCTTCG
CCGTTCGC;

SALDEF: 5’-FITC-AGGCCGGTATTATTGATGC;

SALDB: 5’-BIOTIN-TTTCTCTGGATGGTATGC

232 FIAFHFBY LI HA S

5’-GACGACTGGTACTGATCGATAGTTTTT

FIP CAACGTTTCCTGCGG

5’-CCGGTGAAATTATCGCCACACAAAAC
CCACCGCCAGG

F3 5’-GGCGATATTGGTGTTTATGGGG
B3 5’-AACGATAAACTGGACCACGG
5’-GACGAAAGAGCGTGGTAATTAAC
5’-GGGCAATTCGTTATTGGCGATAG

BIP

Loop F
Loop B

24 WMFEE
241 REHEZ
)]
50 puL dNTP 0.16

mmol/L, MgSO,4 1.6 mmol/L, Betaine 0.2 mol/L, Bst DNA
pol 0.16 U/uL, SALF/SALB 40 pmol/L, SALCPR 160
pmol/L, SALD/SALDB 320 pmol/L, 1 pL
163 C 60 min
(2)

50 pL, : dNTP 0.8 mmol/L,
MgSO, 2 mmol/L, Betaine 1 mol/L, Bst DNA pol 0.16 U/uL,
FIP/BIP 160 pmol/L, F3/B3  1.28 pmol/L, Loop F/Loop

B 0.64 umol/L, 2 uL
160 C
242 AR
1 19 ,
; 35 DNA
243 BRAKIRIRE

60 min

CMCC50041DNA
DNA CMCC50041
, 10 10° CFU/mL,

, 3
25 M AEES
251 @FEHLAR

2.52 A
3 , GB
4789.4
s , 1 mL DNA,
253 FiEAHK
(p-) ()
(pf+) (pf-)5 )
GB/T

6379.2 ( ) 2
[15]

3 HERE5N

31 #RMRE
54 , 19

;35
) 3( )

> >

32 MRRIALE
32.1 DNA #7
(CMCC 50041)DNA

68.44 pg/mL, ,2 S 3

1
Fig.1 Detection of Salmonella strains by CPA

:N: ;P ;5 1~9:
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2
Fig.2 Detection of Salmonella strains by LAMP
: CK: ; 1~6
£ 2 WITKE DNA RYEIRBLER
Table2 Sensitivity of detecting Salmonella DNA
DNA 6.84 ng 684 pg 684 pg 6.84 pg 684 fg 68.44 fg 6.84 fg 0.684 fg
CPA/LAMP  CPA/LAMP CPA/LAMP CPA/LAMP CPA/LAMP CPA/LAMP CPA/LAMP CPA/LAMP
1 ++ +/+ +/+ ++ +/+ ++ - -
2 +/+ +/+ +/+ +/+ +/+ +/+ +/- -
3 ++ +/+ +/+ ++ +/+ +/- - -
+/+ +/+ +/+ +/+ +/+ +/(+/-) +/- -
T ;e
*3 WITRERRGERE
Table3 Sensitivity of detecting Salmonella
CFU/mL 6.0x107 6.0x10° 6.0x10° 6.0x10* 6.0x10° 6.0x10° 6.0x10' 6.0x10°
LAMP + + + + + + + -
CPA + + + + + + + -
L ;e
N P 1 2 3 4 5 6 7 8 9 CFU/mL, PBS 6.0x10° CFU/mL, 1
mL DNA 10' CFU/mL,
3
33 FHESEIEM
6 180 R
( ) (
3 ) ( )3 ,
Fig. 3 Detection of negative control strains by CPA
:N: ; P ; 1-9: ’ ’
10' fg/ 10" fg/ ,3 ’ ’
2 22, 27
322 “hERERN , 26,

(CMCC 50041)

6.0x108
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Table4 Results of the performance (CPA) 2
b
. , 19 35 ,
DNA R
I 0 Nl-22 10" CFU/mL,
; DNA
5 153 N2=158 ’
N1=27 N2=153 N=180 , 10! fg/
o) x'=3.20, (dfy=1 , 10" fg/ ,3
(23] 100% 2
(p-) 96.8%
2
<3.84
(pf-) 0 b X b
b
(pft) 3.2%
9 9 9
97.2% , DNA
ca P B
b bl 3 9
- N . ISO
*5 MHREFERANSERTEE)
Table5 Results of the performance (LAMP) > >
b
S Lk
22 0 N1=22 [1] Bean NH, Griffin PM. Foodborne disease outbreaks in the United States,
4 154 N2=158 1973-1987: pathogens, vehicles, and trends [J]. J Food Prot,1990, 53:
804-816.
NI=26 N2=154 N=180 [2] Dargatz DA, Wells SA, Fedorka-Cray PJ, et al. The veterinarian’s role in
(Xz) x2:2,25, (d)=1 diagnosis, treatment, and prevention of multidrug resistant Salmonella
() 100% typhimurium DT104 [J]. Bovine Pract, 1998, 32: 1-6.
0
[3] Murray MIJ. Salmonellosis in horses [J]. ] Am Vet Med Ass, 1996, 209:
(-) 97.5% 558-560.
(pf-) 0 [4] Wells SJ, Ott SL, Seitzinger AH. Key health issues for dairy cattle-new
(ofh) 2 5% and old [J]. J Dairy Sci, 1998, 81: 3029-3035.
p .
’ [5] Bej AK, Mahbubani MH, Boyce MJ, et al. Detection of Salmonella spp. in
97.8% oysters by PCR [J]. Appl Environ Microbiol 1994, 60: 368-373.
- a [6] Rasmussen SR, Rasmussen HB, Larsen MR, et al. Combined polymerase
b chain reaction-hybridization microplate assay used to detect bovine
leukemia virus and Salmonella [J]. Clin Chem, 1994, 40: 200-205.
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