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Abstract

In this study, a rapid and sensitive detection tool for screening Sa/monella spp. by using a loop-mediated isothermal ampli-
fication (LAMP) assay targeting the genomic sequence of the invA gene was developed. The inclusivity and exclusivity
were both at 100% in the analysis, and the limit of detection (LOD) in a pure S. Enteritidis culture suspended in saline was
3.2x10° CFU/mL at 18.17 min (R? = 0.9446). The LODs of the LAMP assay in buffered peptone water with Salmonella
(BPW) and duck carcass swab sample enriched in BPW with Salmonella (BPWS) after 0 and 12 h incubation were 3.2x 10°
CFU/mL and 3.2x10° CFU/mL, respectively. Comparing the LODs in BPW with those in BPWS, the LAMP assay was less
influenced by compounds of duck carcass swab sample than the PCR assay. Sensitivity and specificity of the LAMP assay
in 50 duck carcass swab samples enriched in BPW for 6 h were 96% and 84%, respectively, indicating that the LAMP assay
is a rapid, simple and sensitive assay, which can be utilized as a potential screening tool of Salmonella spp. in duck carcass

sample.

Key words: loop-mediated isothermal amplification, Salmonella spp., screening, duck

M g

Salmonella= 7 PA Tl &= EAAE V|9 1
A o R, ot &9 thg @ Fol AlellA B
Uehll= 78 2155 dAo|th Algellx 9] A
Fe2 T2 2% Wi FEHE EAs B, AAL
59 IFAS W) 53] o - fol,
2} SollA YAEFe SFoE WHE 4 9lom =&
AFS7HA] o2 vl AWAR] AHE o1F 4= Tt A
AAA 2 drdete] o3t 255 Alale Alidd A=
Ak Y] RS x}A| 3}, v M= Salmonella®] &8k
%5 Abah A7k 1509739 o] 27 (Steve Yan et al.,
2004), 1 =71 Sl M= Al AFS ALY 70-

o,
o dlo

vH
=

b 1y

iRl

*Corresponding author: Seongbeom Cho, College of Veterinary
Medicine and Research Institute for Veterinary Science, Seoul
National University, Seoul 151-742, Korea. Tel: 82-2-880-
1270, Fax: 82-2-880-1233, E-mail: chose@snu.ac.kr

655

80%7} Salmonella®. 3] WA= ACE Huw ot
(Yang et al., 2010). =7 2|59 oFEAA A= S Al
28] Zkg50 W2, 20119 Salmonella 21E52 2471, 3
21 1,065 0.2 Halw o] Al 255 Alal Z B
gPdtol olo} F WMAR =& o g Busr). Salmo-
nella 21555 Bsl7] 1% 57H e o= &
T8t w3 Salmonella 215=% Al FREs] WAste] 43
AF 42 osla gl Aol

Salmonella= A7IA] 2,500 F ©]/d2] thst 43
o] HuHglom, 7 F 455 dosle Fad 4
O 2 Salmonella enterica serotype Typhimurium (S. Typhi-

L
L

murium)¥} Salmonella enterica serotype Enteritidis (S. En-
teritidis)”} $ATH(Yang et al., 2010). £3] S. Enteritidis= 7}
Rl £3) gedo] 0d A% EE ARS o) 2
49l AFE AaE Po7)7) wee] SaFelAe) A
299 o 8 Ave FFHATFHOR ulS Fa3)

T ZFERe] A9 R SN B E

2}
o,



656 Korean J. Food Sci. An., Vol. 33, No. 5 (2013)
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=
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o A FULHoZ B2 A7t Halso] o),
T HAR Avlgo] B8 2882 Salmonella 2.2 T
e 1 A7} F535 Aotk (Cha et al, 2013). 1
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Q0] 7 EUH FTFHE 28H(29%) 0=, ol AS
(5%)9] QA5ES DR e Ao oegd o
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7] 23l &8ss ofdwel AUt
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S22 A5Z(Loop-mediated isothermal amplification,
LAMP)H-L 71Ze] F--x1=ZH] Q] PCR ¥ real-time PCR
I AR 21& - 713 - AT} Hold Who s A
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kisoe et al., 2010; Wang et al., 2012). 7122 F-4x} =
WHEo] &% i 271 Slol|A Hkg-o] Y= A} th
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primer set2} FZHH3-S- L 71<4:3}A)7]= loop primer set

e B3 G312 g9 Z7) o Y] BHE 1AlE)
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Table 1. List of bacterial strains used in this study

Species Sources No. of strain
Salmonella spp. (reference strains)
serotype Enteritidis KCTC 23837 Deposited by CDC 1

serotype Typhimurium KCTC 12456

Derived from existing strain (US)

Salmonella spp. (wild type strains)

serotype Enteritidis Chicken (feces, meat and liver) 15
serotype Typhimurium Pig and Cattle (feces, meat and slaughterhouse) 15
serotype Hadar Pig 1
serotype Montevedio Chicken 1
serotype schwarzengrud Pig 1
serotype Infantis Chicken 1
serotype Reading Chicken 1
serotype Newport Pig 1
serotype Give Cattle 1
serotype Senftenberg Chicken 1
serotype Bareilly Chicken 1
serotype Lagos Chicken 1
serotype Rissen Pig 1
serotype Heidelberg Chicken 1
serotype London Pig 1
serotype Derby Pig 1
Salmonella spp. Duck (carcass swab) 10
Gram-negative bacteria
E. coli (ATCC 43894, 43890, 19853) Human feces 3
Campylobacter spp.(ATCC 33291 and 33559) 2
Shigella flexneri ATCC 29903 1
Shigella sonnei ATCC 25931 Human feces 1
Cronobacter sakazakii ATCC 29544 1
Gram-positive bacteria
Bacillus cereus ATCC 11778 Deposited by FDA 1
Staphylococcus aureus ATCC 33586 Vagina of toxin shock syndrome patient (US) 1
Listeria spp. (ATCC 15313 and 33090) 2
Total 68

(Bio-Rad Inc., USA)S A|ZAL] #3 A3ubHo| F£3}o]
AMESHITh 2] DNAE 3024 PCR 2 LAMP 4t
Sl ZutE ARSE A 4°Co AR, A7) B
ZA5-olle 20 uLA 53k -20°Ce] Hastich.

invA 81Xt 4&S 2|8t LAMP Primer M|Z}

Salmonella 5°]221 LAMP primer A2 95} Oh<k
3t Salmonella spp.d] invA A} A< (Genebank number
U43252, U43272, U43273, M90846, NC016857) thAto
2 CLUSTAL W (Lasergene® 10.1.1, USA)HS AR5}
consensus A G 31 3EHTH FH S consensus A|ES E
= Primer explorer V4.0 software (http:/primerexplorer.jp,
Fujitsu Ltd., JP)S AF&-3}le] LAMP primerS A6kt
Z A2 LAMP primere 3% 2, Inner primer set (FIP,
BIP), Outer primer set (F3, B3) & Loop primer set (LF,
LB)Z A3t Al LAMP primer M g-2 vt 2
t}; FIP 5°-ATGATGCCGGCAATGGCGTCAGCCAGCTT

TACGGTTCCT-3’, BIP 5’-GATGACCCGCCATGGTATGG
ATCCATCACCGATGGTCAGC-3’, LF 5’-TTGATAAACT
TCATCGCACCGTI-3’, LB 5’-TTATCCTCCGCGCTGTCTA
CTTA-3’, F3 5-GAAGCGTACTGGAAAGGGAA-3’, B3
5’-GGGATCTGGGCGACAAGA-3’.

LAMP % PCREH2| 8IS =71

LAMP HEE-H42 GspSSD DNA polymerase (OptiGene
Ltd., UK)E o]-&3te] Ax3ttt. F ¥-8-Y 20 uL 5 pri-
mer2] HFEE=+= FIP 2 BIP 0.8 uM, LF 2 LB 0.4 uM,
F3 % B3 02 pMOE AA3}0™ GspSSD DNA poly-
merase 6 U, =8 DNATE 4 uL H7}stdth S22
739-0= Nuclease free 33} B d=HSE F3o 2 Hrlsh
9o} HRg-18 Genie® 11 platform (OptiGene Ltd., UK)S
o1, 60-67°C Alo]e] L HHF HHS HaYsie] 2
< FEAA HEARIO] 7P s 65°CollA 308 F<t
SIS FYsIY. SEAI= X5 ASARKTF Y=
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A2 FA 39T 50°CE A E F2FFol F4
3] d53t 28] X182 5mLe] buffered peptone water(BPW,
Becton Dickinson, USA)Z 3t W HZE A5k
TS 3-53] FAA A Fobhd £ 25mLe] BPWel| ¥
3 AlA AEFEATE JE 10 mLE 90 mLe] BPWell H
T3t 37°Coll A 24A17F ARl s ATE BPW i Y

£ b

I mLE- Tetrathionate broth, Hajna (TTH, Becton Dickinson,
USA) ¥1A] 10 mL Foll FZEste] 2Ieggh 5 37°CollA 24
AIZE A S Er. TTH vkl 10 pLE XLT4 SE ul
Aol A4Ested 37°ColA] 24r3F wljggt = HFAQ] Salmo-
nella F2o] B Qske-2 1S}, BPW wlke]
99] LAMP 2 PCR 23} invA F-3ALe] SZAMg0] 3zt
PA e AP F ATHT 4o Ang gt

22| =X|0|Me] Salmonella &F 22| ¥ RIZE - £0|
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- =21

2013'd 649 130l A4 = A9 =9 154 2
ZEAo] FHAE 1008 FHATE 5 mLe] A
AATFE Fe i ARE ARSSt TAY FHE 355
3] AXA &7 Fold F, 25 mLe] BPWe Wo] WA=x
AoA AR FA] F3ITE MRS AlA "3+,
& 10mLE 37°ColA 6113t g2l Fetsict. BPW Y
& 1mLE TTH #jA] 10 mL ol HFsto] 3 &
37°Coll A 24A17F A A &FstATE. TTH vl 10 uLs
XLT4 & a2l F3ted 37°CollA] 2443t st £
AE AR Salmonella & B2 -, 9 F4
S X93}te] Rambach 34 B X|(Becton Dickinson, USA)
o] HEsted 37°CelA] 24213t viaislth. 8 4 et
< VITEK 2 compact system (BioMerieux, France)2 A&
sto] Asketd 48 AX HEH R WAHsIH

BPW HjFel 1 mLe QE|TAA R Sadolre] vztw
2 Solx AFS flste] -20°ColA B & DNAS F=
SISt} Salmonella ¥3 2 573 A5 242} 257014 F 50
7§ AlgellA 5% DNAE LAMP 3 PCRYS AH&-3to]
AT 9 ol AYS sttt 257 X H 4
A& F LAMP 3! PCRE 77} 4 B S4o= A=
A|E5=9] HI-E-S 7= (sensitivity) 2 5-0]%(specificity)°l]
Hhedsdt.

A o
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LAMPS] inclusivity % exclusivity A&

Salmonella®] invA F-AR= A AL 2 2 350
dE BFAR AR, Salmonella 11+ 5o] MBS
7HAAL Qo] ThFst SF-2) AEEHE Salmonella 1A 7
Zol| &-&5a1 ATh(Ferretti e al., 2001; Guo et al., 1999;
Lampel et al., 2000). invA A} 2l = phoP F3AA} 5
%= Salmonella 3% A7l Bo] &8=11 o1}, phoP
AR= 2] Enterobacteriaceae®) EASIEE EH 2
37 AWZo A vlEo] Wkl 23l Salmonella 2.9 =
o] 2% o|== &7} UTHZhang er al, 2011). WA 2
AFNA= BFARA invA FFRAAE AASE Salmonella

Eo|Z21 LAMP primers AJ2F5}o] inclusivity 2 exclusivity

o
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Fig. 1. The limit of detection and standard curve of the LAMP assay targeting the invA gene of Salmonella spp. in a pure S.
Enteritidis culture suspended in saline. (A) The amplification curve indicates time (min) on the X-axis and the amount of
fluorescence detected (K) on the Y-axis. Each amplification curve is tagged with an arrow and a corresponding sample
serially diluted from 3.2x107 to 3.2x10° CFU/mL on the graph, (B) The standard curve shows CFU/mL in log scale on the
X-axis against time in minutes on the Y-axis. The quantification equation and R’ value are shown on the graph.
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Z 567N Salmonella T 2 E2l5ol tis]l LAMP
9] inclusivity AlgS A8t A3}, 56504 BF S
SENEgo] FAFY. M4, F 1271 non-Salmonella spp.
T2l ) exclusivity A8 AJ38SE 7,—3_34- 125700 A
BE 849 SZF4kg-o] BT o] inclusivity 2 exclusivity
= 217} 100%2 HFSIETH BE AT FANRTE
SAUNETS AR e 71 B T A
T A] FT) 22 A|EE PCRESZE A3 Ave
ol¢} o] FAHo R ThE AFENA B nie}
PRI RE Salmonella TS 7AZE3=H] QlolA invA -4
A o3 EBE9l Aoz AziE

B r

LAMPE 2| HESHA|
& Wk Salmonella A Mo A LAMPL] AZ3HA|

Pohr A BRG] DAL N Flgh A

=
=
=
=

= sto] A¥S 433 A3, 3.2x107 CFU/mLY-E
3.2x10° CFU/mL7}A] 11.08%-¢]4 18. 175‘— Alololl A <=4
2 AEFog FFHEItHFig. 1A). & FHEAIZE 30320]
At F annealing temperature AE EYE 25 9FAd9]
SEEo] AAEHASS BESFATH(85.87£0.26°C). )&
EUZ LAMPHY] 7 %?shﬂt 3.2x10° CFU/mLE ZAA3}
gom, o] weo] AZAZFe HF 18.17+0.805-0|c}. 2+
< *LE;% PCRE A3 A7} &3+ 3.2x10° CFU/
mLE #zEo] B A7 /jtd LAMPYo| PCRETH
1008) o ¥17¢E Zo2 e o] A= fimY {74k
E Eo| nAZE 3 LAMPZ|HES &5 wSE Salmonella
o] 3Xelol| AL3)S ufo] AZIAZ 4.8-6.0x10° CFU/
mLO 2 B33 Aol FALSE Ao R T (Tang et
al., 2012), invA RS Eo] vlAE Salmonella 3% 7]
HE st Ao s LAMPY] AZE3HAIS 10* CFU/tube
2 K 3}o](Zhang et al., 2011), B F7llA 73k LAMP

& o8
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7o) B Rzt Aoz Azt

9 A7s EUE LAMPY] 1P %3} 7sdS 718t
IR} FEE AFTAE y=-1.7667x +23.7340]1%]aL, o]
o] RZHE 0.9446010tHFig. 1B). E. coli®] A7 f-4
AHseyE PO Z LAMPHS /st AollAe RG]
HOIE 0.9045E] 0.997 Alo]Z K18 TH Wang ef al.,
2012). ]9} HlwElE e w, B AolA Fxgh Yk
2 3.2x107 CFU/mLYIA] 3.2x10° CFU/mL A}o]o] H9jo)
A AEAREE vl E X)) T2 EASk= Salmonella
TAE -z JFd = S & 5 Ut

Salmonella Z28{X|&0M2| LAMPRHS| HEEHA

BPW v R|o| 4] 12A17F viSE Salmonella S} (BPW-
12) Zdolxe] AE3A= LAMP 2 PCR 25 A3
9 Wel AJ8(3.2x10° CFU/MLEE] 3.2x10° CFU/mL7}A])
oA S ATH Table 2). FH4, BPWHIA|IA < 5 0
AIZ¥ 2] Salmonella S (BPW-0) ol A2] LAMP2}
PCRE] HEIHAIE 242} 3.2x10° CFU/mL 2 3.2x10° CFU/
mLOZ LAMPHO] 1008 ©f 738 Aoz A2

TEHE st o= Y 72 SRl 3%t
7o) A AE 71 ATl A5 2 AT E ASE
7] flete] F8atA 220l ok ey} Sl Aellx
Aol DNAS F=8 v Listeria 7] AQ] Fraser broth
2 modified Listeria enrichment broth (LEB), Lactobacillus
Z3u X]21 MRS broth 2 Salmonella 22} Zd1] X <1
Rappaport broth 5 PCR ¥h&-5 Asljgith= Harrt ok
(Rossen et al., 1992). TF3t |82 Salmonella A @l
A 12} S AR 85 = BPWE AEo] 4%} SZuk
3ol X FEFS gokr ] fiste] BPW-09F EiAiE] 4]
A Aol AEIAES vlwd 23, LAMP 2 PCRO
A 3.2x10° CFU/mL 2 3.2x10° CFU/mLZ 43} BPW

HjA 9] Ad-S LAMP % PCRYNE-S A3lslA] oFao &

I Uit} 3, real-time PCRS $-83F A1 A|g U] &
A AZ 719 dFellXe Az 9 F519E3-2] A3
TS Polr7] 98t Algl FHgle] Y dAsH
ZZ5)= internal amplification control (IAC)S W3-8 =
o A7V |= ShH(McCabe et al., 2011; Rodriguez et al.,
2012a, 2012b), LAMP 7|{HollX<= a3 A77F A3 A
Aok, T 2 AFtolA /st LAMP 7ol o] M-S
SR Als B ujR] Foll AT & de FFE
Al A-5F-E Ho dela waA 34T ¢ JS
Ao =7 AztE.

TPttt LA ST} <
FA o7 HZEFH BPW vjXd Salmonella TAZE 3.2x10°
CFU/mLY-E] 3.2x10° CFU/mL7}A] 2}z ©A|Z o2 3]
3] HE 3 0A17HBPWS-0) 2 124]7HBPWS-12) ZTH
Ao AMGSIATE 12417 S & LAMPY] AESH
3.2x10° CFU/mL?]1al, PCRe AZ3HA= 3.2x10
CFU/mLe.Z LAMPZ} 108 © 917338 Ao = e Qch
(Table 2). 3HH, HF ¥ 0AIZIA LAMPY HAESHI=
3.2x10° CFU/mL®]%lal, PCRY] #HZE3HAI= 3.2x10° CFU/
mLO 2 LAMP7} PCRET} 1008] ©] 9173 Aoz 73
= ATt

Hjefl F5oll AdAgle] 12813 Svte] LAMP ¥ PCR
o] A& A= vlwstd LAMPS] A&l 3.2x10°
CFU/mMLS 2 YA3}F o) PCRE AZ3HAIE QB TAA
57F 3 SdelA Z=rt 100 HolA= o E #
ZE k. o9} A8l PCRE =L 5o A, okl

(3

=
o
R

Table 2. Comparison of the limits of detection of PCR and LAMP methods in 2 types of Salmonella cultures

Buffered Peptone Water (BPW)
No. of

Duck carcass swab enriched in BPW (BPWS)

CFU/mL 0 h (BPW-0) 12 h (BPW-12) 0 h (BPWS-0) 12 h (BPWS-12)
PCR LAMP PCR LAMP PCR LAMP PCR LAMP
+ + + + + + + +
32x10° 2 A
B + + + + B + + + +
+ + + + + + + +
32x10° 2 A

B + + + + B + + + +
A - + + + A _ + + +

4
3.2x10 B i N N . B ] . N N
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Table 3. Sensitivity and specificity of 2 different methods for
detecting Salmonella spp. in 50 duck carcass swab
samples enriched in BPW for 6 h

LAMP PCR
No. of test positives 24 13
No. of culture positives 25 25
Sensitivity? (%) 96 52
No. of test negatives 21 25
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Specificity? (%) 84 100
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