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ABSTRACT. Salmonella is an important food-and water-borne pathogen associated with acute gastrointestinal illnesses around
the world. The most common serotypes isolated from humans are Salmonella enterica serotype Typhimurium (S. Typhimurium)
and S. Enteritidis. Traditional detection methods for Salmonella are based on cultures using selective media and characterization
of suspicious colonies by biochemical and serological tests. These methods are generally time-consuming and not so highly
sensitive. Recently, the Loop Mediated Isothermal Amplification and real-time PCR has been used as a highly sensitive,
specific, and rapid test for the presence of pathogenic bacteria. In this study, a LAMP and real-time PCR was used to detect S.
Typhimurium and S. Enteritidis. We selected target genes, which were the in inv4 and a randomly cloned sequence specific for
the genus Salmonella. With LAMP and real-time PCR, random sequence was detected from Sa/monella spp, invA were detected
from all strain of S. Typhimurium and S. Enteritidis. This assay indicate that the specificity, sensitivity and rapid of the LAMP
and real-time PCR make them potentially valuable tools for detection of S. Typhimurium and S. Enteritidis.

Keywords: LAMP(Loop Mediated Isothermal Amplification), PCR(Polymerase Chain Reaction), Salmonella Typhimurium,
Salmonella Enteritidis
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Amp®™ PCR System 2700(Applied Biosystems, USA)=- A}
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e dE wi Aol wfFit A wdletd F5 Atk
Z2YE F 1.5mL FHl| $4F 3, 1 M Tris HCI (pH
8.5) I mL& ¢ 32 2ol 4] 100 °CE 10 i &3t A 2] 3191
o} A2 g FEES 13,000 rpmol| 4] 5 E7F Al 2]k 3

A}zl S- 1] F Proteinase K (20mg/mL) 20 uL Lo} ==&
3] 2F 3-8 (tissue lysis buffer) 200 uLS ¥ 32 5 & FeF 4]
& F 38 2ol 4] 60°CR 1417 B4k kA Ak 2]
3 8ol F3F2] PCI-9 (phenol chloroform isoamyl alcohol
25:24:1)5 €32 5 #7F 13,000 rpmol| A LA E-2]3F 3 AF

TN AMEE L5mL LA ] FHE FH b Al
2 M sodium acetate 5 30 pL2} X}7}-2- 100% ethanol S 900
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FoF AR & F Ab=ol S w1} 70% ethanol & 500
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Table 1. Primer sequence sets used to amplify invA4 gene for PCR

Sequence of primers Size of
Forward (5' — 3'), Reverse (5' — 3") fragment (bp)
Forward GCC ACG GTA CAA CGT ATA TC
226 bp

Reverse CCT CAA CTT CAG CAG ATA CC

Table 2. Condition of working solution for PCR and PCR cycle
condition of inv4 gene for PCR

Components of PCR Volume
10 X reaction buffer 2L
(100 mM Tris-HCI; pH 9.0, 400 mM KCl)
10 mM dNTP mix (2.5 mM each.) 2.5l
Forward primer (10 pmole/uL) 1L
Reverse primer (10 pmole/pL) 1L
Taq. polymerase (5 U/pL) 0.1 pL
Template DNA (25 ng/uL) 1 puL
Deionized water 17.4 uL
Total 25 uL
Step Temp (°C) Time Cycle
Initial denature 94 5 min
Denature 94 30 sec
Annealing 58 30 sec 32
Extension 72 45 sec
Last extension 72 3 min
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PCR System 2700(Applied Biosystems, USA)S- |43} 4]
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15g& A= E]-/\EL(ZSO mL)ol] ¥ 37, 0.5X TBE (tris boric
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Table 3. Condition of working solution for PCR and PCR cycle
condition of inv4 gene for real-time PCR
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t}2-3} %52 PCR primer set(Table 1)5 o] 83} 7} A
9] PCRAHES A SAeh. 20 pLe] PCR 482 (Tuble
3)<2 master mix 10 uL, primer(F,R) 2t} 0.5 uL, D.W 8 pL
2} DNA 1 uLZ 74 = 912 ™ master mix+ §HH o] 100 uL
£ Al %319 0.2 mL PCR HF-§- - Hool] &
PCRY % o] 43 4] DNAS ZZ A 7},

T3+ 5 real-time

AE 5253 ubS primer set(Table 4)5 ©]
ZHA R SEAEE 04‘}14 F20pL0] 5252

— [o op ]

o
&
=

8
liS
r 2

a
5
E
n
=

t-4 .
i‘lo,
o
Z
>
n
=

—
=k
-

ol dn ox 0130

Components of premix solution Volume
10 X reaction buffer (100 mM tris-HCI; pH 9.0, 2471 Ol —T1xb
(NH,),SO4, PCR enhancers, BSA, Stabilizer) 20 *& 2t 3 nd
10 mM dNTP mix (2.5 mM each.) 20 pL
SYBR® Green I (100X) 2 uL| 10 L/ At UL F3F0f| A genomic DNA & 21}
10X enhancer 20uLisample  Phenol &4 & o] 4-5ke] A1z} ol 4] 5 Typhi-
va i qz (25w/m) 4 ﬁL murium3} S. Enteritidis2] genomic DNAS &% (Fig. 1)3}
Deionized water 28 uL 9o FEA A= 525 EN-g-o] ) real-time PCR HH-S-
Forward (20 pmole/pL) 0.5 uL = &3l Flstsd.
Reverse primer (20 pmole/pL) 0.5uL
Eet.npl.atedDN? (25 ng/uL) s1g ui Real-time PCRS Ol gl_ Atpulals 24 2}
eionized water
Total 20 tL Abw dl gl ofof| ] 3=%3F S. Typhimurium} S. Enteritidis
2] genomic DNA S real-tlme PCRS- o]-&-3) 7153} 32 mas-
Step Temp (°C) Time(sec)  Cycle ter mix <rel] 5191 SYBR Green 1°] DNA o] F-14A1 A}
Initial denature 94 600 1 ol= Agtsle] vehbs = FAT2H Ciot Tms
Denaturation 94 30 ot gl o] E B A 8o F5, EFEo]i W £ 54
Annealing 62 30 45 & 4 olth Ct g2 SFEo] veb A 3 ge] Ftst
Extension 72 45 N AR = A o2 80 ) WS SE w2 A7} LH
Melting analysis 60 ~ 95 1 of| vebwbeh Tm 32 HE-8-¢] 1 560~ 95 °C7hHA] &
Table 4. Primer sequence sets used to amplify inv4 gene for LAMP
Sequence of primers (5' — 3') Size of fragment (bp)
F3 5'-GCATATTCGTGGAGCAATG-3'
B3 5'-GCAATCAATAAATCATCCAACTT-3' 210
FIP 5'-CCTCAACTTCAGCAGATACCATTACTATTTGTCATAAATTCGCCAATG-3'
BIP 5S-TTCGCAAAGGGATCCGTCAGGAGATCCATCAAATTAGCGG-3'
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Table 5. Condition of working solution for LAMP and LAMP
condition of inv4 gene

Components of premix solution Volume
Bst.10 X reaction buffer (10 mM tris-HCl, 10 mM 2L
KCl, 10 mM (NH,4),SO4, 10 mM MgSOy)
10 mM dNTP mix (2.5 mM each.) 2L
Forward (10 pmole/pL) 0.6 uL
Reverse primer (10 pmole/uL) 0.6 pL
FIP (10 pmole/pL) 1.4 pL
BIP (10 pmole/uL) 1.4 pL
Bst. polymerase (5 U/uL) 1.5 uL
Template DNA (25 ng/uL) 1.5puL
Deionized water 9 uL
Total 20 pL
Step Temp (°C) Time (min) Cycle
Initial denature 61
Denaturation 61 60
Annealing 61
Extension 61
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Fig. 1. Genomic DNA extraction result from Sa/monella. Lane M :
1kb Marker Lane 1 : S. Typhimurium Lane 2 : S. Enteritidis
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Fig. 2. In situ monitoring of real-time-PCR with a broad range of
concentration from 1.4 x 10°~ 1.4 x 107 cogy/mL of salmonella
gene DNA from left to right (107, 10°, 10°, 10%, 10°, N). 1: &.
Typhimurium, 2: S. Enteritidis
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Fig. 3. Melting curve analysis of isothermal amplification. 1: S.
Typhimurium, 2: S. Enteritidis

Table 6. Comparision of the PCR results conducted on general-
PCR assay with LAMP assay

Machine

Test General-PCR assay LAMP assay
Detection range 4 10/~ 1.4x10° 1.4x10"~1.4x 10’
copy/mL copy/mL
PCR time 90 min 60 min
PCR volume 25 uL 20 uL

(1.4 x 10" copy/mL)S- &7 3] A8k 1.4x 10"~ 1.4 x 10°
copy/mL?] FEolA HE HAES B8 5255
real-time PCRE B| 23} 4] th(Table 7).
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Fig. 4. Detection limit of Salmonella gene using LAMP assay.
Varying dilutions of the Salmonella gene genomic DNA rangmg
undlluted DNA to 10° were used for the reactions. Lane 1~8 : 10°~
10" (copy/mL) of S. Typh1mur1um DNA, Lane 9, 18 : Negative,
Lane 10~17:10°~ 10" (copy/mL) of S. Enteritidis, Lane M : 100
bp Marker.

M123 45678 9 MI1011121314151617 18 M

SRR
FHHED IR

s

Fig. 5. Detection limit of Salmonella gene using general PCR
assay. Varying dilutions of the Salmonella gene genomic DNA
ranging und1luted DNA to 10” were used for the reactions. Lane
1~8:10°~10 (copy/mL) of S. Tyg)h1mur11nn DNA, Lane 9, 18 :
Negative, Lane 10 ~ 17 : 10°~10° (copy/mL) of S. Enteritidis,
Lane M : 100 bp Marker.

Table 7. Comparision of the rapidity, specificity and sensitivity
conducted on real-time PCR assay with LAMP assay

Machine Real-time PCR assay LAMP assay

Test

14x10'~14%10° 14x10"~14x 10

Detection range

copy/mL copy/mL
PCR time 150 min 60 min
PCR volume 20 uL 20 uL
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