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Specific Detection of Listeria monocytogenes in Foods by
a Polymerase Chain Reaction

Soon-Young Shin, Young-Jo Koo and Wang June Kim
Korea Food Research Institute

Abstract

The polymerase chain reaction (PCR) for the sensitive and specific detection of Listeria monocytogenes was
employed by using LM 1 and LM 2 primers which were based on the listeriolysin O gene. The direct use
of cell suspension as DNA template, without DNA extraction or lysis step, was suitable and specific enough
to detect L. monocytogenes at the level of 107 CFU or less per PCR for the pure culture and milk sample,
however, the detection sensitivity became blunt for other food samples such as kimchi and chicken. The
nested PCR, in which L-1 and L-2 (both designed from Ulisteriolysin O gene) were employed as inner
primers, was specific for detecting L. monocytogenses and enhanced the detection limit by 10 times. The
PCR using LM 1 and LM 2 primers was very effective to detect L. monocytogenes from foods in terms of
the specificity and time consumed, i. e. within 4~8 hrs (nested PCR).

Key words : Listeria monocytogenes, nested PCR, food sources, specific detection

M 2

Listeria monocytogenes= 1% 3% 255 (Zoo-
nosis) 02 AlgellAl = AEE, £UYHE 4o, 7}
Zo A HY, A 52 F8 FAE Holx Aoz
aejx oot AFgoze] 7 AR thatedME
vhS B3 wfobe] ZsioR Qg fal, 2A B o
A levty 1980 el A FE B3 AT el
FaA el At AT FelspA Hide

L. monocytogenes Aol de] FEE] glon,
4~40°Coll A A3 ol AFe] A& HEel o]
AlE A4 F83 FAIZ AHEHT gle. HT 5
el N E o8 F7 JERE AEL2NE L
monocytogenes®] 71&o] m2F-8 il BxH v} 9l
oo, ¢ 3} O YRl L monocytogenes®]
& Husgon, A T 18959 WF, I MF
oz2Xe] 17 FF9 Listeria sppd] &L H33 v}
Adet.
Corresponding author : Wang June Kim, Division of Biotech-

nology, Korea Food Research Institute, San 46-1, Baekhyun-
Dong, Bundang-Ku, Songnam-Si, Kyonggi-Do 463-420, Korea

1628

L. monocytogenes®] AELZHE|S) 7E2 A9 u)
2| & o]43 uhye] UubaojA| ek, wikHAH L A}
o] £8F| T 1 s} doie o fie HE
o= Bt A& wiek #A glol AA AR A
Z3l= el i3k FH ol Felxa et 1 F
o|A] PCRE Hu|ae] FHAE Az} el g
2 F2A7e R AFetel de] 853 9l
20y, PCRE A48l 745 AFo2NE] BAsl:=
| AES AE3] 13 oeFst A¥Ee] A g]
c],(]l~]6)-

ofefgl wiFellM B APME L monocytogenesE
AlFoz e AE3H 7E387] 918l, PCRE] °]&
S sl aelx o AE S A )
x| g o] 43 e} wlEslelon, = ZF AE
L2 He] 243 AEE A=

Mz ¢

2% 9 4K
L. monocytogenes ATCC 19111, ATCC 191168 *+
o el Adel AR8-3lgict. AAMiA]E BHI (Brain



PCRel| £]8F AF-2 23] L monocytogenes®] 7% 1629

Table 1. Oligonucleotide primers used in this study

PCR  Annealing

Primers Target gene Sequences (5'—3') product Temp. Reference
LM [andLM2 Listeriolysin O A S AT TR 702bp  55°C (18)
LL4and LL5  Listeriolysin product iigg?g%gggfgg?g 520 bp 55°C 19)
Lm3andLm35 16S-rRNA %Gég%%iggccgigﬁggﬁéggﬁmA 1,200 bp 55°C (14)
L-landL-2  Listeriolysin O Sgégﬁg&f‘r%%’g&%’g?c 439bp  ST°C E‘;‘f{ ;’:{;“f{\g

Heart Infusion, Difco), IZA|¥lR]%= Oxford-Listeria-
Selective Agar(Merck)® Oxford Antimicrobic supple-
ments A7 A= WX E ARG @5 B
2 BHI®| AF3le] 53] At AAufiFd& 4°Cell
B@sda, 7duiet Al e 7)E dE2de
2 ANl Escherichia coli ATCC 25922, Salmonella
enteritidis pl( A @AM F-2)), Bifidobacterium
longum ATCC 15707, Clostridium perfringens ATCC
131242 ubEQl uphg el ofs] wfokslet.

PCR& Primer2| &Y

Primer® AM-¥ oligonucleotide= o]u] UF*¥ primer
Eass FollA] AelEle] Geno Tech(HA)el 444
2] =] 3}ed "}%"3]'9&9—”’] I Ztzke] 7] v Table
13 2t 2 F listeriolysin O geneoll 713} primer
LM 13 LM 28 AH83led A5l H@3r] 913 o
o] Ao AHgslg o], T primer?] 7] ol
A inner primerE 19}&}ed Geno TechA §HAd3}ed
nested PCRo| AME- dlgic),

PCRZ DNA

L. monocytogenes®] %NS dF FFHT(SDW)R
23] & F ofA] 1mLe] SDWel 2] &3l ¥ DNA
FEolvt AE &8 AA el AAH AR L
monocytogenes®] 10° CFU/mL vjopl & - 22 10
W BMsle] $-fr, Hav| 22 3] AEI F, 40
mL2] BHI®| 7}l &FE 2] %71 10°~10° CFU/
mL(EE g)8] $Fo| HEF 3} o9} e -r“ﬂ
% L monocytogenes®] AEAB HAFNE FHE 9
Blod 37°Cel|lAl B5uE wigEisl e o }‘]i‘é‘"‘] 5
o At Foll 7t PCRE 3loict. - A8 A%,
ANEd ImLE& SDWE 23 A& ¥ 0.1mL9
SDWell A He ko2 1/102 5% ¥ PCRE 4

& DNA template® AH&3ch. 2ok d37) & HF
] A& 1mLE& FH3led filter paper(Whatman No.
D& 33t F 23] MAHsle] 0.0 mLe} SDWell 2 &
gle] &4 wiekAe] A9} o] ME QG A
4] PCRE $]8 DNA template® *H-315i0}.

PCR i

Bioneer(3-%, A4)9] A|F2 PCR PreMix(20 uL-%)
& o]83ed 1uLe DNA template?} 10 pmoled]
primerg 713kl SDWE 20 ule] §9-8 950 vortex
8t ¥ BioRad Gene CyclerModel No. 10167, Japan)
< o]83le PCRE F3de. & 2§ =L 1U
thermostable DNA  polymerase, 250 |.1L«] dNTP, 50
mM$} Tris-HCl(pH 8.3), 40 mM¢] KCi, Z8|3 15
mM®] MgClL 129, &5 =72 #WA 95°C 5%, [
WA 95°C 30, W7 55°C 30&, @& 72°C 1%
VH] 2= 3031F wHEEF F 72°Cel] sE7 |4 ut
% slsich. 3% DNAE uHgo] ¢ PCR AHE
7~10uLE #8l 1% agarose gelell 0.5ug/mL®] EtBr
< W2 gelol A7]9F3ld UV lighdlell bandE 3
15ldch Nested PCR-S primer LM 1 2} LM 2&
ARt 32 PCR AHE- | uLE DNA template® 3}
o] inner primer, L-13} L-2(Table 1)& 7}7Z} 10 pmole
Pﬂ ¥, SDWZE 20pL ¥9]2 gh o 13} PCRH}

22 b o s wigEllen ol YrALEr: sTCE
%‘XW Alg)atgc}.
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Fig. 1. Primer specificities of L. monocytogenes by
primer pairs, LM 1 and LM 2 (A), LL4 and LLS (B) and
Lm 3 and Lm § (C). Lane 1, L. monocytogenes ATCC
19111; Lane 2, L. monocytogenes ATCC 19116. M; DNA
marker. PCR was performed with 10 pmole of primers using
10° washed whole cells in 20 uL. PCR reaction mixture.
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Fig. 2. Specificity (A) and sensitivity (B) test for L. mono-
cytogenes by LM 1 and LM 2 primer. (A) Lane 1, L.
monocytogenes ATCC 19116; Lane 2. L. monocytogenes
ATCC 19111; Lane 3, E. coli ATCC 25922; Lane 4, S.
enteritidis pl; Lane 5, B. longum ATCC 15707, Lane 6, C.
perfringens ATCC 13124. (B) Serally diluted cells from
10°~10"" CFU (Lane 1,2,3,4,5,6 and 7. respectively) of L.
monocytogenes ATCC 19116. M; DNA marker.
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Table 2. Effect of enrichment time on the amplification of
PCR products for L. monocytogenes ATCC 19116 in milk
sample using LM 1 and LM 2 primer pairs

Table 3. Amplification of PCR products for L. monocy-
togenes ATCC 19116 in kimchi (A) and chicken (B)
samples using LM 1 and LM 2 primers after enrichment
culture

= PCR band L. monocytogenes
Initial level of  amplification (CFU/mL) (A)
(g;.é‘;rlr?gn enrichment time (hr) PCR band . "
16 0 6 Initial Jevel amplification monocytogenes (CFU/mL)
= of inoculum - - -
0 2 . 0¥ 0 (CFU/mL)" enrichment time (hr)
10° - + 0 57x10° 16 0 16
10' - + 0 6.2X10° 5 3
0 - - o 0
10° - + 0 6.4 X 10* 0 5
10° - +  LIX100  60X10° ig. ] . 8 }ii }g
104 + + 68><]Oq 70X]08 102 l2X102 64)([05
10° + +  68X10°  LIX10° ) . . ' 105
: : 10° - - 6.0X102  26XI10°
YCFU/mL in BHI(Brain Heart Infusion) with milk 10° - + 92x102  30x10
2.; 702 bp amplified product not detected 10° - + 12100 70X 107
+: 702 bp amplified product detected (B)
»0: No colony on the Listeria-Selective-Agar from 0.1 mL
i PCR band
of undiluted sample Initial level amplification L "OnocYogenes (CFU/mL)
A B ?é;l[(j)f::[i];ﬂ enrichment time (hr)
bp 16 0 16
0 2) N o 0
10° - - 0 0
10 - - 0 0
10 - - 1.4Xx10° 0
10° - - 1.5X10° 0
1000 10* - + 14x10°  1.0x10'
702- -500 10° - + 84x10*  3.0X10
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Fig. 3. Effect of enrichment time on the amplification of
PCR products for L. monocytogenes ATCC 19116 in milk
sample using LM 1 and LM 2 primer pairs. Cells were
washed twice with sterile distilled water and then directly
used as DNA template for PCR. Fig. A and Fig. B stand for
before and after 16 hr enrichment of culture.
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A&EA i

"CFU/mL in BHI (Brain Heart Infusion) with kimchi or
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?.: 702 bp amplified product not detected. +: 702 bp amplified
product detected

*0: No colony on the Listeria- Selective- Agar from 0.1 mL of
undiluted sample
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ez &3 d4el slel, AFE" L monocytogenes
o 3¢ ¥ HAEHA A4 AEst s @&@) HF
o] 10°~10° CFU/MmLS] A&8%F) ol 27 HF &
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CFU/ML22 FF3ton(dutA#e] 5242 Plae
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Fig. 4. Nested PCR products of L. monocytogenes ATCC
19116 using L-1 and L-2 inner primers pair. (A) First
stage PCR: PCR was performed with 10 pmole of LM 1 and
LM 2 (Lane 1, 2, 3, and 4) or 10 pmole of L-1 and L-2
primers (Lane 5, 6, 7, and 8) using 10° washed whole cells
in 20l PCR reaction mixture. Lane 1 and S, L. monocy-
togenes ATCC 19111; Lane 2 and 6, L. monocytogenes
ATCC 19116; Lane 3 and 7, E. coli ATCC 25922; Lane 4
and 8, C. perfringens ATCC 13124. (B) Nested PCR (Lane
4, 5, and 6): PCR was performed with 10 pmole of L-1 and
L-2 primers using 1 pL of first stage PCR products of Lane
1, 2, and 3.; Lane 1 and 4, L. monocytogenes ATCC 19116
Land 2 and 5, E. coli ATCC 25922; Lane 3 and 6, blank (no
DNA). (C) Nested PCR was performed with 10 pmole of L-
1 and L-2 inner primers using first stage PCR products pro-
duced by serially diluted cells from 10°~10"' CFU of L.
monocytogenes ATCC 19116. Lane 1,2,3,45,6,7,.8, and 9
were nested PCR amplimers from 10° to 10 CFU and
blank. M: marker.
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I}, Fig. 4AplAe}l 7o) 439 bpll A L. monocyiogenes
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AFE 1 plE #|&bed inner primer pairZ nested PCR
£ & AH, L monocytogenes®] PCR AFEl 2J#jA]
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et 7)e} WAREE Y7Es.
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55 E 7 Uk ol8jgt #9] 726l le], AEAQ
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A Ak 2 ¥ 32 $39R|T nested PCR
£ A A=E 104 Y S AU ok 17
PCRel| 218t FEAMEo] primer LM 13 LM 29 &
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