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Abstract : The present study was conducted to rapidly detect Listeria monocytogenes in raw milk. Specificity and sensitiv-
ity of polymerase chain reaction(PCR) technique, and direct PCR were examinded in raw milk, also were compared the
calssical culture methods with PCR technique. This method used a pair of primers based on a unique region in the 165
rRNA scequence of L nomocytogenes.

In the PCR spedificity tests, cach of the 10 strains of L monocytogenes tested gave a single 70-bp band. But the other six
Listera spp tested gave negative results. Results of the sensitivity tests showed that as few as 2 CFU of 1. monocytogenes in
pure cultures could be detected with 16S rRNA-based primers, L-1 and L-2. In different PCR cycles, a PCR product was
detected with 10° cells of L monocytogenes from 25 cycles to 50 cycles and the concentraton of PCR products was cyc-
le-dependent.

Raw milk samopes added L monocyfogenes cells gave negative results. However, these samples gave a single 70-bp band
by pretreatment of pronase, and PCR products were detected with 100 cells of L. monocytogenes. To determine the most
sensitive culture protocol to use in conjunction with the PCR assay, raw milk samples were inoculated with L monocy-
togenes at concentrations ranging from 1 to 5.7X10)CFU/ml. PCR assays from Listeria cnrichment broth(LEB) containing
raw milk samples added L monocytogene EGD could dtect 10 cells in pronase-pretreated samples without incubation, and 1
cell of L monocytogenes in both 12 hr and 24 hr incubation, respectively. lIsolation rate of PCR assays was similar to that of
classical culeure miethods, but required time for detection of L monacytogenes could remarkably be reduced compare 1o cul-

ture methods.
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Listeria monocytogeness= Gram %¥73, H|ot¥x A9l %
487173 2dolw, WA uldE=RA A
de] Ex3a ok o] Aol o3t Apghe Al g
g 2gFolF 19233 v =AM AF BuEHUo Y
B0 o] MR 2l Eopd & REEFo A o9
Bg Ydoyle Aoz FIATEH HF3e &
Z7e oAb FollA AdHo R WS AT
FAgd oz dEA gop. a3 o] AW W
AAPEA, Aol Y PitFoA hdHo g Al
e Aoz RixEo] gouk 19831 d 1= Messac-
husetsFoll A} £ ol o€ AT RE Hal 47
ol #dase] 1790l Atstar, 198599+ Los
Angelesoll A HAIZE X =e] @ Qe 7]1E 1428 9
213 o] Abgste 5, ElZHEokEo] AF
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40093 0] APgat It Seeliger= 19908 7bA] €] 2~
g 2lob -2 10,0000 o] 2 AT g 2
gu Adaio] BiwA wagd Bojv {4y 5 M
AZo A o] Aol F7 VALY T AMAHSE
A AZVIwo] 9 BIHA &S HdFolmz
o] A AA S ofF He R Ay
A &g Aozt AT olg2o] FUiME &
ol thet AFvF 53 dAFolx, E HAAr|E0
ok "4z v|Fo] Rol o]E AW Il A9
BngR ge A A AJAF HM o] o] Fol|
2 7] W&ol ¥ o

2 Zol A L monocytogenesE 1A 8 HHH7HEH
At oz de] o] &H i e PAETA wdY
L B Fe 2, FA%=Y UE B2 AE 8
sharee vy w3k 72 e Agzte) §& Ad
< 833 59 oY EAHEESS TS AT
upglr] Hd 2o AR g Eel BaE Q)
ave TP M E 7} S50] modified FDA % mod-
ified USDA & /Mdsted R v ok 18
L oolE WY PYPEL EYESEE Folle 3
o XL dAdlMe S B &4 L
monocytogenes$] A& Polof stmz §E Axto]
285e BHE FEEV)E ofdoie

2 HAo] w3 oAl giXdgezA ¥
&3 WY Z, enzyme-linked immunosorbant
assay(ELISA)7} Kerr et al”2} Mattingly ct al7ol 2] 3}

Bag v gl 2¥d ELISA 1 AFs 25243
vtell @A &9, 10°~10CFU/mie] @571 ¥
83 HEA WE Fd 4 Eujgo] Haste
2 Aol Bol 28¥ e BRo] itk 3 Wdd
) L monocytogenes?t VI AL L innooa®d 2T
171 W Fol L monocytogenesTHe] ¥-v]sh= ol 3
listeriolysin O AAE AAwhE AAE HEs}
T L monocytogeness #2138t 2ol Fuletop
ghop,

2 BANEEY WHERE L monocytogenesE &5
vl gatA] ¥arE EolHl f384 @i (probe)E ©]
§3tq AFAIZWAA B 2g HEYS F UA H
Ao, FA82 &4 sHhybridization) 71 & ©]8-3t4
2 #& 54stEe Aee 2 Hed AdxE v
A fFARE AEsted EHo] Ao, listeriolysin
09] 44HE Aujste hyA FHAE vl &8t B
-haemolysin®, msp?, dh®, g™ FAX} 5& BHH
AR 3t EA33 AatEo] Riuxo] Ut

o]2] ¢t 2] DNA probeE °|-€% A& &
83 By e B B HtEo] EAst: el
A 43 dag 47 flMe ddhHe 10~
10 cells T3] Alqto] Exsof ok Slojrme
T3 o] BaL 23] AAvtE e, B2 v &E ¥
dafok ata EF3} a7 ok ol2id dAEe
B3l 165 rRNA sequence® {128t 5ol
probeE ©]-&% E43t 7IYo] RuFFemxr, of
DNA prober= TH& DNA probeR2.th A2 th& v]Al
E& #EstEd slol FolAolxn vt vl g Eo
muea» JEsH o] Qloier, 22} o] kits o] 83t
of At stRWel onuf % luminometer 7}
YR8, L monocytogenesdll T+ 5-01F Q] Z o] o
2} th2 Liseria sppot® ¥HE-3Hs @3 0] At De-
long et al& E2UAo nYH AT 165 rRNA
o AFHE XA F oligodeoxynucleotideE BHS-A1H
< " single cell7bA] A& 4 A3, Giovannoni et
al' WA FHUL7E EAE 165 rRNA-based
probe®} microautoradiography £ single ccll7tA A&
A B bl glov), Wang et a2 ol & B
o] mj g HolFHolm =] AL ARHolA Y wE
HEHLE oyt skch

PCR 7]®¥-& Eeoll A 3F DNA polymeraseE ©|
3w BEAXNo g B2Er] AlFEte o] B
A AES HEsed olgHo gton, HEE
HE single cell FE7MAE 7Hed sz 484 ¢l
i PCRH S A& FALRTE B3 {3245 of
S WA FEANY F Adke Aeoln, o] 7yel
Listeria spp°ll ©]8-¥ 218 1990 Border et al"ell 9]
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8l Hog zZo] xgojt}, Bessesen ct al*®E #F-2
A7Vl L monocytogenes® & 8t7] 98] PCRHE ©l
£3t9ou Ao Qo] FErl 21 Az dAFA
okt sk 1991'd Thomas et al*] PCRE ©]
435t ¢} vl S-Kol A B #E HESA B
g AFA B 7S A&7 9T PCR 719
AT7E EdabA] A8 s Yrprmesa,

2719 AFEL HFS FTHA £ 24
Al ol vl g 3 ThA] A euRjol] =gl kst
Adoj FHEE 3t DNAE 3ty #3 e
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o] F Meluj A & AME3HA] il FEW AN 13}
e 22 a3 A8E A AY pCRaAY
nser ZoE FAS YIFEY Hp g2 o
#& £43td PCRE A% Ay, SolFl @&
24 47 28" magnetic beadE 0} 83 Faul
Aol A target cell?t 3|48t PCRE 7%= ATk~
ol#g WP ELS FrAAoete A FEE vt
A3 QAR ol P vl Eoh W A=
U 5 59 AFoA FEHA flel A PCRE
A$5 Bage] gledrere ol e HEF T
4E2%F PCR AAAZ #E3te 2ol 3o} PCR
Pk ot v, Bud deit HE2AE
th2A A A s ok

PCR #4elA 9] BH{FHAEL
3 gEAg fAxtEe] o] &5 el listeriolysin
O Fd42 &, hyA FEAR7E 7B @ol o] &H
Hs e 19) japt e gt prfA%, i SR}
W} L monocytogenes®} X EHGH AT A¥E {FA
g o] 438 Ru% Utk A 16S rRNA sequ-
encet= AR EA871RelA DNA probed] 5]
A Ak FESHkinE ol de AHEEo] %t
SolE B33 Wang et a9 B9l & PCRe
A o]g# wvirb A9 girh

B ApoMe 4F25E L monocytogenes® A%
HAAE 943 7439 PCR 7IEAAE #1384 16S
rRNA based primer"& AH&-3te] 1 0|43} #w
st e, dFAdEA PCR AAEHL &9
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i
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Hog AAgozM wrh 8202 PCR W&
MAstE 3, $RAEAA L monocytogenes DNA
g A& #Ag e P 28
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TAITFE A Goll AHEE FAIEFE Table 13

#om FAIA L monocytogenes 10575, L monocy-
togenes HPB #3(Scott A), HPB #410, HPB #5032
AUt HAFHY v 2ATHF 2 F8H EGDs
Mackanesst® 5Y 9] Wurzburgtl3to g HEg 2wt
& 3101 L monocytogens V73t L ivanovii, L seeligen,
L welshimeri, L grayi, L murayi 123 L innoaua AT-
CC 330902 v 9) Arkansastll &Holl A 222 +f
FEo|th

Table 1. Bacterial strains used

Strains Strain No. Ongns
L monocytogenes HPB #3 HPBY

L monocytogenes HPB #410 HPB

L monocytogenes HPB #503 HPB

L monocytogenes EGD UwWGH
L monocytogenes Mackaness uwG

L monocytogenies V7 UAY

L monocytogenes B1 QOur Lab.
L monocytogenes B2 Quwr Lab.
L monocytogenes B3 Our Lab.
L rmonocytogenes BS5 Our Lab.
L ivanovii ATCC 33090 UA

L seeligeri LA-15 UA

L welshimen ATCC 35897 UA

L grayi ATCC 19120 UA

L munayi ATCC 25401 UA

L innocua ATCC 33000 UA

L innooua W4 Our Lab.
L. innocua L5 Our Lab.
L innocua LBS12 Our Lab.
L innocua CB13 Our Lab.

a) Health Protection Branch, health and Welfare, Canada,
B) University of Wurzburg, Germany, ¢) University of Arkan-
sas, U.S.A.

719} L monocytogenes B1 & 473t L innocua W4 5
455 B dArdoA A 9 $RAARAAN FH
FFaelh, 2@l Listeria &3to)e] 28 FA 4%
(Staphylococcus aureus, Bacillus subtilis, Streptococcus
agalactiae, Str. thermophilus)® 1% &4 55 (Peud-
omonas fluorescens, proteus vulgaris, E. coli, Samonella
Spp., Enterobacter spp.)yS A+8-8tth,

Oligonuclectide primers2| &4 | ¥ A g0 AFE
% primeris Wang et aP’o]l HAIF 16S rRNA-based
primer &4 L-1(5-CACGTGCTACAATGGATA~
G-3)# L-2(5-AGAATAGTTTTATGGGATTA-
G-3)E =4 F(Korea Biotech., In C)ollA A 3§t
dsrch

Mit2| genomic DNA F& ! DNA ¥ Wang
ct al¥e] W e Fug o 7 #FE 10mlY
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TSB(ryptic soy broth, Difco)oll HEated 18417+ A
Sl %(37C. 200pm)d ¥ 3,000pmo 2 1587 €
dEelste FAE AAA7IL AL ES AAE
% 0.IM PBS(pH 7.4& 718l 2L Wyog 23
AAAHSHAT. Tg o] dAel 1X PCR bufferE
7Veted 18] YA F 38t 50 ¢19] lysozyme(2.5mg/ml,
PCR buffer)®} 50 #19] proteinase K(0.5mg/ml, PCR
buffen)& 718t 21zt 377Coll A 3087 M2 A E
g gy sgeh o2 10TAM 583 A g
& ZA Egol wol ¥ztadh

PCR mixture2| Z=H| : oll A X3t 5419 &7
l(template DNA)E PCRE A| @ ¥l 3l o7)
o primer L-1 ¥ L2 Zt 5¢1(1 #M), dNTP(ATP,
dTTP, dCTP, dGTP., Promega) Z} 2 x1(1mM),
MgCL 6 #1(1.3mM), 10X PCR buffer(100mM Tris,
pH 9.0: 500mM KCI; 1% Triton X100) 1021 %
Ampli Tag DNA polymerase(Promega) 0.5 #1(2.51U)
g 713t ¥ H7E 3A FRFE TF0] 100p17F H
Al 33, mineral ol 50418 3389 PCR €44
B2 AHE-SHATh

PCR 241 ! PCR #4& Wang et aP9| & ¥
83l DNA thermal cycler(Perkin Elmer)2 A&
DNAE FZ&4ch old FEIFE F 4cydeZ
sldem, vl cyded 95Tl A 40%3t denaturation,
50T 4 30%7t annealing, 72°CollA] 40% 37} exten-
sion? ¢0.8 ¥, & Hx9 cyded de
naturation® 4%, #HF cyced extensionS 42 F
89t o8 PCR productsE 4Col BE3 1.5%
agarose gel® M719 €3t EBr2 dM ¢ ¥ target
DNAS &% oRE gelsch

Primer2] PCR 50|4 A& : Primer?d) Eo]4 &
13171 A3t L monocytogenes 10359} Listeria spp
1075, Liseria St ©}9]] 213 FAT 48 2 21
YT 5528 HE genomic DNAE ¥&l3td
FY3 =43l A PCR amplificationdt 8-, 1.5%
agarose gelol A A719E5 L monocytogenes®] 5
ZEZAEZQ 70bpe) DNA HHE AFsch

PCR2| DIZHY A8 :PCR o2 HE7Hs$ D-
NAQ HaH& doti7] A& L monocytogenes E-
GD9 genomic DNAE 1xg, 100ng, 10ng, Ing,
100pg, 10pg, lpg, 100fg, 10fg & 1fgo 2 3|43}
PCRE HAstA 38 HE7bsd Ha A
2 Yotr 7] 9J8tol L monocytogenes EGDE LEB
wokate) PBSE ¥4 AAF oL, FHFE 4
ato] TRE 4XI10, 4X10°, 4X10, 4X10, 4X10), 4
X1 4,2 212 & ZF FAE 100CAA 583 7}
date &FA71 £ PCR amplifications 4 A8

.
PCR cycleT0ll I}2 SEEZEAIY : PCR cydes
7} L monocytogenes EGD 59 target DNA Z% 5
&9 vlAE 9T AR Y8 @5 E 4X10
0.2 3l cyde & 20, 25, 30, 35, 40, 45 & 500
2 34 PCR amplification® A A3t

ROl CHEt PCRY XBAIY @ *H2 FE 3
L monocytogeness A& A5 48 93 PCR
AAAFE dotr7] A3t Liseia & 2HAZ
FHAEE FAAMS 2L W o2 PCR amplificat-
iong AAEET §9H PCR % A%< AAs
7] 18k 40mle] AHoll L monocytogenes EGDS
T& 99 FF3L 10X degestion buffer 5miE 7}t
o FA3HA17 thE, 3M NaOHE 7}t pH 8.02.
2 2433t 94§ pronase(Bochringer Mannheim)
€ mlF 05mge A7t 40TA 3A17F Wh-g-A]
7]3 2 1mlE microfuge tbedl &4 YAAAS o}
o, TE buffer 3%], PCR buffer2 13] 4339t}
7190 lysozyme} proteinase K& 718t &F A7
¥ PCR ¥4& HA8t] PCR 3% A& AA
aARE AT

AZHME 28 PCR 770N L monocytogenes
EGD ##9 #+& 2dd 779 dFAE 10ml
£ 90ml®| Listeria enrichment broth(LEB)°l| & 7}l
FEAA g3 AP PAsA HEF A, 30TAA
12A1 S EFT A el 64X FEE 2 A
8E PCR #43t= ¥, 4N 4@ N8g
Oxford agar(Difco)oll =@sta 35Coll A 24~484]F
v Fsted Zhzhel el & HAd f3ke AIME A
E3tit.

4 o

Primer2| S0|4 : 16S rRNA based primer L-1 %
L-29] L monocytogenes®l] that 5o]-& #2lsl7] 9
3] L monocytogenes 10089} Listeria spp 107 T2
¥ F23 Z genomic DNAE PCRZ %47

<, 1.5% agarose gelol Al A7|dFs A= Fig 1
20048} 2T} L monocytogenes= 10T+ 25 70bp
arzle] FEAES HeEpR oW, A e #F
Are 2L A7]e FEE] YERYA] oot L1
2 L-2 primers L monocytogenesol| ¥ SolH oz &
ZAES A8 pimerd & AAE F U

PCR2| 2I1Ztd 1 PCRoll &13te] A& 7Hedt A=
Ao+E &A37] A3t L monocytogenes EGD T
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Table 2. Comparison between PCR and culture method for rapid detection of L monocytogenes from artifically contaiminated raw

- . - I]UIk e —_— - _ — . N S S —_—
Detecion ) ) ﬂu;mlic; ell npn;bcr(( FU/ ml) o o T(:/)(;al
methods 5.7X10¢ ‘3 7XA0 5.7X1F _57X100 6 31 detected
LEBO-PCR® 2 7 A 000 57.1
LEB12-PCRY 7 7 7 7 75 2 85.7
LEB24-PCR? 7 7 7 7 763 89.8
LEB24-()xA? 7 A 7 7 753 4§18
1) No. of samples positive among 7 samplts tested. d) PC R after 24h incubation at 30C.

b) PCR without enrichment. ¢) Cultivation on oxtord agar for 24h at 35C.

¢) PCR after 12h incubation at 30C.

A B C D EFGHI ) K L AB C DEF

GHIJK L

bp
bp
2072

o0 —
15

100 —
- (4X)
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Fig 1. Products obtained from crude cell lysates of Lis- Fig 2. Spedificity of the PCR assay by using crude ccll
teria onocytogenes were subjected to PCR. Lane A, lysates from different Listeria spp Amplification pro-
strain HPB #3(Scott A): B, strain HPB #410; C, ducts obtained with crude cell lysates of 3.7 X 10
strain HPB #503; D, strain EGD:; E, strain Macka- CIU/ml derived from different Listeria spp were
ness: B, ostrain V70 G, strain Bl H, strain B2; 1, analysed by clectrophoresis on a 1.5% agarose gel
strain B3; |, stran B35; K, no cellsmegative control); Lane A, 100 bp DNA laddar ; B, 1. ivanovii ATCC
L, 100bp DNA laddar(GIBCO BRL). 330005 C, L seeligeri La=15; D, L welshinneri ATCC

35897 E, L grayi ATCC 19120 F, L Hinrrayi
ATCC 25401 ; G, L innocta ATCC 33000 : H. L in-

FE AXUr ol FEAAM 1 el FFELE R} noaws W45 1 L oinnocia LBS12; ], L inmocia 15 K, L

PCRE A3, AE7Fse HA AT 2 el ol immocia CB13 5 L, L monocytogenes EGD(positive con-

UHFig 3). 38 genomic DNAE WA 3] 4 8k PCR trol)

of A& A3t HEo] 7he & DNA H A" 1pg

FEoled, ol AfAsHA PCRE 4 A&

Bhed A7) oo 182 YERY A] rokct. 25 CydLOﬂH 50 cycle7bA] 70bpe] PCR <hgo] 13
PCR cycle 0| [I}2 ZSEF 1} PCR cyde ol HAL, cyde F7F SV E SERGS FUbEh:

uhE L monocytogenes E(;D #7‘9‘] PCR HAW&x Aoz Y AckFg 4).

728 zAFsl7] §8ke dFE 4X1Y FEo2 s 70l CHEE PCR & | $/ 2 HE L monocyto-

cyde F& 20014 50 LY(,]L”};{] 7+z} pCR3EF A7}, genessr W FELA] gFar AF HEY A, FHAAE
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Fig 3. Sensitiviity of the PCR assay in detecting L
monocytogenes EGD. Lane A, 100 bp DNA laddar ;
B, 4X10° cells ; C, 4X10° CCHS'D 4X10° ccHS'E 4
X10* cells ; F, 4X10° cells; G, 4X10" cells ;
cells; I, 2 cells; ), 1 cell; K, no cells.

Fig 4. Products obtained from crude cell lysates of L
monocytogenes EGD were subjected to PCR in various
cyce numbers. Lane A, 20 cydes; B, 25 cycks; C,
30 cydes; D, 35 cycles; E, 40 cydes; F, 45 cycles;
G, 50 cydes; H, 100 bp DNA ladder.

o A& M5l W08 PCR o] AAls o]
4 gk ©1g JAEEE Al
A3t71 918k L monocytogenes EGD TS 3.6X 10
cell/ml FZNA 2 cells/ml FF#7HA ¢4E 223t
o 40mle} Aol 272 HE S thg, pronase® A A

bp

« 600

« 100
70

Fig 5. Detection limit of the PCR method for L

monocytogenes EGD cells inoculated into raw milk.
Lane A, negative control; B, 2 cells; C, 4 cells ; D
3.6X10" cells ; E, 3.6 X107 cells ; F, 3.6X10° cclls ; G,
3.6X10° cells ; H, 100 bp DNA laddar.

RE A3 F+7F 100 FF7HA PCR 4+

UATHFig 5).

MEZZHME 28 PCR 71| JMER : &R/
RE] L monocytogeness THASII 4l4:84A] M 5=
A& PCR 7I¥HE BA37] 918t L monocytogenes
EGD T%F¢ FFE 5.7X10CFU/mlol A 1CFU/ml
NA o gAZ ¢fol HEsn $FAEE HY

PCR&HE W, Z9% PCRab= Wy a2la 3y
cu ket 2L FHES vwg ZHE Table 2
o}z,

A g&E AH PCRE AEFE #F7F 10'CFU/ml
7t A o] M8t 49A1 85 57.1%9 HME&E
VERISLE, 1247 2 24413 FFe Alg7 1y
a1 Oxford agar®l] =2l &g A 8= 1 cell FE7
2] A&7r5skd 242 857, 89.8 2 87.8%9] HAE
< JeER) A

o %

L monocytogeness T ET AlgolA Hud, #HE

Z, #Ae dosln §3 daby, 4o}, wWely)

’
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ol AAg AbgelA & zgagchie a2 1980
o] Bujel fgel HAE 5319 Fa 22
ZJotE YA E v FF ) B3el o 2
H2loh5e A Al WAl ®utohljet HuHow
5 WS, L omonocytogenesdl] L BE S2ES A
Ao gm AZT AL o woll FEH L
S ATFTRE L monocytogenests AFAAIO dE) £ X
atn du WALTANE FATE £ A7) wEel
o] Mlig tFd AFoM Ao AMASIH
H ojgupar, mekd elsHelolEe TS ¢
13l7] 93t YA Fo g e B A& AYsof
t gaddol Zigo s oo dg Be A7t
T‘ggﬁ‘:}. BoadAge A aA #dEa e
PCR 7% & o] &3t £
AMapaat st g

Border et al"& 168 rRNA based primerE Al &
2 gAetd A& Liseria sppoll ¥ PCR 34
2475 Rasdch o5 Al F79 primers F
7tA 2 238kl 408bpet 938bpe] PCR products %
ZZAZAed, 408bpe] PCR 2HEL Listeria spp ¥
gtope} AlFEEE e &3 ZFoAM FHEU
i1, 938bpe]l PCR AHE-2 Listeria spp A A thal A
Eol ooy, 1987 o) H7A| Liseria denitrificans
2} 8299 Jonesia denitrificans?l A . ©] PCR AH=0]
zZgArhu Ak Wang et al*& Listeria spp)
165 rRNA F71A4Q #1228 2 1298 AFe](70bp)el
2} 1245, 1278, 1292 A 90l L monocytogenest ~19]
Listeria spp el A2 ohg 21& w2t o8 7%
& & 16S rRNA based primerE A 23t PCR 44
2 3F94Y vk L monocytogenes?ll 501 Aol Akl 81
), ¥ AFolA Wang et a?ol A ZEHAY primer
L-1 L2% #Astd primerd So14d& 1% 4
i, F 151 L monocytogenes 5T 5 659 T
4% A oA 70bpel PCR AHEC] #IHNAM, L
monocytogenes?t 16S rRNA sequence”} 7Hd AR L
innocua 552 BR8] L ivanovi, L seeligeri, L wel-
shimeri, L grayi, L murayiol 1= 70bp2] PCR abEol
ZEy)z) ookt 1 kel FAG g 4§
AT SEANE B 2719 FEAE] IA
5% 9o} 16S rRNA based primer L-1 % L-2= L
monocytogenes©ll 5018 Q1 Aoz 4T & AT
o] primerE ©| &% PCR #4128 == L monocy-
togenes EGD T30l A 2 cell FFIM 5= target DNA
7} Z2E£50] PCR Z=7F i £ Ao Ud4s
™, ©]¥= Wang et aP9] ®.518k dA 3Tt

PCR 2% z 2130 thshA Thomas et al*&
PCR B4 izteg AAs7) A3t cyde imed

710\‘

froll M L monocytogenesE %

A'{ﬁ

£0)1l cyde Ar-E HElv WHoR W3l H’r Ao
ulakzlalcl . 3k, Wang o aPE 22 Taletar
&tk Wang et al“° =3 pCR A&7 A

template DNAE 100C A 583 7FEAIR § £
B2 719 emplate DNAS] %7} denaturation®]
%l°1‘-lr7 | W&ol 3 PCR cydedll A denaturation time

S 9B5TCAAA HluF #& A 38T st &
1—]-’9‘0151 Tag polymerase®] 97}7} Agtsl Ak
g & doa gtk 22 10Tl A 58k
7taE kA R Arole A cydeol Ao de-
naturation time$ 6~7% 2.2 of &, ojmi= 20
~40cycle®] WM E cyde FF F7HALE PCR

products7h Z7haHAl gk Wl o)kl 47
°]‘:}J7 sl9th Powell ct al*& $-fuljoll EA3IA
Mg #Agel A H7HAZ1 proteinase S .-nrJQ]

7}‘33“ 3t R R BE8dHAH
polymcraSCA Q77 oAl e AL g & sga
shsict.

2 AFdM = 100C el A 53¢t
71438t A cydedl A denaturation timeE 4% 2.2
3l PCR 4% & 243 F cydes 25011*-! %H
products?7t AV F AR cyde F7 F7HETE pro-
ducts7t F7b3tAom v Eolvkg & QE}L}Zl o2t
o}, WelA 50 cyde® 345 S7HAIIE products
Z}El A A ZZA ] WE F 82 AT o 35
cyclett sty Furg Aoz AZHT)

Thomas et al*& 10ml9] $#9 LEB FvuiA
OmlE st FdtA & AH PCR A4
A3 PCR producs® #EE + 1Atk s,
Bessen et a2 $-f9 ¥ A He A 10°CFU/ml9
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