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Rapid detection method for foodborne pathogens - PCR
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Conventional PCR
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213t a4 el A2 F1E o)) sht At o]
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PCR2-1980dtH el 7 o]2ff ofg}, ok wofet-5
o] Hopoll] 5782 2t genetic fingerprinting, 5744}
cloning, 2RI, e/ A At 5 off B2 0% £y
7ﬂ olgx=lo] ik JEHOH AlZARIOIM = DNAY RNA 2]

28 7O R Fl= Al A HpH O 2 AL O 0] 07|l i)
ol Hlo|gA0 e 1l 54 GMOL Skl 9 A5 9] &
Q] oL 7121 Ylof| hidden allergen®] &4 of8 52 5}
k=5 L & 7hs7do] FAkFHhsaL Qi

1) Polymerase Chain Reaction2| &E|

PCRZ H¥/4d DNA SHAALE o]83lo] Aol
DNAE tige = SEA7|= 710t T target genes o
o2 DNAE 553= conventional PCRE) reaction
mixtures=template DNA, dNTPs, target genel| £©|
A9l forward ¥ reverse primers, €4 DNA
polymerase 2
A 2of| w2t 551 HA denaturation HAIR 227} 94—
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95C2 &2F1H double strand DNAZ} = 71Ehe.2 2|7}
o}, o3¢ annealing 9AIIA] primerE%] melting
temperatured] w2t 2jo]7} Ql ot 27} ik 50-60C A
ol W7t oz dolE forward ¥
prlmer—ol Z) z1L DN. A—J /\1-5;(40 /\‘]oﬂoﬂ _o]x-l o= 7312-6]-
T}, o]oj A extension AR 2=E WEA DNA
polymerase?] & 2521 72CE 2257 F3E20] 74
B DNAZF SE&5= 94 AlZko]l AU ohA
denaturation @AE AZAE, o] Al A} cycled 73
lo] o] 22 0 & A== DNA Y] o] f cyclemr} 264 5
78 ek, kA o 2 PCR HE-2 30-40 cycle 59 213Y
& £2% DNA product (amplicon)d] % Bk Z27]0k=
2|47 0 2 oy Zr)slod Aefo] 7Rsdht 225 ofo| Zoj
SQto & BRISh = g}, 27 ojolle XA o A B
Aol 7L/\ o ;qugxl_,] 27 7]119] Aoz o) &
ZF80| HA a7 ) ARSI FRAok= FEAE0] zero

reverse

Log [DNA] Linear

(high variability) -

Plateau

\s conventional PCR

detection

real-time PCRq\
. detection

Exponential
(high precision)

Cycle number

J&! 1. PCRE 0|E5t DNAS| ZZ A,

E 1. PCRE 0|38t AIE=r0| HE0| ARBElE REA

AlEsMd AdE VY - PCRIIY (P18 § d]

O.,

of| ZA5}o} AYAE]=DNA product®] o] cycle rof| Hizg}
A $er} {22 conventional PCRE HES- 5852 DNA
AL Blolgl= Zlo| B & AAJZe] _1_/\-11:1 FHo] B (18] 1),
3k 2% DNA productSS agarose gel electro—
phoresisE E3 71 A7)0 wie} 27 (I 2). DNA=
ethidium bromide® G445} UV transilluminator= &
SRS 2938 AEoA] Soto g TS & 9o} z+
ampliconE°] target geneolX A2 FLEU=AE ER]
Shedie BE 7 372 dolsh) 283l 73-?» amplicon®]|
£0]22] probeZ Southern blotting & 3[4, AFEHEAZ
7@‘1]-6]-01 AME DNA Dhlﬂ_J 5_71 2 Q}Olo]?-lb} DNA

2) PCR2| quality control
PCRE o]83fo] Alz=S1S A
target gene2| A%} primer 2] AZto

100 hp ladder

beeT hbiA hbIC hbiD nheA nheB nheC entFil sph pipic plc gyrB groEL

121 2, PCRZ ZE3t B. cereus DNA tHHEQS| agarose gel F7|

Strain

Target Gene

Bacillus cereus

cerAB, 16S 1RNA, groEL, gyrB, nhe, hbl, bceT

Campylobacter spp

fla, 16S 1RNA, ask, mapA, ceuE, ccoN, omp50

Clostridium perfringens

etxB/D, pls, cpe, cpa, cpb, etx, iap, cpe

Eschericiha coli O157T:H7

stxl, stx2, uidA, eaeA, stxl, stx2, fliCh7, hlyAOl15

Listeria monocytogenes

iap, hlyA, iap, hiyA, inlAB, 16S 1RNA, actA, hiyA

Salmonella spp

oriC, ompC, invA, 165 IRNA, rfbS, sefA, orfée

Shigella spp

spa, rfc, virA, ial, ipaH

Staphylococcus aureus

sea, seb, sec, sed, tst, eta, eth, 23S rRNA, entC

Vibrio spp

tdh, vvhA, toxR, hlyA, tdh, trh, tlh

Yersinia enterocolitica

168 RNA, yadA, ail, yst

23] Mustapha (2006)
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=o}, YHEA 0 2 target gened 3 woflTt E0]4 0 2 2
31 toxin gened} -2 virulence factorS3} o5 £0] 163
rRNA genedt 20| 2= ol E48k= nonvirulence
factorg= W& & 4= it} (& 1). Nonvirulence
factor®] B7|A & o18sk= A HE o FEY F7IME
= ol vluslo primer?] @714 Fo] AZ FABIA| F%

Aztellok skt AZFS} primer set7Fs3t AL 429] cell &

HEY 5 ASBA FA] 22 T2 7 Bl UE B2

EE AR E n) e FARE S EE 2T 5 QlofoF Rt
PCRY| -8/ 3317 HellA U gold standard2hal
Eol= A5AR uiRH e} Ame} Blwste] PCR positive |
culture negative®l false—positive®t 42 = PCR
negative®| A%t culture positive?l false—negative s 2
olsk=Zlo| L3t} False—positiver 2] Yelof| &Jsf} &
ol 4= QI dead cells, Alof QL1 YR E12] = /JERS]
cells, cellE0] AaltE WAL 20| $A] g5 1 Yoj
4= 9)on £t template DNA, Aok 717+ 54} - PCR
Al2Hlo] @ grjo] ojd o= It} False—positiver A& 4]
o8 58] dold 4= Qli= AL EUOEA o= A& o]
7¥s3let. A2l DNAE &5, AoFe] A=, PCR setup,
thermocycler® A, PCR productS & 151= 2142 3}
= THES 7hst A 08 FhEslo] AMSlE o] Hig
2151}, E3tpositive control# template DNAZFE019)
A} %2 negative control& A} 7o) A 8EEAY
primers® non-specific binding® & I3 PCR
products®] A4 97| 8l hot—start Wi AMSH= A
o] Fth AZFO| & HUEY AF o] 41 false-
negatives 32 food matrix5°ll £°]%)+=PCR A2
£l gt 797 Wt false—negative S 97| $allAl= 2Ry
B3} da] AHSH= control DNA (virus %= plasmid
DNA $)& BAlol $ZA)7]+= internal amplification
control ZF PCR AlA"otc} SH4gdsto] AMgSl= Zlo] £oh,
conventional PCRO| AF5E++E AE3I ERlIsk=T|
710 vpAI, AYSFEEA A Y FAdek M H T} ol Al

s ofglsin Hesit ofzf TAIZ ZHXT ek, target

A

| 18 | Safe Food Vol.01, No. 4

gene?] AERE Z2E o822 DNA product?] sizeol &
Eslct By 712 gl dArF e 4= 9lom PCR Y35
agarose gel electrophoresisst+ T4 ol A cross
contamination®] ol 4= QAL Ao Tiepe] &S

o)} 2t A e ofRIthe T e AU gk

Modified PCR techniques

conventional PCR 2] $HAIE ZE83}112} 718 Hio])
ulal] A, e, AEA Fol etV Asst E A
e 7St HEC| £ TiTElo] AR Qi AlEAt
o] Aga} Astod, A o primer pairg ARgSie] of
target FHAES SAl9] AE38t= multiplex PCR,
viable cell?] &l 202 RNAS A&} reverse
transcription PCR, PCR¥} ELISA #W#l& 83t
PCR-ELISA 5] ¢4 Sict. E3H /g &olm 2537t 2
2k5t conventional PCR ¥ o] thyS Bes)r] 93]
nonspecific fluorescent double-stranded DNA-
binding dyes (SYBER Green 5)° [t specific fluorescent
probe (TagMan probe )& ARSI} AAREC R A2 54
0] 7F53treal—time PCR 3ol 7iiElo] Ea] ARG=1L Qlrt.

1) Multiplex PCR=Z 0|88t A5=x72 A=

Multiplex PCR=- ©12] primer set2 0183} 3t 5 E=

od
HPHe W A7 eElE 2 4 Qo] DNAE HARKE
genotyping, GMO detection, pathogen detection
5 ofe] RopollA wol o811 §lt}, Multiplex PCRE& 5%
Y Z o] primer setE 72 IM 22 primer—dimers
o] A=A ampliconE2] YA Ao 4= 9lom 12
Q18] sensitivity7F A4S = U}, b 2Ho) AakE 4
71 ¢l A primer, template DNA, polymerase,
buffer, 27} %ol 52 5=} annealing 2= 5 |43}
ke 2bgo] 7ZithEE Tho] Qlrt. TLejuh Ut X3k
multiplex PCR assay+= A5olM AlSs~taS HasAu




TF&otet BAHLE o9 f-8atA &8 & Ut
Multiplex PCR-2 AF5-5+#%] Clostridium perfringenes,
Bacillus cereus, Staphylocccus aureus ol 22+9]
multiple toxin genes& Aol HESALH,
Campylobacter jejuni® C. coli®t & FARHEE&
25t ol &= Ut AFolA E coli O157:HT,
Salmonellat} Shigella®h 75 o8] £-& FAlo) HE3I =5
Ao gt o} g1 et

2) Reverse—Transcription PCR2 0|&%t AlIZ=HH9|
4

n\l
[TH]

Reverse-Transcription PCR (RT-PCR)2 RNAE
reverse transcriptase® ©|-83% complementary
DNAE H2H171 2 o] cDNAE PCRE FEA|7 )= 7)ot
AUekA O 2 bacteria®A] RNA, £3] mRNA+ half-life7}
Ti2F 40 204 20 B8 ml - ol SO0 H SA| 2ol HER
viable cell®] A £% o]8g 4= qlth, PCRE 018591
bacteria®] DNAE 5&31== 7% dead cell®] DNAZ 5=
£]o] false—positive S UEFE 4= Qlr}, 712122 mRNAE
target 0% 3l RT-PCR-2 01851 dead cellol &5t
false—positiveZE &Y 4= 94& A= 7|d 4= it A&
of| RT-PCR assay 2] 282 4120] 52151 A5 ujj o] 4]
SEolA EallEA] o2 el mRNAE F531717F 4
A] kot AlgkHo)7|= s} Listeria monocytogenes,
Vibrio, cholerae, S. aureus, E, coli ¢ A& ARII Y
A4 Qlt}. RT-PCR A% A= target geneol w24
S o] AJES= 59t target gene?] transcription
levelo] QsIA| & o] vF2ISIH:. E. coli O157:HT9)
78%- RT-PCR ®*Ho]| PCR HPR T} E ofqlslr] ohizol RT-
PCR WP o838 738 o] W o] oS ARgsliof k= A
o2 d#HHLt RT-PCR product=< agarose gelofl4]
ethidium bromide®2 @Ajsto] H2sl= ZAHETH
digoxigenin—labeled probeE ©| € 3t Southern
hybridization ¥H& AMSke 7ol e 5008] Hr=9
sensitivity & 57 A7 = 202 YejA4 L. monocytogenes

L

et}

NESHZ NYE 7Y - PCR VIY (TEEE)

] major extracellular protein gene?l iapE target -
2 3739 = vkl sl 10-15 ofu/ml 71A] AERE 2
= HAEg:

3) PCR-ELISA

PCR-enzyme linked
(PCR-ELISA)= PCRZ %Z¥ DNA product5<
ELISA® #R15}= o9 Al&atar Aekst #hio|c}, PCRY 7]
212 digoxigenin (DIG)-labeled dUTP7} A&-E| o]
DNA productE¢] DIGOZ HA|E|H o|Sx} AHAoZ
A3t <= Q)= biotin—labeled capture probe”} DNA
productE well plate]] HZAI7| L ELISA B o2 24
gt PCR-ELISAE -4 &7l A8 oR HF
Salmonella spp¥ inv genes target2 & 39S o
food sample 25 g1 5 cell& AT 5 S AT = tjds]
oAfTIRt AtE Bt 71Tl E Campylobacter?
ceulk genedt Salmonella enterica®l inv gene=
target 2= ZFF 4x10'37} 2x10? cfu/ml 2] AEIAE 715
3l conventional PCR W 2t} 100-1000 Hlj &
sensitivity & 2Tt 71 2ol Shiga toxinS A48H=E,
coli (STEC)Y] 79 STECY serotypes©lU Shiga
toxins®] genotypesel| Wt A&3HR= 0.1-10 cfu& FA|
9 PCR W=t sensitivity 7 57 B

immunosorbant assay

Real-time PCR

1) real-time PCR2| 2|

real—time PCR B12 target geneol] £0)240 2 Zgls}
= primer setof] 2J3} 243 DNA ©H (amplicon)oll £013]
© & Z35k=fluorescent probes 01851 DNA7} A3
02 Z7kslr| Aldehs 2715E SRS ) A FEGS
AAREe 2 mjekst 4= Qli= 71&2.4 conventional PCROY H]
3l PCR %F3-2] specificity 2} sensitivity & B]2F4 02 a4
AZcE oA real—time PCRoA 01851 =fluorescent
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probe — a0

Annealing phase Extension phase (1) Extension phase (1) End of PCR cycle
SYBRgreen1 —®e¢°% Hoes  ® e
* . ° . m— W
Te e — o, <Kk ™ im m

Hydrolysis \ }

Hybridization R E
probes i —

121 3. Fluorescent probe2| AFR0|| 2 M2 real-time PCR 7{&2| {2l

probe7} &% U= WiHol w2} probew DNA-binding
agents, hydrolysis probes ¥ hybridization probe= =
AN EFE Lol &4 UTH(T™ 3).

DNA-binding agents (SYBR Green ¥+ SYBR
Gold)= nonspecificdt fluorescent dyes2A FE5= o]
Z71k DNAQ] minor groovedl] 2% f &3-S irt,
Hydrolysis probe+ amplicon?}52Q] 7|48 7H4]
£ oligonucleotide® + A ¥ TagMan probelt
molecular beacon 5°] oW o|F9 5Tt
reporter dye”’} 3 BHol= quencher7} 242t £21Eo] 9]
t}. TagMan probe®] 75 DNA S3EA7F S3MES £F
Z3Z¥ DNAQ) 8 7|k A 2] 23S 3F probed THH
exonuclease B4 0}8310] probe?] 5 ‘U E] AThsio]
A3}, olu reporter dye}-S-ElE]EA] F-S Lyehic
318 LightCyclerollX AMS5k= hybridization probes
amplicond} A 29] H714E-& 7= donor probeg}

acceptor probe T 3&29] oligonucleotides® gt F
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ZX: van der Velden (2003)

probe”} 5Z% DNAQ| 3t 71=13} 1-5 nucleotide H=9] ok

F g Aol R A AekE T S 65]"6}' 2 Ve

ek real-time PCROIA] 2710l S5 DNAS] %)
H|&5}o] fluorescent probeoll &gt 63%} 9 7k vl e

Z7Rht, 71AA 02 UAsh k] 3 &0 7HsR A
< cycle threshold (Cy) 3Ee=2 UeRd 4= 9lt}. Ci=PCR %
Z 5| WAk e ool A threshold & 27151
AZEP| ARIBl= cycle®] 8 ol 2% DNA copy s
log Zoll SulEiEict (3" 4). & C: o] J&eE 27
DNAZ] o] T Wik Z1& oujsich ARnS PCR Bk =5
A=l Boge Al71E vehdch

2) Real-time2! quality control

Amplicon®] £0]|2¢l probe (hydrolysis probes %
hybridization probe)E AMER=real-time PCR2| 7%,
138 2|Xisk617] $Jal ARESI= primer sets®t probesE &
3l51o] UASH template DNA SE0lA & ARnY} 7H




71@1_— PCR 7Y DL EHE)

E oot o0 T i
#0 : ; Hooo
100 ~ “n ; . H viows [}
FE=E: EEEEE O = e 1§ o .;‘1 : i
Tl\ j s B o : i ’, Stndds - .
§ o 8o i i ,
= * nm ! Rl
i i o ! : Rl
o I ' ; X , | Yeiberoph: 29540
102 g= ESs==s==cmss SiEss tm=sc=enen I ‘ i Correlation 0550
e ) TR | R HI et
| i‘ X i " i ; ‘ I ; ) .
02 468101214161820229%030R%43%W ‘j " me
Cyele
7l 4. Real-time PCR (TagMan probe)& 0|28t Enterobacter sakazakii 16S rDNA CTHHe| ZE, C:: threshold cycle.

E“fﬁq
Template DNA‘—_:" /QX] o= ofe] oA Slafslo) A
ot (29 4), ¥48"E FFEF49 correlation
coefficients= 0.99 o]4to]ojo} it} OlIIH EZTAK 0]
slope (71€7]) 3k real-time PCRS] = &-8-8 LfEhific},
O|=22] 0= uf Cycle‘j DNAZ] &Fo] 264 17}3%11}1 1388
100%zt 81 o] 7187 1= ¢k -3 39 ZhS =t} SR R
£°0]90-100%%1 #91t QIHRIcHA 7127 = theF -3.601|4]
—3.30| 22 25 BETAI] 718717} o] BISIE Hlold
% primerg WASk= Zo] Higralsk,
ghH SYBR Greent Z-&- nonspecificgt fluorescent dye
ArEBR= 739 primer set®] nonspecific binding 0 &
St non target DNA products®] A4S melting
temperature (Tm)&] #4102 7ld 4= Qlr}. 1% 5=56
%9] Staphylococcus aureus®] W3t SYBR Green
real-time PCR A& YERH Zojt}t, Dissociation
curveolA —'1:— FY8H TmS UEPHTHA ARSSHtemplate
DNAOJA X5 & EoJ4 primer setof &5 DNAZ} 25|
ASE 9 Ul sttt ot} primer set®] nonspecific
bindingoll 93l FE=HUE Z$ Tm #2 specific
binding®] - vt fasiA| Hof Hif e 2ieoj|A 32 E
P =22 A e 4= Uk

=
=
2l

Real-time PCR- conventional PCRoﬂ vjgl} B|E 17}
o] AulE ARgsiiolsht A7|%E o] AHoEA o
7Fs/gdo] Rolx|aL 2Rlo]| 4@ Bli= AZlo] wllg- BobAr), T
?’P-—OW 7w, Ao Hojukar, AgA £4o) 7is3in,
23 A= o] Qlo] AlZofM AlEdt
e L ERlo| Wol o] &5 Qlrt,

TagMan probeS 08310 §7-5 HIES TIKSHAIZ S
oA C. jejunis WEF 12 genome equivalents7HA| H&3
2331 ground beefollA+=E, coli®] 912 serotypes?]
0157, O111 L 026821, AtllM Salmonella enteritidis
7} 22331 ground pork®lA Y, enterocolitica 5-& 33}
Fck oo SYBR Greend o|83lo] ZollA Vibrio
SRR AR YA 9L

Real—time PCR®] 7%= multiplex real—time PCROl
7}tk Real-time PCR thermocycler”| &8 =74
7 Qle filter7} 2o 57 A2ls]o] 2442} 4-580] BE& &4
&= Qlct, 22U TagMan} 22 specific probes& 54
o A8 7L fluorescent dyes 7k 7o g EE2 3
9] FA] £Ho] 7)53lc} SYBR Green= AFR3M= H$-

Tm %ol A2 ©E probed AME-EOSZA multiplex
real—time PCR®] 7}53lt} TagMan probes AMS3k= 7

A~ 0l
—I‘A}\\_

vulnificusE 3
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Dissociation curve Rn vs Cycles
8 14— ‘
| —
{ i
6 | ol
2 4 . g |
2 | Y
g 3 - .{,, = i3 V,._pi ;
2 4 4;»= +
1 J [ 2} 3
of e o e R : O;E_ngmm P eocasrereried
—1 ) . E__Qi, . A R
60 65 70 75 80 85 90 1357 9111315171921232527293133353739
Temperature (°C)

121 5, Staphylococcus aureus2| nuc geneo]| CH3! real-time PCR (SYBR green)2| melting curves?} C: values.

ZX]: Alarcon (2006)

£ FAM, TET ¥ VIC 37149} fluorescent dyeS 0|85}
E. coli 0157, Salmonella spp ¥ L. monocytogeness
2}2+ EAol A&3I90 SYBR Green 18 01831 49
Tm %4o] A2 & probes & AMSIA B, coli O157:H79]
Shiga toxin genes& HE8IHU shellfishollA] V.
vulnificusE A= AR LA 9l

A A AR CZ SAIAR] 71859 QIS ol ARE X
1 U= real-time PCR test7} ¥ 7HA] &&A Qi
SYBR Green= AHE-3h= BAX Dupont—Qualicon¥;
TagMan probe® AF&3l+= Food—proof Rochew
Salmonella, E. coli O157:H7, ¥ L. monocytogeness
AE3)=1) 20]12 312 molecular beacon AFSk=
1Q-Check BioRad+ Salmonellag AZEsi=d] 442
2 AMEL gl

21
=2

g

W) A AR AES e ] HEA0] i)
#lo] Theg 275} 9oLt PCROIL ploje sz Zhe

Al
SHEEE ARl FE3 S Al it Aa7EA] 7R
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