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Abstract

This experiment was conducted to optimize REP (repetitive extragenic palindromic sequence)-PCR reac-
tion conditions in order to simultaneoudly differentiate the five different foodborne pathogenic bacterial
genera of Escherichia, Salmonella, Shigella, Vibrio and Listeria. The four mgjor PCR cocktail compo-
nents of MgCl,, dNTPs, primers and template DNA were considered and their optimum concentrations
were determined using six reference strains. The optimized concentration of MgCl, was determined to
be 25mM in order to obtain a consistent fingerprinting pattern. The similar fingerprinting pattern was
obtained when REP primers and dNTPs were added up to the concentrations of 2 uM and 200 uM, respec-
tively. As for template DNA, the numbers of PCR fragments were not mosily affected, but their intensities
were dightly increased as the concentrations of the DNA were increased from 2 times to 5 times.
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Salmonella, Escherichia, Mibrio, Shigella, Listeria,
Saphylococcuse| 652 HAM MEES MBS &
el 2lo] 7Pg E8F A EEe|T). ol 4
5 FIMZES 29 - sAsY| s B E
SHEQl WHo R HHEX HIIMIE &8 PCR
(polymerase chain reaction)E S8t 77| £[2
FH2 JrkClak et al., 1998; DdlaCoda e al.,
1998; Dombek et al., 2000; Jasek e al., 1999
Johnson et al. 2000).

AAE M2l genome’doll= HHi== DNA
sequenceE°] 7HEF o7 EitEle] it skAlE i
BN squenceS H¥H oz 159 JHe| A7
o2 FMEEM M JA ol d] BxE 9
THlLupski e al, 1998). °]#st AhAld HhEY
S35k probeg ©]-&-8t genome finger-
Mz ZFE oM HHEY

FEAdYol e FFE7E TRl i 5
itk A#Eo = PCR IS § YojA= DNA &
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HEQ| A8 AL ApelHE o8t 71| o
2 MT BFEd sl 27| o2 DNA finger-
printing pattenso] A&  d&= Aotk (Rivera
et al., 1992). o]#gt ¥ HHEM DNA sequence
9| d2M+ REP(repetitive extragenic paindromic)
sequence(Higgins e al., 1982), ERIC(enterobacteria
repetitive intergenic consensus) sequence(Hulton et
al., 1992), 12]32Z BOX sequence(Martin et al.,
1992) 5o] Utt. o5 HHEM DNA sequences 3
)M 5bpel +FX loopT-F=S X8 38bp
paindromic unitE& °]Fo1A Sl= REP(repetitive
extragenic pdindromic) sequence=-2(Higgins & al.,
1982) dAAl AelM non-coding -l €x15HH
59| FAAYe fIXE F(peciey)rttt 27| o
27, AAF Wk v wsted Wk (orientation)ell Sl
2 BiEre] AAlgle]l AAA
t}. HH2M DNA sequencel] =
7|97 AME E coligt S typhimuriums 72o]
ME dade] e a#=d HMTEAM ol
8t sequence=e] HAHUOY, 25 AA] 9
5l o] HHEM DNA sequencesS RE A#s

22 JUMZE BRF olvEr B2 AFTERA
A M2 Aol fle tgst F(phyla)Eell %38t
= 22 MTEIdME HEFH AT THde
Bruijn, 1992). 28122 o]#gt M AIIMIEE
2 o8 FH(genug)Eol dist M-gWat ol 7 &
(genugol Myt BFEFollMel 54 =3
TEsh=H o]&E F U Folth

2 AFolM= ©]2{8t REP DNA sequences ©]
§8 REPPCRE ol &3t F2 MEF FMz
SAnondla, Escherichia, Mbrio, Shigdla, Saphylocoocus,
Listeriae| 62| WAMMZL| fingerprinting pattern
g ZAAshk= #AeIM REP-PCR HSE d2717|
FIgt HIBMEE T F2 K MBS Mgd,,
dNTPs, primer, &8 DNAQ| Fx=o| wZ finge-
printing patterng ¥ - £495le] DNA SZHISo)
FFE vE F U= 7 PCR THMEES FH

= AR

q

il
o,

ANE " 717]
Aol AL8E 75 (Table 1)2] vl LB media
(Luria-Bertani: bacto tryptone 10g/l, bacto yeast

Table 1. Strains used in this study

drain

name Gram staining type

Salmonella typhi Ty2 ATCC 19430 -
E. coli H10407 -
E. coli O157:H7 ATCC 35150 -
\ibrio cholerae NIH 35A3 -
Shigella flexneri ATCC 29903 -
Listeria monocytogenes HPB#3 +

extract 5¢/l, NaCl 10g/)S AHE-8I9 5L, A g0l A}
2% lysozyme, SDS, sakosyl, proteinase K,
chloroform, ethidium bromide= Sigma-Aldrich,
IncolM T45t3em, RNase A= QIAGEN Inc,
phenol 3} agarose= QUANTUM Biotechnologiesll
M, ammonium acetate= KANTO Chemica Co.ol
M, ethanol> MERCK CollM 45ttt PCRell
A18-¥ Tag. DNA polymerase®} primer= Bioneer
oM M & 91513, PCR 7|Al= MJ research,
Incel PTC-1008 AHg-3tsith. A7|9% kits B
73}, 1kb DNA ladder= GIBCO-BRL Léaboratories
AEE FUsAT Age AgE ZE A 2
2 &38-8, ACS grade, extra pure grade =&
TAFE ARt

At

Total DNA &

5miel LB ®iA|e] 7Fe| #FE HESl 37°C
FI|M 247 = v -, 15,000pmeE 5
=7 d4gdste] 5, 1miel IM NaClg %
23] MiAEsty 722 27102 i@ st 2Al
3 % 500 1xTE(IOMM TrisHC, 1mMm
EDTA)E $olM FERAZITH e M3o] 100l
9| lysozyme(2mg/ml)+ 20ule] RNase A(10mg/
miyE oM 37°ColM 3027+ WXI8h &, lysozyme
o2 Bal7t e 74 502l SDS(10%)E 71st
thGram Mzl 7%, Saphylococcus= 10 i<l
lysostaphin(1 mg/ml), Listeria= 10 2] mutanolysin
A mg/mhE 718k}). o] dgallel] 50ule| proteinase
KA0mgmi)E 718t 5 37°CollM 1A]7H-5<H HESA
ZAtHGram M7 1009l sarkosyl (10%)2 ©
H7rek). 2alE Mxdeelel 72| phenolg 7}
8lo] E95aL 15000pme2 5E7F 9485t
T FUAHE 28] B, F

ZXo g AdL Fgol=d E9| chloroform@ ¥
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SEE
ARIALET S}

oM T3 T e x7ow YABF sl A5
2 Arh. ArsdHo] 05 el 1M ammonium
acetates} 2.54

3o 99% of|ehEE WolM -70°C
8l o2 15000rpme.2 527F A4
2510t HAEE AxATIZL 7|0 509
1XTE(IOmMM TrisHCl, 1mM EDTA)ES YolA
DNAZS &35t th(Versdovic et al., 1991).

PCR 82 =7

PCR BtSolol M2 5yl 10x Trisg# 83
buffer(pH 9.0), & DNA, primer, MgCl,, dNTPs
9} 1unite] Tag DNA polymeraseE &£35F 5 47
H SHFE AAHIE 0uE ok Pime®2
REP1R-I(5-1IIICGICGICATCIGGC-3)3 REP2-I (5
-ICGICTTATCIGGCCTAC-3)E AM4-5t31 tHVersdovic
et al., 1994]. 7t7te| AdAE flste] PCR +ddE
& MgCl,, dNTPs, primer, 3 DNAE WHZ 5}
of TR 3ol el wxE AASIItH(Table 2).
MgCLEs+= 4 PCR tube & =% 0mM, 05
mM, 1.0mM, 1L5mM, 20mM, 25mM=E A3 3t
%3 dNTPs= 200uM, primers= 2.0uM, DNA=
1z 245t dNTPsHS9| 749+ 0uM, 50
uM, 100 M, 150 uM, 200 uM, 250 M= 7} 55
g 445t MgCl,= 2.0mM, primer= 20uM,
DNA= 1uZ I8 Pimed TS 0uM,
05uM, 1L.OpM, 15uM, 20uM, 25 uM=Z A5}
93 MgCl,e 20mM, dNTPSE 200 M, DNAE
1UZ ZAsAT F8 DNAESE 0Oul, 0254,
05, 075, 1.0pl, 1L25p= A48t MgClE
20mM, dNTPs= 200 uM, primer= 20uM= 3L
8ttt

PCRe| HtSx712 ov] ¥4 (pre-denaturation)
A 94°CAM 72, WM (denaturation) THA 94°CollM
12, YZ(anneding) ©@A 40°CAM 18, 9%
(extension) @Al 72°CollM 320w WM, Wz}, A
2ol dAE 303 HHE AHAISIRA, T A% (post-

L
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A 748 A 435 (20033 119)

extension) ©HA|Z 72°ColM 5&27F A AlF

Agarose A7|%9%

ZSZE DNA 2HE 10uE FHske 25u<
agarose A7|%9%5-4 5x loading buffer(60% glyceral,
0.025% bromophenol blue, 0.025% xylene cyanal,
in 1x TAE)2} 412 % 1ml 50 x TAE buffer(242g
tris base, 57.1ml glacia acetic acid, 100ml 0.5M
EDTA)®t 059 agaosedll SR/ 7Fste] ==&t
50ml 1% agarose geloll FYPdke] 100V Ago=z
1x TAE running bufferdtoll M A7|3 58 AAI5H

o=

3, AA] & ethidium bromide €<% (0.5 ug/mi)ell 30

A3 23
MgCl, 5= 24
MgCl,2| 9JghS double strand?] 3 DNAS} =

Zy A= DNAQ| denaurations} primer?] anneding
2 %91, Tag DNA polymerase®] EHZQIAEME
28 BH}(Sambrook e al., 1989). MgCl,2l 5=

A

)

£ garl 448k epeies] AIBS fURTE
Hgaln As, #hSo] dojd & Ut BHFEe

HeI7F vl ohFstAl YERRTh Liseiad F 7}
05mMe| MgClysxollM BEgo] dojit Ao Hla]
Samondlagt Vibrios 1.5mMe| F=dM F %=
o]l M= o|Hgt A2 primertt FF
DNA°| EDTAY cheating agent7} &A1 2%
MgCLel &g Wailg 4= AJ7| wZel(Innis & 4.,
1992) #Fvltt DNA F&344 & ¥ EDTAS
Fo]l h=EE MgClLe| HEskd me FZHES
i Azl Qo] ZpolE Kol vkl & & 3l
. Snondlas 15mMEFE A9l fingerprinting
patern Aol Gshs GHFE BHAT 20 mMell
M O ool @ St #AFHA ot E

3} 2=
=

Table 2. Concentrations of each ingredient varied for PCR reactions

tube numbers
ingredients 1 2 3 4 5 6
MgCl, (mM) 0 05 10 15 20 25
dNTP (UM) 0 50 100 150 200 250
primer (UM) 0 05 10 15 20 25
DNA (ul) 0 0.25 05 0.75 10 125
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coli= 0.6kb, 0.7kbE B4R HE&Frol wet & Hol HMEJL, Shigdlas 1.0mMoM 0.6kb,
Ho| 49} w7t 274819, E. coli O157:H7S 0.7kbE B4 o2 dHel ZA=rt Hak Skt
10mMelM 0.7kb7F SEEISL 20mMYE] SEE t}. Ligeria= 05mME HESIE wx oFF 7
9He| = F716kA] edth. Vibrios 0.5kbe| © T7F & GHEE 07kbF2olM A8 & Uid
HE M= 0.2kbelM Z|tf 4.0kbe| HI7HA] & (Fig. 1). MgCle o888 v dNTPS| 7tz <
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Fig. 1. Fingerprinting patterns shown as the concentrations of MgCl, increasel Panels A to Paned F represent
fingerprinting pattern of seven species. Pandl A: E. coli H10407, Pand B: E .coli O157:H7 ATCC 35150, Pandl C: Sal.
typhi Ty2 ATCC 19430, Pane D: Shi. flexneri ATCC 29903. Panel E: V. cholerae NIH 35A3, Panel F: L. monocytogenes
HPB#3. Lane 1 showed 1kb DNA ladders. The concentrations of MgCl, for each PCR reaction increased with an
increment of 0.5mM from OmM (lane 2) to 25mM (lane 7). The other ingredients consisted of primers (2.0 uM), dNTPs
(200 uM) and template DNA (1.0 pl) for PCR reaction.
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I HEHe| pH7t Fsdte g
sty 2%7| W&o Mgl &
M= dNTPs2| 42 3185t
(Innis et al., 1992). Lin %(Lin e al., 1996)<
Smondlag o] 48t 159 ATM dNTP2| &
=7 200uMY © MgClLel §=5 35mM=E &N
Sto] Albehl Aok ey B AFelMe ©
&o| @F7} obd 55, 652 BFE o] &5t
b A3, MgClLel F=7F 20mM3 25 mMY
| fingerprinting patterne| W37} 1A
#ZE % om, REP-PCRE AH&5to]
5 g Aoz 2E - 5451
83517 98] dNTPsel F=7h
gClel T 25mMeo] E[E<l A
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=
gt F=% A 2 28 UEitt. £ DNAQ
HE MIE wE7| flsl DNA @< 7=t 2
28t primere] 3 endo| Tag DNA polymerase”}t
dNTPsE 3 DNA @4 7ietell JRE dI7|=
Sy AFAIoZM DNAZFEo] A% =A =
th g oz dNTPsR| %= 50puMelAM 200 uM
7kx1e] WHelelM dAE Falsk=tl, M88k= dNTPs
9| =7t YR =8 735, ATAM Tag DNA
polymerasel| Q3iM ERIHo= A-gd F Ut
(Erlich, 1992).
dNTPs &%= A4 A7, 6 species?]
T 27| HE F= 50uyMTH FZHEE
7| A&t Samondla:s 1.4kbe| 3]
2 BHoE Fro Il wet vHe 4
7} &[4 0.6kbollAM 4.0kbe| HR[AM F716l=
48 2t E coli= 0.6kb} 0.7kbe| whHo]
uME HEg uRE 250uME HES w7k &
At ALE HoH T o) EAHE e &
HEo] HA MU} E. coli O157:H7S 0.7kb
o ©¥lo] 50pME HESINE W e oY
dNTPs?| %7} S7Hd4S 2 =7t sz,
B e 9HES HEsxe S7te A o
A F71Th Mbrios 27| X8t dNTPR| &
THE HAERL fingerprinting patterng YR 2w
wel Ay AE5. Shigdlas 0.6kb, 0.7kb
£ 7o 2 Fd 40kb7H] dHEe] AEEUL,
Liseria= 50 puMolM 0.7kbe| 3]m|Et dHg 4

Rea el
o M

g o Lo

&G o2 it

}

T

on
oy o

o7 Fxo wel F=rk 7188 150 pMel M
1.7kbe| o] Aol of2] JHe| b2 TS|
4=k (Fig. 2).

dNTPs2| 555 50uMH S7HA71HM 6714
7re| wEE M A, Hegh vt S5
of we} @l ¢} st Fkskeh. 27l 50
uMel F=s HESE wWiH A9 ¢t
fingerprinting patterng UEhll= 2FE% UL
T 9o 7t HEA JEhAE 4%kar, 200
ume| MEAIHAM 652 BF BT T oldel &

Aol Fu 7ol WHalke AEEA 47| wEol

Primer %= 2%

3% DNAQ| % PCREMSC| HHE3|4E5 1
gt primerdyel EHXsh= 72t #FEe st finger-
printing patterng o] &EoW7| ffsl Ao} st
2 AFdM primee =& 2] HESI9E
Vibrios A|2|8t 552 EFS°] 05uM A5 ol M-
B ZZHISo] Yot} Sdmondla= 0.5 pMellM
14kbel M 4.0kbe| THAHLIE HH O 15 pMellM
© 06kbe| o] yehde=x THAMel el
7} =93, E. colis 0.6kbet 0.7kbe| wHAo]
F dHoz2M primer ek uel dSse &
42 Bt E coli O157:H7S 05uMe| 55
M 3lmgt 05kbe} 3.8kbe| wHo] vreRto} 1.0
pme| FxoM THES| Awrt duEoE
A F7¥8tem 20uMelM ©f olde| T
7= YEhdA ¥9kth Mbrios 15uME M&
o &Fzo| W] LYo 25uME HE
wj7}2] 7| EH] fingerprinting patterne| s}oke
itk 237| w2l tE PCREEWHTE
Bt AN FEE MbrioQ| paterncz 4
25uME HE35IE " patterno] Yot &
Kot 2322, Mbrio9| fingerprinting patternS
ol = Qe primer?| J|EEEE 25uME 2
5tttk Shigdla= 05 puMEE 0.6kbllM 4.0kb7HA]
o THHRIE YeA, FAF el Frze 4
7F S7h e, L5uMitElel ST e A4 &
Sttt Ligeria= 0.7kbe] ©THA<] 05uM X3 o
AAMEIRT 0.9kbe] THEe 15uME HE5IE Ul
FE AMEo] HEFsE S7R e wel wHel
ZE7Y 7 et thFg. 3).
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Fig. 2. Fingerprinting patterns shown as the concentrations of dNTPs increase: Panels A to Panel F represent finger-
printing pattern of seven species. Panel A: E. coli H10407, Pand B: E .coli O157:H7 ATCC 35150, Panel C: Sal. typhi
Ty2 ATCC 19430, Panel D: Shi. flexneri ATCC 29903. Panel E: V. cholerae NIH 35A3, Pane F: L. monocytogenes
HPB#3. Lane 1 showed 1kb DNA ladders. The concentrations of dNTPs for each PCR reaction increased with an
increment of 50uM from OpM (lane 2) to 250 UM (lane 7). The other ingredients consisted of MgCl, (2 mM), primers
(20uM), and template DNA (1.0 pl) for PCR reaction.

goln] PCRe| HH=3]47t W& o primerso]l M 9| AFM, MY primere| FEE 25uME H
2 Z%9 9l primer dimerrt AME £ ) I35k 2y 2 AFME Mibrios #9l8t 6
(Innis et al., 1992). Lin (Lin e al., 1996} =1 Zo| #F &5 20pMe| primers HEIE W I
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Fig. 3. Fingerprinting patterns shown as the concentrations of primers increases Panels A to Pand F represent
fingerprinting pattern of seven species. Pane A: E. coli H10407, Pand B: E. coli O157:H7 ATCC 35150, Pand C: Sal.
typhi Ty2 ATCC 19430, Panel D: Shi. flexneri ATCC 29903. Panel E: V. cholerae NIH 35A3, Panel F: L. monocytogenes
HPB#3. Lane 1 showed 1kb DNA ladders. The concentrations of Primers for each PCR reaction increased with an
increment of 0.5uM from OpM (lane 2) to 25pM (lane 7). The other ingredients consisted of MgCl, (2mM), dNTPs
(200 pM) and template DNA (1.0 ul) for PCR reaction.

8t fingerprinting patterng JERE 4 IStk oF 2001 JHA|e| MEE ol&st PCROﬂA-IE Szt
8ol dolFo =M, olF He el F3 DNAE

=3 DNA % 24 o] &slME PCR #FZo] dojd &= glom 1wzt
Chiu 52| ¢7(Chiu et al., 1996)°] 2|5 =4 T AYs =2 Jg ¢ T °1‘3} ol¢} 72 4
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Fig. 4. Fingerprinting patterns shown as the concentrations of template DNA increase: Panels A to Panel F represent
fingerprinting pattern of seven species. Panel A: E. coli H10407, Panel B: E. coli O157:H7 ATCC 35150, Pand C: Sal.
typhi Ty2 ATCC 19430, Panel D: Shi. flexneri ATCC 29903. Panedl E: V. cholerae NIH 35A3, Panel F: L. monocytogenes
HPB#3. Lane 1 showed 1kb DNA ladders. The concentrations of template DNA for each PCR reaction increased with
an increment of 0.25pl from Opl (lane 2) to 1.25pl (lane 7). The other ingredients consisted of MgCl, (2mM), primers

(2.0puM) and dNTPs (200 uM) for PCR reaction.

o} npR7IA 2 FE DNAQ ¥ oFF A%<
025 uE Hesag H7d diee HE #FE
of st @HEe Aw=rt AstA vErsth
Simondlagl ¢, F=E2 F THEC] 0.25uE

HEYE wiE AMINY HEs=E ST/
of wjg} ©Ae| F7F FUIst] LopeME o ]
el gHgel Frte flth E coll‘_ 0.25 12|
DNAE XM&3 wiFe F o<l 0.6kb, 0.7kbe| o
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LHthE 7F S7HIAIT 1.0p1e] DNA
Hgsue HHTEi O olde| ol Frke
2 e¥%tth E. coli O157:H7S 0.25u5 XHed
4.0kb2| & Bxlee| whHo] WA AAMEIY X
b= DNAQ| o] F7ighol wet 2atgo] &
GHEo] AME ] fingerprintinge] HeI7F S
Al Lo Z 7|50 2 © olAe| wHo| WHaj=
ATt Mbrios} Shigdla® 0.25ulS HEJE o
T EAdHS Fdidde] i UEhd, e
Fe| F7tell wet Ethe} FAthEAbele] HRlolM
22 gEe] AdEe Awrt Hxk S A
el LOpIIM B = o ol dHsel Frt
£ 2190t} Ligeria= 025 plolAM 0.7kbe| wHHo] |
22 AYHEAL 05uM 1.7kbe| wo] Y=
= DNAS| 43} Hl#lstd =7t S71stsith(Fg.
4).

% DNAQ &2 WsA HEsIg o 22t
°| DNAS %7F°I flngerprlntmg patt ene B2
£ HolA= ¥t 22ivt HEE= DNAY
ot gHEe Axet 77t AFse FFE EAuth
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B H7IMEE S88F PCRYES REP-PCRE
AHESte] MBS mAES 2o 588 flst
Tl HEst7| flste] F2 AE L
(genus), 62| -T+—’F-§ AH&-st
PCR +AMM&<2 MgCl, dNTPs, REP sequence
primer, 3 DNA°I TEE Xzt st A
A3, MgClLel s=7F 20mM3} 25mMe o, &
FE9| fingerprinting patterne| WHap7F SIAY H
ZoR AAEo], BE {o| IFE wYx7e=R
2?7545 %ISHH MgClLel F=& 25mMe]
ZHQ Zloz AEBE Wtk dNTPs= 50 uMe|
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