SRR IR O

e

=
Q)
o,
|
=
3
@)
g
@
=
o
oL
o
o
oho
<

20119 24



F o 4 Ao 9 =

e

Real-Time PCR ®#¥ & o] &3
Escherichia coli O157:H79] A&

ol



N

20114 24




EL X i
ADSEFACE «+veveseessseemsseemsessssesssssss s ssasss s i
LASE OF TADLES -+ ersrreersseesssrsmsmsemmssesmssessassesssesasssesssssassenssssssessssaessssosanss vi
D R A T T LSS ——— ix
A B s 1
APE T HPH] oo 5
L A o] AFEE TEZGh HJA] cooeerreresmseeressmseesssssnseessssnsessssneees 5
2. DNA 22 Ko NI R eremsssssininnsnnns 8
3. EC(O157:H7) quantitative PCR Kit s estersiee agseseeresseesssaanes 8
P T T i S N VO ../~ T, W 10
5. B &mois7HuE 20 T ... PR 11
6. DNAm== . SESRRE | ) 11
7. dgatosel gel AR L=t . R 2. W] 12
8. E\ o8li 0157 HMBealotime T - A5 - roslesorrrifonfhrcenes 12
AT D T N ey o 15
1. E. coli O157:H7 5°]#4 primers®t probes A Z} «eeeeeeeeeeeeenens 15

2. Z=3t A oA real-time PCRS ©]&3F E coli O157:H7



2.1. Ak =3 v A o) A real-time PCRE ©]&3% E. coli

0] [ & W B SO 23
2.2. EC(O157:H7) quantitative PCR Kite] E o] 5 oeevrevenen 25
2.3. A& =3 vjA| o) A real-time PCRS ©]&3 E coli

015’7 H79/] @% .................................................................................... 30

4. Real-time PCR ¥ Me# Z3t dlgHS o] &3 E coli

O157:HT 73 cooerivorssione sttt s 40

5. Ae) A ‘Ft vl HalSt real-time PCRS o] 43k E. coli
O157H7 A= o] AT Azele] =8 it bt hen A6
£ ol TN . DY B T .. 54
IS J= T WY 5 U AR YUY A 57
E T~ X OOt~ ... 59



Detection of Escherichia coli O157:H7

using Real-Time PCR (Polymerase Chain Reaction) Assay

Tae Young Kim

Department of Food Science and Technology,

The Graduate School, Pukyong National University

Abstract

FEscherichia coli O157:H7, a foodborne pathogen, has-been reported to
cause many outbreaks in the world wide. Most outbreaks~have been
related with food consumption and the consumption of raw and under
cooked ground /beef has been specially 'involved. Apart from the
traditional culture methods, which is time' consuming and laborious
process, relying on biochemical characteristics, molecular methods
have been developed for rapid detection of E. coli O157:H7 in food.
Molecular methods “such -as- PCR are of interest for = obtaining
information on virulence factors.-However, conventional PCR methods
have several disadvantage such as poor precision, low sensitivity,
non-automated and post-PCR processing for data analysis. Also, the
PCR methods base on the amplification of a target gene has a
problem to apply for the detection of pathogenic bacteria since the

PCR reaction amplify all genetic materials from both dead and live



cells. During food processing such as heat treatment, the genetic
materials, specially DNA of bacteria will be remain in food even
though the cells will be destroyed.

Recently, a real-time PCR assay has been applied to detect food
pathogenic bacteria in various food. The assay has been concerned
about time and labor saving to detect the pathogenic bacteria in food
compared to the traditional cultivation methods using morphological
and biochemical assay and conventional PCR methods.

The object of this study is to develop a real-time PCR method to
differentiate between viable cells and dead cells and to apply the
method for detecting FE. coli- O157:H7 in food-.samples. For the
purpose, it was developed a new method to detect food. pathogenic
bacteria based on the combination of the real-time PCR and ‘enriched
cultivation supplemented withs antibiotics.

The primers and probes designed for detecting FE. coli O157:H7
using real-time| PCR methods were specific only to E. coli O157:H7
not non-pathogenic E. coli and other bacteria. The Ct (Cycle
threshold) values in. real-time PCR were to be a does dependent on
E. coli O157:H7 inocula. It was also. observed the difference of Ct
values between mEC enrichment cultures-of - E. coli O157:H7 in the
presence or absence of gentamicin and tetracycline since E. coli
O157:H7 cells were not grown in the presence of both antibiotics.
These results suggested that it was possible to differentiate viable or

dead cells of E. coli O157:H7 using the real-time PCR methods
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combined with enrichment culture supplemented with antibiotics. In
conclusion, it was developed new method to detect only viable E. coli
O157:H7 using the real-time PCR methods and the same strategy

would apply to detect other pathogenic bacteria.
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Table 1.

Representative foodborne and waterborne outbreaks of

Escherichia coli O157:H7 and other EHEC infections

No. of cases

Year Mo Location (deaths) Setting Vehicle

1982 2 Oregon 26 Community Ground beef

1982 5 Michigan 21 Community Ground beef

1985 Canada 73(17) Nursing home Sandwiches

1987 6 Utah 51 Qus.todi.al Ground beef;
mstitution person to person

1988 10 Minnesota 54 School Precooked ground beef

1989 12 Missouri 243 Community Water

1990 7 North Dakota 65 Community Roast beef

1991 11 Massachusetts 23 Community Apple cider

1991 7 Oregon 21 Community Swimming water

1992 12 Oregon 9 Community Raw milk

1993 1 Calgi"vr;éz i;iihs‘;ingm 732¢4) Restaurant Ground beef

1993 3 Oregon 47 Restaurant Mayonnaise?

1993 7 ‘Washington 16 Church picnic =~ Pea salad

1993 8 Oregon 27 Restaurant Cantaloupe

1994 11 Washington, California 19 Home Salami

1995 10 Kansas 21 Wedding Punch, fruit salad

1995 11 Oregon 11 Home Venison jerky

1995 7 Montana 74 Community Leaf lettuce

1995 9 Maine 37 Camp Lettuce

1996 5 6  Connecticut, Illinois 47 Community Mesclun lettuce

1996 7 Osaka, Japan 7,966(3) Community White radish, sprouts

06 1o  Califormia, Washington, 71(1) Community Apple-juice

Colorado

1996 11 Central Scotland 501(21) Community Cooked meat

1997 5 Mllinois School lee cream bars

1997 7 Michigan 60 Community Alfalfa_ sprouts

1997 11 Wisconsin 13 e Meat balls, coleslaw
banquet

1998 6 Wisconsin 63 Community Cheese curds

1998 6 Wyoming 114 Community Water

1998 7 North Carolina 142 Restaurant Coleslaw

1998 7 California 28 Prison Milk

1998 8 New York 11 Delicatessen Macaroni salad

1998 9 California 20 Church Cake

1999 8 New York 900(2) Fair Well water

(Tomas et al., 2005)
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Az = UH

1. 439 A" 59 ¥ X

2 Ao AFEHE E. coli O157:H7 5% ATCC 43894 (The American
Type Culture Collection)S AF&3t9a, E coli OI57TH7 AES $3
specific primers®} probes’} E&ZA o2 AAHJUEA sty 9dtd
AHEE EFE A AT (E coli KCTC 1116)7 tix 42l v
AdES Estale= 1259 At S(Citrobacter freundii KCTC 22056,
FEnterobacter cloacae KCTC 1685, Klebsiella pneumoniae KCTC 2001,
Salmonella Enteritidis - KCCM 12021, Salmonella Typhimurium KCTC
1925, Serratia liguefaciens KCCM 12094, Pediococcus acidolactici
KCTC 13734, Pediococcus pentosaceus KCTC 3507, Pseudomonas
aeruginosa KCTC 22063, Rhodococcus aqui KCTC 1298, Enterococcus
faecalis KCTC ' 2011, Staphylococcus aureus KCTC 1621)& KCTC
(The Korean Collection for Type Cultures)2} KCCM (The Korean
Culture Center of Microbiology)ell Al +9)3te] AF&3FALE. At 8l ol
+ Luria-Bertani broth (LB broth; Oxoid, - England; Table 2)¢} mEC
broth with novobiocin (Oxoid, England; Table 3) %< AF&3&}¢]aL, A

4 =A ol = nutrient agar (Difco, USA)E AF-&3} 31t}

2. DNA & Kit

Genomic DNA 3% kit® AccuPrep® genomic DNA extraction kit



Table 2. Formulation of Luria—-Bertani broth

Concentration
Typical Formulation
(g/L)
Tryptone 10.0
Yeast Extreact 5.0
Sodium chloride 10.0




Table 3. Formulation of mEC broth (Reduced bile salts)

Concentration
Typical Formulation

(g/L)

Tryptone 20.0

Lactose 5.0
Di-potassium hydrogen phosphate 4.0
Potassium hydrogen phosphate 1.5
Sodium chloride 5.0

Bile salts No.3 1.12
Supplement Novobiocin 0.02




(Bioneer, Daejeon, Korea)S AF&39 o™, FEHEH S A ZAY] A A A
of el fgrel =S sfo] ARSI FE Al 1.5 mlé] St HY
¥ H(mEC broth 5 LB brothE Ab&ste] Sdd 21)& FHske] 8,000
rpmoll Al 123 A& A8S AW ¥ 42 dAZ HFH DNAE

=3t

3. EC(0157:H7) quantitative PCR Kit

Real-time PCRo| A& % primers®} probes’t X3t¥ E. coli O157:H7
Eo] PCR kit® AccuPower® EC quantitative PCR Kit (Bioneer,
Daejeon, Korea)E Ab&3t3th. KitE primers®t probes’t ¥3¥ EC
quantitative PCR premix$} E. coli O157:H7 standard DNA (2 X 107 2
X 10°, 2 X 10%, 2 X 10°, 2. X 10° copies/ul), internal positive control
DNA, PCR grade water® 2% ot} Non-template control> PCR
grade water 49 nl, internal /positive control DNA 1 plE premix®| %
), uwksle] AMEES Al E. eoli O157:H7 standard DNA 9} sample2 2zt
7y 5 ul®] A& ¢}f positive control DNA 1 ul, PCR grade water 44 nl=

premix®] F¢, 1 Helo] AL-E-3F I THTable 4).

4. Real-time PCR # ]

Ado] AF&E real-time PCR# X+ real-time quantitative thermal

block Exicycler ™96 (Bioneer, Daejeon, Korea)E A-43}9th.



Table 4. Reaction mixture for real-time PCR detection

Composition of real-time PCR reaction mixture Reaction volume / 1 reaction
Non-template control (NTC) 5ul (PCR grade water)
Sample " 2
EC(0157:H7) standard DNA (2 X 1072 X 10°) -
1
or clinical .sample

Internal positive control DNA 1ul
PCR grade water 44ql
Total 50ul




5. E. coli O157T:H7 F o ¥ ¥4

LB brothe AM&3t E. coli O157:H7 w39 T3 #%¥2 LB broth 20
mlE 37CoA 24A3F wigatgda 2 vl FaAS 100 ul 3ate] LB broth
20 mlel 37T, 6A1ZF o)xF wj gttt mEC broths AH&d v wjF
mEC brothell 0.02 g/L¢] &%=7} ¥ %% novobiocing F9ate] A&
aL, 35TColA 24Xt Sats AASAth Z2be] Adddnitt g A

T T Ag3 dAFs SAs7] A NASE AMgste] AdE SAs
Rom, At HAAPRS AFEesde] WA Eed, A0 dRAFER, 8.

nAE AIEW p23-24, 2008)

o
S
il
oo
ol
ol
38
O
kL
ko
=2
=)
)
o%
o
2

tetracycline (20 pug/ml) ¥} gentamicin (15 pg/mb< S iAo F 3o

1§39

6. DNA & WY

DNA F&®WHe #HA wjdd 15 mlE FHste " A7 eppendorf

tube (E-tube)ol] i1, 200 ple] TL buffer (Tissue lysis buffer)ES F

o oo

3199 th Proteinase K& 20 nl 81 mwrst & 60Ce) A %2 o]
e &ald w7tA 10~ 1527 HRSA R T FES 23T AAH 574
3 78] WE&ES A AS I, 200 plel binding buffers Fatal FA|

wHE 50 60CelA 1083 vESA A Y. 3, 100 ul® isopropanols

eta ¥slow & HEd v} 2 ml FHo binding columns 2 3%st
o ZAEHA dgHE olFE AR ta, FEO F4& &1 8000



ml FE filtration= ¢33 Zga . 500 ple] washing buffers /FXH
o] 7Rt e EA @A Fdsta FERY F4E 2ol 8000 rpmeof A
2

H
123 AR sn, Fug I

u
buffer (Elution buffer)E v} W Zd FHo] Y A2 4 Hojx 1#
7 XA AT 8,000 rpmeollA 1E7F AR & 5% f94S

DNA A &2 ARgahsict.

7. Agarose gel A7] 4 %4

10X loading buffer 1 ple} F=% DNA Almx 3 pls 8 A7 & A
719 % A=A WE-9) agarose geloll ¥F oz ZAAHA W 30~40%
A% loading Al ZIth. loading ¥ agarose gel= ethidium bromided] 5+
b 9EEAI7| I AL S ol B4t BES AIZIER o] Eh% UVE

A ARE Aol DNA bands <lst i th

8. Real-time PCR %34

PCR primers®} hybridization probes, internal positive controls©] &
o]+ PCR premix°| non-template control, standard DNA, clinical

sample2 FU3}al real-time PCRS A3ttt WA 95T A 5&E7H

=
o,

DNA A-wA 34 (pre-denaturation)S A A &FaL 95T Al 20%7F
34 (denaturation)S % oL 30%37F 55ColA DNA =¥ I

-
o



(annealing)¥} 213 A (extension)S A3 F33E2 FAMIY
quencher’} 2% o] 9= FAM-BHQZE E. coli O157H7= 3}a, 3%
=2 TAMRA® quencher’} Adt=o] Q= TAMRA-BHQE internal
positive control® A A3t 1H 9| cyclerttt #3352 scan 4 HS AA
t}. Scano] EUWH ThA] H-¥1A4 HAHORE Fol7l F 45 cycle®] PCR
8- st tH(Table 5).
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Table 5. PCR cycle step for real-time PCR detection

Step Temperature Running time
Line 2 : pre-denaturation 95 T 5 minutes
Line 3 : denaturation 95 C 20 seconds
Line 4 : Annealing
55 C 30 seconds

& extension

Scan

FAM-BHQ : target / TAMRA-BHQ : internal positive control

Goto

Line 2, 45 cycles

_13_



ZERIEE
1. E. coli O157:H7 £ 9]3 primers$} probes A2+

Real-time PCR& ©¢|&sto] fl8) AT% Adss A=st7] 9% 5
o]& 9l primer ¥ probe$} o]E o]&3 HAAWEO HiEo g
(Justin et al., 2007, Malorny et al., 2004; Bhagwat, 2003)(Table 10 2
11). E. coli O157H7¢] AFol%= B2 AAEo] o] wHowh &8t

= Eol#¢ 9714 gE o]&ale] o 7o AES % E0| A<l primer

=

= 3 ¥4 probe A AL o] 5 o] §7AA B A Wo| W] K st
31 Y (Uyttendaele et al., 1999; Monika et al, 2005; Bellin et al,
2000; Evans et al., 2001; Cebula et al.,, 1994; Jothikumar et-al., 2002;
Karch et al., 1989)(Table 6, 7; 8 2 9). Real-time PCRS ©]&3 E
coli O157:H7+2¢l =0 ®o| A85 3 9+ target gened stxl, stx2
2 ols FHAE= E coli OI67TH7AW Hol&do=w Ex3rk(Bellin et
al, 2000; Table' 8). & Ao A}&3k primer % fluorescent probet

Bioneer(F=)oll Al A &gt A& of&ste] HIAS 333 H th(sequence
data not shown). 2 3o AR&3L IPC (internal positive:control)= Zz+7¢
o] MFo] gt Aol weh Aol P A=A ZYEY 7]

HalA HA7Fe WEEE E2E target templates® AAZ & B A
%]

il

I AR e HHd3] BEE EXE o]83tal, primer®}t probell T

ﬂl
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g 24 $F3 FREA 94 @ webd ole@ IPCE A
el A4 ARANAAe) 0 Tote 4 A Fol Ahel g
= *

2l tH(Das et al., 2006).

([
oX
)
™
]
&
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Table 6. Sequence and position in the eae-gene for PCR oligonucleotides in Escherichia coli O157:H7

Oligonucleotide Sequence (5'-3") Position in eaeA gene
PD866ZP (reverse primer) TTA TCA TAT ACG ACG GTG CTT 2718 - 738

PD864 (forward primer) CGA CTG TCG ATG CAT GAG G 2619 - 637

PD865ZP (reverse primer) CAG CAT AAT AGG CTT GCT TAT 2745 - 769

PD863 (forward primer) AAG CAA GCG GTG'GTG ATG GTA CAT 2565+=.588

AE9 (forward primer) ACG TTG CAG.CAT GGG TAA CTC 2541 to 2521

AE10 (reverse primer) GAT CGG CAA CAG TTT CAC CTG 274 -94

AE19 (forward primer) CAG GTC GTC GTG TCT GCT AAA 1959 - 979

AE20 (reverse primer) TCA GCG TGG TTG GAT CAA CCT 3027 - 047

(Beebakhee et al, 1992; Uyttendaele et al., 2006)
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Table 7. PCR primers for the identification of hemolysin genes in Escherichia coli O157:H7

L. Product Primer .
Gene and description . Primer sequence
size (bp) name

hlyA, from the 5region of hlyA from J96 561 hlyAl 5-GTC TGC AAA GCA ATC CGC TGC AAA TAA A-3

hly A2 5-CTG TGT CCA CGA GTT GGT TGA TTA G-3

sheA, from the bregion of sheA from pCFP60 920 shel 5-GAG GCG AAT-GAT TAT GAC TG-3
she2 5-ACT TCA GGT ACC TCA AAG AG-3
ehly, from the chromosome of O26 E. coli 308 chlyl 5-TCG CAA TCA CAT CAC AAC C-3

strain (phage coding)
ehly2 5-CCA GCA GTT CGT CAT CAT CTG AA-3

ehx, from the plasmid pO157 carried by 518

EDL933 ehxl 5-CAG TGA CGC ACA TAC AG-3

ehx2 5-TCG GGA TAT ATA ATC ATC C-3

(Monika et al, 2005)
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Table 8. Nucleotide sequences of primers and probes for the detection of Escherichia coli O157:H7

Primer or probe Name Sequence (5’'-3") Position

Primers

stxl1 StxAl 598 AGT CGT ACG GGG ATG CAG ATA AAT 598 - 621
StxAl 1015 CCG GAC ACA TAG AAG GAA ACT CAT 1015 - 992

stx2 StxA2 679 TTC CGG AAT-GCA AAT CAG TC 679 - 698
StxA2 942 CGA TAC TCC GGA AGC ACA TTG 942 - 922

Probes

stxl StxAl FL 724 CTG TCA CAG TAA CAA ACC GTA ACA TCG CTC-X 724 - 695
StxAl LC 693 R7 LC-TGC CAC AGA CTG CGT CAG TGA GGT-ph 693 - 670

stx2 StxA2 FL 769 MAG AGC AGT TCT GCG TTT TGT CAC TGT CA-X 769 - 797
StxA2 LC 799 R6 LC-AGC AGA AGC CTT ACG CTT CAG GC-ph 799 - 821

_18_
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Table 9. Primers used in MAMA-multiplex PCR to amplify specific fragments from the genes for SLT-I and
SLT-II and the uidA gene for the detection of Escherichia coli O157:H7

Target Expected size (bp) Primer Sequence

SLT-I 348 LP30 5" - CAGTTAATGTGGTGGCGAAGG - 3’
LP31 5" - CACCAGACAATGTAACCGCTG - 3

SLT-II 584 LP43 5" = ATCCTATTCCCGGGAGTTTACG - 3’
LP44 5" - GCGTCATCGTATACACAGGAGC - 3

uidA 252 FL#2 5" - GCGAAAACTGTGGAATTGGG - 3
PLss 5" - TGATGCTCCATAACTTCCTG - 3

(Cebula et al, 1994)
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Table 10. Oligonucleotide primers and probes for Listeria monocytogenes

Name Type Sequence (5'-3")

LssrA F Forward assay primer GCATCGCCCATGTGCTAC

LssrA R Reverse assay primer TCTACGAGCGTAGTCACCG

IAC F Forward composite primer for IAC generation GCATCGCCEATGTGCTACATACCCAACTTGGAATG
IAC R Reverse composite primer for IAC generation X%F%SAI’%GAGCGTAGTCACCGTCTTCACCAGAATAA
Hybprobe 1 E. coli hybridization probe CCATTCAGCTAGTCTGATTAAGCTCT-fluorescein
Hybprobe 2 E. coli hybridization probe LCRed640-CTATTTAACCCCAGACGGAGA-phosphate
ALS1-FLU IAS hybridization probe TGAATGTATCCCCTGGA-fluorescein

ALS1-LC IAS hybridization probe LCRed705-TGGCACTGGTACCATCTAA-phosphate

(Justin et al, 2008)



Table 11. Primers, probes, and IAC sequence used for the Salmonella-specific assay

Designation Sequence Positions

ttr-6 (forward) CTCACCAGGAGATTACAACATGG 4287 - 4309

ttr-4 (reverse) AGCTCAGACCAAAAGTGACCATC 4359 - 4381

Target probe (ttr-5) FAM-CACCGACGGCGAGACCGACTTT-Dark Quencher 4336 - 4356

IAC probe Yakima Yellow-CACACGGCGACGCGAACGCTTT-Dark- Quencher
GACTCACCAGGAGATTACAACATGGCTCTTGCTGTGCATCAT

IAC sequence CGCAGAACATCAAAGCGTTCGCGTCGCCGTGTGGGATGGTCAC
TTTTGGTCTGAGCTAC

(Malorny et al., 2004)
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Fig. 2. Quantitative standard curve of Escherichia coli O157-H7 by real-time PCR.
Cells were cultivated in LB broth at 37C for 24 h.
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Table 12. Summary of Escherichia coli O157:-H7 detection by real-time PCR in LB broth culture

Sample Name Probe Name Type Flu. Dye Quencher Ct Concentration Ct Threshold
NTC Std_FAM NTC FAM BHQ Undetermined - 2286
NTC Std_TAMRA IPC TAMRA BHQ 24.47 0 1343
STD1 Std_FAM STD FAM BHQ 36.97 1 2286
STD1 Std_TAMRA IPC TAMRA BHQ 24.67 0 1343
STD2 Std_FAM STD FAM BHQ 32.14 10 2286
STD2 Std_TAMRA IPC TAMRA BHQ 24.08 0 1343
STD3 Std_FAM STD FAM BHQ 28.17 100 2286
STD3 Std_TAMRA IPC TAMRA BHQ 24.31 0 1343
STD4 Std_FAM STD FAM BHQ 24.98 1000 2286
STD4 Std_TAMRA IPC TAMRA BHQ 24.58 0 1343
STD5 Std_FAM STD FAM BHQ 21.98 10000 2286
STD5 Std_TAMRA IPC TAMRA BHQ 24.9 0 1343

0O157sample Std_FAM Sample FAM BHQ 26.05 532.96 2286
0O157sample Std_TAMRA IPC TAMRA BHQ 24.01 0 1343
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Table 13. Detection of bacterial strains used in this study by real-time
PCR using 0157:H7
[EC(0O157:H7) quantitative PCR Kit]

Escherichia coli detection kit

Bacterial strains Result of real-time PCR amplication

Gram negative strains

Escherichia coli KCTC 1116 Undetermined
Enterobacter cloacae KCTC 1685 Undetermined
Salmonella Typhimurium KCTC 1925 Undetermined
Salmonella Enteritidis KCCM 12021 Undetermined
Serratia liquefaciens KCCM 12094 Undetermined
Citrobacter freundii KCTC 22056 Undetermined
Pseudomonas aeruginosa KCTC 22063 Undetermined
Klebsiella pneumoniae KCTC 2001 Undetermined
Gram positive strains
Pediococcus acidolactici KCTC 13734 Undetermined
Pediococcus pentosaceus KCTC 3507 Undetermined
Rhodococcus aqui KCTC 1298 Undetermined
Enterococcus faecalis KCTC 2011 Undetermined
Staphylococcus aureus KCTC 1621 Undetermined
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Fig. 3. Quantitative standard curve of Escherichia coli O157:H7 by real-time PCR after

cultivation in mEC broth. Cells were cultivated in mEC broth at 35T for 24 h.
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Fig. 4. Fluorescence graph of Escherichia coli+O157:H7 target gene amplified by real-

time PCR after cultivation in mEC broth. Cells were cultivated in mEC broth

and then the genomic DNA was extracted.

_32_



Table 14. Summary of Escherichia coli O157:H7 detection by real-time PCR in mEC broth culture

Sample Name Probe Name Type Flu.Dye Quencher Ct Concentration Ct Threshold
NTC Std_FAM NTC FAM BHQ Undetermined - 2189
NTC Std_TAMRA IPC TAMRA BHQ 25.66 0 1142
STD5 Std_FAM STD FAM BHQ 21.78 10000 2189
STD5 Std_TAMRA IPC TAMRA BHQ 26.15 0 1142
STD4 Std_FAM STD FAM BHQ 24.88 1000 2189
STD4 Std_TAMRA IPC TAMRA BHQ 25.88 0 1142
STD3 Std_FAM STD FAM BHQ 28.15 100 2189
STD3 Std_TAMRA IPC TAMRA BHQ 26.05 0 1142
STD2 Std_FAM STD FAM BHQ 31.50 10 2189
STD2 Std_TAMRA IPC TAMRA BHQ 26.14 0 1142
STD1 Std_FAM STD FAM BHQ 34.52 1 2189
STD1 Std_TAMRA IPC TAMRA BHQ 26.13 0 1142

0157/10? Std_FAM Sample FAM BHQ 17.70 181029.43 2189
0157/10? Std_TAMRA IPC TAMRA BHQ 25.97 0 1142
0157/10° Std_FAM Sample FAM BHQ 28.66 70.19 2189
0157/10° Std_TAMRA IPC TAMRA BHQ 25.62 0 1142
0157/10°2 Std_FAM Sample FAM BHQ 38.21 0.07 2189
0157/10°2 Std_TAMRA IPC TAMRA BHQ 26.10 0 1142
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Control

Fig. 5. Electrophoresis profiles after autoclave and HCIO treatment.
Escherichia coli O157:H7 were cultivated in LB broth at 37T for
24 h. One ml of cultivation (2.1 X 10° CFU/ml) was taken for
the treatment of autoclave (121.1C for 15 min) and HCIO (10,000

ppm for 1 min). After then, the genomic DNA was extracted.
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Fig. 6. Real-time PCR profiles after autoclave and HCIO treatment of Escherichia

coli 0157:H7 cells. One ml of cultivation (10®8 CFU/ml) was taken for the
treatment of autoclave (121.1°C for 15 min) and HCIO (10,000 ppm for 1 min).

After then, the genomic DNA was extracted.
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Fig. 7. Fluorescence graph of real-time PCR-after autoclave and HCIO treatment of
Escherichia coli O157:H7 cells. One ml of cultivation (102 CFU/ml) was
taken for the treatment of autoclave (121.1°C for 15 min) and HCIO (10,000 ppm

for 1 min). After then, the genomic DNA was extracted.
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Table 15. Summary of autoclave and HCIO treated Escherichia coli O157:H7 detection by real-time PCR

Sample Name Probe Name Type Flu.Dye Quencher Ct Concentration Ct Threshold
NTC Std_FAM NTC FAM BHQ Undetermined 0 2707
NTC Std_TAMRA IPC TAMRA BHQ 24.32 0 1727
STD1 Std_FAM STD FAM BHQ 35.48 1 2707
STD1 Std_TAMRA IPC TAMRA BHQ 2392 0 1727
STD2 Std_FAM STD FAM BHQ 9.3 10 2707
STD2 Std_TAMRA IPC TAMRA BHQ 24.35 0 1727
STD3 Std_FAM STD FAM BHQ 23.13 100 2707
STD3 Std_TAMRA IPC TAMRA BHQ 24.27 0 1727
STD4 Std_FAM STD FAM BHQ 22.63 1000 2707
STD4 Std_TAMRA IPC TAMRA BHQ 24.95 0 1727
STD5 Std_FAM STD FAM BHQ 19.36 10000 2707
STD5 Std_TAMRA IPC TAMRA BHQ 24.16 0 1727

0O157control Std_FAM Sample FAM BHQ 17.29 10757.15 2707
0O157control Std_TAMRA IPC TAMRA BHQ 24.88 0 1727
Autoclave Std_FAM Sample FAM BHQ 17.95 7687.67 2707
Autoclave Std_TAMRA IPC TAMRA BHQ 24:48 0 1727
HCIO Std_FAM Sample FAM BHQ 16.43 16506.9 2707
HCIO Std_TAMRA IPC TAMRA BHQ 25.32 0 1727
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Table 16. Antibiotic resistance of Escherichia coli O157:H7 strains

isolated from raw milk in Greece.

Strain |Origin Antibiotic resistance* Antibiotic sensitivity MAR index
LFH1 | O A-C, AC, CFA, CP, SM, T-S CFU, GM, TC 0.67
LFH2 | O A -C, AC, CFA, CP, SM, TC CFU, GM, T -S 0.67
LFH3 | O A-C, AC, GM, SM, T -S CFA, CFU, CP, TC 0.56
LFH4 | C A-C, AC, CFA, CFU, CP, SM, T -S GM, TC 0.78
LFH5 | C A-C, AC, CFA, CP, SM, TC, T-S CFU, GM 0.78
LFH6 | B A -CACCFASMT - S CFU, CP, GM, TC 0.56
LFH7 | B A-C, AC, CFA, CP, SM, T-S CFU, GM, TC 0.67
LFH8 | B A-C, AC, CFA, CP, SM, T-S CFU, GM, TC 0.67
LFH9 | B A-C, AC, CFA, CP, SM, T-S CFU, GM, TC 0.67
LFHIO| B A-C, AC, CP, SM, T-S CFA, CFU, GM, TC 0.56
LFHI1| B A-C, AC, CFA, CFU, SM, T - S CP, GM, TC 0.67
LFHI2| B A-C, AC, CFA, CFU, CP, SM; T -S GM, TC 0.78
LFH13| O A -C, AC;yCFA CFU, CP, GM, SM, TC, T=S 0.33
LFH14| O AC, CFA;/GM, SM, T -S A -C, CFU, CP, TC 0.56
LFHI5| C A/ CAC, CPSM CFA, CFU, GM, TC, T-S 0.44
LFHI6| B A -C, AC, CFA, SM CFU, CP;:GM, TC, T-S 0.44
LFH17| B A - CGAC,SM CFA, CFU, CP, GM, TC, T -S 0.33
LFHI8| B AC,CP,SM A -C, CFA, CFU, GM, TC, T-S 0.33
LFHI9| B AC,CFA,CP,SM A-C, CFU, GM, TC, T-S 0.44
LFH20| B AC, CFA, CFU, SM A-C CP, GM, TC, T -S 0.44
LFH21| B AC, CFA, CFU, SM A-CCPGMTCT - S 0.44
LFH22| B A -C; AC, CFA, CFU, SM CP, GM, TC, T-S 0.56
LFH23| B A -C, AG, CFA, SM, T-S CFU, CP, GM, TC 0.56
LFH24| B A -C, AC, CEA, CP; SM CEU, GMERC, T W 0.56
LFH25| B AC, CFA, SM A - C, CFU, CP, GM*TC, T -S 0.33
LFH26| B A-C, AC, CFA, GM, SM, T -S CFU, CP, TC 0.67
LFH27| B A -C, AC, CFA, CFU, SM T -S CFU, CP, TC 0.56
LFH28| B AC, CFA, SM A-C, CFU, CP, GM, TC, T-S 0.33
LFH29| B A-C, AC, CFA, SM, T-S CFU, CP, GM, TC 0.56

# A - C, Amoxicillin p Clavulanic acid, AC, Ampicillin; CFA, Cefachlor; CFU, Cefuroxime;

CP, Chloramphenicol; GM, Gentamicin; SM, Streptomycin; TC, Tetracycline; T - S,
Trimethoprime p Sulfonamide. (Nikolaos et al., 2009)
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Table 17. Antibiotic resistance profiles of Escherichia coli O157:H7 isolates from cattle and sheep feces
and/or colon tissue samples

Number of E. coli 0157:H7 isolates (%)
Cattle (n = 11) Sheep (n = 14)

Antibiotic (ug disc—1) R+ 1 S R 1 S
Ampicillin ~ (AMP-10) 7 (63.63) 4 (36.36) 5 (35.71) 9 (64.28)
Cephazolin  (KZ-30) 11 (100) 14 (100)
Cephalothin  (KF-30) 4 (36.36) 7 (63.63) 10 (71.42) 4 (2857)
Gentamicin  (CN-120) 11 (100) 14 (100)
Amikacin  (AK-30) 5 (45.45) 6 (54.54) 2(14.28) 12 (85.71)
Amoxicillin/clavulanic  acid (AMC-30) 1(9:09) 10 (90.90) 14 (100)
Cefoxitin  (FOX-30) 1(9.09) 10 (90.90) 14 (100)
Ceftriaxone (CRO-30) 11(100) 1(7.14) 13 (92.85)
Ciprofloxacin(CIP-5) 11 (100) 14 (100)
Imipenem (IPM-10) 11 (100) 14 (100)
Trimethoprim/sulphamethoxazole (SXT-25) 11 (100) 14 (100)
Chloramphenicol (C-30) 111(100) 14 (100)
Kanamycin (K-30) 8 (72.72) 3 (27.27) 2(14.28) 12 (85.71)
Tetracycline (TE-30) 11 (100) 3(21.42) 11 (7857)
Trimethoprim (W-5) 11/ (100) 14 (100)
Sulphonamide compounds (S3-300) 3.(271.27) 8 (72.72) 1(7:14) 13 (92.85)
Ceftiofur(EFT-30) 11 (100) 14 (100)
Streptomycin (S-10) 1 (9.09) 10 (90.90) 1(7.14) 11 (78.57) 2 (14.28)
Nalidixic acid 1(9.09) 10 (90.90) 3 (21.42) 11 (7857)
Sulphamethoxazole 7 (63.63) 4 (36.36) 2 (14.28) 7(50.00) 5 (35.71)

#* R Resistant, I Intermediately resistant, S Susceptible (Muammer et al,. 2010)
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Fig. 8. Quantitative real-time PCR profile.combined with enrichment culture

supplemented with antibiotics. Cells were cultured in mEC broth in the presence

or absence of tetracycline (20 ug/ml) and gentamicin (15 pg/ml).
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Fig. 9. Fluorescence graph of-Escherichia coli O157:H7 using real-time PCR
combined with enrichment culture-supplemented with antibiotics. Cells
were cultured in mEC broth in the presence or absence of tetracycline

(20 ug/ml) and gentamicin (15 pg/ml).
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Table 18. Summary of Escherichia coli O157:H7 detection by real-time PCR combined with enrichment

culture supplemented with antibiotics.

Sample Name Probe Name Type Flu.Dye Quencher Ct Concentration Ct Threshold
NTC Std_FAM NTC FAM BHQ Undetermined - 2386
NTC Std_TAMRA IPC TAMRA  BHQ 25.06 0 1140
STD5 Std_FAM STD FAM BHQ 21.01 10000 2386
STD5 Std_TAMRA IPC TAMRA -~ BHQ 26.53 0 1140
STD4 Std_FAM STD FAM BHQ 24.22 1000 2386
STD4 Std_TAMRA IPC TAMRA _BHQ 25.77 0 1140
STD3 Std_FAM STD FAM BHQ 28.13 100 2386
STD3 Std_TAMRA IPC TAMRA  BHQ 26.14 0 1140
STD2 Std_FAM STD FAM BHQ 31.03 10 2386
STD2 Std_TAMRA IPC TAMRA BHQ 26.06 0 1140
STD1 Std_FAM STD FAM BHQ 34.95 1 2386
STD1 Std_TAMRA IPC TAMRA  BHQ 25.71 0 1140
blank 107 Std_FAM Sample FAM BHQ 15 507027.18 2386
blank 107 Std_TAMRA IPC TAMRA ' - BHQ 25.92 0 1140
*Gen + “Tet 10° Std_FAM Sample FAM BHQ 32.69 4.08 2386
Gen + Tet 10 Std_TAMRA IPC TAMRA BHQ 26.11 0 1140

*Gen, gentamicin. Tet, tetracycline. Cells were

tetracycline (20 pg/ml) and gentamicin (15 pg/ml).

cultured in mEC broth in the presence or absence of
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Fig. 10. Quantitative standard curve.of real-time PCR with serial diluted
Escherichia coli O157:H7 in_ground beef. ~E. coli O157:H7 cells were
serially inoculated into ground beef (6.3 X-107°, 6.3-X 107, 6.3 X 107,
6.3 X 10° 6.3 X 10", and 6.3 X 10* CFU/g). After then, the inoclulate
ground beef was enriched in mEC medium at 35T for 24 h.
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Fig. 11. Fluorescence graph of real-time PCR with serial diluted: Escherichia coli
O157:H7 in ground beef. E. coli O157:H7 cells were serially inoculated
into ground beef (6.3 X 107, 6.3 X 10%.6.3 X 107, 6.3 X 10°, 6.3 X 10',
and 6.3 X 10?2 CFU/g). After then, the inoclulate ground beef was
enriched in mEC medium at 35C for 24 h.
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Table 19. Summary of real-time PCR with serial diluted E'scherichia coli O157:H7 in ground beef

Sample Name Probe Name Type Flu.Dye Quencher Ct Concentration Ct  Threshold
NTC Std_FAM NTC FAM BHQ Undetermined - 3444
NTC Std_TAMRA IPC TAMRA BHQ 23.21 0 1199
STD5 Std_FAM STD FAM BHQ 21.98 10000 3444
STD5 Std_ TAMRA 1PC TAMRA BHQ 23.17 0 1199
STD4 Std_FAM STD FAM BHQ 25.27 1000 3444
STD4 Std_TAMRA PC TAMRA BHQ 23.85 0 1199
STD3 Std_FAM STD FAM BHQ 28.94 100 3444
STD3 Std_TAMRA IPC TAMRA BHQ 23.49 0 1199
STD2 Std_FAM STD FAM BHQ 32.8 10 3444
STD2 Std_TAMRA 1IPC TAMRA BHQ 24.07 0 1199
STD1 Std_FAM STD FAM BHQ 37.06 s 3444
STD1 Std_TAMRA PC TAMRA BHQ 23.76 0 1199
10* Std_FAM Sample FAM BHQ 27.55 274.49 3444
10? Std_TAMRA 1IPC TAMRA BHQ 23.18 0 1199
10! Std_FAM Sample FAM BHQ 34.01 5.37 3444
10! Std_TAMRA 1IPC TAMRA BHQ 23.31 0 1199
10° Std_FAM Sample FAM BHQ 41.26 0.06 3444
10° Std_TAMRA PC TAMRA BHQ 23.44 0 1199
107! Std_FAM Sample FAM BHQ Undetermined - 3444
107! Std_TAMRA 1IPC TAMRA BHQ 23.5 0 1199
10 Std_FAM Sample FAM BHQ Undetermined - 3444
1072 Std_TAMRA PC TAMRA BHQ 23.18 0 1199
10°° Std_FAM Sample FAM BHQ Undetermined o 3444
1078 Std TAMRA 1IPC TAMRA BHQ 23.72 0 1199

E. coli O157:H7 cells were serially inoculated into ground beef (6.3 X 103, 6:3 X 107 6.3 X 10, 6.3 X 10°, 6.3 X 10,
and 6.3 X 10?2 CFU/g). After then, the inoclulate ground beef was enriched in mEC medium at 35T for 24 h.
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Fig. 12. Quantitative standard curve of'real-time PCR results in ground beef after enrichment

culture in the presence or absence of antibiotics.

into ground beef ( 6.3 X 10?2 CFU/g). After then;

E. coli O157:H7 cells were inoculated
the inoclulated ground beef was enriched

in mEC medium containing tetracycline and gentamycin or not at 35C for 24 h.
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Fig. 13. Fluorescence graph of real-time PCR Results in ground beef after enrichment culture
in the presence or absence of antibiotics. E. coli O157:H7 cells were inoculated into ground
beef (6.3 X 102 CFU/g). After then, the inoculated ground beef was enriched in mEC medium

containing tetracycline and gentamycin or not at 35C for 24 h.
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Table 20. Summary of real-time PCR results in ground beef after enrichment culture with antibiotics

Sample Name Probe Name Type Flu.Dye Quencher Ct Concentration Ct Threshold
NTC Std_FAM NTC FAM BHQ Undetermined - 2436
NTC Std_TAMRA IPC TAMRA  BHQ 25.38 0 1264
STD5 Std_FAM STD FAM BHQ 20.35 10000 2436
STD5 Std_TAMRA IPC TAMRA  BHQ 25.62 0 1264
STD4 Std_FAM STD FAM BHQ 24.23 1000 2436
STD4 Std_TAMRA IPC TAMRA  BHQ 25.26 0 1264
STD3 Std_FAM STD FAM BHQ 27.06 100 2436
STD3 Std_TAMRA IPC TAMRA  BHQ 25.01 0 1264
STD2 Std_FAM STD FAM BHQ 30.93 10 2436
STD2 Std_TAMRA IPC TAMRA  BHQ 25.23 0 1264
STD1 Std_FAM STD FAM BHQ 34.71 1 2436
STD1 Std_TAMRA IPC TAMRA  BHQ 25.4 0 1264
BLK10*(beef) Std_FAM Sample FAM BHQ 17.69 56283.76 2436
BLK10*(beef) Std_TAMRA IPC TAMRA - BHQ 25.17 0 1264
G-T10%beef) Std_FAM Sample FAM BHQ 33.21 2:39 2436
G-T10%beef) Std_TAMRA IPC TAMRA =~ BHQ 24.9 0 1264

E. coli O157:H7 cells were inoculated into ground beef (6.3 X 102-CEU/g). After then, the inoculated ground beef was

enriched in mEC medium containing tetracycline and gentamycin or not at 35C for 24 h.
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