
Isolation and enumeration of coliforms
and especially E. coli are very important for
determination of food’s hygiene. Because, they
are microbial contamination marker in food and
water and their presence in food and water indicate
that these materials are contaminated with other
enteric pathogens1.

Enterohemorrhagic E. coli (EHEC)
categorized as verotoxin-producing E. coli (VTEC),
also known as Shiga-toxin producing E. coli
(STEC), is a group of well-recognized pathogens
that are responsible for serious diseases such as
hemorrhagic colitis, hemolytic-uremic syndrome
and thrombotic thrombocytopenic. Serotype O157
producing flagella of H7 serotype (O157:H7) or not
producing flagella (O157:H-), hereinafter shortened
as O157:H7/H -,  are important foodborne
pathogens. The organisms usually produce one
or both of two Shiga toxins (Stxs: Stx1 and Stx2).
Natural reservoirs of these organisms are cattle
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and other domestic animals. Therefore, beef,
dairy products, and related foods are the primary
source of E. coli O157:H7/H- infection in humans
purpura2-5.  For elimination of STEC and EHEC from
bovine gastrointestinal tracts before the butchering
would constitute the first barrier needed to prevent
the introduction of these bacteria in to the food
chain6.

The researchers have developed many
different culture mediums for the isolation of
E. coli O157:H7 like Sorbitol MacConkey agar
(SMAC) used most common for E. coli O157:H7
isolation5. Sorbitol MacConkey agar or modified
forms of this medium, widely used, have been
produced by using the property of E. coli O157
strains that not fermenting sorbitol, whereas many
other serogroups of E. coli ferment. Sorbitol-
MacConkey has been modified with cefixime and
potassium tellurite supplement (CT-SMAC) which
allowed the growth of all strains of Verotoxin
producing E. coli O157 tested, but completely
inhibited the growth of 67% of non-
verocytotoxigenic E. coli O157 and 97% of strains
of other genera including Proteus spp., Aeromonas
spp., Morganella spp., and Providencia spp.7.
A novel commercial chromogenic medium
(CHROMagar O157), on which commensal E. coli
form blue or rarely colorless colonies, while strains
of STEC O157 form characteristic mauve colonies
has been reported to be a sensitive and specific
medium for EHEC O157 8.  But, the high cost of this
medium would probably preclude their use in the
majority of laboratories7.

Furthermore, other than the culture
methods which are based on biochemical
characteristics of the bacteria, many methods have
been developed, including serological techniques,
which uses both polyclonal and monoclonal
antibodies specific for the O and H antigens9,10.
Molecular approaches have also been practiced.
Advances in molecular biology techniques such
as whole-cell fatty acid analysis, carbon source
utilization analysis, carbon pattern utilization,
antibiotic resistance analysis, ribotyping, pulse-
field gel electrophoresis, repetitive extragenic
palindromic-PCR and microarray techniques, and
16S rRNA sequencing have provided the excellent
opportunity for identification and characterization
purposes of microorganism at species, subspecies,
and serotype levels11-15.

Fatty acid methyl ester (FAMEs) analysis
offers a rapid, easy and cheap method for
identification of bacteria from various sources.
Whole-cell fatty acid (FA) profiles that have
become increasingly important in bacterial
identification have been used in bacterial
classification for over 35 years. The Biolog system
was developed by Biolog, Inc. (Hayward, CA,
USA) for identification of Gram-negative and -
positive bacteria according to their metabolic
fingerprinting. This method is based on metabolic
fingerprinting by determination of carbon source
utilization profiles. This method is not yet accurate
enough to serve as a primary method for identifying
many bacteria16.

In addition, rep-PCR is based on the
usage of outwardly facing oligonucleotide PCR
primers complementary to interspersed repetitive
sequences. And, this technique enables the
amplification of differently sized DNA fragments
lying between these elements. BOX, ERIC
(Enterobacterial Repetitive Intergenic Consensus),
REP (Repetitive Extragenic Palindromic) and
(GTG)

5
 can be counted as examples of evolutionarily

conserved repetitive sequences. These are all a
genomic fingerprint analysis methods and widely
used in the characterization of Firmicutes, Gram
negatives and Actinomycetes14,17,18.  These
methods have been also used for studying the
diversity in ecosystem, presenting the
phylogenetic relation between strains, and
discriminating the microorganism which are
genetically close to each other11,14,19.

The objective of this study was to
identify and characterization E. coli O157:H7
strains isolated from meat samples, Erzurum,
Turkey, by using phenotypic and genotypic
methods.

MATERIALS  AND METHODS

Bacterial Strain
Escherichia coli serotype O157:H7 ATCC

43894 was kindly provided by Sahan Guran at Firat
University, Elazig, Turkey.
Isolation of E. coli O157

One hundred and forty meat samples were
obtained from retail markets and butchers in
Erzurum province, Turkey. The samples were carried
to the laboratory and kept in a refrigerator. They
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were used for isolation and identification of E. coli
O157. Meat samples were collected into sterile
plastic containers, transferred immediately to the
laboratory at room temperature, and processed
within 1 h after collection. For microbiological
analysis, a 25 g sample was prepared by
homogenizing with 225 ml EC Broth (Oxoid CM0990,
England) containing novobiocin (0.02 gr ml-1)
(Oxoid, SR0181, England) in a stomacher
(Laboratory Blender Stomacher 400, Seward
Medical, London, UK) for 1 min and incubated at
37oC for 18 to 24 h2. 0.1 ml of samples are taken
from pre-enriched culture and spread evenly on
the CHROM-agarTM O157 (RTA, Kocaeli, Turkey)
medium with a sterile spatula, left for incubation at
37oC for 18-24 hours. After incubation, different
mauve colonies developed in the media were
selected and purified by subculturing.
Extraction and analysis of fatty acid methyl ester
(FAME) profiles

Preparation and analysis of FAME from
whole cell fatty acids of bacterial strains were
performed according to the method described by
the manufacturer‘s manual (Sherlock Microbial
Identification System version 4.0, MIDI, Inc.,
Newark, DE, USA)20,21. FAMEs were separated by
gas chromatography (HP6890, Hewlett Packard,
Palo Alto, CA, USA) with a fused-silica capillary
column (25 m × 0.2 mm) with cross-linked 5% phenyl
methyl silicone. FAME profiles of each bacterial
strain were identified by comparing the commercial
databases (TSBA 60) with the MIS software
package. The identity of bacterial strains was
revealed by computer comparison of FAME
profiles of the unknown test strains with those in
the library.
Metabolic fingerprinting

One or two days before the inoculation
of Biolog GN2 plates (Biolog), E. coli O157 strains
were streaked on TSA plates. Each well of Biolog
GN2 microtiter plates was inoculated with 125 µl of
the Gram-negative bacterial suspension,
respectively, adjusted to the appropriate density
(108 cfu/ml) and incubated at 37 °C for 24 and 48 h.
The development of colour was automatically
recorded using a microplate reader with a 590 nm
wavelength filter. Identification (Biolog Microlog
34.20 database) and ASCII file output of test results,
applying the automatic threshold option, were
performed using BIOLOG420/Databases/GN601

software22.
Extraction of bacterial DNA from pure cultures

Total genomic DNA was extracted from
bacteria samples using a modified method
previously described by Adiguzel13.
rep-PCR amplification

A total of 14 strains were subjected to
rep-PCR genomic fingerprinting using primer sets
corresponding to REP, ERIC, BOX and (GTG)

5

elements14,17,23. The 18-mer primer pair REP 1R (5'-
IIIICGICGICATCIGGC-3') and REP 2 (5'-
ICGICTTATCIGGCCTAC-3') (where I is Inosine);
ERIC 1R (5'-ATGTAAGCT CCTGGGGAT-3') and
ERIC 2 (5'-AAGTAAGTGACTGGGGGTGAGC-3');
BOX A1R (5'-CTACGGCAAGGCGACGCTGACG-
3') and (GTG) 

5
 were used to amplify putative REP,

ERIC- BOX- and (GTG)
5
- like elements in bacterial

DNA, respectively. Briefly, approximately 50 ng of
purified DNA was used as a template in a 30 µl
reaction mixture. 27 µl of reaction cocktail was
prepared as follows: specify Gitschier Buffer 5 µl,
Dimethyl sulfoxide 2.5 µl (100%, 20×), dNTPs (10
mM) 1.25 µl, bovine serum albumin 1.25 µl (20 mg/
ml), primer/primers (5 µM) 3.0 µl, Taq polymerase
(250 U) 0.3 µl, water 10.7 µl (for BOX and (GTG)

5

PCR, 13.7 µl). A negative control (no DNA) was
included in each PCR assay. PCR amplification
reactions were performed with a Corbett Research
Palm Cycler (Corbett CG1-96 AG, Australia) using
the following conditions: an initial denaturation at
95 °C for 7 min (94 °C, 7 min for (GTG)

5
 primer); 30

cycles consisting of 94 °C for 1 min (94 °C, 30 s for
(GTG)

5
 primer) and annealing at 40, 45, 52 or 53 °C

for 1 min with either REP, (GTG)
5
, ERIC or BOX

primers, respectively; extension at 65 °C for 8 min;
and a sing1e final polymerization at 65 °C for 15
min before cooling at 4 °C. The PCR products (27
µl) were mixed with 6× gel loading buffer (3 µl) and
subjected to agarose (1.5%w/v) gel electrophoresis
in TAE (Tris–Acetate–EDTA) buffer at 90V for
120min. Amplification products, which were
separated by gel, was stained in ethidium bromide
solution (2 µl Etbr/100 ml 1× TAE buffer). The
amplified DNA product was detected by using the
Bio Doc Image Analysis System with Uvisoft
analysis package (Cambrige, UK).

The resulting fingerprints were
transformed into a binary character matrix (‘1’ for
the presence and ‘0’ for the absence of a band at a
particular position) and analysed by using SPSS
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program (SPSS, version 11.0 for Windows). Data
were used to calculate a Jaccard (1908) similarity24.

All of the experiments in this study were
repeated at least twice

RESULTS AND DISCUSSION

E. coli O157:H7 is now a major cause of
food-borne disease, in the United States, Canada,
India, Thailand, Japan, Iran, Iraq, Turkey, Kenya,
Argentina, Chile, Brazil and Europe2,4,5,25,26.

A total 13 putative strains of E. coli O157
isolated from one hundred and forty meat samples
were obtained from retail markets and butchers in
Erzurum, were identified and characterized for the
first time by comparing the REP, ERIC, BOX and
(GTG)

5 
PCR techniques, MIS and BIOLOG

techniques.
Traditional phenotypic identification

include the carbon source utilization system
developed by Biolog, Inc., based on panels of
biochemical reactions, and the gas-liquid
chromatography system developed by MIDI, Inc.
(Newark, Del.), based on the cellular fatty acid
profile27.  Profiling cellular fatty acids of
microorganisms through using gas
chromatography has long been reported as an
important chemotaxonomic tool for the
classification and identification of bacteria28.
Fatty acid methyl ester analysis results showed

that MIDI libraries were able to identify E. coli at
species level. None of the test strains in the present
study were identified at serotype level by MIDI.
Therefore, our result demonstrated that MIDI
libraries may not be strong enough for
identification of E. coli at serotype level. They
need to be improved. The characterization studies
based on FAME analysis showed that total 20
different FAMEs were present in 13 bacterial strains
tested in the present study (data not shown).
Additionally, 9 of these fatty acids, 12:0, 14:0, 16:0,
17:0 w7c, 17:0 cyclo, 18:1 w7c, 18:1, 19:0 cyclo w8c,
and 15: 0 iso 2OH fatty acids, were found in all
isolates. Major fatty acids identified were 14:0,
16:0, 18:1w7c, and cyclo-nonadecanoic (19:0 cyclo)
acids. Yuk et al.3 found the similar major FAs in E.
coli O157:H7 ATCC 43895. Wittaker et al.29

determined 16:0, 17:0 w7c, and 19:0 w8c major FAs
in E. coli O157:H7 strains. This shows that fatty
acid profiles are strain-specific30.

The Biolog bacterial identification system
was used to identify the 13 Gram-negative isolates
(using GN2 micro-plates) from 140 meat samples
isolated after MIS and CHROM-agarTM. The
reference strain (E. coli O157:H7 ATCC 43894)
included as control and identified using GN2
microplate to determine the specificity of the
Microlog/Biolog microbial identification system.
E. coli O157:H7 was identified up to E. coli species
level. Similar finding related to the BIOLOG profiles

Fig. 1. ERIC-PCR profile generated with the ERIC 1R and ERIC 2 primers. Lanes:
Lanes: 1) E1; 2) E2; 3) E3; 4) E4; 5) E5; 6) E6; 7) E7; 8) E8; 9) E9; 10) E10; 11) E11; 12) E12;

13) E13; 14) E. coli O157:H7 ATCC 43894  N; Negative Control; M) Molecular Marker (10 kb)
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Fig. 2. REP-PCR profile generated with the REP 1R and REP 2 primers. Lanes: 1) E1;
2) E2; 3) E3; 4) E4; 5) E5; 6) E6; 7) E7; 8) E8; 9) E9; 10) E10; 11) E11; 12) E12; 13) E13;

14) E. coli O157:H7 ATCC 43894  N; Negative Control; M) Molecular Marker (10 kb)

Fig. 3. BOX-PCR profile generated with the BOX A1 R
 
primer. Lanes: 1) E1; 2) E2; 3)

E3; 4) E4; 5) E5; 6) E6; 7) E7; 8) E8; 9) E9; 10) E10; 11) E11; 12) E12; 13) E13;
14) E. coli O157:H7 ATCC 43894  N; Negative Control; M) Molecular Marker (10 kb)

of E. coli O157:H7 serotype have been reported in
the literature31, 32.

The results show that MIS and Biolog
identification systems alone are not yet accurate
enough to serve as a primary method for identifying
of E. coli O157:H7 serotype. According to our
results, a single approach may not be sufficient for
a reliable identification of E. coli O157:H7 strains.

Genotypic identification is emerging as
an alternative or complement to established
phenotypic methods33. Genomic fingerprints are

the procedures of analyzing the whole genome of
the targeted organisms. rep-PCR is one of the well-
established genomic fingerprint methods applied
for bacterial identification and characterization. The
rep-PCR technique is simple, can differentiate
between closely related strains of bacteria, and
can assign bacteria potentially up to the strain level
based on the presence of repeated elements within
the genome examined14.

In this study, two single oligonucleotide
primers, BOXA1R and (GTG)

5
, and two
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Fig. 4.  GTG
5
-PCR profile generated with the GTG

5 
primer. Lanes: 1) E1; 2) E2; 3) E3;

4) E4; 5) E5; 6) E6; 7) E7; 8) E8; 9) E9; 10) E10; 11) E11; 12) E12; 13) E13; 14) E. coli

Fig. 5. ERIC-PCR Cluster Analyses: 1) E1; 2) E2; 3) E3; 4) E4; 5) E5; 6) E6; 7)
E7; 8) E8; 9) E9; 10) E10; 11) E11; 12) E12; 13) E13; 14) E. coli O157:H7 ATCC 43894

oligonucleotide primer pairs, REP1R-I/REP2-I and
ERIC1R/ERIC2, were initially tested for their ability to
type a subset of 13 strains. The ERIC1R/ERIC2 primer
set significantly produced banding patterns with the
highest complexity in comparison with the BOXA1R
primer and the REP1R-I/REP2-I, (GTG)

5
 primer sets.

The ERIC primer set generated reproducible and

differentiating fingerprints including 6-12 fragments
of 250–4500 bp (Fig.1). The use of REP primers
resulted in a banding pattern containing
approximately 3–10 (200-4000bp) visualized PCR
products (Fig.2). The BOX-PCR genomic fingerprints
showed that bacterial strains have distinct patterns
with 5–8 fragments in the size of 300–2000 bp and in
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frequently observed faint bands (Fig.3). The (GTG)
5

primer generated fingerprints containing between 6
and 11 fragments ranged from 500 to 3000 bp (Fig.4).
Both methods (ERIC- and (GTG)

5
-PCR) showed

similar, almost identical, grouping of strains which
demonstrated that these methods are reliable and
suitable for discrimination of E. coli O157:H7 strains
from other E. coli serotype strains. In general, the
fingerprints, which were generated with the ERIC -
PCR derived DNA fingerprints, showed the highest
genetic polymorphism compared to (GTG)

5
-, BOX-

and REP fingerprints.
Some other studies reported similar results

indicating that rep-PCR genomic fingerprint
protocols exhibiting high sensitivity in the
discrimination of E. coli4, 33-37. In their study, it was
indicated that rep-PCR is an effective method for
differentiating E. coli strains.

Due to the higher number of polymorphic
bands produced by ERIC-PCR, this method was
taking into account to do cluster analysis. E. coli
O157 isolates were classified in two main clusters
(Fig. 5). The first main cluster (E1-E9, E11-E13) was
represented by twelve test strains and a reference
strain (E. coli O157:H7 ATCC 43894), which were
discriminated by two sub-clusters (Fig. 5). The
results showed that 99 % of genetic relatedness
among isolates E5, E13, E. coli O157:H7 ATCC
43894 was observed. Moreover, a high degree of
similarity (82 %,) was found among twelve isolates
(E1-E9, E12, E13, reference strain) and strain E 11
(Fig. 5). Second cluster was including one test
strain (E 10) and a reference strain (14) of E. coli
O157:H7, with low similarity ratio (75%).

Hahm et al.38 showed that rep-PCR
method was the easiest and quickest method that
could be performed at a relatively low cost for
discrimination of E. coli O157:H7 strains from other
E. coli serotype strains.

Gevers et al.23 assessed the applicability
of rep-PCR fingerprinting for the genotypic
differentiation of a broad range of Lactobacillus
species. They found that the rep-PCR
fingerprinting technique using (GTG)

5
-PCR was the

most suitable method for the identification of LAB.
Adiguzel et al.14 determined that the (GTG)

5
-PCR

method generated more informative results
compared with ERIC-, REP- and BOX-PCR of
Geobacillus, Anoxybacillus and Bacillus spp.

Sahilah et al.39 reported the genetic
differences between the isolates belonging to E.
coli species isolated from different source. Their
findings showed that RAPD-PCR method to be
less discriminatory than ERIC-PCR. Rice40

concluded that (GTG)
5
-PCR method is successful

in showing the discrimination between E. coli
strains recovered from different sources.

This is the first study that rep-PCR
genomic fingerprint analysis methods, FAMEs and
BIOLOG technics have been used to compare with
each other for the molecular characterization of E.
coli O157:H7 strains isolated from meat samples
that were obtained from retail markets and butchers.
The results in the present study demonstrated that
the rep-PCR fingerprinting technique using
(GTG)

5
- and ERIC-PCR was a rapid, easy-to-

perform, and reproducible tool for differentiation
of E. coli O157:H7 at the serotype level, with a
single-performance protocol. (GTG)

5
- and ERIC-

PCR fingerprinting methods could be a good choice
for the genotypic characterization and
phylogenetic analysis of E. coli O157:H7 strains.
Therefore, present study results confirmed the
previous studies6,36,39,40 suggesting that rep-PCR
fingerprinting is powerful molecular techniques not
only for estimating genetic relatedness, but also
for identification and characterization of E. coli
O157:H7 strains (Figs. 1, 5).
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