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Abstract – In last decade, DNA-based molecular
assays in particular real-time PCR (qPCR)
became one of the most promising techniques for
the detection and quantification of food-borne
pathogens. However, that qPCR can not
discriminate between dead and viable cells
resulting in over-estimation of the target cell.
More recently, the combination of qPCR assay
with Propidium Monoazide (PMA) pretreatment
was proposed to overcome false positive
identification caused by dead cells. In this study,
we applied PMA-qPCR method for quantitative
detection of viable E.coli O157:H7 in heat-treated
ground meats. Viability of heat-killed E.coli
O157:H7 cells were determined by PMA-qPCR
and compared with plate counts. A linear
correlation was obtained up to 0.98 between
PMA-qPCR and plate counts. The results showed
that PMA-qPCR method may have a potential to
determine the number of viable cells in heat
treated foods or other environmental samples.
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I.

INTRODUCTION

Enterohemorrhagic Escherichia coli (EHEC)
O157:H7 is an important foodborne pathogen
that caused several distinct clinical diseases,
namely hemorrhagic colitis (HC), hemolytic
uremic syndrome (HUS) and thrombotic
thrombocytopenic purpura (TTP), some of
which may result to death [1]. Normally, E. coli
O157:H7 originate from the intestinal tract of
many farm animals, and entire the food chain
contaminated by the carcass and the other raw
material is used for food products [2,3,4]. Since
E.coli O157:H7 is inactivated by thermal
processing, EHEC O157:H7 outbreaks generally
caused by raw/under-cooked or crosscontaminated foods [4,5].

To evaluate the risk associated with E. coli
O157:H7 in food chain increasingly demands to
rapid and reliable detection methods. Culturebased traditional methods are generally
characterized labour-intensive and timeconsuming.
Recently,
culture-independent
molecular methods in particular real-time PCR
(qPCR) became the most favorite tool to rapid,
sensitive and quantitative detection of E.coli
O157:H7 in foods [6,7,8,9,10]. However, the
major limitation of PCR-based techniques are
their inability to differentiate live and dead cells,
hence providing more false negative results that
lead to overestimate target cells. In recent years,
a valuable method depend on the sample
pretreatment previous to the real-time PCR with
nucleic acid intercalating chemicals, such as
Ethidium Monoazide (EMA) or Propidium
Monoazide (PMA) was proposed to overcome
this problem. In this process, these
chemicals penetrate
only
into
damaged
membrane of dead cells and strongly inhibit the
PCR amplification by cross-linking to DNA. For
this reason, PMA applications combined with
qPCR have been applied to detect food-borne
pathogens [10, 11,12,13]. The aim of this study
was to develop and evaluate a rapid real-time
PCR (qPCR) method combined with PMA for
the quantitative detection of viable E. coli
O157:H7 cells in sub-lethally and lethally heattreated ground meat samples.
II.

MATERIALS AND METHODS

Artificial contamination of meat samples with
pathogenic bacteria and heat treatment
applications
E.coli O157:H7 ATCC 43895 was used as a
reference strain for inoculation of the ground
meat samples. Before the heat treatment, 25 g
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ground meat were weighted into glass bottles
and sterilized by autoclave at 121 °C for 15
minutes. Sterilized meat samples were
inoculated with suspensions of E.coli O157:H7
at the concentration ranged from 102cfu/ml to104
cfu/ml after inner temperature of the samples
reached to the working temperatures (60 °C,
65 °C, 70 °C or 75 °C). Inoculated samples were
subjected to heat treatment for 15 seconds, 1
minutes and 5 minutes separately and then added
250 ml 0.9% NaCl before transferred on ice.
PMA treatment
PMA treatment was performed in a 1.5 ml lighttransparent micro-centrifuge tube using 0,625 µl
of 20 mM solution of PMA (phenanthidium, 3amino-8-azido-5[3-(diethylmethylammonio)]-6phenyl dichloride, Biotium Inc, Hayward, USA)
in 20% (v/v) dimethyl sulfoxide (Sigma-Aldrich,
Canada) was added to 500µl proportion of
sample suspension to final concentrations of
25µM. The tubes were exposed to intense visible
light for 15 min by using a photo-activation
system (Led-Active Blue, Ingenia Biosystems,
Barcelona, Spain), after incubation in darkness
at 40 °C for 30 min.
Real-Time PCR application
Bacterial DNA was isolated from meat samples
using method previously described by Serrone
and Nicoletti (2013) [14] with some minor
modifications. qPCR TaqMan prob method was
performed using the specific primers and prob
set that targeted shiga toxin producing gene
(stx1) [15]. Thermal cycler conditions were
adjusted to denaturation at 94 °C for 15 s and
primer and prob annealing at 57 °C for 60 s for
40 cycles.
Copy number determination
The PCR products of E.coli O157:H7 ATCC
43895 were cloned to the pC 2-1-TOPO vector
(Invitrogen) and transferred into the E.coli
DH5α-component cells according to the
manufacturer’s instructions. Plasmids were
isolated from cloned E.coli cells by using
plasmid Midiprep kit (Invitrogen) and DNA
concentraion was determined by using nanodrop
(ACTGene, UVS-99, USA). Serial dilutions (100
to107 copies/µl) of the plasmid DNA were used
to generate the standard curve.

III.

RESULTS AND DISCUSSION

In this experiment, copy number of target gene
(stx1) was determined to detect the efficiency of
PMA treatment to differentiate live and death
cells. Additionally, the effects of heat treatment
on E.coli cells in meat samples were analyzed by
comparing the copy numbers generated from
cycle threshold (CT) values of qPCR with and
without PMA treatment. Also, log E.coli values
obtained from plate count were used to confirm
this results. The copy numbers of target gene
was estimated by linear regression analysis of
the CT values obtained by qPCR versus the
amount of log E.coli counts supplied from the
assay of each plasmid dilution (from 107 to 100
log cfu/ml) and the equation of standart curves
to calculate the copy numbers was found as in
brackets (y = -0.277x + 10.95; R2 = 0.996)
The efficiency of real-time PCR with and
without PMA treatment for quantifying of viable
E.coli O157:H7 cells in heat treated ground meat
samples was determined and compared with
plate count results. For this reason, the CT values
derived from qPCR analysis (with or without
PMA treatment of cells) were calculated as log
of copy number gr-1 by using standard curves as
previously described and also plate count results
were converted from cfu gr-1 to log of cfu gr-1.
The results of the study indicated that when the
temperatures of heat treatment increased,
correlation of PMA-qPCR and plate count
results was also increased. The correlation
values between PMA-qCR and plate count were
determined as 0.78, 0.85, 0.92 and 0.98 for 60,
65, 70 and 75oC heat-treatments respectively.
The increasing in the lethal effect of the heat
treatment caused an increase in cell damage, so
penetration of PMA into the dead cells was
higher. The correlation between qPCR without
PMA treatment and plate count was also
determined. The results were obtained at 60, 65,
70 and 75 °C as 0.75, 0.47, 0.25 and 0.028
respectively. These results show that, the
amplification of DNA from heat-killed E.coli
O157:H7 cells in ground meat samples can be
effectively prevented by treatment with PMA
prior the DNA isolation. Also, the real-time PCR
combined with PMA can selectively detect
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viable E.coli O157:H7 at as low as 2 log cfu/gr
in meat samples.

of the detection of live or dead E.coli O157:H7
cells in foods.

IV.
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discrimination of live and viable cells in the
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Fig. 1.The effects of heat treatment on log copy number of E.coli O157:H7 cells, determined by qPCR assays with
and without PMA treatment. Initial inoculation concentration of E.coli O157:H7 in meat samples at 4 log cfu/gr (A),
at 3 log cfu/gr (B), at 2 log cfu/gr (C) . The bars show the means values and the error bars show the standart
deviations (n=2)
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