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Strains of shiga toxin—producing Escherichia coli (STEC) and Shigella dysenteriae typel have been associated with
outbreaks of diarrhea, hemorrhagic colitis and hemolytic uremic syndrome (HUS) in humans. Most clinical signs of
disease arise as consequence of the production of shiga toxin/shiga toxin 1 (Stx/Stx1), shiga toxin 2 (Stx2) or
combination of these toxins. Here, we designed a Multiplex PCR technique to identify stx/stx1 and stx2 genes with
the incorporation of mdh gene of E. coli and Shigella. A total of six primers were used: SFl and SRI, which produce a
199bp product that serves as an internal positive control; Ka2F and Ka2R, which yield a 381bp fragment of stx2 gene,
and KalF and KalR, which amplify a 622bp fragment of stx/stx1. The thermal profile, which was preceded by a 5 min
incubation at 95°C for 20 to 25 cycles with the following parameters: 95°C at 1 min, 60°C at 1 min, 72°C at 1 min, and 5
min incubation at 72°C as final extension. PCR amplification products identifying the stx/stxl and stx2 gene
sequences were observed only in E. coli 0157:H7 and Shigella dysenteriae typel. Template nucleic acid extracted
from other Gram-negative bacteria was found to be negative. The sensitivity of the PCR procedure for detection of
shiga toxin genes was determined to be 2.1 pg/ul of total nucleic acid and 320 cfu/pl.
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INTRUDUCTION

Shiga toxins (Stx), also known as verotoxins (Vtx), are
produced by several enteric pathogens, especially
Shigella  dysenteriae  (serotype 1 only) and
enterohaemorrhagic Escherichia coli (EHEC) (O’Loughlin
et al., 2001). Stx and Vtx are important factors in disease
pathogenesis and are responsible for spectrum of the
severe complications, such as haemorrhagic colitis and
the haemolytic uremic syndrome (HUS) (O’Loughlin et al.,
2001; Karmali et al., 2010). Stx comprises a family
consisting of two major subtypes, shiga toxin 1 (Stx1) and
shiga toxin 2 (Stx2) that both of which are composed of
one A subunit (StxA) and one B subunit (StxB)
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(Donohue-Rolfe et al., 1991; Head et al., 1991).

These toxins are attached to the cell surface via a
glycolipid receptor known as globotriaosylceramide
(Gb3). Following the binding of Stx to the surface
receptor glycosphingolipid, (Gb3) via StxB (Lingwood et
al., 1987; Hanashima et al., 2008), the toxin is endo-
cytosed and transported through the Golgi apparatus
(Donta et al, 1995) to the endoplasmic reticulum
(Sandvig and van Deurs, 2000). The StxA is then
translocated into the cytoplasm and reaches to its target,
ribosomal RNA. The N-glycosidase activity of the StxA
cleaves an adenine residue from the 28S rRNA, which
leads to inhibition of protein synthesis and cell death
(Hanashima et al., 2008).

Not only S. dysenteriae and E. coli can produce these
toxins, but also Citrubacter freundii, Aerumoas hydrophila
and Aerumonas caviae have been reported to be able to
express the toxins (O’Loughlin et al., 2001). At present,



Table 1. Primer sequences used for polymerase chain reaction and amplicon size.

Gene Primer Sequence Amplicon size (bp)
mdh SF1 5 -CTAACCCGGTTAACACCACAGT-3 199bp
SR1 5. GGAAGAATGACACCAGAGT-3'
Stx/stx1 KalF 5 -GGGATAGATCCAGAGGAAGG -3 622bp
KalR 5. CCGGACACATAGAAGGAAACTC -3
Stx2 Ka2F 5. CTGGCGTTAATGGAGTTCAG -3 381bp
Ka2R 5 .CCTGTCGCCAGTTATCTGAC -3’

different types of stx such as stx1, stx, stx2e, stx2d,
stx2c, stx2, stx1lc and stx2f were identified (Gobius et al.,
2003; Friedrich et al., 2003; Schmidt et al., 2000).

So far, several methods such as tissue culture cyto-
toxicity assay, PCR, reverse passive latex agglutination
and hybridization are recommended to identify stx
(Philpot and Ebel, 2003) . Because of the genetic varia-
tions of stx, its detection by the PCR reaction is difficult.
Since, in most cases bacteria producing shiga toxin have
also other virulence factors, the researchers tried to
design a Multiplex PCR reactions to identify other
exothermic factors, in addition to stx (Philpot and Ebel,
2003). Therefore, in the present study, a Multiplex PCR
(MPCR) protocol was developed using a primer pair
specific for identification of stx.

MATERIALS AND METHODS
Bacterial strains and culture conditions

The S. dysenteriae (biotype 1, 4, 7, 8), Shigella flexneri (biotype
2a), Shigella sonnei, Shigella boydii, Salmonella paratiphy, Vibrio
cholera (strain: ogava and inaba) and E. coli (serotype O157:H7)
strains were used in this study. S. dysenteriae (Biotype 1,
RITCC1875) was obtained from the Tarbiat Modares University, but
the other strains were provided from the Iran reference Laboratory.
For the experiments, the strains were cultured on liquid TSB and
incubated at 37°C for 12 h.

DNA template preparation

Template DNA from all bacterial strains was provided by the CTAB
(Cetyl trimethyl ammonium bromid) method. For DNA isolation, 1.5
ml broth culture was centrifuged at 5000 rpm for 5 min to pellet the
bacteria. Bacterial suspensions were made by solving the pellet into
a 1.5 ml Eppendorf tubes containing TE buffer (10 mM Tris HCI, pH
8.0, 10 mM EDTA), 30 pl 10%SDS buffer, 3 pl Proteinase K (20
mg/ml) and were incubated at 37°C for 3 h. The bacterial
suspensions were vortexed by adding the 100 ul 5 M NaCl and 80
ul CTAB solution (4.1 g NaCl, 10 g CTAB and 80 ml DDW) and
were then incubated at 65°C for 15 min. Preparation of DNA
required to adding 780 ul chloroform-isoamyl alcohol solution
(diluted 24:1) to suspensions and centrifugation at 2500 rpm for 25
min. The supernatant was transferred to a new Eppendorf tube
containing a same volume of phenol-chloroform-isoamy! alcohol

(diluted 1:24:25). The final supernatant fluid containing genomic
DNA was then centrifuged at 2500 rpm for 25 min and was
concentrated by adding isopropanol and 70% ethanol. The template
DNA was stored in Eppendorf tube containing 100 ul TE buffer (pH
8) and 3 pl RNase enzyme (Sambrook and Russell, 2001) at -20°C
until used. Before storing, the concentration of template DNA
(diluted by DDW in 4:50) was determined by UV spectrophotometer
(CECIL CE7500) at 260 nm.

PCR primers and amplification conditions

Three primer pairs were used in the multiplex PCR test (Table 1).
The multiplex PCR assay was performed as follows. Each 25 pl of
reaction mixture contained 0.5 pl of template DNA (210 ng/ul), 1 pl
of each primer (5 pmol/ul), 1 pul dNTPs (2.5 mM), 3.8 pl MgCl2 (10
mM), 2.5 pl 10X PCR buffer, 10.9 yl DDW and 0.3 pl Tag DNA
polymerase (5 unit/ul). The DNA thermal cycler device (Genamp
PCR 9600; Perkin Elmer Cetus, Foster City, CA) was programmed
with the following amplification conditions: after initial denaturation
for 5 min at 95°C, 20 cycles, each for 1 min, at 95°C (denaturation),
60°C (annealing), 72°C (extension) were performed. The final cycle
was followed by a 72°C for 5 min. Amplified PCR products were
analysed by 2% gel agarose gels stained with ethidium bromide,
visualized with UV illumination.

Enzymatic digestion of PCR products

To confirm the PCR products, three restriction enzymes including
Hind Ill, Hae Il and EcoR V were used to stx/stx1, stx2 and mdh
fragments digestion, respectively. After PCR, 6 pl of each amplified
fragment was mixed with 1 pl of related restriction enzymes and
was incubated at 37°C for 3 h. The products were then separated
on 2% agarose gels by electrophoresis stained with ethidium
bromide, visualized with UV illumination.

Specificity of multiplex PCR reaction

Specificity of the multiplex PCR was tested with all bacterial strains.
The Multiplex PCR assay was performed on templates DNA from all
bacterial strains. Amplified PCR products were separated by 2% gel
agarose gels stained with ethidium bromide, visualized with u.v.
illumination.

Sensitivity of multiplex PCR reaction

To determine the sensitivity of the multiplex PCR test, both the
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Figure 1. Multiplex PCR assay analysis in different strains. Lane 1. Marker size (pUC18- Tagl), lane 2. E. coli
0157:H7, lane 3. S. dysenteriae (biotype 4), lane 4. S. dysenteriae (biotype 7), lane 5. S. dysenteriae (biotype

8), lane 6. S. dysenteriae (biotype 1).

number of viable bacteria and the concentration of extracted DNA
were investigated. Serial bacterial dilutions were prepared in LB
medium and the number of viable bacteria determined by
spectrophotometer at 600 nm. Different dilutions of extracted DNA

from E. coli (from 107 to 10'10) was provided in TE buffer. PCR
assay was performed for all dilutions and the amplified PCR
products were separated by 2% agarose gels stained with ethidium
bromide, visualized with u.v. illumination.

RESULTS
DNA concentration

The optical density of extracted DNA from E. coli
0157:H7 was 0.336 at 260 nm, thus the net
concentration was 210 ng/pul.

Multiplex PCR assay analysis of different strains

Multiplex PCR assay provided accurate profiling of either
the stx/stx1, stx2 and mdh products in E. coli O157:H7
(Figure 1). The stx/stx1 and mdh were the only amplified
products in S. dysenteriae (biotype 1). No amplification
products were found in S. dysenteriae (biotypes 4, 7 and
8) except mdh. The amplification of mdh product (as a
control) in all strains was the evidence to correct reaction.
The exact sizes of each amplified products are shown in
Figure 2. DNA template provided from E. coli O157:H7.

Enzymatic digestion of PCR products

After analysis of amplified products by DNASIS software,
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Figure 2. mPCR reaction with DNA template from E. coli
0157:H7 and amplicon size. Lane 1. Marker size (1000bp), lane
2. The exact size of amplicon products from E.coli 0157:H7. mdh
(199bp), stx2 (381bp) and stx/stx1 (622bp).



Figure 3. The enzymatic digestion of mPCR
products. Lane 1. Marker size, lane 2. Fragments
generated by the enzymatic effect of EcoR V on mdh
product, lane 3. Fragments generated by the
enzymatic effect of Hind Ill on stx/stx1 product and
lane 4. Fragments generated by the enzymatic effect
of Hae Il on stx2 products.

Hind Ill, Hae Il and EcoR V were used to stx/stx1, stx2 and
mdh fragments digestion, respectively. These results are
shown in Figure 3. Hind Ill cuts the stx1 product in 335bp
site which generates two fragments of 287bp and 335bp
(lane 3) . Hae lll cuts the stx2 product in 288bp site and
generates two fragments of 93bp and 288bp (lane 4). EcoR
V cuts the mdh in 96bp site which generates two fragments
of 96bp and 103bp. These fragments are showing in single
band, due to the similar size (lane 2).

Specificity of multiplex PCR reaction

The specificity of the mPCR was tested on all strains. As
shown in Figure 4, the specific DNA fragments
corresponding to the genes defining the appropriate
stx/stx1 and stx2 only were found in E. coli O157:H7

(lane 1). The mdh fragment was amplified in 7 bacterial
strains (lane 2 to 7), and this fragment was not amplified
in the other strains (lane 8 t010).

Sensitivity of multiplex PCR reaction

The agarose gel electrophoresis of different dilutions of
extracted DNA from E. coli O157:H7 are showing in
Figure 5. As shown in Figure 5, the sensitivity of the
mPCR assay was estimated to be of 10'5 DNA dilution.
These results indicate that the mPCR assay is specific
and sensitive enough to detect at least 2.1 ng/ul of DNA.

The number of bacteria in all dilutions were determined
spectrophotometrically at 600 nm and confirmed by viable
counting. As shown in Figure 6, the sensitivity of the
mPCR assay was estimated to be of 10'3 dilution. These
results indicate that the mPCR assay is specific and
sensitive enough to detect at least 320 cfu/pl of E. coli
O157:H7.

DISCUSION

Shiga toxin is one of the exothermic factors produced by
Shigella and E. coli, which initially identified in S.
dysenteriae (biotype 1). In addition to its destructive effect
on gastrointestinal (especially intestine), it can be
transferred to central nervous system (CNS) via blood
stream and lead to destructive effect on this system
(Paton and Paton, 1998). These toxins were divided into
two main groups including shiga toxin (Stx) and shiga like
toxin (SLT).

Shiga toxins are produced by S. dysenteriae (biotype
1), whereas shiga like toxins are produced by certain
strains of E. coli such as E. coli 0157:H7 and are divided
into two subgroups Stxl1 and Stx2 (Philpot and Ebel,
2003). Recently, a number of assays such as cell culture
method, ELISA, RPLA, hybridization and PCR methods
are available for the detection of shiga toxins. The cell
culture method is sensitive but this approach is laborious,
time-consuming and requires several days to identify the
shiga toxins. The ELISA method can be use for the
sensitive and rapid diagnosis of shiga toxins, but it
requires to anti-toxin monoclonal antibodies which are
expensive (Philpot and Ebel, 2003). RPLA method is
required to monoclonal antibodies conjugated to latex
particles which working with them is difficult and time
consuming (Philpot and Ebel, 2003). Hybridization proce-
dure is a very sensitive and effective molecular technique
for specific detection of the biological agents, according
to their genetically structure. However, it is effectively
used for the identification of shiga toxin genes but it has
been made some limitations, including the risk of the
using radioactive probes, complexity, time-consuming
and the lack of its efficiency for some clinical samples in
medical diagnostic laboratories (Philpot and Ebel, 2003).

The PCR assay is an effective method for the detection
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Figure 4. Specificity of mMPCR reaction. Lane 1. E. coli O157:H7 (as Marker and positive control), lane 2. S. dysenteriae
(biotype 4), lane 3. S. dysenteriae (biotype 7), lane 4. S. dysenteriae (biotype 8), lane 5. Shigella flexneri (biotype 2a),
lane 6. S. sonnei, lane 7. Shigella boydii, lane 8. Vibrio cholera (strain: ogava), lane 9. Vibrio cholera (inaba), lane 10.
Salmonella paratiphy C.

Figure 5. The sensitivity of mPCR reaction in dn‘ferent DNA dilutions. Lane 1. Marker, lane 2. Dilution 10t , lane 3.
Dilution 10 2, lane 4. Dilution 10 3 Iane 5. Dilution 10 , lane 6. Dilution 10 (the concentration of DNA is 2 1pg/pl),
lane 7. Dilution 10'6, lane 8. DiIutlon 107 , lane 9. D|Iut|on 10 8, lane 10. Dilution 10 9.

Figure 6. The sensitivity of mPCR reactlon in different bacteria counts. Lane 1. Marker, lane 2. Dilution 10 , lane 3. Dilution 10'2,
lane 4. Dilution 10 3 , lane 5. Dilution 10 (bacteria count in thls dilution is 320 CfU/{.ﬂ) lane 6. Dilution 10 5! , lane 7. Dilution 10,
lane 8. Dilution 10 7 , lane 9. Dilution 10 , lane 10. Dilution 10 , lane 11. Dilution 10



of wide range of genes and biological agents. This
technique does not have the described limitations in the
other methods. Therefore, these described time-
consuming or expensive procedures for identification of
shiga toxins can be replaced with a PCR reaction.

In the present study, we show that a rapid and
affordable multiplex PCR reaction for the simultaneous
detection 2 genetic markers, including both shiga toxins
determinants stx/stxl and stx2 of the shiga toxins.
Several multiplex PCRs for detection of shiga toxins
using different primer sequences had been described
(Karch and Meyer, 1989; Cebula et al., 1995; Paton et al.,
2003; Pass et al.,, 2001; Belanger et al., 2002) . The
identification of shiga toxin with PCR technique was
achieved for the first time by Karch and Meyer (1989).
However, this method harbors limitations in terms of the
number of targeted genes and specificity to some types
of shiga toxins. Therefore, a Multiplex PCR reaction has
been suggested to identification of shiga toxins. Primers
designed by Cebula et al. (1995) are available to identify
the both shiga toxin genes, but they are only able to
identify the toxin gene in E. coli O157:H7. Primers
designed by Paton et al. (2003) are also able to identify
the both toxin genes, but the products size is too small
and their separation analysis on agarose gel is time-
consuming. Primers designed by Pass et al. (2001) are
also able to identify both shiga toxins, but the products
are not easily separated on agarose gel. Moreover, to the
identification of stx2e, an additional pair of primer is
required. Primers designed by Belanger et al. (2002) can
be use to identify shiga toxins, but their analysis on
agarose gel is difficult because these amplified products
are similar in size. A pair of primer designed by Philpot
and Ebel (2003) for the detection of shiga toxins but it
was not able to differentiation shiga toxins.

In this study, two pair of primers was used to identify
the shiga toxins. Our designed primer does not have the
described limitations in the other research. The four
primers developed in the present study proved to be
specific for the corresponding two genes. Moreover, the
amplified products are well resolved by agarose gel
electrophoresis. Multiplex PCR with some bacterial
strains demonstrated that the MPCR is highly specific
and reliable. We conclude that the newly designed
primers are specific for the identification and differentia-
tion of shiga toxins. The MPCR reaction showed the
presence of shiga toxin gene in four Shigella serotypes,
in addition to E. coli. Thus, the presence of this amplified
product may be a reason for the present of E. coli and
Shigella in a sample.

The cell wall structure in gram negative bacteria,
especially in Enterobacteriaceae, is very complex and its
composed of various lipids, carbohydrates and proteins
which causes the inhibition and low sensitivity of PCR
reaction. Therefore, the extracted DNA from bacteria
must be purified before PCR reaction. Some researcher
used SDS-Lysozyme, Tris, glucose and EDTA for DNA
purification. The sensitivity of reaction was 100 pg/ul

(Pollard et al., 1990; Wang et al., 2002). Franck et al.
(1998) used the boiling method for DNA purification but
this procedure was unable to remove the involving
inhibitors. In the other studies, by using of CTAB and 5 M
NaCl, the inhibitors effectively removed from DNA
solutions which lead to increasing the sensitivity of
reaction to 2.1 pg/ul. This procedure is sensitive enough
to detect at least 320 cfu/ul of bacteria that is three time
more than that of reaction achieved by Paton et al.
(1998). In our study, the initial PCR reaction for extracted
template DNA from S. dysenteriae (biotype 1) and E. coli
0157:H7 was achieved successfully. In E. coli, both stx1
and stx2 lanes were found, whereas in S. dysenteriae
(biotype 1) only 622bp fragment was amplified.

We conclude that the newly designed MPCR primers
are specific for the identification and differentiation of
shiga toxins and hence can be helpful to diagnosis of
shiga toxin in clinical samples.
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