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Abstract

Pathogenic Escherichia coli (E. coli) has been implicated in a wide range of disease causing infections. It is essential to generate a meth-
od for detecting and differentiating each pathotype of E. coli which is more quickly and efficiently by using less reagent. This study
aimed to evaluate a SYBR Green multiplex real-time PCR method for detecting four types of pathogenic E. coli. Two of multiplex real-
time PCR system, 6-plex and 3-plex, were set to detect six different virulence factors from ETEC, EPEC, EHEC, and EIEC and evaluate
the melting curves and specificity compared to simplex method. The results showed that 3-plex rt-PCR method gave more reliable melt-
ing curves than 6-plex. The 3-plex rt-PCR also provided similar melting value (Tm) to simplex system. The results of this specificity
assay supported the selection of 3-plex rt-PCR conditions for detection of pathogenic E. coli.
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1. Introduction

Pathogenic Escherichia coli (E. coli) has been implicated in a wide range of diseases causing infections, including urinary tract infec-
tions, diarrheal disease, and other clinical symptoms. Six types of this bacteria are known as diarrheagenic E. coli (DEC). Four of them
are associated with food, i.e. enterotoxigenic Escherichia coli (ETEC), enteropathogenic Escherichia coli (EPEC), enterohemorrhagic
Escherichia coli (EHEC), and enteroinvasive Escherichia coli (EIEC). In Indonesia, there have been several studies regarding the preva-
lence of E. coli in food. However, the prevalence of each type of bacteria is still unknown. Some food samples like fish meatball, melon,
pineapple, watermelon, lettuce, cucumber, and beef are reportedly contaminated by E. coli [1,2]. E. coli isolates are also identified in
6.34% of iced beverage samples and 0.7% of them are confirmed as ETEC [3].

Identification of E. coli from DEC is crucial because information about this pathotype variation is a major barrier to control public health
risks associated with foodborne pathogens. For example, EHEC has lower infective dose (1 x 102 — 2 x 102 cells) than EIEC (2 x 10> -5
x 103 cells) or ETEC/EPEC (1 x 10° - 1 x 10° cells) [4], so the risk exposed by the existence of EHEC is higher if compared to ETEC or
EPEC. It is essential to generate a method that detects and differentiates each pathotype of this bacteria more quickly and efficiently by
less reagent use.

Multiplex real-time PCR (m-rtPCR) could separates and quantifies E. coli strains based on virulence genes. By this method, two or more
sequence targets are amplified by using several pairs of primers in the same reaction. The multiplex method provides more advantages
compared to simplex identification. It is more efficient and faster in time detection. Additionally, this assay is proved to be more sensi-
tive for identification of E. coli isolates from a patient with diarrhea [5].

SYBR green is a fluorescent dye commonly used for labelling during analysis. SYBR is the simplest and cheapest if compared to other
dyes for real-time PCR. SYBR green rt-PCR provides fluorescence while binding with the targeted double-stranded DNA formed during
amplification. In a multiplex real-time method, several PCR products of targeted genes must have significantly different melting points
(Tm) to distinguish each product of targeted genes. It is important that multiplex rt-PCR conditions using SYBR Green as a label do not
generate nonspecific products that give an unexpected peak as background in the melting curve result. Moreover, primers also play a
critical role and are influenced by internal characteristics; such as stability, melting temperature, secondary structure, concentration, or
interference with each other [6]. Therefore, multiplex rt-PCR method often requires dedicated instrumentation and it is necessary to have
default cycling parameters and protocols for optimum performance. This study aims to evaluate a fluorescence-based (SYBR Green 1)
multiplex rt-PCR for detecting four types of diarrheagenic E. coli, i.e. ETEC, EPEC, EHEC, and EIEC based on their virulence factors.
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2. Materials and methods

2.1. Bacterial strain and growth condition

Six pathogenic E. coli were used as positive control. All bacteria were obtained from National Culture Collection for Pathogens (NCCP)
South Korea. A freeze dried culture stock of the isolates was revived in Tryptic Soy Broth (TSB) (Oxoid Ltd., UK) and incubated at 35°C
for 20 h. After incubation, one loop of the culture was streaked onto Tryptic Soy Agar (TSA) plate (Oxoid Ltd., UK). The single colony
from TSA was transferred into 10 mL Brain Heart Infusion (BHI) broth (Oxoid Ltd., UK) and incubated at 35°C for 20 h. For stock cul-
tures, the bacteria were saved in TSA and stored at refrigerated temperature.

2.2. DNA extraction and quantification

Genomic DNA (gDNA) was extracted from each isolates using chelex100 microwave method based on Reyes-Escogido et al. [7] with
some modification. A modification was done by changing the time of heating in the microwave (becoming three minutes at 100°C). Each
bacterial culture from the enrichment (TSB at 35°C for 20 hours) was put into a 15 mL centrifuge tube then centrifuged for 25 minutes at
the speed of 1 500 x g. The precipitated bacterial cells (around 1.5 mL) were then transferred to a 2.0 mL micro-centrifuge tube to be
centrifuged again for five minutes at a speed of 8 000 x g at 4 °C. Bacterial pellets were washed with 1 000 pL TE buffer (10 mM TRIS-
base pH 7.5; 1 mM EDTA pH 8.0) and homogenized by vortex machine. The mixture wasc centrifuged again for five minutes at a speed
of 8 000 x g at 4°C. The cells were re-suspended in 100 pL lytic buffer TES (10 mM TRIS-base pH 7.5; 1 mM EDTA pH 8.0; 0.5%
SDS) then put in the microwave for three minutes. After that, 150 pg proteinase K and 20 ng RNase A were added immediately. The
suspension mixture was then put back into the microwave for three minutes. After the lysis process, the suspension was incubated for
two minutes at a room temperature then added by 150 pL of TE buffer contained 25 mg of chelex100. After this step, the mixture was
microwaved again with the same condition then centrifuged at 12 000 x g for five minutes at 4°C. The supernatant containing DNA was
then precipitated with 10% 3M sodium acetate and 2.5 x volume of 95% ethanol. The supernatant mixture was then incubated at -20°C
for 20 hours. The DNA was then washed twice with 1 mL of 70% ethanol, dried at room temperature, then dissolved in 100 pL ddH20
and quantified with NanoDrop 2000 Spectrophotometer (Thermo Scientific).

2.3. Optimization of primer concentration

Each primer pair was tested individually by simplex rt-PCR at four different concentrations, i.e. 0.125, 0.250, 0.375, and 0.500 pM. This
step was conducted to verify that primers amplified a single target with a specific (unique) Tm value (actual Tm value). Real-time PCR
was performed by using Applied Biosystem 7500 thermal cycler with final reaction volume of 20 uL containing 1X Dynamo SYBR
Green PCR master mix (Thermofisher) and 100 ng DNA template. The amplification cycles consisted of initial denaturation (pre-
denaturation) at 95°C for three minutes, followed by 40 cycles consisting of denaturation at 95°C for 60 seconds, annealing/extension step
at 55°C for 60 seconds. After that, the reactions were continued with melting analysis of the PCR products (melt curve) by increasing the
temperature from 60 to 95°C at 0.1°/s.

Optimum primer concentration was the primer concentration that showed the lowest Ct value without producing or generating a mini-
mum primer-dimer and unspecific peak in the melting curve [8]. The optimum primer concentration was subsequently used as a parame-
ter to the multiplex rt-PCR analysis. Isolate code and primer sequence are shown in Table 1.

Table 1: Isolates, Primer Sequences and Amplicon Size Used for This Study

E. coli Type Isolate code Gene Target” Primer Sequence (5’ —3”) Size (bp) GC content (%)

ETEC NCCP 13717 It f- AGCGGCGCAACATTTCAG 113 45
r- TTGGTCTCGGTCAGATATGTGATTC

ETEC NCCP 13718 st f- TTAATAGCACCCGGTACAAGCAGG 147 -
r- CCTGACTCTTCAAAAGAGAAAATTAC

EPEC NCCP 14038 eae f- TGATAAGCTGCAGTCGAATCC 229 45
r- CTGAACCAGATCGTAACGGC

EHEC NCCP 13720 stx1 f- CAGTTAATGTGGTGGCGAAGG 348 40
r- CACCAGACAATGTAACCGCTG

EHEC NCCP 15958 stx2 f- ATCCTATTCCCGGGAGTTTACG 587 45
r- GCGTCATCGTATACACAGGAGC

EIEC NCCP 13719 inv f- TTTCCCTCTTGCCTGCATATGCGC 466 35

r- CTCACCATACCATCCAGAAAGAAG

“The specific virulence factors for pathogenic E. coli were enterolabile toxin (It) and enterostable toxin (st) for ETEC, intimin (eae) for EPEC, shiga-like
toxin 1 (stx1) and shiga-like toxin 2 (stx2) for EHEC, and invasion plasmid (inv) for EIEC [9].

2.4. Multiplex SYBR green rt-PCR condition trials

Trials of the multiplex assay were conducted by two different settings, i.e. 6-plex and 3-plex. The 6-plex reaction contained six primer
pairs (with optimum primer concentration of the previous result) to detect six target genes and 3-plex reaction comprised two groups (A
and B) containing three primer pairs to detect every three target genes on the pathogenic E. coli (Fig 1).

The group in the 3-plex system was chosen based on the difference in Tm values above 2°C in the optimization of primer assay [5]. Reac-
tion volume and cycling condition were performed the same as in the optimization of primers concentration with a simplex system. A
good multiplex rt-PCR condition was chosen based on the consideration that the melting curve allowed separation of amplification prod-
uct (amplicon) with specific Tm value, similar to Tm on the simplex assay. The results of rt-PCR were confirmed by electrophoresis on
agarose 2%.
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Fig. 1: Flow Chart for Multiplex Trial and Evaluation.
2.5. Specificity evaluation of multiplex assay

Specificity of the primer was evaluated during multiplex rt-PCR running. The assay was performed by testing the amplification of 6-plex
primer set and 3-plex primer set against the simplex rt-PCR in each E. coli bacteria used in this study. Reaction and cycles were per-
formed as previously described.

3. Results and discussion

3.1. Concentration and purities of extracted DNA

The concentration of E. coli DNA using chelex100-microwave method varied from 854.9 to 4301.6 ng/uL with purities of 1.80 — 1.94.
This value was good as the extracted DNA was categorized as a pure DNA if the ratio between the absorbance of 260 and 280 was in the
range of 1.8 — 2.0. The quality of the extracted DNA from pure culture or sample; such as food was important because this parameter was
essential to achieve a reliable quantification by real-time PCR [10]. The presence of chelex during the heating step prevents DNA degra-
dation with chelating metal ions that acted as catalysts in the breaking/destruction of DNA at high temperatures. Chelex 100 was known
to be able to remove metals from culture media and reagents, purify dinucleotides, and remove metal ions in the blood [11].

3.2. Optimum primer concentration and melting temperature (Tm)

Optimum primer concentration was selected based on the lowest Ct value without producing a secondary peak in melting curves (non-
specific products). Ct value was defined as the number of cycles required for the fluorescent signal to cross the threshold (exceeding
background level). It was influenced by the concentration of the target (DNA template), mastermix, passive reference dyes, annealing
temperature, primer concentration, and others.

The result of the primer concentration assay showed that the Ct value produced in the simplex rt-PCR ranged between 15.27 — 20.68 with
Tm value 75.0 — 82.7°C (Table 2). A melting curve with double peaks in some of concentration (Fig. 2) showed two products in one reac-
tion that one of the products was nonspecific [12]. The curves were formed due to multiple phases in the melting process. This phase
might be caused by additional sequence factors such as amplicon misalignment in A/T rich regions and designs that had a secondary
structure in the amplicon region [13]. Based on Table 1, stx1, inv, and might st genes had a lower G/C content (abundant A/T content)
than It, eae, and stx2 genes. This approach was appropriate with the result in the simplex system (Fig 2 b,d,f).

Furthermore, excessive primer concentration was an important factor frequently triggered by false products in a PCR. The target genes of
st, eae, stx1, stx2, and inv with primer concentration > 0.25 uM indicated a tendency to form a secondary peak formation in melting
curves. Too much primer reduced specificity and allowed primers to anneal in regions of the template that were not the target region and
also to generate primer dimer [14,15]. This concentration should not choose for the primer in a multiplex assay. Therefore, the optimum
primer concentrations for target gene It were 0.25 uM and 0.125 uM for the primer pairs of st, eae, stx1, stx2, and inv.

Table 2: Ct and Tm Value for Optimization of Primer Concentration

Gene target Concentration (uM) Ct+SD Tm+ SD Secondary peak” (unspecific product)
It 0.125 15.65 £ 0.15 78.5+0.35 None
0.250 15.27£0.74 None
0.375 15.54 +0.70 None
0.500 15.43+1.24 None
st 0.125 20.68 +0.44 75.0 +0.07 None
0.250 19.89 +0.84 Detected
0.375 19.23+0.59 Detected
0.500 18.77 £0.35 Detected
eae 0.125 16.65 + 0.25 81.6+0.19 None
0.250 16.38 +0.02 Detected
0.375 16.27 £ 0.02 Detected
0.500 16.24 +0.12 Detected
stx1 0.125 16.51 + 0.06 79.8+1.87 None

0.250 16.80 +0.42 Detected
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0.375 16.94 £ 1.05 Detected
0.500 16.97 £ 0.64 Detected

stx2 0.125 18.68 + 1.08 82.7+0.10 None
0.250 17.76 £ 0.68 Detected
0.375 17.62 +£1.32 Detected
0.500 17.37 £ 1.09 Detected

inv 0.125 17.93 £0.55 77.1+0.14 None
0.250 17.36 £ 1.05 Detected
0.375 16.85+0.19 Detected
0.500 17.20 £0.04 Detected
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Fig. 2: Melting Curves of Each Gene Target. Red Line = 0.125 Um Concentration of Primer; Green Line = 0.25 Um Concentration of Primer; Blue Line =
0.375 Um Concentration of Primer; Purple Line = 0.5 Um Concentration of Primer.

3.3. Multiplex rt-PCR conditions trials for detecting pathogenic E. coli

Trials of multiplex rt-PCR method were carried out in two groups, namely 6-plex and 3-plex rt-PCR. The 3-plex rt-PCR was grouped
based on different Tm values above 2°C in previous assay (Table 2). The first group (Group A) was st-It-eae and Tm value ranged 75 —
78.5 — 81.6°C and the second group (Group B) was inv-stx1-stx2 with Tm value ranging 77.1 — 79.8 — 82.7°C respectively. Results
showed that the melting curve from 6-plex rt-PCR only produced three peaks with Ct value 15.57 (+ 0.14) and Tm 81.3 °C (x 0.00). Tm
value was formed from the highest peak in the curve; while the other two peaks had Tm value between 75 — 80 °C and > 85°C. Electro-
phoresis results with 2% agarose also showed three bands that referred to three products that were DNA bands of It (113 bp), eae (229
bp), and stx1 (348 bp); while the other three bands (the band for st, stx2, and inv) did not appear (Fig. 3a).

Meanwhile, trials of the 3-plex rt-PCR assay on three target genes with three primer pairs showed a melting curve with three peaks, alt-
hough some peaks were not perfectly formed (Fig 3b, c). Previous study said that peak in multiplex system might be separated if Tm
value had differences of about 2°C, However, a study conducted by Chassagne et al. [16] distinguished three target genes with SYBR
green real-time PCR with the difference of Tm about 4°C. Zhang et al. [17] also succeeded in differentiating three target genes with Tm
difference of about 3°C. It showed that parameter of the Tm value for each product (gene) became highly important in identification and
detection of pathogenic bacteria using SYBR green multiplex rt-PCR, and each primer suggested had difference of about 4°C.
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Fig. 3: (A) Melting Curve Profile and Electrophoresis Result from 6-Plex rt-PCR (1 = Ladder 100 Bp; 2 = No Template Control (NTC); 3, 4, 5 = 6-Plex
Assay 3 Replication); (B) Melting Curve Profile from 3-Plex rt-PCR Assay Set A; (C) Melting Curve Profile From 3-Plex rt-PCR Assay Set B; (D) Elec-
trophoresis Result from 3-Plex Assay (1 = Ladder 100 Bp; 2 = 3-Plex rt-PCR Assay Set A; 3 = No Template Control 3-Plex Assay Set A; 4 = 3-Plex rt-
PCR Assay Set B; 5 = No Template Control 3-Plex Assay Set B).

According to Fig. 3, the area of the peaks was reduced when multiple targets were present in an isolate for multiplex reaction, especially
for the smaller PCR product. One of the reasons was due to the degree of flexibility that was diminished or even lost with each additional
primer set into reaction. Increased number of primers also increased the possibility of primer dimer formation and unspecific amplifica-
tion. Thus, the 3-plex test showed better than the 6-plex test. Other than that, the application of rt-PCR method using SYBR green as a
fluorescent label on four or more target genes (amplicon) had not been reported. In the previous studies, multiplex system was only
aimed at two or three target genes. So far, multiplex PCR on more than three target genes had only been done in a standard or conven-
tional multiplex by Kim et al. [18], Kagambega et al. [19], Mohammed [20], Tobias and VVutukuru [21], Sjoling et al. [22], and others.

3.4. The specificity of multiplex assay

Specificity assay was performed to ensure that the primers used in this study were specific with each target genes and could distinguish
each product (amplicon). Specificity analysis was observed based on the Tm value. In multiplex systems, the resulted Tm value should
be the same as that in the simplex system. Table 3 shows the comparison ratio of Tm values from multiplex assay (6-plex and 3-plex
reaction) against with simplex assay. In a 6-plex assay, the specific product was formed with a lower fluorescent value than that in an
unspecific product, so that the melting temperature showed on the instruments was unspecific product melting temperature value. This
implied a false detection process.

In contrast, although a double peak was always generated on the melting curve in a 3-plex reaction, the specific product showed a higher
fluorescent value than the unspecific product, so that the Tm value was equal to the desired Tm value. The use of SYBR green as the
fluorescent label affected specificity because the dye and unspecific product fragments would bind to the primer and would be detected
along with the desired product fragments. The use of a large number of primers increased the possibility of primer dimer and unspecific
products exponentially [23]. The results of this specificity assay supported the selection of 3-plex rt-PCR conditions for detection of
pathogenic E. coli. Further research is needed to obtain a more perfect melting curve in multiplex method that could separate each prod-
uct (amplicon) more clearly without difference Tm value.

Table 3: Tm Value from Specificity Assay

. Tm (°C)
= el Ikl Eoie BT A simplex rt-PCR 3-plex rt-PCR 6-plex rt-PCR
ETEC NCCP 13717 It 78.5 78.4 82.4
ETEC NCCP 13718 st 75.0 79.9 85.1
EPEC NCCP 14038 eae 81.6 83.8 87.6
EHEC NCCP 13720 stx1 79.8 79.3 84.9
EHEC NCCP 15958 stx2 82.7 82.9 86.8
EIEC NCCP 13719 inv 77.1 77.2 85.1

4. Conclusion

The use of 6-plex using SYBR green as a dye has not been able to separate each product perfectly due to increased the possibility of pri-
mer dimer formation and unspecific amplification as an effect of increased number of primer. Multiplex methods for the detection of
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pathogenic E. coli designed in two sets of 3-plex rt-PCR based on the difference of Tm value 2°C could separate the product more relia-
ble with primer concentration of LT gene was 0.25 uM and for the others gene was 0.125 uM.
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