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Four different bacterial DNA extraction strategies and two different qPCR probe chemistries were studied for de-
tection of Stapylococcus aureus from white cheeses. Method employing trypsin treatment followed by a commer-
cial kit application and TagMan probe-based qPCR was the most sensitive one detecting higher counts than
standards in naturally contaminated samples.
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1. Introduction

Staphylococcus aureus infections and intoxications related to
consumption of contaminated cheese have significance for product
quality and public health (Temelli et al., 2006, Morandi et al., 2007).
The European Food Safety Authority (EFSA) reported that cheeses
with mixed and buffet meals were the two main ways involved in
food poisoning outbreaks caused by staphylococcal toxins (Schelin
etal, 2011). In addition, in Turkey, the most widely consumed cheese
type is Turkish white cheese with an approximate production rate of
67% (Temelli et al., 2006). There have been several reports of S. aureus
contamination in cheeses and other foods (Hein et al., 2005; Peles
et al., 2007; Huong et al., 2010; Ertas et al., 2010; Alaboudi et al., 2012;
Hummerjohann et al.,, 2014).

Cheese can be an important source of S. aureus contamination
through raw milk, inadequate pasteurization process and improper
conditions after pasteurization or production area (Miranda et al.,
2009). For evaluating the safety of food production process, it is impor-
tant to quantify the changes in microbial numbers (Schelin et al., 2011).
Traditional microbiological methods have several drawbacks such as
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long detection time, high cost, and low sensitivity (Cremonesi et al.,
2007). Quantitative PCR (qPCR) is increasingly used as a rapid, specific,
and sensitive method for reliable detection and accurate gene quantifi-
cation (Ginzinger, 2002). The advantages of qPCR are high sensitivity,
high specificity, and lower risks of cross-contamination (Abdunaser
et al., 2009). Several studies have been performed by qPCR to detect
and quantify different bacterial cells in food products (D'Urso et al.,
2009; Martinez-Blanch et al., 2009; Pennacchia et al., 2009). Several
studies have been carried out on detection of S. aureus in food samples
by qPCR method (Alarcén et al., 2006; Fusco et al., 2011; Hein et al.,
2001; Poli et al., 2007). Cheese is a difficult matrix for direct S. aureus de-
tection and quantification by qPCR method due to its high fat content
(Ercolini et al., 2004). There have been few studies on the development
of DNA extraction methods directly from food samples for detection of
S. aureus. In one of these studies 33 bovine and caprine raw milk cheese
samples were investigated and DNA extraction method was developed
with a detection level of 100 CFU/g for S. aureus (Cremonesi et al.,
2007).

Different PCR technologies have been developed for better detection
purposes mainly based on novel primer and probe chemistries. Two
important chemistries that are used in qPCR systems are TagMan and
LNA probes that specifically bind to the target sequence (Gachon et al.,
2004). Locked nucleic acid (LNA) is the analogue of a nucleic acid
described by the Wengel and Imanishi laboratories (Letertre et al.,
2003).The C3’-endo type sugars are conformationally locked by a meth-
ylene bridge between 2’ oxygen and 4’ carbon of the ribose ring (Jepsen
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et al., 2004). The flexibility of the ribofuranose ring is reduced by this
methylene bridge causing the formation of a rigid bicyclic monomer.
This also increases the local organization of the phosphate backbone
and result in strong hybridization between two DNA strands (Letertre
et al.,, 2003; Reynisson et al., 2006). To the best of our knowledge,
the studies on direct quantitative detection of S. aureus in Turkish
cheese samples are very limited. In addition, optimization of a method
for one food system may not be applicable to other food samples
(Federico et al., 2005). The purpose of this study is to improve the detec-
tion sensitivity of S. aureus by experiencing different bacterial DNA ex-
traction methods directly isolated from cheese samples. In addition,
the comparison of TagMan and LNA probes in the qPCR assays for the
sensitive detection and quantification of S. aureus bacterial cells by
targeting species specific nuc gene was proposed in artificially and
naturally contaminated Turkish white cheese samples.

2. Materials and method
2.1. Bacterial strain and DNA isolation

S. aureus RSKK 1009 strain was used to prepare quantification stan-
dard and for artificial inoculation of cheese samples. The reference strain
was grown in 6 mL of Tryptic soy broth (Merck, Darmstadt, Germany)
and incubated at 37 °C for 18 h. The turbidity of bacterial suspension
in Tryptic soy broth was adjusted to 0.5 McFarland (107 CFU/mL).
Tenfold serial dilutions were prepared from this suspension. Colonies
were enumerated by plating onto Baird Parker Agar (BD-Difco™,
France) supplemented with egg yolk tellurite emulsion (BBL®, USA).
DNA extraction from the pure culture was performed according to the
method described previously (Sudagidan et al., 2008).

2.2. Artificially and naturally contaminated white cheese samples
The detection ranges of TagMan and LNA probes in artificially

contaminated cheese samples were determined by inoculating tenfold
serial dilutions of pure culture to white cheese samples purchased
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from a local supermarket in izmir and they were originally free of
S. aureus. Four different bacterial DNA extraction procedures were car-
ried out directly from these samples.

For quantification of S. aureus in naturally contaminated cheese
samples, cheese samples (n = 7) were collected from different bazaars
in Izmir district (Turkey) and analyzed immediately using traditional
culture method and incubated at 37 °C for 24-48 h. The traditional
plate count method included homogenization of 25 g sample in
225 mL buffered peptone water and plating 0.1 mL aliquots in Baird
Parker agar supplemented with egg yolk tellurite emulsion and incuba-
tion at 37 °C for 24-48 h.

2.3. Bacterial DNA isolation from cheese samples

For quantitative detection of S. aureus, the bacterial DNA was
extracted from artificially contaminated cheese with four different
methods (Fig. 1). The main steps were followed according to the previ-
ously given procedures, but significant modifications were applied to
improve the sensitivity of detection. The C, values obtained using
these isolation methods were analyzed by using Fisher's test and analy-
sis of variance (ANOVA) using MINITAB® release 14 (Minitab Inc,, State
College, USA).

2.3.1. Bacterial DNA extraction using the food DNA extraction kit (Method 1)

A commercial kit based on silica-gel membrane technology for rapid
and efficient purification of DNA without organic extraction and ethanol
precipitation (Intron Biotechnology, Inc., Korea) was applied according
to the manufacturers' instructions. The steps in this procedure included
lysis with lysis buffer, proteinase K and RNase A, precipitation, binding,
and washing steps with buffer solutions. After selective binding of DNA
to the column, the final eluate was recovered with elution buffer.

2.3.2. Bacterial DNA extraction using beads (Method 2)

The bacterial DNA extraction from artificially contaminated cheese
samples was carried out using the procedure assessed by Bonaiti et al.
(2006) with slight modifications. Briefly, 2 g of cheese sample was
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Fig. 1. Methods used for DNA extraction from cheese samples.
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suspended in 4 mL of 4 M guanidine thiocyanate-0.1 M Tris-HCI
(pH 7.5) and 250 pL of 10% N-lauroylsarcosine. For the DNA isolation,
2 mL Eppendorf tubes were filled with 200 mg of glass beads (0.25-
0.50 mm diameter) and with the alkaline solution which consists of
50 pL mixture of 20% sodium dodecy! sulfate (SDS) solution, 300 pL of
0.1 M phosphate buffer pH 8.0, 300 pL of 50 mM sodium acetate and
10 mM EDTA (pH 5.5). Then 400 pL phenol-chloroform-isoamyl alco-
hol (25:24:1) at pH 8.0 was added. The tube was vortexed for 30 s.
After cooling the samples on ice for 1 min, vortexing was repeated.
After centrifugation at 20,800 xg for 30 min, the upper aqueous phase
was decanted. Afterwards, two washing steps were performed, firstly
with phenol-chloroform-isoamyl alcohol (25:24:1; pH 8.0) and then
with chloroform-isoamyl alcohol (24:1). The bacterial DNA was precip-
itated by addition of 2 volumes of cold absolute ethanol to the aqueous
phase. Following incubation at — 20 °C for 2 h, the DNA was centrifuged
at 20,800 xg for 15 min. The pellet was washed twice with 80% ethanol,
dried and resuspended in 100 pL of Tris-EDTA, and 5 pL of the DNA
solution was used for qPCR analysis.

2.3.3. Bacterial DNA extraction using trypsin (Method 3)

The procedure of Hein et al. (2001) with slight modifications was
applied. In summary, 2 g of cheese sample was mixed with 45 mL of
digestion buffer containing 1 mg trypsin per mL and subsequently
homogenized in a stomacher for 1 min, and incubated at 40 °C for 3 h.
After centrifugation at 5700 xg for 15 min at4 °C, the fat layer and aque-
ous phases were discarded and the pellet was washed three times with
TE buffer (10 mM Tris-HCl, 1 mM EDTA at pH 7.5) and once with the
PCR buffer (50 mM KCl, 1.5 mM MgCl,, 10 mM Tris-HCl at pH 8.4). Fi-
nally, the pellet was resolved in 250 pL of PCR buffer. Lysostaphin and
proteinase K solutions were added to this solution and incubated for 1
h and 15 min at 60 and 95 °C, respectively. After centrifugation at
13,000 xg for 5 min, 5 pL of supernatant was subjected to qPCR analysis.

2.3.4. Bacterial DNA extraction using trypsin and followed by food DNA kit
method (Method 4)

In this method, the food DNA extraction kit procedure described in
Method 1 was combined with modified Hein et al. (2001) procedure
described in Method 3. The process steps described in Method 3 were
followed until the pellet was resolved in 250 L of PCR buffer and con-
tinued with the procedure described in Method 1. To the best of our
knowledge, this method was first performed in our study.

2.4. TagMan and LNA probe-based qPCR assay

The primers were used in the study targeting the nuc gene of
S. aureus. The size of the amplified product was expected to be 124 bp
in length. TagMan probe was labeled with 6-carboxy-fluorescein
(FAM) and with 6-carboxy-tetramethyl-rhodamine (TAMRA) at 5’ and
3’ ends, respectively. The primers and the probe were used as reported
by Alarcén et al. (2006). The LNA probe (AtCACaAACaGAtAACGGCG)
was designed using Ina-tm.com program in exiqon website (http://
www.exiqon.com/ls/homeoflna/Oligo-tools/tm-prediction-tool.htm)
consisting of 4 LNA monomers shown with the lowercase letters. The
gPCR amplifications were carried out in a total volume of 20 pL. This
mixture composed of 10x probe master, 500 nM of each primer,
200 nM probe and 5 pL of template DNA. The thermal cycling program
started at 95 °C for 10 min of incubation. 50 cycles of amplification in-
cluded 95 °C for 15 s denaturation step, annealing at 60 °C for TagMan
and 57 °C for LNA probes. The reaction ended with an extension step
at 72 °C for 1 s. The data analyses were carried out using LightCycler®
480 Instrument software version 1.5 (Roche Diagnostics).

The standard curves for each probe were constructed by tenfold
serial dilutions of S. aureus strain cells in buffered peptone water.
The main stock solution was prepared by adjusting the turbidity of the
solution to 0.5 McFarland standard. DNA isolation of each calibrated

solution was performed and used to obtain the corresponding standard
curve.

3. Results and discussion
3.1. Sensitivity assays on S. aureus pure culture

For determination of the detection limit and quantification range,
the standard curves were constructed with bacterial DNA isolated
from S. aureus pure culture with TagMan and LNA probes. The standard
curves were constructed with C; values obtained with TagMan (Fig. 2a)
and LNA (Fig. 2¢) probe-based qPCR assays corresponding to tenfold
dilutions of DNA isolated from S. aureus RSKK 1009 in a range between
10° and 107 log;, CFU/mL. Efficiency (E) of the qPCR assay was calculat-
ed as 0.81 and 0.76 for TagMan and LNA probes, respectively. LNA probe
was slightly less efficient for quantification of S. aureus cells.

3.2. Sensitivity assays on artificially contaminated cheeses

3.2.1. The effect of bacterial DNA extraction method

The purity and quantity of DNA isolates are significant for efficient
PCR analysis. The DNA purity value which is calculated by taking the
ratio of absorbance at A,gg to Axgg between 1.7 and 2.0 could be used
for quantification purposes. Nanodrop results of DNA samples extracted
by this method directly from cheese samples contaminated with
S. aureus at the highest level (107 CFU/mL) were given in Table 1.
Nanodrop results of the methods revealed that DNA yield was not cor-
related with the purity of the extracted DNA. In Method 4, the amount
and the purity of the DNA were good enough to provide accurate
quantification.

In an attempt to find the most sensitive qPCR method, these four
procedures were compared according to their C; values. The average
C; values were 27.8 + 0.58, 34.2 + 1.20, and 25.5 + 0.24 for Methods
1, 2, and 4, respectively. Method 3 did not show amplification and this
could be due to isolation of non-specific DNA target or PCR inhibitors.
The difference between the C; values of these methods was statistically
significant (P < 0.05). The lowest C, value corresponding to the highest
sensitivity was obtained with Method 4. This could be described by the
long incubation period of 3 h used for digestion and selective binding of
DNA to silica gel membrane following binding and precipitation steps.
Thus different C; values of the target bacterial gene could be related to
differences in bacterial DNA extraction efficiency.

In direct detection of pathogens applied to food samples, the effi-
ciency of extraction can be reduced by inhibitory substances such as
fats, proteins and high concentration of Ca?* (Cremonesi et al., 2006).
The DNA extraction procedures from food samples play an important
role in detecting pathogens using qPCR.

These results also showed that it was important to prepare standard
curves for the cells in actual food samples since the curve could change
with the actual samples. The levels of standard deviation were low
enough to allow accurate quantification. The reason for finding a
lower R? value of the curve obtained from the direct DNA isolation
method from the curve of the qPCR system obtained from serial
dilutions of reference strain could be the presence of high quantity of
proteins and fats present in the cheese that might adsorb or prevent
detergents, chaotropic agent, chelating agents or beads from accessing
to the cells (Bonaiti et al., 2006).

It was found to detect the bacterial level of 13.2 CFU/g which was the
lowest amount that amplification was observed. Poli et al. (2007) re-
ported that detection of S. aureus was lower than 10 CFU/g in cheese
samples by nucA targeted real-time PCR assay. Alarcon et al. (2006) re-
ported that 4.9 x 10® CFU/g had to be present to give positive reaction
with TagMan probe in food samples. In another study, real time qPCR
was applied to quantify S. aureus cells in artificially contaminated cheeses
of different types. It was demonstrated that 1.5 x 10% to 6.4 x 10> copies of
the nuc gene/2 g cheese could be detected based on the cheese matrix
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Fig. 2. Standard curves constructed using pure culture by (a) TagMan and (c) LNA probes. Standard curves constructed using artificially inoculated cheese samples by (b) TagMan and

(d) LNA probes.

(Hein et al., 2001). Detection sensitivity improved approximately one log
order by using the improved DNA extraction method in this study.

3.2.2. The effect of the probe type (TagMan vs LNA probes)

The performances of TagMan and LNA probes were evaluated with
the genomic DNA isolated from the cheese samples artificially contam-
inated with S. aureus in the qPCR methodology. DNA extraction was per-
formed from these cheese samples by the improved DNA isolation
method. The qPCR experiments were carried out by using the isolated
genomic DNA. Standard curves were constructed by using genomic
DNA solutions for both of TagMan and LNA probes (Fig. 2b and d). The
bacterial numbers were shown in the form of log;o CFU/mL. The E and
R? values were calculated as 2.02 and 0.9522 for TagMan probe. The E
of LNA probe was 2.32 and R? of the standard curve was 0.9523.
Lower efficiency values were obtained in these studies.

Table 1
Nanodrop measurements of DNA isolates obtained with different DNA extraction
methods.

Sample no DNA amount ng/uL Ass0/Azs0
Method 1

1 17.12 3.37
2 12.11 3.11
3 10.01 1.81
Method 2

1 15.11 1.18
2 54.23 0.93
3 389.17 1.24
Method 3

1 30.76 1.26
2 163.31 1.31
3 163.57 0.91
Method 4

1 37.30 1.97
2 26.17 1.92
3 20.43 2.06

In contrast to our results, Josefsen et al. (2009) stated that the sensi-
tivity of LNA probes was higher than that of TagMan probes for the de-
tection of thermotolerant Campylobacter. In another study, LNA probes
also had higher sensitivities than TagMan probes in one of the studies
in which combinations of different dyes combined with TagMan probes
were tested and compared to LNA probes for the detection of Salmonella
in fishmeal, pig feces and chicken neck skin (Reynisson et al., 2006).
However, obtaining lower sensitivities both in the pure culture and
the artificially contaminated cheese samples with the LNA probe in
our study could be related to the lack of strict rules for LNA probe design
for S. aureus. Accordingly, the TagMan probe was selected for use in fur-
ther quantification purposes in white cheese samples.

3.3. Quantification of S. aureus in naturally contaminated cheeses by qPCR

In this part of the study, standard curves generated by using artifi-
cially inoculated cheese samples were used to calculate the bacterial
numbers in naturally contaminated cheese samples. The improved
DNA extraction method (Method 4) was used with TagMan probe-
based qPCR assay in detection of S. aureus in naturally contaminated
cheese samples. Plate counts and qPCR enumeration in naturally con-
taminated cheese samples are given in Table 2. The qPCR counts were
found to be higher than plate counts indicating that the number of
dead cells was higher than live cells. In Turkey, cheeses sold in the ba-
zaars are assumed to be heat treated. The presence of the live bacteria

Table 2
Plate counts and qPCR enumeration in naturally contaminated cheese samples.
Samples Plating C, TagMan TagMan
log CFU/g (mean) log copy number/g
1 3.18 33.60 5.70
2 493 35.23 4.92
3 343 3231 6.32
4 1.98 34.00 5.51
5 3.01 37.12 4.01
6 3.89 37.42 3.86
7 218 37.03 4.05
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indicates either cross-contamination or inefficient heat treatment dur-
ing production.

The importance of the study is the development of a qPCR method
for quantification of S. aureus without traditional culturing methods.
The highest microbial counts of S. aureus in cheese samples are
determined as 10° CFU/g for production of enterotoxins by the official
regulations (Alomar et al., 2008). Although pasteurization of milk, fer-
mentation and ripening steps retard S. aureus growth, it is important
to detect and quantify this pathogenic bacterium in cheese (Akineden
et al., 2008). By this qPCR method species specific detection was per-
formed under the described conditions. The difference between qPCR
and plate count results revealed that most of the bacteria could not be
counted by classical plate counting method. The reason for this could
be related to a few numbers of clusters formed by the bacteria causing
less number of plate count results (Hein et al., 2001). Another reason
for this difference was described by detection of dead and viable cells to-
gether (Mdntynen et al., 1997). The dead cells could not be detected by
the plate count method. The coefficient of correlation between the qPCR
and plate count methods was high enough (0.9815) for the artificially
contaminated cheese samples. Therefore, it is possible to calculate the
plate counts by using the qPCR results.

The target gene, the thermostable nuclease enzyme that is encoded
by the nuc gene, is expressed under similar conditions and shows com-
parable stability properties with staphylococcal enterotoxins (Brakstad
et al., 1992; Meyrand et al., 1999; Tang et al., 2008). Therefore, the
laborious and expensive methods used for detection of enterotoxins in
routine analysis of food products can be replaced by the detection of
the nuc gene (Szabo, 2001). The microbiological criteria for the presence
of coagulase positive Staphylococcus species established by Food and
Drug Administration (FDA (Food and Drug Administration) Circular,
2013) and Turkish Food Codex (Turkish Food Codex, 2011) were in
the range between 10% and 10® CFU/g which were the acceptable limit
and potential health hazard limit for the cheese samples, respectively.
In this study, the number of coagulase positive Staphylococcus bacterial
counts was higher than the established limits in 5 of the 7 cheese sam-
ples investigated with plating method. According to qPCR analyses, all 7
cheese samples were detected to contain higher than 10° CFU/g
S. aureus. This qPCR result indicated the number of live and dead cells
together. Based on the presumptive bacterial counts obtained with plat-
ing method and the S. aureus numbers quantified with qPCR method, it
was concluded that most of the S. aureus cells were dead during the pas-
teurization process of cheese manufacturing. However, S. aureus heat
stable toxins were not eliminated during pasteurization process.
S. aureus bacterial counts higher than 10° CFU/g were considered to
carry health risk by the formation of staphylococcal enterotoxins
(Alomar et al., 2008). Therefore, from the point of determining the
risk of toxin formation due to high number of S. aureus cells, the qPCR
analyses could be used as a guide for quantification of S. aureus.

4. Conclusions

The results reported herein show that a new DNA isolation method
based on trypsin treatment followed by the application of a commercial
kit in combination with quantitative TagMan probe-based qPCR was
found to be the most suitable for sensitive quantitative detection of
S. aureus in white cheese samples. The efficiency of the LNA probe-
based gPCR assay was found to be lower than the TagMan probe-
based assay in pure culture of S. aureus and artificially contaminated
cheese sample studies as opposed to the previous studies. The standard
curves were constructed directly using artificially contaminated cheese
samples and were used to estimate S. aureus cell counts in naturally con-
taminated cheese samples. In naturally contaminated cheese samples,
the number of S. aureus counts was higher when obtained with qPCR
analyses which indicated the total number of live and dead cells from
the presence of staphylococcal enterotoxins in live and dead cells.
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