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Abstract: Staphylococcus spp., is a common bacteria in cattle mastitis. Detection of the low number of
bacteria requires a sensitive method. We used Multiplex Polymerase Chain Reaction (M-PCR) assay to
detect the genes encoding SEA, SEB, SEC toxins that are specific in Staphylococcus aureus bacteria. The
gene of 235 rRNA that is conserved in all Staphylococcus spp., also used as control. Due to the stiffness and
low effective enzyme activity such as lyzozyme, proteinase k and mutilysine on bacterial cell wall, it lysed with
liquid nitrogen and multiplex PCR was performed after DNA extraction. The obtained results in molecular
method were compared with cell culture. The total number of 60 samples of non pasteurized milk was
collected in Tehran province restrict from dairy cattle housing and 4 positive samples were detected by PCR
and microbial cell culture methods. The accuracy of the test was monitored by using serial dilution (1-10%
of avernight cell culture of Staphylococcus spp., bacteria (0D600:0.02 = 107 cell). It showed that the sensitivity
of PCR is 10 bacteria per ml of cells within few hours, meanwhile in bacterial blood agar cell culture; the
number of 100 cells was detected after 48 h. This is the first report of molecular detection technique over
Staphylococcus aureus bacteria in Iran which indicates the more sensitive and rapid test that can be
substituted by conventional bacterial culture method.
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INTRODUCTION

There are many reports on food-born diseases due to
the contamination with Salmonelffa, Shigella, Listeria
monocytogenesis and Staphylococcus spp. (Bergdoll,
1990). The Staphyiococcus aureus bacterium is the
most important one. Staphyviococcus aureus is gram-
positive cocci, which causes a variety infectious in
human and animals. Due to the resistance of human
strains to common antibiotics, rapid diaghosis of the
pathogen is critical {Da Silva et a/., 2004; Cardoso ef af,,
1999; Chen et a/,, 2001, Da Silva et af., 2004). Because
of widespread contamination of dairy products by
staphyilococcus spp. and low efficacy of ELISA and
culture methods, PCR method is going to be substituted
with the mentioned methods in rapid and accurate
detection of pathogenic agents and is used as a
sensitive and accurate method in rapid and proper
detection of microbial infections (Mehrotra et a/., 2000;
Robbins ef af., 1974; Stephan et af., 2001).

At the present work, PCR method was used to detect
Staphylococcus aureus in non pasteurized milk samples
that were collected from Tehran province restricts. The
gene of 235 rRNA that is conserved in all
Staphylococcus spp. and the genes encoding SEA, SEB
and SEC toxins and are unique in Staphylococcus
aureus, used for detection of the contamination by
Staphylococcus aurets. The result obtained by multiplex
PCR was compared with bacterial cell culture.

MATERIALS AND METHODS

Samples: A total of sixty raw milk samples were
obtained from industrial dairy herds or directly from
factory milk stored tanks located in Tehran province
districts. The samples were transported on ice to the lab
within 2 h, frozen and maintained at -20°C until analysis
for microbial experiments. Sampling was done in certain
intervals of year with correct sampling principles.

Bacterial culture and enrichment: Before molecular
analysis milk samples were enriched. One milliliter of
milk was added with 1 ml of brain heart infusion broth
(Merck), mixed and incubated overnight at 37°C. After
incubation, 1 ml of enriched sample was used for
isolation of bacterial DNA directly from milk using the
method described by Gillespie and Oliver (Gillespie and
Oliver, 2005). Conventional bacterial methods were
conducted on the milk samples to identify bacteria and
to determine the number of colony forming units per
milliliter. Results were compared to determine the
sensitivity of the multiplex PCR assay to identify bacteria
from milk samples of enriched and nonenriched
samples.

DNA extraction: For isolation of bacterial DNA, 1.5 ml of
enriched sample was transferred to microcentrifuge
tube and bacterial cells were pelleted by centrifugation
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at 3,000=g for 5 min at 4°C and the fat layer and
aqueous phase discarded. The amount of 30 pL of SDS
% 10 was added to the bacterial cells and transferred to
sterile mortar that contains Liquid Nitrogen (LN} with
enough volume. After freezing the cells, were squeezed
by formation of crystals. Bacterial cell wall was smashed
with pestle mechanical strikes and disrupted without
using any Iytic enzymes as the method described before
for the extraction of fungal DNA (Kabir et af., 2003). After
transferring the lysed cells to the microtube, Phenol-
chloroform was added and centrifuged in 10,000=q for
10 min, supernatant (phenol) was removed and
chloroform and isoamyl alcohol (1:24) was added and
centrifuged at 10,000=q for 2 min and 20 pl RNase was
added. The amount of 7.5 pl NaCl for precipitation of
DNA and 600 pl isopropanol was added and kept in
Room Temperature (RT) for 10 min. Centrifuged at
10,000=qg for 10 min at 4°C, supernatant removed and
the precipitation which contains DNA washed two times
with 70% of ethanol and dissolved in distilled H,O.

Molecular detection of 23S rRNA and sea_b_c genes:
In the present study, the amplification parameters and
primer sequences described by da Silva ef al and
Cremonesi ef al. [Da Silva et al., 2004; Cremonesia ef
al., 2005y were used (Table 1). The amplification of
genes was carried out with the following thermal cycling
profile: an initial denaturation at 94°C for 5 min was
followed by 30 cycles of amplification (denaturation at
94°C -2 min, annealing at 57°C -1 min and extension at
F2°C -1 min), ending with a final extension at 72°C for 4
min. The PCR products were separated at 3.5%
agarose gel, stained with ethidium bromide and
photographed under UV illumination.

Sensitivity and detection limits of PCR and pure
culture: Overnigt culture of Staph. aureus (RTCC 2411)
was used to prepare serial dilutions in Baird Parker agar
(Merck), with bacterial concentrations ranging from 1-
107 cfwml. DNA extraction was done to perform PCR and
simultaneously, microbial culture of milk samples on
Trypticase Soy Broth (TSB, Merck) was done to compare
the sensitivity of molecular and culture methods.

Bacterial culture: Milk samples were centrifuged at
3,000=g for 10 min. A loopful of bacterial pellet and
cream cultured on blood agar. Plates were incubated at
37°C and bacterial growth was observed at 24-h
intervals for 3 d. Bacteria on primary culture medium
were identified tentatively according to colony
morphologic features and hemolytic characteristics.
Isolates identified presumptively as staphylococci were
determined using the conventional tube test with rabbit
plasma (clave Diagnostic Coagulase Siena:.62021/
08/01). Briefly, one positive colony was transferred to
300 pl of BHI broth, from which a loopful of inoculated

medium was plated in trypticase soy agar and both
liquid and solid medium were incubated at 37°C for 24
-43 h. Five hundred microliter of rabbit plasma was
added to BHI broth and assayed for coaqulase test after
incubation at 37°C for 6 h. Only complete clotted tubes
were considered as positive. The suspect tubes were
incubated for another 18-438 h for accurate detection.

Bacterial colony count: The amount of 0.1 ml of diluted
raw milk samples of 107"-107 diluted in Ringer solution
were cultured in Baird Parker Infusion agar. Total
bacterial colony counts were done after incubation at
35°C for 24 h.

Calculation of kappa coefficient: The calculation was
assessed by using kappa statistic formula as follow:
Kappa= OP-EPA1-EP, where OP is the observed
proportion of agreement and EP is the expected
proportion of agreement by chance. The kappa
coefficient up to 1 is for complete agreement (Altman,
1991).

RESULTS

Uniplex PCR with each individual primer pair resulted in
the amplification of single products when DNA from
reference strain was used as a template. The sizes of
the products obtained from control strains in both PCR
designs corresponded to the predicted sizes (Fig. 1).
After doing PCR reaction on standard staphylococcus
strain with the four-pair primers, the specificity of these
primers for this strain was proved.

Fig. 1: Detection of Staphylococcus aureus genes by;
uniplex PCR: Lanes 1-4: 235 rRNA gene (499
bp): SEC gene (451 bp); SEB gene (1640; SEA
gene (102) and multiplex PCR Lane 5. M: 100

bp DNA ladder (Cinnagen)

In this study by serial dilution of bacterial cell culture, the
sensitivity of PCR was tested on DNA extracted from
standard isolate. The optimum sensitivity of the test was
detected with 10 bacterial cells (Fig. 2). Meanwhile, the
sensitivity of microbial culture on Baird Parker broth
showed that, the dilution up to 100 hacteria is detectable
after 43 h.
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Table 1: Primer sequences, predicted sizes of PCR product for the amplification of Staph. aureus target genes

Amplification
Reference Target gene size (bp) Oligonuclectide sequence (30-50) Primer Name
Cremonesi ef al. (2005) 23S rRNA 499 TTT-GG-TCC-TTG-TCC-GGA-TGT-AGC 2351200-F
AGA-AT- CTT- CAC- GCT-CTC-TC 2351698-R
da Silva et al. (2005) sea 102 GGT-TAT-CAA-TGT-GCG-GGT-GG Al
CGG-CAC-TTT-TTT-CTC-TTC-GG A2
da Silva et al. (2005) seb 164 GTA-TGG-TGG-TGT-ACC-TGA-GC B1
CCA-AAT-AGT-GAC-GAG-TTA-GG B2
da Silva et al. (2005) sec 451 AGA-TGA-AGT-TGA-TGT-GTA-TGG c1
CAC-ACT-TTT-AGA-ATC-AAC-CG c2
Table 2: Raw milk bacterial colony counts in positive m-PCR Table 3: Kappa number
samples Culture/Multi
Caolany Count (cfu/ml) Milk sample Plex PCR Puositive Negative Total
6x10' 1 Positive 4=a 1=b 5
%102 2 Negative O=c 55=d 55
1%10° 3 Total 4 60 60
1.6x10° 4

In the multiplex, the amplification of one band in 23S
rRNA and three bands in sea, seb and sec were
successfully obtained in standard Siaph. aureus strain
(Fig. 1, lane 5). Among the 60 sixty raw milk samples
ahalyzed by m-PCR, five were positive for some of the
SEs genes investigated (Fig. 3). The last one was
detected negative in cell culture but was recognized very
weakly in PCR. Total bacterial counting was done at 5
positive samples obtained in m-PCR. As shown in Table
3, high bacterial colony counts was obtained in sample
4 with 2x10? cfu/ml and the low counting shown in
sample 5 with 5x 10" cfu/ml.

Kappa statistic was calculated to compare the observed
and expected proportions on the following table of
frequencies:

DISCUSSION

Numerous methods for isclating bacterial DNA directly
from milk have been reported in the literature and involve
a wide variety of substances including Chelex-100 (Kim
et al,, 2001), spin columns (Phuektes et af, 2001,
Phuektes et al., 2003; Riffon et al., 2001), lysozyme and
proteinase K (Meiri-Bendek et a/,, 2002), diatomaceous
earth [Martinez et a/., 2001), alkaline extraction [Daly ef
al., 2002) and pronase [Allmann et al., 1995; Hein et al.,
2001). In this study for the first time liquid nitrogen
method was employed for isolating bacterial genome
directly from milk. The method is cost effective and more
convenient without using any Iytic enzymes. An
enrichment step was added to overcome PCR inhibition
and to increase the sensitivity of the assay. With this
added step, sufficient bacteria were present to allow
detection of as few as 1 cfu/ml [Gillespie and Oliver,
2005). The coagulase test represents the standard
method for the identification of S. awreus in dairy
products. However, an overnight incubation is necessary
to obtain reliable results and this represents a strong

Kappa = OP-EP/1-EP

OP (Observation Proportion) = a+d/Number of samples

4+ 55/60 = 0.983— QP = 0,983

EP (Expecied Proportion) = (a+b/n)x{a+e/n)+{c-+d/n)x(b+d/n)

EP = (5/60x4/80)+({55/60x56/60) = 0.855 —-EP = 0.855
Kappa = 0.983-0.855/1-0.855 = 0.128/0.145— Kappa = 0.83

drawback for wide diagnostic applications (Stephan et
al., 2001). Moreover, in staphylococcal food poisoning,
the best identification of the Sfaph. aureus SE genes
from food material is a crucial step to rapidly determine
the SEs profile in investigated suspected food samples
(Stephan et af., 2001). Grinding in the presence of liquid
Ny (LN) [Kabir et af., 2003), was followed to extract DNA
from samples in this study.

Some Stahp. aureus strains produce one or more
enterotoxigenic toxins including SEA, B and C. These
SEs represent the main cause of staphylococcal food
poisoning and are potential virulence factors that
contribute toward mastitis pathogenesis [Stephan ef al,
2001). Furthermore, the SEs could be able to indicate
the origin of the S. aureus strains because it was
observed that a higher ratio of isolates from animals,
produced SEC and those from humans produced mainly
SEA (Bergdoll, 1990). In this study two isolates include
sec or sea and one isolate with both genes were
observed (Fig. 3).

Although there were variations with band intensity, their
presence and sizes were the same. But, the band
corresponding to the 235 rRNA resulted often more
intensive than the others as described in other
experiment (Cremonesia et al., 2005).

In our work, we initially designed primer pairs for 235
rRNA gene and for all the known enterotoxin genes of
sea, seb and sec. Several studies described that none
of the investigated strains isolated from bovine and goat
milk and dairy products harbored the gene of SEB
[Ferens et al., 1998; Omoe et al,, 2002; Sharma ef af,
2000; Najera-Sanchez ef a/, 2003; Akineden et af,
2001), but as it is shown in Fig. 1, the band of seb gene
although weak, but was seen in the isolates. SEA, SEB
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Fin. 2 PCR sensitivity test by using 235 rENS gene
(499 bpy: lanes 1-6; 105 10°% 10% 10°, 107 and
10" standard Stahoviococcuds gurens celis, M,
100 bp DRA molecular marker

Fig. 3 Multiplex PCR amplification for the detection of
Staph.  aurens genes. Lanes 1-5, positive
samples in non-pastedrized milk obtained in
Tehran province districts. All samples  are
positive for 235 rRMA; the exact sEe of each
hand is given in Tahle 1; lane 6 Staphyiococcus
feicls as negative cortrol; M, 100 hp DA
molecular marker

and SED are the most common enterotoxing recovered
from food-poisoning outhreaks in man, the significance
of these novel toxins for public health is unclear
(Fschock ef af, 2009).

[ addition ty using bacterial culture sample 5 was false
negative for Staph. gurews and even in coagulase test,
but observed postive inmPCHE.

In aur work, we analvzed 60 nonrpasteurize raw milk
samples from Tehran province districts, comparing our
results  with those ohtained with  microhiological
methods, reveals that the mPCR assay specificty and
senstiity makes the method effective in potentially
revealing hazardous Staph. aurels infectious in the dairy
products chain and the perfect agreement result was
obtained in Kappa correlation coefficient (0.33).
Therefore, an interesting development of mMrPCR assay
in this study would he s application directly on milk and
food samples, saving two days of analysis. The
molecular method dev eloped for the first time in lran can
bie applied for rapid detection of StapfeDcoccls gUrels
hacteria in dairy milk samples.
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