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Direct Detection of Bacillus ceruse Enterotoxin Gene
by Multiplex PCR Kit in Dairy Products
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Abstract
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Due to the heat resistance of Bacillus cereus, its potential pathogenic character, the capability to grow in milk and reported diseases
upon consumption of dairy products, the organism should be considered as hazardous in pasteurized milk. In this study 4blA, hbIC and
nheB genes was investigated. Enterotoxin producing ability of 25 raw milk and 5 pasteurization milk samples was judged by Multiplex
PCR reactions. Results showed that 4b/A4, hbIC and nheB genes were found to be in 66.36, 23.33 and 66.56 percent of milk samples,
respectively. Also, 16.66 % and 13.33 % of samples were contained 1b/4+hbIC and all three genes, respectively. Our findings indicated

that #bl4, hbIC and nheB genes specific Multiplex PCR can be employed for differentiation of enterotoxigenic B. cereus isolates.
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INTRODUCTION

Bacillus cereus is awidespread foodborne disease-causing
agent which is commonly correlated with two kinds of
illness: emesis and diarrhea "’. Milk and rice are possibly the two
most frequently contaminated foodstuffs "*. B. cereus comprises
90% of the paddy soil bacteria and exposure of udders to soil and
grass induces contamination of milk and milk products " In the
U.S, B. cereus is culpable for 1-2% of the total epidemics resulting
from bacteria. The temperature range for the growth of B. cereus
has been reported to be from 4 to 50’ C with the optimum standing

in the range 0f 30-40°C ",

Although there are accounts of isolation and characterization
of this pathogen from various food stuffs all around the world,
there are no reports on the levels, toxin producing ability, or
growth characteristics from Iranian dairy products. The
Researcher reported that B. cereus exists in both raw and
pasteurized milk with a prevalence of 2-37% . B. cereus spores
are a further complication in dried products . B. cereus amounts
are capable of attaining dangerous levels during the soaking of
dried legumes prior to cooking " Some isolates of B. cereus can
grow at refrigerated temperatures and their spore manage to
endure high temperatures "™

The two types of gastrointestinal diseases caused by B. cereus
are derived from two considerably distinct kinds of toxins .
Three different heat labile diarrheal enterotoxins are produced by
B. cereus during its vegetative growth in the small intestine . nke
and hbl genes are structurally pertaining to illness and
incorporating three proteins """ The multi-component
enterotoxins need all three protein constituents for their maximum
activities"* "', Even though it has been reported that cytotoxicity
is chiefly because of nhe, it is not evident whether the other two
toxins contribute to diarrhea "” Customarily, cultural methods
applying selective media are adopted for detection and
identification of B. cereus cells from environmental samples
including fermented foods "', Nevertheless, selective media such
as polymyxin-egg yolk-mannitol-bromothymol agar (PEMBA)

or mannitol-egg yolk-polymyxin (MYP) regularly lead to
misidentifications among closely related species ""”. Commercial
assay kits are available for semi-quantitive detection of nke and
hbl enterotoxins. Currently, PCR methods are usually employed
for identification purposes "* ", Parts of toxin gene sequences
have been utilized as primers for the detection of B. cereus.
Despite the development of diverse procedures, any discrete
method is not even close to sufficient for the accurate
identification of B. cereus strains from foods.

Consequently, B. cereus contamination is a crucial issue for
dairy products. In this article, we report a Multiplex-PCR protocol
that can be used for the rapid detection of B. cereus from dairy
products and probably other fermented foods.

MARTIALAND METHODS
Samples and reference bacterial strains

25 samples of raw milk and 5 of pasteurized milk were
procured from Mashhad, Iran. The milk was purchased from
points of sale and was bought without sharing any knowledge that
it was for research purposes, so as not to affect the result of the
experiment. The samples were transported to the laboratory at
4°C. The Bacillus cereus was kindly provided by the faculty of
veterinary (Ferdowsi University of Mashhad, Iran) on Luria-
Bertani agar medium and was used as the positive control.

DNA Extraction

DNA was extracted from raw and pasteurized milk with some
modifications in the kit (#0721, Thermo). To put it briefly, 10 ml
of milk was centrifuged at 10000 rpm for 30 min. The supernatant
was discarded and the pellets were washed twice in PBS, pH 7.2
and used for DNA extraction. DNA concentration was assessed
by Nanodrop ND2000 (Thermo, USA).

Polymerase chain reaction Assay

For screening of enterotoxigenic genes viz. hbla, hblc and nhe
in all 30 samples of milk, primers specific for those genes were
employed in PCR assays. Three sets of primers were used in the
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PCR reactions (Table I). 1ul of template was amplified in 24 pl of
reaction mixture consisting of PCR buffer 10X 2.5ul, dNTP
mixture (20mM) 2 pl, MgCI12 (50 mM) 1.3 pl, primer (20 uM of
each) 2ul and 2 U of Tag DNA polymerase. Oligonucleotide
primers were procured from Integrated Bionner (South Korea).
PCRs were performed using a T-Personal thermocycler
(Germany). PCR reaction using nheB primers consisted of 35
cycles of 94°C for 30 sec (denaturation), 61°C for 20 sec
(annealing) and 72°C for 20 sec (extension). PCR reaction
conditions for the primers #b/4 were 35 cycles of 94°C for 30 sec,
59°C for 20 sec and 72°C for 30sec. PCR reaction conditions for
the primers hb/C were 35 cycles of 94°C for 30 sec, 60°C for 30
sec and 72°C for 25 sec. Multiplex PCR reaction conditions for
the primers hbl4 were 35 cycles of 94°C for 30 sec, 59°C for 20
sec and 72°C for 30 sec. For the optimization of Multiplex PCR,
2ul of template was amplified in 23 pl of reaction mixture
consisting of PCR buffer 10X 2.5ul, ANTP mixture (20mM) 2 pl,
MgCl12 (50 mM) 1.3 pul, primer (20 uM of each) 3pl and 2 U of Taq
DNA polymerase. Multiplex PCR reaction conditions for the
three primers were 35 cycles of 94°C for 40 sec, 62°C for 45 sec
and 72°C for 50 sec. In all PCR reactions, an initial denaturation
was performed at 95" C for 3 min and after completion of 35
cycles, final extension was carried out at 72°C for 10 min. The
PCR product were analyzed in 2 percent agarose gel containing

Table 1: Primer used in this study

Gel Red (0.3pg/ml). The one positive PCR products for each gene
were sent for sequencing.

RESULTS
Identification of Enterotoxin Genes

A total of 30 Milk samples, raw milk and pasteurized milk
samples obtained from local markets and farms of Mashhad were
screened for the presence of B. cereus. Agarose gel
electrophoresis of DNA extraction of milk is shown un Figure 1.
24 samples (80%) were discovered to be positive for one of the
three genes of enterotoxin (hblA, hbIC, nheB).

hblA gene specific PCR using the primer pair HblA1/HblA2,
yielded an amplified product of 306bp only in 11 samples (36.66
%) (Figure 2). hbIC gene specific PCR applying the primer pair
HbIC1/HbIC2, produced an amplified product of 492bp only in 7
samples (23.3 %) (Figure 3). The primer pair nheB1 /nheB2,
which is specific for nheB gene, showed 183 bp amplified
products in 17 samples (56.66%) (Figure 4). Also, 33.13% of the
milk samples had all three genes. 40% of pasteurized milk
samples were contaminated with Bacillus cereus. In addition to
that, 80% of raw milk samples were contaminated with Bacillus
cereus.

Gene Primers Primer Product

lenght size

nheft §'ATTCATTAGGACCAGAAGGCTTG 3 23 183
5 CATTTCCTCTAGCTGTATCTTGGTG 3 25

hbiC 5 CAATACTCTCGCAACACCAATCG 3 23 492
3 CCATCTGTACCTAATATGCCTTGC 3 24

hbiA 5" ATTACAGATTTGCGAGGTGA 3 20 306
5" ATCCCTTGCTACTCCCACTA 3 20

S1 S2 1Kb S3 S4 S5 S6

Fig 1: Agarose gel electrophoresis of DNA extraction of milk.
Gel Red stained-agarose gel showed good quality of genomic
DNA.

S8 S§S9 510 S11 S12

Fig 2: hblA gene specific PCR. Lane S1, S3, S5, S7, S8, S9,
S11 and S12: Raw milk contaminated by B. cereus, S2:
Negative control, S4: M100+ DNA ladder

195



Asian J. Biol. Life Sci. | Sep-Dec 2015 | Vol-4 | Issue-3

Fig 3: hbIC gene specific PCR. Lane S1: M100+ DNA ladder,
S2-S5: Raw milk contaminated by B. cereus.
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Fig 5: Multiplex PCR electrophoresis for 1bl4, hbIC and nheB
genes. Lane: S1: B. cereus contain hblA, hblC and nheB genes,
S2: Negative control, S3: M100+ DNA ladder.

Most of the positive results were achieved with 11 of extracted
DNA in the PCR mixture. At greater and lower amount of DNA
template, the number of positive results was lower. There were no
differences between the intensity of ethidium bromide- stain
bands obtained from the 5 concentrations of the template (from
0.25to 5 ul) in a PCR mixture of the final volume of 50 pl.

Optimization of Multiplex PCR Kit

The direct multiplex PCR assay technique was applied to
examine the level of contamination with B. cereus of 30 dairy
products. The multiplex PCR results yielded distinctly amplified
PCR products, with bands highly conspicuous in gel
electrophoresis (Figure 5).

Fig 4: nheB gene specific PCR. Lane S1: M100+ DNA ladder,
S2-S5: Raw milk contaminated by B. cereus.

DISCUSSION

The detection limit of B. cereus directly from the food
samples produced different results, since the matrix of the food
influenced the detection effectiveness of the microbial cells using
the PCR technique. As well-known, sometimes extracting
microbial DNA directly from food, Taq polymerase inhibitory
substances present in the sample could decrease the efficiency of
the amplification reaction. The high specificity demonstrated by
the three couple of primers used in this study towards B. cereus
(no amplification products were obtained for other
microorganisms) allowed us to exploit them for the selective
detection of B. cereus strains directly in foods. On the basis of
different compositions of the food matrices, it was essential to
develop several pre-extraction methods for the different foods
inspected so as to achieve DNA amplification using the PCR
technique. For the DNA extraction from milk it was more
effective to clean the pellet applying EDTA solution, and an
amplicon was gained down to the level of 20 cells/g of B. cereus
(Figure 1).

In this research and others [20] there have been cases of B.
cereus isolates producing nhe in the absence of nheB. These
results emphasize the polymorphism associated with nheB. 6/16
percent of milk samples contained both genes of #bl4 and hbIC.
Das et al (2007) reported that 37 percent of the fish examined
contained Bacillus cereus and 29 percent of them had the
enterotoxin hblA4 [21]. Multiplex PCR results demonstrated the
feasibility of employing direct multiplex PCR in detecting foods
contaminated with entrotoxigenic B. cereus.

CONCLUSION

The Multiplex PCR procedure adopted in order to identify B.
cereus in milk from cows was examined in contrast to bacterial
culture as the standard method. In this study we managed to detect
all B. cereus strains isolated from infected dairy products and the
positive strain by amplification of the 2b/A, hbIC and nheB genes.
With the primers used we were not able to amplify and detect
DNA from milk samples infected with bacteria apart from B.
cereus. The significant specificity of the approach was
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characterized by several authors. We succeeded in establishing a
multiplex PCR for direct detection of three B. cereus enterotoxin
genes in processed foods by combining both raw milk and
pasteurized milk. Nonetheless, a particular threshold bacterial
load is necessary for acquiring a positive gene detection. The
failure to identify all the PCR products with direct multiplex PCR,
at low bacterial counts, could be ascribed to inhibition effects of
the Tag polymerase by food components. It was perceived that
some of the genes would be detected at higher bacterial loads but
become undetectable at lower bacterial loads, whereas other
genes were detectable at both higher and lower bacterial loads.
Genes which were detected at lower bacterial loads were believed
to exist in higher copy numbers than those genes that were not
detectable at lower bacterial loads; therefore less amplification of
some of the genes renders them undetectable in gel
electrophoresis.
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