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Abstract

Staphylococcus aureus, which includes the methicillin-resistant S. aureus
(MRSA), is a significant human pathogen producing different toxins and results in
many different infection types, which include bacteremia, soft-tissue infections, as
well as staphylococcal food poisoning. S. aureus is an important food-borne
pathogen of humans due to ingestion of food containing enterotoxigenic strains.
Detecting S. aureus femA and mecA genes was evaluated with the use of a Loop-
mediated Isothermal Amplification Method (LAMP). The accuracy of this approach
was similar to that attained using the approach of the conventional polymerase chain
(PCR). Those two methods characterized 43 isolates of MRSA which were
separated from different samples of foods and were not detected in the two other
non-Staphylococcus strains (standard strains). The optimal temperature for the
LAMP assay was 65°C, with a detection limit of 2.5ng/pL and 10%cfu/ml, when
compared to 12.5 ng/uL and 10“cfu/ml for PCR. The LAMP assay permits a one-
step characterization of a specific gene, with no special equipment, and needs less
time compared to the traditional PCR. It is assumed that the LAMP assay is a
promising alternative method for the rapid identification of S. aureus and could be
used in resource-limited laboratories and fields.

Keywords:-Staphylococcus aureus, Loop-mediated Isothermal Amplification
(LAMP), femA and mecA genes.
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INTRODUCTION

Staphylococcus aureus is usually found to be tightly associated with humans; however, it can be
detected as well in numerous parts of our environment, which include water, dust, feces, air, and
clothing [1]. Numerous healthy people carry the S. aureus as a part of the normal microflora which is
inhabiting the throat, nose, and skin, with nasal passage reported to harbor S. aureus in 10% to 50% of
healthy populations [2].

S. aureus may be detected in several different types of food, which include mixed foods (such as
salads and pasta), eggs and egg products, meats and meat products, baked goods, vegetables, and
cheeses [3]. As a result of its virulence and multidrug resistance, S. aureus became one of the main
concerns for food safety and public health in numerous countries [4- 8]. S. aureus that includes MRSA
is one of the significant bacterial pathogens related to the health-care and community. They are
producing various factors of virulence, which include toxic shock syndrome toxin (TSST) and
staphylococcal enterotoxins (SEs), which are responsible for the staphylococcal food poisoning [9,
10]. A variety of rapid detection approaches were advanced to detect genes from S. aureus (MRSA).
PCR technique has been proven as a beneficial tool for the reliable and fast detection of this type of
genes [11, 12]. On the other hand, this assay needs electrophoresis for the detection of the products of
the amplified DNA, making it more time-consuming protocol. Even though the real-time PCR assay
was implemented for the rapid detection of the S. aureus, the approach also needs costly equipment
[13].

LAMP, that is a procedure based upon the auto-cycling strand displacement DNA synthesis with the
use of Bst DNA polymerase enzyme, has been developed in the year 2000 [14]. Such Bst DNA
polymerase was obtained from the Bacillus stearo-thermophilus, possessing 5—3’ exonuclease
activities and requiring high magnesium concentration for the optimal activities [14]. This enzyme
may undergo inactivation via the incubation for 15min at 80°C. In LAMP approach, 4 (F3, B3, BIP,
and FIP) to 6 (F3, B3, BIP, FIP, Loop-R, and Loop-F,) primers have been utilized for the
amplifications, and the reactions have been performed at isothermal conditions [15, 16]. The Loop
primers, binding to the loop structures, have been utilized for the purpose of shortening the LAMP
assay’s reaction time [17]. LAMP assay was advanced to rapidly identify a broad range of bacteria,
which include S. aureus, Campylobacter jejuni, Vibrio parahaemolyticus, Leptospira species,
Campylobacter coli, Escherichia coli, and Salmonella Typhi [18- 23]. Thus, this study aimed to verify
the accuracy of LAMP assay in comparison with PCR technique for the molecular diagnosis of MRSA
isolates.

MATERIALS and METHODS

Bacterial isolates and references strains

A total of 43 methicillin-resistant S. aureus isolates collected from 412 different food samples
(meat, meat products, chicken products, dairy products, salads, and cakes) were included in the present
study. Antibiotic susceptibility and phenotypic identification of the isolates were performed. The
analysis findings were confirmed according to an earlier investigation [24]. All bacterial isolates were
cultured on Brain Heart Infusion broth (BHI) (Oxoid/England) medium at 37°C for 18-24 hours.
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Reference strains of S. aureus (Mu50 ATCC 700699) were utilized as positive control and Bacillus
subtilis (PY 79) and Escherichia coli (DHa5) as negative control.
DNA preparation for LAMP and PCR reaction
A single colony of a bacterium was cultured in 5ml of BHI broth for 18h-24h and, after that, 1ml of
the aliguot was centrifuged at 13,000 rpm for 10 min at 4°C. The bacterial cell pellet was suspended in
100ul of the Tris-EDTA (TE) and heated for 15min at 95°C. After centrifugation at 13,000 rpm for 10
min, the supernatant was utilized as a DNA template source for the PCR and LAMP assays [25].
Primer design for LAMP and PCR reaction

The primers for femA and mecA genes, respectively, were targeted in the LAMP assay according to
[26], while the oligonucleotide primers for femA and mecA genes were designed based on the sequence
for PCR reaction according to [27], as described in Table-1.

Tablel-Base sequences of primers for the detection of femA and mecA by PCR and LAMP.

Gene primer Oligonucleotide sequence (5'---3") References
F3 ATGCTGGTGGTACATCAA
B3 TGGTTTAATAAAGTCACCAACAT
BIP GGTCAATGCCATGATTTAATGCATAGCATTC
(LAMP) CGTCATTTTGCC
femA FIP CAGAAGATGCTGAAGATGCTGGTCAATAATT
TCAGCATTGTAACC
LF AATCATTTCCCATTGCACT
LB TGTAGTTAAATTCAA Xuetal., 2012
F3 AAGATGGCAAAGATATTCAACT
B3 AGGTTCTTTTTTATCTTCGGTTA
BIP GTGGATAGCAGTACCTGAGCCTTGATGCTAA
(LAMP)me AGTTCAAAAGAGT
CA FIp CCTCAAACAGGTGAATTATTAGCACCTTCGT
TACTCATGCCATAC
LF TAATCATTTTTCATGTTG
LB TGTAAGCACACCTTCATATGACGT
(PCR) F AAAAAAGCACATAACAAGCG
femA R GATAAAGAAGAAACCAGCAG Manisha et al.,
(PCR) F ACTGCTATCCACCCTCAAAC 2000
mecA R CTGGTGAAGTTGTAATCTGG
LAMP assay

LAMP assay for detecting S. aureus (MRSA) was carried out with the use of a group of three pairs
of primers [26], as shown in Tablel. LAMP reaction was performed in 25ul reaction mix, which is
shown in Table-2. The negative control did not include any added DNA and DNA from each
references strains Bacillus subtilis (PY79) and Escherichia coli (DHa5). The positive control sample
contained DNA of the S. aureus (Mu50 ATCC 700699). The reaction mix was incubated for 30min at
65°C in thermo mixer comfort (Germany/ Eppendorf) and the reaction was stopped at 80°C for 2min
[14]. Negative and positive results were distinguished through the observation of the white turbidity of
the reaction mix. In the case of positive results, the products of amplification of the LAMP assay were
stained by SYBR® Green dye 0.1% (U.S.A/ Promega), and then determined by both visual
observation of the change of the color and an ultraviolet (UV) fluorescence (Eppendorf / Germany).
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Table 2-L AMP reaction mixture for detection of femA and mecA genes

LAMP reaction mixture DNA target detection No template control (NTC)
Warm Start L'Gil\)ilP 2X Master 12,5l 12.5 pl
Fluorescent dye(50x) 0.5 ul 0.5ul
LAMP Primer Mix (10x) 2.50ul 2.50pl
Target DNA 1ul -
dH,0 8.5ul 9.5 ul
Total Volume 25ul 25ul

Detection of mecA and femA genes using duplex PCR method

The femA and mecA genes were amplified for identifying isolates of S. aureus (femA gene) and
MRSA (mecA gene). The oligonucleotide primers which are utilized for the amplification of the PCR
for femA and mecA genes (Table-1) were designed based on sequences [27]. femA gene showed a yield
of a 132 bp fragment, while mecA gene yielded a 163 bp fragment.
femA gene amplification was carried out in 35 cycles at 94°C initial denaturation for 5min, second
denaturation for 1min at 94°C, primer annealing for 45sec at 60°C, and DNA extension for 1.5min at
72°C. Whereas mecA gene was amplified in 35 cycles, with DNA denaturation for 1min at 94°C,
primer annealing for 45sec at 54°C, and DNA extension for 2 min at 72°C. The PCR products were
tested with agarose (1.5% wi/v) gel electrophoresis for 1.5hr at 70V in the presence of 100 bp DNA
ladder. DNA bands were visualized using UV transilluminator documentation system and
photography. PCR amplification was performed in 25ul, while the components used are shown in
Table-3.
Table 3-PCR reaction mixture for femA and mecA genes

PCR reaction mixture Final Concentration Volume for one reaction (ul)
Sterile dd H20 4.5
Green Master Mix (2X
(U.S.A/ Promegg) : X 125
MqgCl, 1mM 1
Forward Primer 0.20pm 1
Reverse Primer 0.20pm 1
DNA 0.20 ug 5
Final Volume reaction 25

Determination of the accuracy of PCR and LAMP assays using bacterial cultures

S. aureus (Mu50 ATCC 700699) was cultured in BHI broth for 18h at 37°C and a set of 10-fold
dilutions was performed in a solution of normal saline. The cell suspensions were centrifuged for 10
min at 13000 rpm. The cell pellets were re-suspended in 100l of Tris- EDTA and subjected to DNA
extraction for PCR and LAMP assays, as described earlier[25]. For the purpose of confirming the size
of the inoculum, 0.1ml aliquot of every dilution of cell culture was plated onto Baird-parker agar
(BPA) in duplicates. Following the incubation for 24h at 37°C, the number of the black shiny colonies
with the clear areas surrounding the colonies was counted.
RESULTS

A total of 43 isolates of S. aureus (MRSA) and three reference strains were included in evaluating
the specificity of PCR and LAMP assays for the detection of the femA and mecA genes of S. aureus. In
the LAMP assay, negative and positive results were identified through the observation of white
turbidity of reaction mix due to the precipitation of magnesium pyrophosphate, which is produced by
auto-cycling reaction of the strand displacement, as illustrated in Figure-1.
Also, through the observation of the changes in the color by the naked eyes and the fluorescence under
the ultra-violet light of the LAMP products which are stained by the SYBR Green dye, the orange
color indicates a negative result, whereas the green color indicates a positive result. Very bright colors
are determined as positive and the ones that lack the notable fluorescence are deemed to be negative,
as showed in Figure-2.
Both LAMP and PCR methods correctly identified femA and mecA genes for 43 isolates of S. aureus
and S. aureus strain (Mu50 ATCC 700699) and did not detect the other two reference strains Bacillus
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subtilis (PY79) and Escherichia coli (DHa5).

Figure 1-Amplification of LAMP products determined by visually detecting turbidity.
1- S. aureus (Mu50 ATCC 700699) positive.

2- Bacillus subtilis (PY79) negative.

3- Escherichia coli (DHa5) negative.

A

Figure 2-A- Amplification of the LAMP products dyed with SYBR Green and visually found through
the examination of the color changes with the naked eyes:

- Orange points to the negative result.

- Green points to the positive result.
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B- Amplification of the LAMP products dyed with SYBR Green and visually found by fluorescence
under the ultra-violet light:

Very bright ones indicate positive.

- The ones that lack the appreciable fluorescence indicate the negative.

PCR results in agarose gel electrophoresis of S. aureus (MRSA) used in this study are shown in Figure
-3. The molecular detection for femA gene showed a band with a molecular fragment size of 132bp,
while the size was 163bp for mecA gene.

Detection limit results of the PCR and LAMP reactions with the use of the bacterial culture showed
that the sensitivity of LAMP assay was 10%cfu/ml, whereas that of the PCR was 10%fu/ml, as
illustrated in Figures-(4a) and (4b).

Figure 3-Agarose gel electrophoresis of PCR product of S. aureus (MRSA) used in this study (1.5
hour, 70V). Lane M=Marker, Lane C=control negative, Lanes (1-6)=femA and mecA positive S.
aureus (MRSA).

Figure 4a-Agarose gel electrophoresis of PCR from a variety of S. aureus (Mu50 ATCC 700699)
concentration values. Lane M=DNA ladder, lane C=negative control, 1=10%fu/ml, 2=10%fu/ml,
3=10"cfu/ml, 4=10%fu/ml, 5=10°cfu/ml, 6=10"cfu/ml, 7=10%cfu/ml, 8=10°cfu/ml, 9=10 cfu/ml, 10=1
cfu/ml.
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Figure 4b- LAMP products from a variety of S. aureus (Mu50 ATCC 700699) concentration values.
C=negative control, 1=10°cfu/ml, 2=10°cfu/ml, 3=10"cfu/ml, 4=10%fu/ml, 5=10°cfu/ml, 6=10"cfu/ml,
7=10°cfu/ml, 8=10°cfu/ml, 9=10 cfu/ml, 10=1 cfu/ml.

Discussion

S. aureus is presently a common food-borne pathogen worldwide and triggered high concern and
interest due to their low detection level and association with antibiotic resistance. Therefore, precise
and fast methods of detection are necessary to evaluate food and food products for the reduction of the
risks of related food poisoning which results from contamination and infection by the food-borne
pathogens.

MRSA is a very important bacterium that causes many different types of human infection [28]. Fast
detection and confirmation of MSRA is significant for adequately and appropriately treating those
infections, as well as infection and surveillance control. There is a small number of researches that use
the LAMP assays to detect Staphylococcal isolate types, including mecA and femA genes from the
isolates of the food [26].

In the present study, the accuracy of PCR and LAMP assays was determined using non-
Staphylococcus reference stains: Bacillus subtilis (PY79) and Escherichia coli (DHa5). There were no
false positive amplification observed, which indicates the accuracy of both methods, but accuracy of
the LAMP approach was 10-fold higher than PCR technique for detecting the mecA and femA genes in
S. aureus. The lower accuracy of PCR compared to that of LAMP can be a result of the existence of
the inhibitors of PCR when the template DNA is not purified [29- 31].

Compared with the time-consuming phenotypic approaches and the PCR which requires the
thermal cycler as well as technical skills, the LAMP utilizes simple water bath and permits visually
detecting the amplified products through fluorescence or turbidity. LAMP assay can be defined as a
simpler and faster approach compared to the PCR. The entire time of amplification for the LAMP
equals 60min, in comparison with that of the PCR that equals approximately 3h-4h. The method is
based upon the auto-cycling synthesis of the strand displacement DNA with the use of Bst DNA
polymerase enzyme. It utilizes 6 primers that recognize 6 to 8 distinctive target gene regions, which
facilitates detecting very minute target DNA quantities. Also, amplification takes place under the
isothermal states [14, 32] and the loss of time because of the thermal variations is prevented [33].
Moreover, reaction is not inhibited with inhibitors present in the sample [34]. The product of the
amplified gene may be observed by naked eyes, either through the turbidity as white precipitate or via
a change in the color, utilizing fluorescent intercalating dyes (i.e. SYBR Green) [14]. LAMP assay
results were compared to the conventional and phenotypic PCR, with the benefit of the LAMP assay
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of being fast, with a 90min turnaround time after isolating the organism from the specimen of the
food. The method is cost effective as well. This is the reason why the LAMP was proved as one of the
powerful tools that are beneficial in the detection, performing reliable virulence enterotoxin gene
identifications of the pathogens from a variety of food sources, particularly for the resource-limited
labs in the developing nations. For the routine uses in food analyses, approaches of the detection must
be specific, simple, reliable, and robust. The options of the LAMP may be extended for the detection
of the pathogens which exist in food samples, which reduces illness causing effects of food
contamination as a result of time taken to identify them.
CONCOLUSIONS

This research has proven that the LAMP assay may be utilized as one of the fast molecular
diagnostic assays to detect methicillin resistant S. aureus. It may be adapted easily in any of the micro-
biology laboratories as a rapid molecular assay, as a result of the fact that it is simple and easy to
perform with no advanced instrumentations.
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