EVALUATION OF LOOP-MEDIATED ISOTHERMAL
AMPLIFICATION METHOD FOR DETECTING
ENTEROTOXIN A GENE OF STAPHYLOCOCCUS AUREUS
IN PORK

Theeranan Suwanampai!, Kobchai Pattaragulvanit!, Preprame Pattanamahakul?,
Orasa Sutheinkul®, Kazuhisa Okada* Takeshi Honda® and Jiraporn Thaniyavarn!

Department of Microbiology, Department of General Science, Faculty of Science,
Chulalongkorn University, Bangkok; *Department of Microbiology, Faculty of Public
Health, Mahidol University, Bangkok; ‘Thailand-Japan Research Collaboration Center
on Emerging and Reemerging Infections, Osaka University, Nonthaburi, Thailand;
°Research Institute for Microbial Diseases, Osaka University Department of Bacterial

Infections, Osaka, Japan

Abstract. Staphylococcus aureus is an important food-borne pathogen of humans
due to ingestion of food containing enterotoxigenic strains. We evaluated the
detection of S. aureus enterotoxin A gene (sea) using a loop-mediated isothermal
DNA amplification (LAMP) method. Specificity of LAMP method was comparable
to that of conventional PCR. Both methods correctly identified sea and did not
detect 14 other non-Staphylococcus strains. Limit of detections of LAMP assay
for direct detection of S. aureus was 10* cfu/ml while that of PCR was 10° cfu/ml.
Both methods were employed for the detection of S. aureus spiked pork samples
to assess their sensitivity. LAMP method was able to detect a minimum of 10°
cfu/g while PCR 10* cfu/g of pork sample following incubation in tryptic soy broth
for 6 hours. The LAMP assay allows a one-step identification of gene of interest
without any specialized equipment and requires less time than conventional PCR,
thus suggesting that the LAMP technique might be an appropriate alternative
diagnostic method for detecting enterotoxin A gene of S. aureus in food sample.
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INTRODUCTION

Staphylococcus aureus is often found
closely associated with the human body,
but may also be found in many parts of
our environment, including dust, water,
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air and feces and on clothing (Bergdoll,
1983). Many healthy people carry S. aureus
as part of the normal microflora of micro-
organisms associated with nose, throat
and skin, with the nasal passage reported
to harbor S. aureus in 10-50% of the healthy
population (Genigeorgis, 1989).

S. aureus also causes infection that
compromises food safety. It produces a
wide variety of toxic proteins such as
toxic shock syndrome toxin 1, exfoliative
toxins, and enterotoxins (SEs), which
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can cause staphylococcal food poisoning
(SFP) (Becker et al, 2003). SEP is a typical
intoxication due to ingestion of food con-
taminated with enterotoxigenic strains,
even with small amounts of SEs. SEs are
difficult to destroy by heating, so the usual
heat treatments used to cook food and
destroy bacterial cells cannot inactivate
those toxins (Hilker et al, 1968). About 100-
200 ng of SEs produced by > 10° cfu/g of
S. aureus can cause SFP in healthy adults
(Evenson et al, 1988). Among SEs, entero-
toxin A (SEA) is the most common toxin
implicated in SFP (Balaban and Rasooly,
2000), and has been identified as the caus-
ative agent in numerous outbreaks of food
poisoning (Asao et al, 2003). As meat and
meat products present an ideal substrate
supporting their growth, the presence of
spoilage and pathogenic bacteria in raw
meat is the result of contamination from
skin of animals, equipments, employees
and environment (Mataragas et al, 2008).

Various rapid detection methods have
been developed for detection of enterotox-
ins and their genes from S. aureus. Poly-
merase chain reaction (PCR) was proved
to be a useful tool for rapid and reliable
detection of such genes (Tamaparu et al,
2001; Ercolini et al, 2004). However, this
assay requires electrophoresis to detect
amplified DNA products, which is a time-
consuming protocol. Although real-time
PCR assay has been applied to rapidly de-
tect enterotoxigenic S. aureus this method
requires expensive equipment (Klotz et al,
2003).

Notomi et al (2000) have developed
a loop-mediated isothermal amplifica-
tion (LAMP) method, which is capable
of amplifying DNA under isothermal
conditions (60°C - 65°C) with high speci-
ficity, efficiency and speed. This method
depends on an autocycling strand dis-
placement DNA synthesis performed by
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Bst DNA polymerase large fragment and
requires a set of 4 oligonucleotide primers
recognizing 6 regions. The LAMP reaction
can be monitored in real-time through
measurement of turbidity, which is cor-
related with the production of magnesium
pyrophosphate, by means of an inexpen-
sive photometer (Mori et al, 2001). The
amplification efficiency of LAMP assay
is extremely high because there is no time
loss through thermal changes, as in PCR
due to its isothermal reaction. Moreover,
Nagamine et al (2002) had advanced the
method by including forward loop prim-
ers (LF and LB) that accelerate the LAMP
reaction.

LAMP method has been used to
detect 4 classical enterotoxins genes of
S. aureus strains isolated from food and
clinical samples (Goto et al, 2007). The
LAMP assay has the same sensitivity but
is more time-efficient than the PCR assay
(at 35 cycles). However the study did not
examine sensitivity using food samples.
Thus, in the present study we compared
the sensitivity of the LAMP assay with
that of conventional PCR using spiked
pork samples for possible application in
food industry.

MATERIALS AND METHODS

Bacterial strains and DNA preparation
A total of 17 bacterial strains were
acquired either from Department of Mi-
crobiology, Faculty of Science, Chulalong-
korn University; Department of Microbi-
ology, Faculty of Public Health, Mahidol
University; or The National Institute of
Health, Thailand (Table 1). All bacterial
strains were cultured on tryptic soy broth
(TSB) medium (Difco, Becton Dickinson,
Franklin, NJ) at 37°C for 18-24 hours.
S. aureus ATCC 13565 carrying enterotoxin
A gene (sea) was used as positive control.
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Table 1
Bacterial species and strains used in the study.

Bacterial strain

Source

Staphylococcus aureus ATCC 13565 (sea)
Staphylococcus aureus ATCC 14458
Staphylococcus aureus ATCC 25923
Staphylococcus epidermidis ATCC12228

Streptococcus agalactine DMST 16992
Listeria monocytogenes

Enterococcus faecalis

Escherichia coli ATCC 25922
Enterobacter aerogenes ATCC 13048
Enterotoxigenic E. coli

Vibrio parahaemolyticus

Micrococcus luteus MSCUO350
Yersinia enterocolitica ATCC27729
Klebsiella pneumoniae

Salmonella Typhimurium ATCC 13311
Pseudomonas aeruginosa MSCU0359
Serratia marcescens

The National Institute of Health, Thailand

Department of Microbiology, Faculty of Public Health,
Mahidol University

Department of Microbiology, Faculty of Science,
Chulalongkorn University

A single colony of a bacterial strain
was cultured for 18-24 hours in 5 ml of
TSB, and then 1 ml aliquot was centri-
fuged at 13,200¢ for 10 minutes at 4°C.
Bacterial cell pellet was suspended in 100
ul of Tris-EDTA (TE) and heated at 95°C
for 15 minutes. Following centrifugation
at 13,200¢ for 10 minutes, the supernatant
was used as source of DNA template for
LAMP and PCR assays (Reischl et al, 2008).

LAMP assay

LAMP assay for the detection of sea
was performed using a set of five primers,
FIP, BIP, F3, B3 and LF, as previously de-
scribed (Goto et al, 2007) (Table 2). LAMP
reaction was carried out in 25 pul reaction
mixture containing 1.6 uM each of in-
ner primers (FIP and BIP), 0.2 uM/l each
of outer primers (F3 and B3), 0.8 uM of
loop primer (LB), 1.4 mM of dNTPs, 0.5
M betain (Sigma, St Louis, MO), 20 mM
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Tris-HC1 (pH 8.8), 10 mM KCl, 10 mM
(NH,),5O,, 8 mM MgSO,, 0.2% Tween
20, 8 U Bst polymerase large fragment
(New England Biolabs, Ipswich, MA),
and 1 ul of sample DNA. Negative control
contained no added DNA, and positive
control contained DNA of S. aureus ATCC
13565 containing sea. The reaction mixture
was incubated at 60°C for 60 minutes and
reaction terminated at 80°C for 2 minutes.
Positive and negative results were distin-
guished by observing white turbidity of
the reaction mixture or the LAMP prod-
ucts were subjected to electrophoresis in
2.0% agarose gel, stained with ethidium
bromide and visualized under UV light.
PCR

Primers used for PCR amplification of
sea were as previously described (Johnson

et al, 1991) (Table 2). PCR amplification
was performed in a 50 pl reaction mixture
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Table 2
Base sequences of primers used for staphylococcal toxin A-specific detection by
LAMP and PCR.

Primer sequence (5’-3)

Primer (LAMP)
FIP

GGAAACG-3

BIP

TAG AAG T-3

F3
B3
LB

Primer (PCR)
SEA-1F
SEA-2R

5-GAT CCAACT CCTGAACAGTTACAATACAGTACCTIT
5-CTGATGTTITTTG ATG GGAAGGTTC CCGAAGGTT CTG
5-TCA ATT TAT GGC TAG ACG GT-&

5-CTT GAG CAC CAA ATA AAT CG-3’

5- AGA GGG GAT TAATCG TGT TTC A -3’

5-TTGGAAACGGTTAAAACGAA-3’
5-GAACCTTCCCATCAAAAACA-3

Table 3
Cell concentration of S. aureus (cfu/g) used in spiking pork samples.

Incubation S. aureus cell concentration (cfu/g)
time (h)
106 10° 10* 10° 10? 0
0 6.11 5.48 4.56 3.60 2.15 0
2 6.63 5.89 4.62 3.77 2.38 0
4 7.43 7.04 6.26 4.52 3.55 0
6 9.08 8.04 7.27 6.48 4.00 0

containing 10 mM Tris-HCI (pH 8.3), 50
mM KCl, 1.5 mM MgCl,, 0.5 mM of each
primer, 0.2 mM dNTPs, 2.5 U TaKaRa
Tag DNA polymerase (Takara Bio, Shiga,
Japan) and 1 pl of template DNA. Ther-
mocycling conditions in a thermal cycler
(Applied Biosystem, Carlsbad, CA) were
as follows : 94°C for 2 minutes; 35 cycles
of 94°C for 2 minutes, 55°C for 2 minutes
and 72°C for 1 minute; with a final step of
72°C for 7 minutes. PCR amplicons were
analyzed by 2% agarose gel-electrophore-
sis, staining with ethidium bromide and
observation under UV light.
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Determination of detection limit of LAMP
and PCR assays using bacterial culture
S. aureus ATCC 13565 was cultured in
TSB at 37°C for 18 hours and a series of
10-fold dilution was conducted in normal
saline solution. Cell suspensions were
centrifuged at 13,200¢ for 10 minutes. Cell
pellets were resuspended in 100 ul of Tris-
EDTA and subjected to DNA extraction
for LAMP and PCR assays as described
above. To confirm the inoculum size, 0.1
ml aliquot of each dilution of cell culture
was plated onto Baird-Parker agar (BPA)
in duplicate. After incubation at 37°C
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Figl-Agarose gel-electrophoresis of PCR and LAMP products of S. aureus . Primer used are listed in
Table 2. (a) PCR amplicons of sea. Lane M, 100 bp DNA ladder; lane 1, S. aureus ATCC 13565 ;
lane 2, S. aureus ATCC 14458; lane 3, S aureus ATCC 25923; lane 4, negative control. (b) LAMP
products of sea. Lane M, 1 Kb DNA ladder; lane 1, S. aureus ATCC 13565 ; lane 2, S. aureus
ATCC 14458; lane 3, S. aureus ATCC 25923; lane 4, negative control. (c) PCR amplicons of
sea. Lane M, 100 bp DNA ladder; lane 1, positive control; lane 2, negative control; lane 3, S.
aureus ATCC 13565; lane 4, S. epidermidis ATCC 12228; lane 5, S. agalactine DMST 16992; lane
6, L. monocytogenes; lane 7, E. faecalis; lane 8, E. coli ATCC 25922; lane 9, E. aerogenes ATCC
13048 ; lane 10, enterotoxigenic E.coli; lane 11, V. parahaemolyticus; lane 12, M. luteus MSCU
0350; lane 13, Y. enterocolitica ATCC 27729; lane 14, K. pneumoniae ; lane 15, S. Typhimurium
ATCC13311; lane 16, P. aeruginosa MSCU 0359 ; lane 17, S. marcescens; (d) LAMP products of sea.
Lane M, 1 Kb DNA ladder; lane 1, positive control; lane 2, negative control; lane 3, S. aureus
ATCC 13565; lane 4, S. epidermidis ATCC 12228; lane 5, S. agalactine DMST 16992; lane 6, L.
monocytogenes; lane 7, E. faecalis ; lane 8, E. coli ATCC 25922; lane 9, E. aerogenes ATCC 13048 ;
lane 10, enterotoxigenic E.coli; lane 11,V. parahaemolyticus; lane 12, M. luteus MSCU 0350; lane
13, Y. enterocolitica ATCC 27729; lane 14, K. pneumoniae ; lane 15, S. Typhimurium ATCC 13311;
lane 16, P. aeruginosa MSCU 0359 ; lane 17, S. marcescens.
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for 24 hours, the numbers of
black shiny colonies with clear
zones around the colonies were
counted.

Determination of detection limit
of LAMP and PCR assays using
S. aureus-spiked pork samples
Pork was purchased from a
local supermarket. The sample
was determined to be negative
for S. aureus by microbiological
examination in BPA. The pork
sample then was cut into small
pieces (25 g) using sterile tech-
nique. Serial 10-fold dilution of
S. aureus ATCC 13565 cells were
prepared ranging from 10° cfu/
ml to 10° cfu/ml in normal saline
solutions. A 100 ul aliquot of
various cell suspensions were
spiked into the pork samples.
A 225 ml aliquot of TSB was
added to 25 g of pork sample,
which was homogenized using
a stomacher (IUL Instruments,
Barcelona, Spain) for 2 minutes
and then incubated at 37°C
for 0, 2, 4 and 6 hours. Then
1 ml of the cultured sample was
removed for DNA extraction
for LAMP and PCR assays as
described above. To confirm the
inoculum size of the spiking cell
samples, 0.1 ml aliquot of each
cell suspension was plated onto
BPA, incubated at 37°C for 24
hours in duplicate and colonies
identified as described above.

a M 1 2 3 4 5 6 7 8 9 10 11 12 13

Fig 2-Agarose gel-eletrophoresis of PCR (a) and LAMP
(b) of sea products from various concentrations of S.
aureus ATCC 13565. Lane M, 100 bp DNA ladder; lane
1, positive control; lane 2, negative control; lane 3,
10° cfu/ml; lane 4, 108 cfu/ml; lane 5, 107 cfu/ml; lane
6, 10° cfu/ml; lane 7, 10° cfu/ml; lane 8, 10* cfu/ml; lane
9, 10° cfu/ml; lane 10, 10?2 cfu/ml; lane 11, 10 cfu/ml;
lane 12, 1 cfu/ml; and lane 13, 0 cfu/ml).

toxin A gene (sea) of S. aureus. In LAMP

RESULTS
assay, positive and negative results were
A total of 17 bacterial strains were in- distinguished by observing the white
cluded in the evaluation of the specificity turbidity of the reaction mixture. LAMP
of LAMP and PCR assays to detect entero- products formed a ladder-like pattern
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Fig 3-Agarose gel-eletrophoresis of PCR (a) and LAMP (b) of sea products in pork samples spiked
with S. aureus ATCC 13565.Cells were incubated in TSB broth for 6 hours. Primers used are
listed in Table 2. Lane M (a), 100 bp DNA ladder; lane M (b), 1 kb DNA ladder; lane 1, posi-
tive control [S. aureus (sea) ATCC 13565 10° cfu/g]; lane 2,10° cfu/g; lane 3, 10° cfu/g; lane 4,
10%-cfu/g; lane 5, 10° cfu/g; lane 6, 10> cfu/g; lane 7, 10 cfu/g; and lane 8, negative control.

upon electrophoresis. Both LAMP and
PCR method correctly identified sea of S.
aureus ATCC 13565 and did not detect the
other 14 non-Staphylococcus strains. Re-
sults from gel-electrophoresis analyses are
shown in Figl. Sensitivity of LAMP assay
for sea detection was 10* cfu/ml, while that
of PCR was 10° cfu/ml (Fig 2). For detec-
tion of S. aureus in spiked pork samples,
LAMP was able to detect 10° cfu/g of pork
sample while PCR could detect only 10*
cfu/g of pork sample after incubation in
TSB for 6 hours (Fig 3).

DISCUSSION

Sensitivity of the LAMP assay in this
study was approximately 10-fold lower
than in their original study (Goto et al,
2007). It may be due to our simpler DNA
preparation method that excluded the
incubation step with achromopeptidase.

Vol 42 No. 6 November 2011

LAMP method was 10-fold more sensi-
tive than PCR for the detection of sea in
S. aureus spiked pork sample. The less
sensivity of PCR than the LAMP method
may be due to the presence of PCR inhibi-
tors in the food samples, such as lipid and
protein components. Kaneko et al (2007),
Karanis et al (2007) and Okada et al (2010)
have reported that PCR is less sensitive
than LAMP method owing to the presence
of inhibitors in water samples and clinical
specimens, such as rectal swab.

A short incubation of the enrich-
ment culture usually ensures detection
in the case of nonuniform distribution of
pathogens in food products or of a low
microbial load. However, the increase in
levels of S. aureus after 6 hour incubation
was not significantly changed (Table 4).
In a real situation, the target is sometimes
killed or damaged by cooking and food
processing, but the enterotoxin produced
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by the S. aureus still retains biological ac-
tivity, which is a hazard for consumers. In
such cases, we cannot expect to increase
the number of target by enrichment cul-
ture. Thus, LAMP method is potentially
useful for detection of S. aureus carrying
sea in food samples in the food industry
and outbreak investigation.

This is the first report of LAMP as-
say applied for detection of entertoxin
A gene of S. aureus in spiked raw meat.
Further studies are needed to determine
the usefulness of LAMP assay for detec-
tion of enterotoxigenic A gene of S. aureus
in actual food samples.

ACKNOWLEDGEMENTS

This research was partially supported
by Thailand-Japan Technology Transfer
Project for Food Safety and Quality As-
surance Project Profile, Chulalongkorn
University.

REFERENCES

Asao T, KumedaY, Kawai T, et al. An extensive
outbreak of staphylococcal food poisoning
due to low-fat milk in Japan: estimation
of enterotoxin A in the incriminated milk
and powdered skim milk. Epidemiol Infect
2003; 130: 33-40.

Balaban N, Rasooly A. Staphylococcal entero-
toxins. Int | Food Microbiol 2000; 61: 1-10.

Becker K, Friedrich AW, Lubritz G, Weilert M,
Peters B, von Eiff C. Prevalence of genes
coding pyrogenic toxin superantigens
and exfoliative toxins among strains of
isolated from blood and nasal specimens,
] Clin Microbiol 2003; 41: 1434-9.

Becker K, Roth R, Peters G. Rapid and specific
detection of toxigenic Staphylococcus au-
reus: Use of two multiplex PCR enzyme
immunoassays for amplification and hy-
bridization of staphylococcal enterotoxin
genes, exfoliative toxin genes, and toxin

1496

shock syndrome toxin 1 gene. J Clin Mi-
crobiol 1998; 36: 2548-53.

Bergdoll MS. Enterotoxins. In: Easmon CSE,
Adlam C, eds. Staphylococci and staphylo-
coccal infection. Vol 2. London: Academic
Press, 1983: 559.

Ercolini D, Blaiotta G, Fusco V, Coppola S.
PCR-based detection of enterotoxigenic
Staphylococcus aureus in the early stages of
raw milk cheese making. | Appl Microbiol
2004; 96: 1090-6.

Evenson ML, Hinds MW, Bernstein RS, Berg-
doll MS. Estimation of human dose of
staphylococal enterotoxin A from a large
outbreak of staphylococcal food poison-
ing involving chocolate milk. Int | Food
Microbiol 1988; 31: 7: 311-6.

Genigeorgis CA. Present state of knowledge
on staphylococcal intoxication. Int | Food
Microbiol 1989; 9: 327-60.

Goto M, Hayashidani H, Takatori K, Hara-
Kudo Y. Rapid detection of enterotoxigenic
Staphylococcus aureus harbouring genes for
four classical enterotoxins, SEA, SEB, SEC
and SED, by loop mediated isothermal
amplification assay. Lett Appl Microbiol
2007; 45: 100-7.

Hilker ]S, Heilman WR, Denny CB, Tan PL,
Bohrer CW. Heat inactivation of enterotox-
in A from Staphylococcus aureus in veronal
buffer. ] Appl Microbiol 1968; 16: 308-10.

Johnson WM, Tyler SD, Ewan EP, Ashton FE,
Pollard DR, Rozee KR. Detection of genes
for enterotoxins,exfoliative toxins, and
toxic shock syndrome toxin 1 in Staphy-
lococcus aureus by the polymerase chain
reaction. | Clin Microbiol 1991; 29: 426-30.

Kaneko H, Kawana T, Fukushima E, Suzutani
T. Tolerance of loop-mediated isothermal
amplification to a culture medium and
biological substance. | Biochem Biophys
Methods 2007; 70: 499-501.

Karanis P, Thekisoe O, Kiouptsi K, Ongerth
], Igarashi I, Inoue N. Development and
preliminary evaluation of a loop-mediated
isothermal amplification procedure for

Vol 42 No. 6 November 2011



S. aureus BY LAMP IN PORK SEEDING

sensitive detection of Cryptosporidium
oocysts in fecal and water samples. Appl
Environ Microbiol 2007; 73: 5660-2.

Klotz M, Opper S, Heeg K, Zimmermann S.
Detection of Staphylococcus aureus entero-
toxins A to D by real-time fluorescence
PCR assay. | Clin Microbiol 2003; 41: 4683-7.

Mataragas M, Skandamis PN, Drosinos EH.
Risk profiles of pork and poultry meat and
risk ratings of various pathogen/product
combinations. Int | Food Microbiol 2008;
126: 1-12.

Mori Y, Nagamine K, Tomita N, Notomi T.
Detection of loop-mediated isothermal
amplification reaction by turbidity derived
from magnesium pyrophosphate forma-
tion. Biochem Biophys Res Commun 2001;
289: 150-4.

Nagamine K, Hase T, Notomi T. Accelerated
reaction by loop-mediated isothermal
amplification using loop primers. Molec

Vol 42 No. 6 November 2011

Cell Probes 2002; 16: 223-9.

Notomi T, Okayama H, Masubuchi H, et al.
Loop-mediated isothermal amplification
of DNA. Nucleic Acids Res 2000; 28: e63.

Okada K, Chantaroj S, Taniguchi T, et al. A
rapid, simple, and sensitive loop-mediated
isothermal amplification method to detect
toxigenic Vibrio cholerae in rectal swab
samples. Diagn Microbiol Infect Dis 2010;
66: 135-9.

Tamaparu S, McKillip J, Drake M. Development
of a polymerase chain reaction assay for
detection and differentiation of Staphylo-
coccus aureus in dairy products. | Food Prot
2001; 64: 664-8.

Reischl U, Linde HJ, Metz M, Leppmeier B,
Lehn N. Rapid identification of methi-
cillin-resistant Staphylococcus aureus and
simultaneous species confirmation using
real-time fluorescence PCR. | Clin Mocro-
biol 2008; 38: 2429-33.

1497



