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CHAPTER |

INTRODUCTION
Staphylococcus aureus a Gram-positive bacterium produces enterotoxins, which

are causative agents of foodborne intoxications. There are twertipgical types of
enterotoxins. They are classified into classical and novel enterstdnterotoxins are
single chain polypeptides and have a molecular weight of about 26-28rd228-239
amino acid residues (Muller-Alouf et al., 2001). Consumption of foods womased
with S aureus enterotoxins results in the onset of acute gastroenteritis withih. ZF6e
most common symptoms associated V@tlaureus food poisoning are nausea, vomiting,
abdominal cramps, and headache. The symptoms resolve within 24 h. Therorgaai
commensal and lives on the anatomical locales of humans and anirealse Fbod
handlers are the common source of contamination of foods. The orgassentdrs the
food during processing of animal products. Considerable researchesdesveonducted
in the area of detection of enterotoxins from foods. Development of imrsseyE has
revolutionized the research on detection of enterotoxins. Many conamassays are
available in an easy to use format. However, the need for imprthengnit of detection
(LOD) is ever present as enterotoxins are potent in very minutetigg Sensitive
detection methodologies are also important because enterotoxinslsarepaent
superantigens and could possibly be used as a biological warfgsenseaDetection of

enterotoxigenic strains of. aureus is also important for epidemiological reasons.



Since enterotoxin family encompasses a large number of toxiadenificial to identify
and characterize the enterotoxigenic strainsSoéureus. The characterization of the
enterotoxin genes and the enterotoxigenic isolateS afireus can provide researchers
with additional information in an event of an outbreak. Many methods baee
developed for detection of the presence of protein toxin molecules in. fobése
methods are based on the presence of detectable amounts of toximsethbes are
predominantly immunoassays, as the bioassays were unreliable, reambeand
expensive. Recently, many methodologies have been developed usirensbios
technology. The methods employing signal amplifiying technologly also greatly
improve the sensitivity of detection of toxins. The conjugation ofibadies to
oligonucleotides has led to signal amplification technologies hichw specificity of
antigen antibody interactions and massive amplification potentigblyinerase chain
recation (PCR) could be put to use to obtain sensitive detection efo&xins.
Development of DNA dendrimer technology and fluorescent nano partialesbe
effieciently used to obtained manifold amplification of signals friamget molecules.
DNA dendrimers, which are developed with multiple layers of DNélecules, have the
potential to amplify signals from very small quantities ag& molecules. DNA combs
are also signal amplification molecules and could be employed in PCR to wiataifold
amplifications.

The enterotoxin genes &f aureus are present on regions of chromosome known
as the staphylococcal pathogenicity islands (SaPls). The geukkalso be plasmids or
phage borne. The genes expressed in one environment may not be expresstein a

Since food is a complex environment the organism may produce the nioxifood and



may not in another. Hence the presence of the gene should alevapndidered as an
indicative of the ability of the organism to produce toxin in a faverasvironment.
Enterotoxin A is most commonly involved in food poisoning outbreaks (Normaraiq e
2005). Genes for enterotoxin A are also found along with genesdikeseh and sel
(McLauchlin et al., 2000)Hence it is not clear if an outbreak is caused as a resait of
individual toxin or is caused due to combination of multiple toxins. Maalaies ofS.
aureus harbor multiple enterotoxin genes. Characterization of enterotozigeolates
and enterotoxin genes is necessary to develop indepth knowledge hbsaitfood
poisoning agents. Enterotoxin genes have been identified by methodDNke
hybridizations and polymerase chain reactions. These methodsiabéeralternatives to
other cumbersome and expensive methods like microarrays. PCR rhateatls like
multiplex PCR has provided a rapid means to identify the preseratesence of desired
genes. However, methods developed should be able to provide more information on
enterotoxin genes, so that genes and isolates could be chardctitibods involving
sequencing of genes and methods like single/multi locus toxin seqtygmng can
provide more information on genes and the enterotoxigenic isolatesmétion thus
generated can be used by surveillance agencies to identifgtraans, link one case of
food poisoning to other or identify emerging or re-emerging streias may have

significanceincausinganoutbreak.



CHAPTER Il

REVIEW OF LITERATURE

Historical background

Saphylococcus aureus is a Gram-positive bacterium that occurs in grape like
clusters. The organism was first discovered in 1880 by a surgeon r&@makkxander
Ogsten in pus from abscesses. In 1884, the two pigmented types odbdtiewere
described by Rosenbach who also proposed the nomenclature for theabddte
bacterium that produced yellow colonies was knowr&aphylococcus aureus and the
one that produced non-pigmented or white colonies was kno@raats/l ococcus albus
which is now known astaphylococcus epidermidis. The staphylococci are common
inhabitants of the nasal passage, skin and other anatomical lonafesnans and other
warm blooded mammals. The gerftaphylococcus belongs to the bacterial family of
Saphylococcacea. The closest relatives to th&aphylococcaceae family are the
Bacillaceae andListeriaceae. Other genera that belong to tBaphylococcaceae family
are Gamella, Macrococcus andSalinococcus. S. aureus is a very significant bacterium as
it causes a number of suppurative infections and toxinoses in humans and animals.

The organism is also notorious for its resistance to antibioticsodti@rence of

Methicillin ResistantStaphyl ococcus aureus (MRSA) and the detection of a vancomycin



resistance gene in organisms likaterococcus feacalis, which could be transferred
naturally toS aureus in the gastrointestinal tract, has lead to increased conggardneg
this bacteria. There are new reports about the occurrence of vancomycancesist

S aureus. The first report on a strain d& aureus with reduced susceptibility to
vancomycin was reported in 1996 (Hiramatsu et al., 1997). The bactiea@ had an
intermediate resistance to vancomycin and was known as vancomycmediate
Saphylococcus aureus (VISA). By 2002 eight documented cases of infection with VISA
were reported (Fridkin, 2001; Smith et al., 1999). A Center forad3es&ontrol (CDC)
report in 2002 reported on the first documented casg afireus infection caused by
vancomycin resistar@ aureus (VRSA).

The commorS. aureus infections are superficial skin infections like furunculosis,
styes, and boils. Infections of organs or deep seated infectionsudikary tract
infections, osteomyelitis, phlebitis, and mastitis are also caug&laureus. S aureus
can cause infections that may result in life threatening conditliike meningitis,
endocarditis, pneumonia, septicemia, and toxic shock syndrome (BS@ureus
exotoxins such as the exfoliative toxins cause the staphylocecalaled skin syndrome
(SSSS). Enterotoxins produced by the organism are notoriously known esutative

agents of foodborne intoxications.

Food poisoning caused I8yaureus is one of the most common causes of
foodborne diseases. Foodborne iliness similar to staphylococcapéiezhing has been
recorded as early as the beginning of the nineteenth centurnyer@1830) recorded an
outbreak of food poisoning due to the consumption of meat pie. He also noted that similar

illness symptoms were reported after eating foods like hamagasisbacon, and cheese.



The illness reported by the scientist was probably an outbreakaphy$ococcal
intoxication. In 1872, Selmi said that the toxic compounds which are icttimgoods
were formed due to proteolysis, and he called the products ptomaingmimal
alkaloids” (Mossel and Netten, 1990). The role Sfaureus in food poisoning was
demonstrated by Sternberg in 1885 (Mossel and Netten, 1990). Dack @3@) isolated
a toxin from an organism from cream filled Christmas cake @&stablished its
involvement in a food poisoning outbreak in Chicago. There are more thepeé@s of
Saphylococcus, however onlySaphylococcus aureus and Saphylococcus epidermidis
interact significantly with humansS. aureus which commonly inhabits the skin and
warm nasal passages often gains entry into food systemddoahhandlers. Foods that
require hand preparation such as salads and sandwich spreads taseisuegtible to
contamination withS. aureus. Milk and milk products are also common vehicles for
staphylococcal food poisoning. Wheaphylococcus grows in food it produces the
toxins that cause illness. Although cooking kills the bacteria, thes@xoduced are heat
stable and may not be destroyed. Thus staphylococcal intoxicadiotissbut as one of
the main foodborne diseases.

Morphological, cultural, and biochemical characteristics ofS. aureus

S aureus appears as Gram-positive cocci in grape like clusters
microscopically. They are non-motile, non-spore forming, spherica$ cdlllum in
diameter. Since cell division occurs in two planes, they growustels. On a nutrient
rich medium, the organism forms large yellow colonies, wher& agidermidis forms
relatively small white colonies. The staphylococci are fative anaerobes and they can

grow by aerobic respiration or by fermentation producing laatid. The organism is



able to grow at a wide temperature range o€1® 45C, a pH range of 4 to 11 and at
NaCl concentration as high as 15%. The ability of the organismote o such wide
temperature, pH, and salt concentrations makes it a common foodbadnogegratThe
bacteria are catalase-positive and oxidase-negative. It islyteamon blood agar and
almost all strains of. aureus produce the enzyme, coagulase. The organism ferments
glucose and mannitol producing lactic acid.

Factors contributing to the pathogenicity of the organism

Saphylococcus aureus produces a number of exoproteins and enzymes that
contribute to its ability to invade and colonize tissues. The toxids/aulence factors of
the organism can affect immune system of infected individdiagéstly by lysing white
blood cells or indirectly by acting as superantigens. As an gearnme leukotoxins can
lyse white blood corpuscles (WBCs), where as enterotoxins and $bwck Syndrome
Toxin (TSST) can act as superantigens (Mertz et al., 2007).

Some of the most common virulence factorsSoéureus are teichoic acid and
fibronectin binding protein, which enable the bacteria to gain entoythe host and
colonize the tissues. The enzymes, hyaluronidase and coagulase, spieading or
localization of infection. The organism also produces leukocidindasataand protein
A which help in the multiplication of the organism in host tissid@nage to the host
tissues is caused by hemolysins, exfoliatins, enterotoxins, amn gbock syndrome
toxin produced by the microorganism. These enzymes and exoproteins #mable
organism to cause acute and chronic infections (Archer, 1998). Bdrd2€05) showed
thatS aureus is completely resistant to lysozyme and the reason for Histarce is the

O-acetylation of peptidoglycan at C-6 position of N-acetyl muraaaic (NAM). In



addition the C-6 position of NAM has phosphoester linked wall teichaic(&trominger
and Ghuysen, 1963). Weidenmaier et al. (2004) showed that Wall TeftidigWVTA)

is essential for colonization of nasal epithelial cellsSyureus and it mediates the
interaction of the human nasal epithelial cells. The mutantghwhere WTA deficient,
completely lacked the ability to colonize host tissi&eaureus also expresses fibronectin
binding receptors which are very important for adherence of the pathogen to thellhost c

Membrane damaging toxins

S aureus is able to invade host cells by producing a number of membrane
damaging toxins. Alpha hemolysin is the toxin which is important forgagenesis. Most
of S aureus strains produce--hemolysin which is also known astoxin. Alpha toxin
can cause lysis of host cell or cause the formation of pordgicell membrane. The
toxin can cause adhesion of polymorphonuclear leukocytes to the swfaredothelial
cells and thereby can induce inflammatory reactions (Krufll.et1996). Alpha toxin is
also involved in the reduction of the activity of macrophages.fHuoxin of S aureus
belongs to the class of enzymes, neutral sphingomyelinase C. Thectoxiaffect the
function of both lymphocytes and neutrophils (Huseby et al., 2007; Marshall 20@0),
can lyse erythrocytes thereby evading the host immune systdrscavenge nutrients
(Huseby et al., 2007). The delta toxin belongs to the accessoey rggnlator &gr)
cluster and is responsible for the pathological changes that occug damiinfection
(Alouf et al., 1988). Delta toxin can lyse many cell types amdbeaadistinguished from
other hemolysins by its heat stability. More than 97% of ttens ofS. aureus produce
the toxin (Schmitz et al., 1997). The leukocidin is a protein toxinglags a major role

in necrotic skin infections. Panton-Valentine leukocidin (PVL) is resptnsfor



leukocyte destruction and tissue necrosis (Genestier et al., 20@5)0xin is commonly
associated with community acquired methicillin resistarureus (Vandenesch et al.,
2003). Studies reveal that even the methicillin suscep8b&ireus possess this toxin
and can cause necrotizing skin infections (Boubaker et al., 2004; LeaShairal., 2001).
Leukocidin forms octameric pores on host membranes lwithk andLukS subunits and
can also cause hemolysis.

Coagulase and Clumping factor

S aureus produces another important extracellular protein known as
coagulase. The coagulase binds with prothrombin of the host and can form
staphylothrombin. The formation of staphylothrombin complex activategpribiease
activity of thrombin which results in the conversion of fibrinogen tarib€oagulase is
secreted by the bacterial cells into the medium (Boden awk,FL989; McDevitt et al.,
1992). In addition to the free coagulase which is secreted into #wtum some
coagulase is found attached to the bacterial cell and is knowme dsound coagulase
(McDevitt et al., 1992). Coagulase probably helps the bactegaade the host immune
defense by localized clotting aureus cell surface also has the clumping factor which
plays an important role in its virulence. The clumping factor flerdint from coagulase
(McDevitt et al., 1992, 1994), in that it mediates direct adherent¢keobacterial cell
with fibrinogen and fibrin. It also mediates platelet aggregati@ay¢Bet al., 1995). The
bacterium also expresses a plasminogen activator known as thgldta@se and its
gene is carried by a phage. Staphylokinase can causefy#isin and it is believed to

enable the spread of the bacteria. Staphylokinase also actiwatean plasma



fibrinolytic system indirectly (Lack, 1948; Lewis and Ferguson, 1)953t forms a
complex with plasmin and activates the plasminogen leading to fibrin spdoifilysis.

Other virulence/pathogenicity associated factors

S aureus produces proteases, lipases, hyaluronidase, penicillinase, DNAase
and fatty acid modifying enzyme (FAME) besides the above-mentier&rdcellular
proteins. The bacteria also produce a number of factors whicHenetewith host
defenses and enable the bacteria to colonize the host. Exampgiesefte the capsular
polysaccharides, protein A, leukocidin, exotoxins, and superantigens. 3Masteus
strains produce at least one of the eleven serotypes of capsiyaaccharides. The
capsular polysaccharide serotype CP5 and CP8 are predominamtlg fn human
isolates, implying their importance in pathogenesis. The CP5 andd@iB in one
position of the O-acetyl groups and linkages between amino sugamdBet al., 2004).
The capsular polysaccharides could prevent the bacterium from Heaiggqytosed by
the host macrophages. A great amount of research has been condushedvtthe
involvement of the capsular polysaccharide in thwarting host defeeshamsms by
impeding phagocytosis (O’Riorden and Lee, 2004). Protein A is a 40-6Cskidace
protein. Protein A binds to the Fc portion of the IgG molecule biyelendering the
phagocytosis and opsonization. It acts as an immunological disgmde hence
considered as a virulence factor.

Exfoliative toxins

The staphylococcal scalded skin syndrome (SSSS) is causeeéXiyplthtve
toxins, namely ETA and ETB (Arbuthnott et al., 1972). The third type of exiadi#bixin

is ETD. The ETA and ETB are the common ones causing SSSS. Tdiatesd toxins

10



have a molecular weight of about 26- 27 kDa. ETA is a very $tabte protein and can
withstand extreme heat, whereas ETB is heat labile. Bathdfil ETB have significant
amino acid identity and also share biophysical properties (Beailal., 1980; Lee et al.,
1987). The ETs are virulence factors Sfaureus and are encoded on mobile genetic
elements (Novick, 2003b). The regulation of the ETs is under the cohtra agr locus
just like the other virulence factors &faureus (Novick, 2003a). Dancer et al. (1990) had
some indirect evidence suggesting that the exfoliative toxinseage proteases and that
they can cleave desmogleinl which is a desmosomal cadherin pnotleenskin’s upper
epidermis. X-ray crystal structures of these toxins reveb®omnd doubt that these
toxins are indeed trypsin-like serine proteases (Cavarddli.,e1997; Vath et al. 1999).
An infection by S aureus capable of producing ETA or ETB could result in SSSS.
Though the infection can affect adults, it is infants and very yatiidren that are most
commonly affected (Gammell, 1995). The clinical manifestatewvagdue to the cleavage
of desmoglein 1 which results in the disruption of the desmosomesreBuilss in the
separation of the epidermis of the skin at the level of thaustrgtanulosum (Amagai et
al., 2000, 2002). The exfoliation of the epidermis occurs at a sighvugdifferent from
the site of infection. The reason is due to the release of emdigxhe bacteria into the
blood stream and the toxin makes its way into the skin layers thediatimg
epidermolysis. Fever and erythema may also accompany the condition.

Superantigens: Toxic shock syndrome toxin and Enterotoxins

The Toxic Shock Syndrome Toxin (TSST) and the enterotoxins produ8ed by
aureus have superantigenic activity. Superantigens stimulate T cellsspexifically

without any specific antigen recognition. In a normal antigegspanse only one T cell

11



in a population of about 10,000 is stimulated, where as if a superargigewoived one

in every five T cells is stimulated leading to an enormolsase of cytokines. The
superantigens bind T cell receptors and major histocompatibilitplesniMHC) class Il
molecules outside the peptide binding groove (Bohach et al., 1990). Even minute
guantities of superantigens can lead to massive stimulation oflsT &Aleout 100 pg/ml

of superantigen is enough to trigger a response (Bohach et al., 1990 ®hesof the
reasons for constant research aimed at improving and developingveedstection
methods for staphylococcal enterotoxins. As a result of non-gpecdiiferation, large
populations of effector CD4 cells begin to stimulate the monocwsslting in the
production of cytokines like IL-1 and TNF Since large numbers of cells are involved,
instead of localized secretion of these cytokines, a systauiet®on occurs. During an
infection only localized secretion occurs, where as the supenamtigdiated stimulation
results in a massive systemic response (Schlievert, 1993).

Staphylococcal toxic shock syndrome toxin (TSST)

The occurrence of toxic shock syndrome was first reported in 1978 (Todd et al.,
1978). Davis et al. (1980) established the association among menstruestorngf
tamponsS aureus, and development of TSS. Toxic shock syndrome is characterized by
rapid onset of fever, rash, vomiting, diarrhea, hypotension and multgde &ailure. It is
fatal if not treated promptly (Bohach. et al., 1990). The toxinssiog toxic shock
syndrome belong to pyrogenic exotoxins which are secreteéstapitylococcus aureus
and Streptococcus pyogenes. The pyrogenic exotoxin group includes TSST-1(Bergdoll
and Schlievert, 1984), exotoxins A, B, enterotoxins A through & aifireus (Bergdoll et

al., 1973; Poindexter and Schlievert, 1985) and streptococcal pyrogeoioxins A
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through C (Barsumian et al., 1978). TSST-1 and enterotoxins aramnessiproteases
and also can withstand temperature ofG6®r higher. TSST-1 is a single chain
polypeptide with a molecular mass of 22 kDa (Deresiewicz.e1994). It has only 20-
30% sequence similarity with other pyrogenic toxin super anti@ghSAs), but it has
some structural similarities like possessing two domains (ABnane large and one
small, respectively. In 1999, annual review of immunology proposedtthetise of
TSST-1 to contain a large domain that hgisgrasp motif, and a-helix, which is found
along with B-sheets connecting peripheral strands. The small domain hag-shweets
making ap-barrel. However another study by Earhart et al. (1998) proposedilthat
PTSAs have a bilobed structure and have a domain B, which has &ne stixedp-
barrel and the domain A which is present around the central lyaix against thep-
sheets. The TSST-1 being a superantigen has a broad speaiidity1C I molecules,
but is able to bind only to 1-5p\allotypes (Schlievert, 1993). TSST-1 is unable to evoke
an emetic response and many researchers suggest that the aifsdreecysteineyl
residues and the inability to form a disulphide loop may be the reason.

TSS can be divided into two types namely the menstrual TSShandon-
menstrual TSS (Reingold et al., 1982; Shands et al., 1980). TSST-Iimimated in
90% of menstrual TSS, and in non-menstrual TSS, 50% is due to TSET dnather
50% is due to other exotoxins (Bohach et al., 1990). Most of the men$®&alis
associated with tampon use. Menstrual TSS occurs during menstruattiom aays prior
to, or two days after, menstruation. The clinical manifestatiosasoften due to the
immune system reacting overtly to the release of massive amoligokines. The

release of interleukinflis associated with fever, TNE B3, interleukin 2 ang-interferon
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are all associated with development of rashes and other symptdi8$ gMcCormick et
al., 2001). While menstrual TSS affects women between the age2-%%, the non-
menstrual TSS can affect people of all ages and gender.simvaillance conducted
during 2000-2003, there had been a fourfold increase in the incidence of ArhigvEst
et al.,, 2004). Several hypotheses for the increase in the incilemeebeen proposed.
One of the important reasons could be the emergence of new sifamsthicillin
resistantS aureus which are capable of causing TSS. The CDC has termedrdiessas
USA1100 (TSST-1 positive), USA 400(SEB/SEC and PVL positive) and USARGD
and unknown enterotoxin positive). These emerging strains have been agsediatan
increase in TSS cases. These strains have the potential to pi®diecc&00 times more
TSST-1(Schlievert et al., 2004). Other reasons proposed by Schie\adrt(2004) are
that women are menstruating at an earlier age, increased taepons, not recognizing
the illness promptly, and media advising that TSS is not a problem anymore.
Enterotoxins

Staphylococcal enterotoxins (SEs) are exoproteins which whetedndgs
humans give rise to symptoms of acute gastroenteritis. Staplegial enterotoxins
belong to a large family of staphylococcal and streptococcalgpwic exotoxins (PT),
sharing common phylogenetic relationships, structure, function and secuamoéogy
(Balaban and Rasooly, 2000). There are seventeen known major typés,c5EA to
SER with no SEF and multiple SEs are commonly found anfngureus strains
(Jarraud et al., 2001, 2002). The enterotoxins are single chain polygeptidenave a
molecular weight of about 26-28 kDa and 228-239 amino acid residues (Mldlgret

al., 2001). The foodborne intoxication causedsbgureus enterotoxins has an incubation
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period of about 2-6 h after the consumption of contaminated food. Duratibe itthess
is usually 6-24 h and prolonged illness or death occurs only in infalasrly, and
severely debilitated persons. Classic symptoms include severdinggmabdominal
cramps, headache and nausea. In some severe cases transiges ahéhood pressure
and pulse rate occurs. Fever is generally not a symptom of kiepbgal intoxicationS
aureus enterotoxins are also powerful superantigens and are able to stipalgclonal
proliferation response of murine and human T-lymphocytes posses§inmgceéptors
(O’'Hehir and Lamb, 1990). Mollick et al. (1988) suggested that, entenst have a
greater binding affinity to the MHC than the T lymphocytes thus qgeiolg a ternary
complex of MHC-toxin-TCR. Hewitt et al. (1992) showed that SEB alale to stimulate
the VB3 of human lymphocytes without the interaction with the MHC. The ise@a
stimulation of T cell receptors (TCR) by these superantigesslts in massive
production of lymphokines leading to a much heightened immunological response
compared to a normal immune response. Staphylococcal enterotoxpmemeeven in
very minute quantities. In dairy products a dose of 0.5 ng/ml baggoeen frequently
incriminated in causing staphylococcal food poisoning (Bergdoll, 199d9didorne
illnesses cause a lot of public health impact. In US alone ab80trilion people are
afflicted by foodborne illness every year (Altekruse et al., 19%taphylococcal
foodborne intoxication is considered as the second most prevalent afaicsiborne
diseases. Apart from being the causative agents of the foodbasreations the CDC
has listed the staphylococcal enterotoxins as select agahtsiriiNational Select Agent

Registry (NSAR).
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Food poisoning an overview

Food poisoning is a common form of illness, and it could vary in sevenity
being mild to being fatal. The CDC estimates that, in the Orffates alone, there are
about 76 million food borne illnesses, 325,000 hospitalizations and up to 5,000 deaths
each year (Mead et al.,, 1999). Apart from this, there could be roasgs of food
poisoning that are not reported because the symptoms could be mild ginidresolve
quickly. There are more than 200 foodborne diseases identified.sBofasl poisoning
can be caused due to known causes or unknown causes. The known causes of food
poisoning are infectious agents and toxic agents. The infectious agentsganisms
such as bacteria, viruses, and parasites which may gain actlkeseddod. Toxic agents
includes but not limited to poisonous mushrooms, metals, pesticidébzdes, and
exotic foods. Food can get contaminated due to improper sanitary condanohs
time/temperature abuse during preparation, package, transport or storage.

Food poisoning caused by infectious agents can be divided into two casegori
namely foodborne infections and foodborne intoxications. Foodborne infections occ
when food consumed is contaminated with pathogens. The pathogen causes
inflammation, resulting in poor absorption of water and nutrients. Thisifesés as
diarrhea, vomiting, abdominal pain, fever, flu like symptoms, headacheFetn
intoxications result from ingesting foods contaminated with prefortogths. Hence
even if the microorganisms are destroyed during cooking or praogessome of the
toxins which are heat stable may persist in foods and maycatie intoxication.
Symptoms of food intoxications usually are severe abdominal crampdedianausea,

vomiting, headache, double vision, weak pulse and if left untreated ate® ©rgan
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failure and even death. The most common infectious agents that aminated in
foodborne illness are viruses like noroviruses, rotavirus, and hepatitisud. The
parasites likeAmoeba, Giardia, and Cryptosporidium are also involved in causing
infections. Bacterial agents most commonly associated witktiofes and intoxications
are those belonging to the genus Salmonella, Campylobactee]I&laigd organisms like
Saphylococcus aureus, Bacillus cereus, Escherichia coli, Clostridium botulinum, and
Vibrio cholera.

Staphylococcal food poisoning (SEP)

Staphylococcal food poisoning results from the consumption of food
contaminated with one or more staphylococcal enterotoxins (SEse).toXMins of S
aureus are known as enterotoxins because they are able to promote ogatéroin the
small intestinal mucosa resulting in vomiting and diarrhea (Martin,e2@G03). The CDC
estimates tha® aureus causes about 185,000 cases of foodborne intoxications in the US
(Mead et. al., 1999). Foodborne intoxication caused by the consumption of foods
contaminated with SEs is considered as the second most common foodllbessein
the world (Di Pinto et al., 2004). The organism is present in thal passage, skin,
throat, hair and other anatomical locales of humans and animals. egpgisng much
processing by handlers, like salads and sandwiches are commarigmaomated by
enterotoxin producing strains 8faureus. Though the organism is heat labile and can be
killed during cooking or processing, the toxins are extremely $table and can remain
after cooking and cause illness. The symptoms of food poisonir§ ayreus occur
within 2-6 h of consumption of contaminated foods. Patients experiencdinggm

diarrhea, abdominal cramps, and nausea. The condition often resolkes avday, in
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normal healthy individuals. However the illness may be sevararmune compromised
individuals or in the elderly. Vehicles of transmission of the sfagpbccal food
poisoning are cooked proteinaceous foods such as ham, bakery items tratarer
custard filled, and salads which are rich in protein like tuna oryuete(Holmberg and
Blake, 1984). The organism present in the anatomical localeBmdfhandlers can gain
entry to the food milieu and is able to elaborate toxins if therany inadequate
refrigeration during processing or product storage. In bakerysitee cream or custard
portions are the ones that are frequently contaminated. Creau fithrtions of the
product are a very good growth medium for the organism (Bryan, 19746ar$tet al.,
2003). Ham is also one of the most common foods often involved in SFPl{etgiand
Blake, 1984). The salt concentration of 3.5% present in precooked ham offelsah
growth environment for the bacteria. Other foods that are involved miigffude milk
and milk products such as cheeses, poultry products like turkey sadarss,egg rolls,
egg salads, and chicken, meat and meat products like beef and podesatisa and
fish products like tuna salads, salmon salads and other ready{fR¥2) foods. RTE
foods are commonly involved because the organism is able to grow well in the aldsence o
competition from other microorganisms. SFP can be prevented or nedinby
following good sanitary practices in food processing, packaging tordge areas.
Ensuring that food handlers follow good personal hygiene and are aixamesequences
can also minimize SFP. Foods that are to be kept hot should be mednédiove 146
and foods stored cold should be maintained below.4Cooked foods should be stored

in shallow containers and should be refrigerated promptly.
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Brief overview of enterotoxins and their requlation

The enterotoxigenic strains &faureus must generally grow to a population of
about 16 cells or more per g of food, in order to produce toxin. About 100-200 ng of
enterotoxin in food is enough to cause an intoxication (Evenson et&). Bb far there
are eighteen known staphylococcal enterotoxins: SEA-SEE, $G-81d SEU. The
SEC is further divided into subtypes such as SBBEG and SEG. Enterotoxin F (SEF)
is now known as the toxic shock syndrome toxin and it is not considerexh as
enterotoxin as it lacks the emetic activity which is the dtarstic feature of
enterotoxins. Enterotoxin genes are encoded by variable genetrengde such as
plasmids, transposons, and phages. The genes for SEB and SEC areoprepetific
areas on the bacterial chromosome known as pathogenic islands) (&aitlsay et al.,
1998). SEA enterotoxin is frequently associated with food poisoning outbesaks
accounts for about 75% of the outbreaks in developed countries (Normaain®e05).
SED is the second most prevalent toxin causing food poisoning outbreaksetblbyw
the SECs and SEB. The virulence factor&aureus are controlled by many regulatory
loci. Some of most common regulatory loci are the accessory igeugator agr),
staphylococcal accessory regulafsar), sigma-B(sigB), S aureus exoprotein expression
(sae), and a number of other proteins includisgyA homologues (Said-Salim et al.,
2003). TheRot (repressor of toxins) is another regulator with positive andtivega
effects on the expression of virulence genes.Rdteandagr genes have opposite effects
on the regulation of. aureus genes (Said-Salim et al., 2003). As an example, in the
secretion of the SED, thegr control ofsed promoter was found to be dependent on the

presence of a functiondRot protein. The increase in thsed transcription post-

19



exponentially is due tagr mediated reduction iRot activity and not the direct effect of
theagr system (Tseng et al., 2004). T A functions as a transcriptional regulator and
binds to a consensus motif in the promoter of its target genesolbalongs to a large
family of transcriptional regulators with a common amino acidifn{@trvidson and
Tegmark, 2001; Chien et al., 1999).aureus produces a number cell-surface associated
and secreted proteins which are under the regulation afjth&/stemIn vitro, when the
cells reach the late stationary growth phaseaghesystem down regulates the production
of the cell wall associated proteins and starts to upreghlatproduction of the secreted
proteins (Novick et al., 1993). Tlagr is a polycistronic locus containing two promoters.
One of the promoters directs the synthesis of the transcriptiR{Novick et al. 1993).
The RNAIII transcript is encoded by the P3 promoter of the two conmpagignal
transduction system of tlagr locus. The P2 promoter (RNAII) contains the open reading
framesagr A, B, C, andD (Balaban and Novick, 1995). Tlagr A expression is essential
for RNAIIl expression and RNAIIl is required for regulation oihge which are under
the control of theagr system (Janzon and Arvidson, 1990). Enterotoxins SEB, SEC and
SED are exoproteins whose expression is under the regulategr ¢Tremaine et al.,
1993). The variation that is observed in the amount of these enterotoatheed has
been related to the difference in g expression. Research has shown that there exists
a correlation between the level of the RNAIIl and the seb mRBiZmpagnone-Post et
al., 1991). The enterotoxins share a 50-80% nucleotide identity hoveyeditfer in the
regulatory mechanisms of the toxin genes, the level of toxin produetiah also the
factors that may control the toxin production in different environm@usst and Betley,

1994).
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SEA production is not regulated &y (Tremaine et al., 1993). Tisea gene is
carried by a polymorphic family of lysogenic phages (BetleyMetalanos, 1985). The
seb gene has been found in the chromosome in strains isolated from foahipgis
outbreaks, but could also be plasmid borne. Nonclinical isolates caplaplteducing
SEB had theseb gene carried by a 750 kb plasmid (Shalita et al., 1977). Asionedt
earlier it is regulated by thegr regulatory system (Gaskill and Khan, 1988). Enterotoxin
C production has commonly been associated with strains that #necitive resistant,
invasive, and are isolated from animal diseases (Hu et al., 200ke\&rt, 2001). Some
bovine strains ofS aureus carry a bovine pathogenic island which encodes three
superantigens namely SEC-bovine, TSST-1 and SEL (Fitzgerald et al., 3@ jvhich
is also commonly associated with the food poisoning outbreaks is encp@edn6 kb
penicillinase plasmid plB485 (Bayles and landolo, 1989). The SED encoding plasmid ha
an open reading frame (ORF) which encodes for another enterotBdinT&e genes
encoding SED and SEJ are transcribed in the opposite directionwdhepen reading
frames are separated by an intergenic region which has 895 medeand has a 21
nucleotide inverted repeat in each arm (Zhang et al.,, 1998). Thirgynin the
nucleotide sequences and antibody binding motifs results in the aomeoearrence of
cross reactivity between enterotoxins SEA and SEE and betwgsnotexins SEB and
SEC (Lee et al., 1978, 1980). SEE is an extracellular prokeitHe other enterotoxins.
SEE is produced as a precursor protein. @fit& structural gene makes the precursor
protein with signal sequence and the signal sequence is cleavezkbehe lysine and
serine residues resulting in a mature extracellular forrntdretoxin E (Couch et al.,

1988; Michaelis and Beckwith, 1982). There exists an 84% nucleotide homology
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between thent E and theent A genes. Thent E gene, like theent A is phage encoded
(Couch et al., 1988). SEE is not frequently associated with food poisoning outbreaks.
Jarraud et al. (2001) reported the presence of a cluster knoweraertb®xin
gene clusteregc) that encoded five enterotoxin genes. Previous research had shown that
the geneseg andsa of S aureus were present on a 3.5 kb DNA fragment and were
present in a tandem orientation (Jarraud et al., 1999). JarraudA9¥®) reported that
when theseg-sei intergenic region and the flanking regions of the DNA fragmemewe
subjected to sequence analysis, it revealed that the 1.9 Kbemitemggion contained
open reading frames ORF1, 2, and 3 of 399, 327 and 777 bp respectively. @RF1 w
similar to the N-terminal region of SEB, ORF2 had similasitigith the C-terminal
region of SEC, and ORF3 was similar to SEA. When the flankingnsgvere analyzed
two ORFs (ORF4 of 783 bp and ORF5 of 720 bp) were identified. @Rkas
homologous to SEJ and ORF5 was similar to SEI. ORF 1 and 2 wererstairt the
known sequences of the enterotoxins. The ORF 1 had a Shine-Dalgarno ségtéacke
a large deletion at its 3’ end. The deleted region correspondedbitdogically active
site. ORF2 however, did not have any signal peptide or Shine-Dalgaguerse, but
appeared to be like a truncated terminal of SEC. Since thes@Rks did not appear to
be like fully active enterotoxin genes they were designated eglpgenegentl and
yent2. ORFs 3, 4, and 5 had the features of complete active tokaeghk presence of
adequate Shine-Dalgarno sequences, translation start site, anof wdegjuate sizd.he
toxins belonging to the enterotoxin gene cluster, exhibited superantigemd each had
a specific \§ pattern. Thus thegc cluster was reported to encode five enterotoxin genes

namelyseg, sei, sem, sen, andseo. (Jarraud et al., 2001). Belkum et al. (2006) showed
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that the S aureus isolated from healthy individuals as well as from patientth wi
bacteremia harbored tlegc cluster.S. aureus possessing the genes of #ge cluster is
prevalent in human isolates. They concluded that the presence efjdharobably
enhanced the carriage potential of $aureus strains.

The amount of toxins produced by ¢be clusteris considerably low when
compared to other enterotoxins and are also less immunogenic @tealy, 2005).
Though the toxins ofegc like SEG and SEI, have strong evidence for their
superantigenicity, their ability to cause emetic response isleat (Dinges et al., 2000).
Hence their relevance in causing food poisoning must be investigateckvelr it was
also shown that, isolates from food poisoning outbreaks frequently harhersed, tseg,
seh, andsai genes (McLauchlin et al., 2000). Since these enterotoxins areastigens
they pose a significant threat to the health of consumers, ictespef their ability to
cause food poisoning. Letertre et al. (2003b) reported that strainh@@2&n extra ORF
and the toxin gene was designated as SEU. Alignments with otlaeregc revealed that
the ORF was the result of a 15 bp insertion in gieatl pseudogene region. This
insertion leads to the translation of a 261 amino acid putative ORfFadhsf the two
pseudogenes. SEU has a 56% amino acid identity with the SEB, 52% witlaiSET0%
with SEG. Theegc clustermay or may not harbor theeu gene and can be classified as
egc-1 (seu negative) andege-2 (seu positive) (Fueyo et al., 2005). Tlsek gene was
described by Orwin et al. (2001) and it was demonstrated thatoxire had many
biological activities that are associated with other SEs. Thetoein genesek, can be
genetically related teeb as both the genes are present on the SaPI3. But SEK is more

related to the SEA, D, and E subfamily than to SEB and SEC5Tdrad of thesek start
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site has a Shine-Dalgarno sequence and there is also a -10 andatBk garomoter
sequence (Orwin et al., 2001). Omoe et al. (2003) described a neslaB#l putative
toxin SER. The study showed that SER showed significant Belulating activity and
that the amino acid sequence of SER had the highest similahtys®G. Theser gene is
carried by two kinds of plasmids, it is either found along withstdeandsg) genes and is
carried on the plasmid pIB485, or it is carried along wdghon a pF5 related plasmid
(Omoe et al., 2004). The toxin producing strains often produce muloglast and
possess genes encoding multiple enterotoxins. However it is noifabedy one of the
toxins or multiple toxins with similar properties are involvedand poisoning or other
infections like toxic shock syndrome (Orwin et al., 2001). Heneeviery important that,
methods developed to detect the enterotoxins from environments like footlsanges
not just the presence of toxin molecules, but should also includeidetetenterotoxin
and enterotoxin like genes fro aureus strains that may be present. The presence of
enterotoxin genes could lead to the expression of the genes pplmpaate conditions
are presented. A complex environment such as food can lead to thesexpuesthe
genes and can cause the organism to elaborate the toxins, wheclmatgrroduced in
another environment. It should also be noted that, most of the enterotans
superantigenic and even if they do not possess emetic activitytiigyose a threat to
the health of consumers.

Detection of staphylococcal enterotoxins in foods

Staphylococcal enterotoxicosis, though a disease of moderatetyseegricause
considerable economic loss to society (Todd, 1978). The economic loss cdyldviag

of treatment, loss of productivity, intervening measures, and produatisred@he
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incidence of the intoxication varies among different countries amtbpends on the
eating habits of the people of a particular locality and of a cpufitodd, 1978).
Sensitive methodologies are necessary for detection of staphgdbcenterotoxins
because, the staphylococcal enterotoxins are very potent evenute rquantities and
can cause an illness, the toxins are superantigens and can posetezaius the health
of consumers, and enterotoxins like SEB are listed as select agents anghctantially
used as biological weapons. The need for identification of ent@metox foods is for
two important reasons, one is to identify the toxin and confirrmuslvement in food
poisoning outbreaks and the other is to confirm the presence or abskribe
enterotoxins in a product and hence confirm the safety of a marketable product.

Many programs have been established for developing sensitivapshd r
methods for the detection of staphylococcal enterotoxins from fand94l7, Division of
Microbiology of the Food and Drug Administration established a longag@rogram for
the detection of staphylococcal enterotoxins from foods (Casman amtetiBel965).
The program was successful in encouraging the development gfressarch endeavors
aimed at the detection of enterotoxins and reducing the incidencapbiykicoccal food
poisoning outbreaks. Since then many methodologies have been developedednitest
sensitive, rapid, and simple detection of enterotoxins.

Biological assays for detection of enterotoxins from foods

Prior to the development of serological assays, biological assagsemployed
in the detection of staphylococcal enterotoxins. Biological asdayslved the
administration of samples suspected of containing a toxin to human \ekine

susceptible animals. Biological assays have also involved theniathation of the
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sample suspected to contain the toxin via a catheter into thadtaoh the susceptible
animal. The animal is observed for at least five hours, anddévelops any emetic
response, then the sample is considered to contain the toxin. \nitralbrder to
establish a link between the enterotoxicity of foods and organisotated from foods,
human volunteers were used. Later on, young cats were used in ntlostlabassays.
Some of the earlier assays were involved with oral adminatraf the pure toxins to
cats and studying the response in the animals (Clark and F36f). One advantage of
bioassays is that the biological activity of the toxin can bectexteln serological assays,
only the serological activity of the toxin can be detectededt treated toxin samples are
employed, serological assays can be relied only as long #ssthean detect the antigen
and antibody interactions. However, some studies show that eveonxinamay not be
serologically active, it may still be biologically active ande versa. In 1953, a monkey
challenge test was developed and it tested the effect of atBrnimgstoxins (culture
filtrates) orally to monkeys (Surgalla et al., 1953). Howevemute of monkeys became
limited as these animals were very expensive, difficult tovtai in captivity, and were
also not readily available. The bioassays had many disadvantdgesisé of animals
became difficult as some of the animals did not produce emefiongss when toxins
were administered orally. Bayliss (1940) tested the emeiimnagt enterotoxins on cats
and found that emesis did not occur when toxin was administered @ats and dogs
showed emetic response only after intravenous inoculation (Bayliss, Kédandrie et
al., 1966). The animal assays were also complicated and thesregeie not
confirmatory. In case of intravenous injection of cats and dogentietic response was

also caused due to some nonspecific components. Besides these disaslyvtmagest
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of the animals and their maintenance was very high. Henceg tiests became
unreliable and the need for more specific and sensitive akesal/$o the development of

serological assays.

Serological assays employed in the detection of staphylococcal enterotoxins

Gel diffusion/precipitation assays

Serological assays are more sensitive and specific than animal fasdays
(Casman and Bennett, 1964; Hall et al., 1965). Serological assayge the interaction
between antigen and antibody. The enterotoxin antigen has to redtt itwit
corresponding antibody resulting in precipitation or agglutinatioaticess. In single or
double diffusion assays the soluble antigen reacts with its gpaniibody resulting in
the formation of a visible precipitation line. Initially the assayere performed in tubes,
where by the melted agar contained the antiserum. The aggpauaed into (partially-
filled) test tubes and was overlaid with solution containing theemt which is the
enterotoxin. The interaction between antigen and antibody resultdbe iformation of
precipitin bands at the interface in the test tubes. In double diffuailayer of plain agar
separated the antiserum containing molten agar and the enterotationsdlfhe antigen
and the antibody migrate into the plain agar and form the prediaitids. More recently,
the tube diffusion assays were replaced by the microslide ardgsisays. In microslide
assays the enterotoxin was placed in wells cut in antibodysageures and the
interaction between the antigen and antibody resulted in the fomr@tiprecipitin rings
around the wells. The diameter of the precipitin ring was plotted against thentratioa

of enterotoxin, and it resulted in a straight line. Crowle (1958) aadsworth (1957)
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described the serological detection of enterotoxins as a mineduersion of the gel-
double diffusion test of Ouchterlony (1948, 1953). The gel-double diffusiay asas

able to detect up to 1 pg/ml of the sample used in the assay. Read et aldél/@i)ed

aninvitro assay for detection of staphylococcal enterotoxins A and B findknsamples

using single and double agar gel diffusion. The assay required catimentof test

samples and was able to detect about 0.33 and 1.0 pg/ml of toxin Arasgdstively in

the single-diffusion. In case of double-diffusion assay the minimuectet limit was

0.25 pg/ml for SEA and 0.63 pg/ml for SEB. The micro-slide gel dodiffigsion assay
for the detection of staphylococcal enterotoxins developed by &@astmal. (1969) was
approved by thé\ssociation of Official Analytical ChemisttAOAC) International and is
now used as the current standard for evaluating new methods. Thedntewever

requires extensive concentration of food extracts. Another assal vaguires minimal
laboratory processing and is approved by the AOAC is the salidi-agar procedure
(Casman and Bennett, 1963). The capillary tube immunological asssiajpdrylococcal
enterotoxins A, B, and D was described by Gandhi and Richardson (197 Bsskyehad
a sensitivity of 1 pg/ml and the enterotoxins were detectednwéhi hour. A similar
capillary tube assay was described for enterotoxins A, B, angd Bubg and Wagner
(1971).

The serological assays required the concentration of toxins fomus and
chromatographic purification and concentration by dialysis were eftgrloyed prior to
performing these tests. Many procedures were developed fexttaetion, purification,
and concentration of enterotoxin from foods, so that the samples coslibjeeted to

serological procedures. Zehren and Zehren (1968) described aghulerael diffusion
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test for detection of enterotoxin A from large quantities of ahed$ie procedure
described for extraction and purification of enterotoxin enabled thectdet of
enterotoxin as low as 0.3 pg/100 g of cheese and the recovemgbwais 16-35%. The
enterotoxin was separated from the food by combining the food and 0.2MaNa ratio
of 1:5 and mixing in a blender. The pH was maintained at 7.5 with Na@el.fdod
slurry was mixed, centrifuged, strained through nylon filter and theextracted. The
extract which contained the enterotoxin was purified by overnighysisain 50% wi/w
polyethylene glycol. The dialysis was followed by anotheema¢d procedure involving
chloroform extraction. The procedure was very labor intensive anel tonsuming.
Dialysis against a solution of polyethylene glycol was usedany of the concentration
procedures in earlier experiments in order to reduce the watdent of the extract,
which was to be used in the serological assays. The purifiemtexare often lyophilized
as a final concentration procedure (Casman and Bennett, 1965; Bgll1&65; Reiser et
al., 1974). Since the lyophilization was time consuming, some résgarconcentrated
the extract using gels. Barber and Diebel (1972) modified the quoeef Zehren for
extraction of enterotoxin from fermented sausages. After theofbtanr extraction and
dialysis the extract was heated atGé a water bath followed by chloroform extraction
and elution of toxins from chromatography column. The heatings&egd to remove
any inhibitory substances which may interfere with the seradbggsay. The enterotoxin
was detected by immunodiffusion on slides as described by Gastral. (1969) with
slight modifications which involved the use of hemo-sol, which removelahe around

the agar without affecting the precipitation lines.
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Serological assays employing electrophoresis technigues

Electrophoresis assays are one of the early methods involved detéaion of
enterotoxins. Many support mediums like paper, parchment, and nyl@nused for
separation of the toxin, but all had their drawbacks and were impractitad, thee use of
starch as a support medium was employed (Bergdoll, 1956; Casman antt, B67p).
Raymond and Weintraub (1959) introduced polyacrylamide gels as a soygatuaim for
zone electrophoresis. Baier (1971) employed the polyacrylamiddeg#élophoresis for
the separation of enterotoxin B. Subsequently, the toxin that had besuoh fetumh the gel
band was used for injecting monkeys in order to examine the bidl@gitaity of the
toxin.

A gquantitative electroimmunodiffusion method for detection of enterotoxiwas
described by Gasper et al. (1973). The technique which was introdutedifeyl (1966)
was initially employed in clinical medicine for analysis eérum proteins. The
electroimmuno diffusion was based on the principle that in a consettiefield and a
given antibody dilution, the length of the precipitation cone forrsgatoportional to the
concentration of the antigen. The method had a detection limit of hbargerotoxin A,
and was rapid, simple, besides being quantitative. The immunofluoreseéimbdd for
detection of enterotoxin B in food smears and food extracts was amaghé method
and could be completed within 4-5 h (Genigeorgis and Sadler, 1966). Thedsnivas
conjugated to fluorescein isothiocyanate and the method was ald¢etd the toxin as
low as 1 to 0.05 pg/ml. The flotation antigen-antibody system wasnt@resting
serological assay (Hopper, 1963). The enterotoxin was separatedtiie aqueous

solution by a froth flotation method. The antiserum labeled with teerlidydamine, was
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added to the separated toxin solution along with an anionic wetjegt.aBlowing of
compressed air through the mixture resulted in the formation of.fd&e dye then
reacted with the toxin to form a red colored fraction. When thaspre of the
compressed air was increased, the dye toxin foam fraction was sdmarabem the rest
of the solution. Identification of the toxin was done by mixing a dropefdam fraction
with a drop of buffer at a pH of 4.5 and a drop of polystyrene latespension. The
formation of a thick agglutination reaction was read as positive. kirabtl Anderson
(1973) developed a reversed immune-osmophoresis (RIO) method for adetetti
staphylococcal enterotoxin A. Osmophoresis is defined as “sinedltss electrophoresis
of proteins and their homologous antibodies in agar, resulting in the tfonrmaf
precipitation lines” (Kimble and Anderson, 1973). The method was c&keersed”
because the antibody solution was added to the well closest talbdeastead of the
anode. The method was as sensitive as double diffusion method with teoddisst as
low as 1 pg/ml. The method could be employed for quick screeningeybtakins from
food. The disadvantages of the method were that it was not queaetitatd when
samples like cheese and meats were used, the visualization pfettipitation lines
became difficult.

Assays employing hemagglutination reactions

Morse and Mah (1967) described a very sensitive microtiter hemangdioim-
inhibition assay for staphylococcal enterotoxin B. Hemagglutinanbibition occurs
when the enterotoxin antigen and antiserum were allowed to reaethamsensitized
red blood cells are added subsequently, there is no hemagglutinationgaasl the

antibody has reacted with the antigen. The assay had advantages sapid results,
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small quantity of reactants, ease of reading, and reproducibiite gel diffusion
methods based on precipitation reactions were time consuming andildifise it
depended on the migration of the precipitation lines, besides beingdahardge. The
hemagglutination-inhibition assay was able to detect a concentratimxinfas low as
1.6 pg/ml. A passive hemagglutination assay was described fatidetef enterotoxin
B from culture filtrates (Johnson et al., 1967). The detection methadslogpved from
the application of precipitation reactions to the use of aggludimatactions. The
agglutination reactions were rapid when compared to the precipitadctions. Most of
the serological assays employing precipitation reactionsahadcubation of 24 h to 1
week in order to read the results. To overcome this bias, agglon assays were
sought. In the passive agglutination assay, bis-diazotized benzidinegydietimation
with formalinized sheep erythrocytes was used for a quick araifispgetection of the
enterotoxin B from culture filtrates. Silverman et al. (1968) tgexl a reversed passive
hemagglutination assay for detection of enterotoxins in culturatéftrand food samples.
The sensitivity of the assay was at least 50-100 times higherthat of the gel diffusion
assays and the lowest concentration of enterotoxin B which wastetbtwas 0.0015
pa/ml. The cells were tanned, sensitized with antitoxin glopwdimd preserved in
formaldehyde or pyruvic aldehyde. The method did not require the coato@mtof the
samples. The presence of other organic components in the sandpthes ohiterfere with
the reaction.

Radioimmunoassays (RIA)

Radioimmunoassay was first reported by Berson et al. (1956). TAefdR

enterotoxins, employed radio labeled enterotoxin which reacted wsthspecific

32



antibody. When unlabeled enterotoxin was added, the unlabeled antigen cbmipete
the labeled antigen for combining sites on the antibody. The gtbateoncentration of
the unlabeled antigen in the test sample the greater the prgobalbilihe unlabeled
antigen to bind to the antibody. After the reaction, the unreactegeant separated out
from the antibody-antigen complex. The assay began to be employadelpoun
detection of staphylococcal enterotoxins from food as it had advarlikgespidity,
sensitivity and specificity. A solid-phase radioimmunoassayemgdoyed for detection
of enterotoxins A and B from foods such as ham salad, cheddar chéms®, sastard,
and condensed milk (Johnson et al.,, 1973). The method had two advantages, it was
guantitative and it only required a minimal preparation of food estrdte toxin was
extracted from the food samples by just blending the samplesvéal by centrifugation,
pH adjustment, and filtration through a tissue. The assay involmeliig of the
enterotoxins A and B with radioactiv€’. Polystyrene tubes coated with specific
antibodies were used for the detection and quantitation of the entesoioxXood. The
lowest limit of detection was reported to be 1-10 ng/g of food. A doarti®ody solid-
phase radioimmunoassay (DASP) was described by Lindroth and Nisk&f). (The
method was very sensitive and had a detection limit of up to 200 @gterotoxin. The
method also detected enterotoxin A as low as 2-5 ng/ml from tchmeat and sausages.
This sensitive assay involved the precipitation of antigen-antibodhplex by anti-rabbit
serum, which was adsorbed on to a solid carrier like celluloskerMit al. (1978)
described a radioimmunoassay for detection of staphylococcal exiasf, B, C, D,
and E in food usings. aureus cells with protein A as a coprecipitant. The extraction

procedure employed was very simple and hence reduced the hands orhgmeetfiod
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had a detection limit of 0.5-1 ng/g and was better than the nlide-diffusion assay
which is used as the AOAC standard. Protein A was used as an inmgeartment in this
assay. The protein A attached to the cell wall of $haureus cells, was able to bind
specifically to the Fc region of IgG. This leads to the rapid uptdgkéhe immune
complexes, which were then separated by centrifugation. The atiepaof protein A
cells was easy and also inexpensive. An Affinity radioimmunoaksagnterotoxin B
detection was described with detection limits of 1.2 ng/ml in bu#@ ng/ml in non fat
dry milk and 6.3 ng/ml in hamburger (Niyomvit et al., 1978). Thehogtemployed
sepharose 4B columns which has the covalently bound enterotoxin B. Tihedsrgel
diluted in sephadex G-25 was placed in the column and the sampleegueentsally
pumped into the column. Th&3- labeled SEB in the appropriate buffer was passed
through the column and the amount of the radio labeled iodine remowvedheocolumn
at an alkaline pH of 10.5 was inversely related to the amount d@bxive present in the
sample.

The radioimmunoassay had revolutionized many areas of research and
technology, because of its rapidity and sensitivity. However thi@iramunoassay had
its draw backs. The primary drawback was the handling and ugsedd-labeled
components. As the radioactive compounds posed a serious health hazard many
researchers and laboratory personnel were unwilling to work withsuustances. It also
involved training of the researchers and required special labtiéilThe expense
involved in working with radioactive components was also higher when cethpa

other assays. These drawbacks lead to the development of manynati@nalogical
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assays which did not involve the use of radioactive compounds but instgdolyed
enzyme labeled reaction components.

Enzyme immunoassay (EIA) and Enzyme linked immunosorbent assay (ELISA)

The need to develop a simple assay, which is non hazardous, requrgirigsee
sample preparation, is cost effective and had other advantkgesidity, sensitivity,
and specificity lead to the development of methodologies involving enzgbeling of
the reaction components. Enzyme immune assays had the sensitidbhywas equal to
radioimmunoassays and did not have problems like lab safety, wastsaljssquipment
expense, and short reagent life, which were encountered when Rl&maasyed. In
1969 the protocol for conjugation of enzymes to proteins was establisheain(@as,
1969). As the procedure became routinely used, many areas of lneaadrenedicine
began to employ the ELISA and EIA procedures for rapid and sendétection of both
antigens and antibodies. Saunders and Bartlett (1977) described a altiimey solid-
phase enzyme immune assay for detection of staphylococcabterierA from foods.
The sample preparation required only 15 min and the entire assagowgpleted within
1-3 h. The lowest detection limit range was 0.4 ng/ml for a @&3tperiod and 3.2 ng/ml
for a 3h test period. The presence of organic matters and other caortgpdigenot affect
the EIA. The methodology used anti-staphylococcal gamma globA8iG) sensitized
microplate. Dilutions of toxin containing samples were added tsehsitized plates.
The conjugate was added after incubation and washing to remouerlibend reactants.
The ASG conjugate (horse radish peroxidase enzyme) reacted apaglitwith the

substrate [2,2’-azino-di(3-ethyl-benzthiazoline-6-sulfonate)] ABTS.
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Several enzyme-linked immunosorbent assays have been developed for the
detection of staphylococcal enterotoxins from food. Among the Elt&sAniques three
types were reported in earlier studies. The single sandwathaah could be performed in
microtiter plates, polystyrene tubes, or on spheres. The assapersadiase or alkaline
phosphatase antibody conjugates (Fey et al., 1984; Freed et al., 1982pKahe 980;
Saunders and Bartlett, 1977). The other two methods are the douthidedamethod
and competitive method. In the double-sandwich method the enzyme is couphed t
specific antibody (Notermans et al.,, 1978; Saunders and Bartlett, 1BvAhe
competitive method the enzyme is coupled to the toxin molecule (WKanoff 1980;
Koper et al., 1980; Kuo and Silverman, 1980; Morita and Woodburn, 1978; 1Stiffle
Rosenberg and Fay, 1978). Freed et al. (1982) reported an enzyme-linked
immunosorbent assay which employed a solid—phase double antibody sandsaigh as
The assay employed polystyrene balls and microtiter plateslal—phase supports. The
assay was rapid and could be completed within a day and detectidivisgngs less
than 1 ng/g of various foods that were analyzed. Many commaeleiattion systems
were developed based on the ELISA principle. ELISA became a roptotedure,
which is still employed for detection of staphylococcal enterogoXrom foods and
clinical samples in many diagnostic laboratories and research iostitut

Commercial kits for detection of staphylococcal enterotoxins from foods

Commercial detection systems that detect staphylococcabentes are easy to
use as most of the reagents come in prepared ready to usq fermeady availability of
reagents and buffers reduce the hands on time, thus making the cohitr a sought

after option. The commercial kits also produce results rapidly ragdire minimal
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optimization. The kits are often used in food manufacturing industriesder to monitor
the quality of the products and are also in used in public health investigations.

The reversed passive latex agglutination test kits for detecti enterotoxins
enable the detection of soluble antigens such as enterotoxins.dglahration assay an
antibody reacts with the particular antigen, which could be the eoteromolecule.
However in a reversed passive latex agglutination assay (RieAgntibody is attached
to particles such as latex beads and reacts with the solulgerantihereby crosslinking
due to antigen in solution causes agglutination. The commercial FEA-RUnipath,
Basingstoke, UK) provided a rapid method for detection of the stapmtgakt
enterotoxins. Fujikawa and Igarashi (1988) developed a rapid reversediepassi
agglutination assay, which used high density latex particlestifer detection of
staphylococcal enterotoxins A to E. The assay required only 3ubation which was
not as long as the 16 h incubation required for some commercial RBELEET-RPLA,
Denka Seiken Co. Ltd., Tokyo, Japan). The detection limit was compa@hilee
commercial kit and was about 0.5 ng/ml of the sample employed. The FFHA test
kits could be used to detect enterotoxins in wide variety of foodsremures little
sample preparation. The results are semi-quantitative. Thedatécles are sensitized
with antiserum from rabbits and these latex particles aggtatinathe presence of the
corresponding enterotoxin. The method was developed to detect the classical enterotoxi
A-E.

Many researchers compared various detection methodologies khsasve
commercial kits that are available. Wieneke and Gilbert (1987) aexhpghe efficiency

of four methods in detecting enterotoxins present in foods involved in food pasoni
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outbreaks. Wieneke (1991), compared four commercial kits namely theERET
(ELISA-B) from Dr. Bommeli AG (Stationsstrasse 12, CH-3097,nBerSwitzerland),
SET-RPLA from Unipath (Basingstoke, UK), ELISA-M (membrara)d ELISA-T
(tube) from TRANSIA (8 Rue Saint Jean de Diue, Lyon, France). A euwitfoods that
were incriminated in food poisoning outbreaks in between 1987-1990 wereethaly
using the four commercial assays. The ELISA-B and SET-RPLActet toxins A-D
and the ELISA—M and ELISA-T detected enterotoxins A-E. Each lstaide to detect
individual enterotoxins. The ELISA-B and ELISA-M were very labotensive and
required extensive extraction procedures. ELISA-T was moderate in laborteacdiex.
The SET-RPLA was very easy to perform and required only miniexé&raction
procedures. ELISA-B detected 0.1-1.0 ng/ml of toxin, SET-RPLA andSAIM
detected 0.5 ng/ml, and ELISA-T had sensitivity down to 0.2 ng/ml. ifie required
for completion of the assays (excluding the extraction timejedarthe ELISA-B
required at least 24 h, followed by the SET-RPLA of 16 h. The EiNScould be
completed within 4 h and the ELISA-T was the most rapid testcaalil be completed
within 2 h.

Apart from the above mentioned commercial kits many researtstutiesms and
industries offer ELISA microtiter plate based kits for reskand diagnostic use. Some
of them are the SET-VIA kit from TECRA (Australia) and tielSA kit for detection of
staphylococcal enterotoxins from Toxin Technologies Inc. (SaraSbjaThe SET-VIA
from TECRA uses polyvalent capture antibody against SEA-SEE ezpuires minimal
sample preparation. These assays are rapid and could be compléiaddviith. The

ELISA-M and ELISA-T kits employ monovalent capture antibody sységainst SEA-
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SEE. Another RPLA kit made in Japan also employs a monovalent cagttipedy
system for detection of enterotoxins A-D.

The RIDASCREEN (R-Biopharm Gmbh, Darmstadt, Germany) cowmiaier
enzyme immunoassay kit is another assay which is available fmctida of
staphylococcal enterotoxins A to E. Park et al. (1994) evaluhteefficiency of this
system. The kit employs monovalent capture antibodies against enitesofe. The
advantages of the kit was that there was no cross-reactiviimgihe reagents, had a
high degree of specificity, was simple, required very little @sstg and extraction
procedures, could be completed within 3 h, provided semi-quantitativesraadithad a
sensitive detection limit of 0.2-0.7 ng/ml of food samples used. ThASIH SET and
VIDAS™ SET 2 (bioMerieux, Marcy-I'Etoile, France) are two automdadetection
systems for detection of staphylococcal enterotoxins. Thesensysenable the
simultaneous detection of seven enterotoxins A-E including the sulif/&sC. These
are enzyme-linked fluorescent assays (ELFA) with monoclonal-eatgrotoxin
antibodies. The results are read by the VIDAS automated sgstérare given as relative
fluorescence values. The difference between the VIFASET and VIDASM SET 2 is
that the later uses two Fab fragments and no Fc fragmentofustruction of the
conjugate. A comparative study conducted by Vernozy-Rozand et al. (2§@tjed
that the VIDASM SET 2 had a sensitivity of less than 0.5 ng/g for toxins ABaadd
lower than 1 ng/g for toxins£&nd E and about 1 ng/g for SED. The VIDXSET had

the sensitivity of 0.5 ng/g for SEA and SEADd greater than 1 ng/g for SED and SEE.
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Other methods currently available for detection of staphylocoa enterotoxins from

foods

There are other technologies that enable the detection of entesoi@m foods.
Western immunoblot is one of the sensitive assays (Rasooly aswblRal998). The
immunoblot technique has the advantage of detecting toxin samples whehdéean
heat treated. The drawback of ELISA based techniques ishiéhatate unable to detect
toxins which were subjected to heat treatment. This could be due ¢orf@mational
changes that might occur when the toxin was subjected to haahér#. The western
immunoblot solublizes the denatured protein toxins and enable thé@etcthe toxins
by its corresponding antibodies. The western immunoblot was reported to detect SEA t
level of 0.1 ng/ml. O'Brien et al. (2000) developed a detection metbggamploying
bidiffractive grating sensors. The detection limit for a puraga of SEB was 1 ng/ml.
Another method, using the fluorescent based sensors had a detectiai 4mig/ml for
pure samples of enterotoxins (Rowe-Taitt et al., 2000). The suPlasenon resonance
biosensors detected SEB concentrations as low as 0.5 ng/ml in milk rpgavdples in
5% water (Homola et al., 2002). An immunomagnetic flow cytomeiection assay
was developed for detection of staphylococcal enterotoxins Bafivbyo et al., 2003).
The method had a detection limit of 0.25-0.5 ng/ml in milk samplesa$say was rapid
and could be completed within 3 h. A sensitive immunoassay using n@ageats, for
high-through put detection of enterotoxins B was reported (Alefahtsd., 2004). The
assay employed paramagnetic beads coated with a primary antibloel assay also
involved the use of monoclonal antibodies which were labeled with Alexa 647.

After the capture of the toxin antigen the magnetic beads ex@@sed to a 625 red laser
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and the fluorescence intensity was measured using fiber optit@peter. The assay
was able to detect SEB concentrations in buffer as low as 100img the reagents
utilized in this methodology were combined, it eliminated many veésps involved in
many ELISA assays and hence the method used a “time-compréssad!. Since the
sensitivity reported was for SEB in culture filtrates anddiyfthe sensitivity of the assay
in detection of toxins in food samples must be evaluated.

Immuno PCR assays for detection of staphylococcal enterotoxins

The development of methodologies for conjugation of oligonucleotide to
antibodies paved a path for sensitive detection of enterotoxins. Toderégecondary
antibodies were not coupled to enzymes but instead were tethereshort
oligonucleotide sequences resulting in a specific antibody-DNA caejugehese
oligonucleotides were capable of participating in the polymeraam ceaction (PCR),
which had a massive amplification potential. This technology resubedhe
amplification of signals from the enterotoxin molecules preserd gample and very
minute amounts of toxins present could be detected. The immuno-PCbtnesnthe
specificity of the antigen-antibody mediated reaction with #esisivity of the PCR
amplification. The method was developed by Sano et al. (1992) and me@itdias been
used in many areas requiring sensitive detection of antigensiH;¥PCR has been used
for the detection of pathogens such as group A streptococcus (ltisalg 2003), in the
detection of toxins fromBacillus thuringiensis (Allen et al., 2006) andClostridium
botulinum neurotoxin type A (Wu et al.,, 2001), and in the detection of viral argige

(Maia et al., 1995).
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An immunoquantitative real time PCR for the detection of staphytatoc
enterotoxin B was developed by Rajkovic et al. (2006). It was eotit@r plate based
assay and employed the antibody-DNA conjugate for the detemftiSEB from culture
supernatant and foods. The conjugation of the antibody to the reporter D&\N¥antne
biotin-streptavidin complex. The assay was able to detect SEBods in broth at a
concentration of less than 10 pg/ml. Fischer et al. (2007) reportequtrditative
detection of staphylococcal enterotoxins A and B from culture safz@i The assay
was performed in microtiter plates and the amplification of thN&A[@onjugate was by
real time PCR. The sensitivity of the assay was 100 p@m8&EA and 10 pg/ml for
SEB in culture supernatant. The covalent conjugation of the antibod\£ovizas by
using a heterobifunctional cross linking agent such as SMCCo&sualfinimidyl-4-(N-
maleimidomethyl) cyclohexan-1-carboxylate). Covalent conjugatioth@fantibody to
the reporter DNA eliminates the many wash steps that arevedolvhen biotin-
streptavidin conjugates are used and it also prevents the occufearogfalse positive
reactions.

Detection of enterotoxin genes

The classical enterotoxins (A-E) have been incriminated as the valsgents of
foodborne intoxications. Most of the biological and serological/immunolbgssays are
developed for the detection of these protein toxin molecules in foods. dgwibe
organismS. aureus produces other enterotoxins which are now known as the novel
enterotoxins. Hence the SE family has expanded and it now includgesterins SEG-
SER and SEU besides the classical enterotoxins A-E. The genehefse novel

enterotoxins and their variants have been reported (Abe et al., 20€)dlet al., 2001;

42



Letertre et al., 2003; Marr et al., 1993; Munson et al., 1998; Omag, €002, 2003;
Orwin et al., 2001, 2003; Ren et al., 1994; Zhang et al., 1998). The methalgsefction
of toxins as well as the toxin genes can be of much use to th@fooessing industries
as it involves consumer health and also economic well being of thetriedusAs
mentioned above most of the immunological assays target only #sécelaenterotoxins.
The reason could be that, aside from the classical SEs being ihwolaeost of the food
outbreaks, the availability of the antibodies against the noveloéoiters is very limited.
In most food poisoning outbreaks, the classical enterotoxins ar@nbe that are
responsible, although many of the strainSadureus that are isolated from suspect foods
possess genes such seg, seh, and sel along with the classical enterotoxin gesea
(McLauchlin et al., 2000). The novel enterotoxins SEG, SEI, and vheants have
more evidence towards their superantigenic activity rather than dbéity to cause
emetic responses (Dinges et al., 2000). So, other enterotoxins snagtalfere with the
health and well being of consumers. Many authors have noted thepif@miological
reasons, if a toxin gene is present in staphylococci, then the smgashiould be
considered positive for that toxin production since toxin productiomad for in vivo
cannot be ruled out. The serological methods however, rely on the qgerexetetectable
amounts of toxins. If the method is not sensitive enough to detectdkenpe of very
minute amounts of toxins, it may result in false negative repbns.PCR methods can
give information regarding the presence of genes. The DNA-DNA hyhtidizand PCR
techniques are the most reliable methods for the detection aidimegenotypes and are

also dependable alternatives. Quantitative DNA based methods masetg because
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detection ofS aureus at >10 cfu/gm food alone is sufficient to implicate SE foodborne
poisoning.

DNA hybridization techniques used in the detection of enterotoxin g&s

Methods involving gene identification, like the DNA hybridization haen used
for identification of S aureus enterotoxin genes. Notermans et al. (1988) described a
DNA-DNA colony hybridization method with three different syntbeprobes. The
nucleotide probes encoded the amino acid sequences of SEB that waoalidath the
sequences of the SEThe objective was to see if single probe could be used to detect
both SEB and SEC producing strains. Neill et al. (1990) prepared 18-base oligonucleotide
probes based on the sequences that were specific for the enter8td®irnS, and TSST-
1. The probes were able to detect the presence of the enterotoxins genefefemeas
well as clinical strains 0% aureus by colony blot hybridization. There was a correlation
of greater than 93% between the hybridization results and toxin piatuwhich was
detected by ELISA. Hence methods developed for genotype idetdificaould be used
to validate assays that detect the toxin molecules (phenotypbacB et al. (1989)
evaluated the production of enterotoxins B and{S. aureus isolated from toxic shock
syndrome patients. Internal probes for the enterotoxins were desagie DNA from
representative isolates was allowed to hybridize. The sequencedgynbettween B and
C; genes allowed the detection of both genes under stringent conditi@noxin levels
were determined by immunodiffusion assay.

Detection of enterotoxin genes by PCR

The detection of the enterotoxin genesSofwureus present in foods was done

mostly by PCR based methods. The nucleotide sequences of md&t ehterotoxin
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genes are available and different degree of homology found atinerggnes lead to the
designing of enterotoxin gene specific primers which alloweelesing of samples for
the presence of these genes. Johnson et al. (1991) designed eighdf minshetic
primers for detection of enterotoxins A-E, exfoliative toxins A 8ndnd TSST-1. The
primers targeted the internal regions of the toxin genes and the products wezedabgly
gel electrophoresis. There are many reports on genotype aradlgsigerotoxins by PCR
(Gilligan et al., 2000; Mclauchlin et al., 2000; Omoe et al., 2002; ckasd Giguad,
2002). Some variations and novelties have also been reported using theéaB&R
techniques. The PCR-ELISA developed by Gilligan et al. (2000) ugernal biotin-
labeled oligonucleotides as probes that immobilize and detect tseggiences on
microtiter plates. The PCR-ELISA had a higher sensitivitg aas able to detect 250
gene copies when compared to agarose gel analysis which waabtalto detect up to
2500 gene copies. The assay was also compared with SE toxin BhtS#dund that in
the detection of SEB, the sensitivity of SEB PCR-ELISA washrgreater, whereas the
SEA PCR-ELISA and SEA toxin ELISA were similar. Becletral. (1998) developed a
multiplex PCR enzyme immune assay (PCR-EIAs). This systdlowed the
simultaneous detection efa to see, eta, etb, and tst genes
Another PCR approach for the detection of enterotoxin genes was the

development of the multiplex PCR. Multiplexing results in the diamélous detection of
many genes in a single PCR reaction. Many reports areablaibn the multiplex PCR
detection of MRSA strains (Barski et al., 1996; Brakstad et al.,)1983considerable
research has also been done on the multiplex detection of entergeres (Becker et

al., 1998; Loveseth et al., 2004; Mehrotra et al., 2000; Monday and Bohach, 1999;
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Tamarapu et al., 2001). Since the detection of amplicons of multR@ER was by
agarose gel electrophoresis the method required a lot of pospfCe&ssing which was
laborious. In order to overcome this bias, Letertre et al. (2003b)agedceh 5’ nuclease
multiplex PCR for quick detection of nine enterotoxins geises, Eeb, sec, sed, see,
seg, seh, sal. sgj) of S aureus. The method was fluorescent-based (TagMan) and resulted
in the simultaneous detection of amplicons without involving agarosseggtophoresis.
An oligonucleotide probe was designed which had a complementamyn réagated
between the primer binding sites. The probe was dual-labeled with a repertartte 5’
end and a quencher at the 3’ end. The 5 nuclease activity of the [iNAnerase
resulted in the cleaving of the internal probe, allowing fluorescehtiee dye that was
no longer in close proximity to the quencher molecule. The methodyispecific as the
probe is specific and no non-specific amplicons were generated. Bag asms
performed in triplex reactions with probes labeled with differepbrter dyes. In each
reaction three staphylococcal enterotoxin genes were detected.

Real-time PCR techniques are also gaining popularity antengnethods that
are currently available for the detection of enterotoxin genes.aflvantage of real-time
PCR is as the name suggests the amplification of the tavgkt be monitored in real
time. It is a quantitative method and it also eliminates the tansuming and laborious
post PCR processes of amplicon detection by electrophoresistirRealuorescence
PCR for detection of enterotoxins A, B; @nd D was described by Klotz et al. (2003).
The assay is a TagMan PCR. The TagMan oligonucleotide probe Hasr@sdent
reporter dye at its 5’end and a quencher molecule at the 3’ eot wshiybridized to the

internal region which is to be amplified. Toxin production, by theirgrased in this
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study was evaluated by RPLA. The results indicated that m@iastvere positive for
enterotoxins as detected by TagMan PCR than were detect88TBRPLA. Thus PCR
was able to identify the presence of the genes, even if detectaolents of protein
toxins were not detected by the SET-RPLA assay. The irealdssays are also very
rapid and results could be obtained within 5-6 h. The real-time PQG&ttida of
enterotoxin genes is gaining popularity and is becoming a routieegure which could
be adapted in laboratories (Nakayama et al., 2006).

Microarrays for the detection of enterotoxin genes

Microarrays can be used as a rapid means for the detectioeobtexin genes.
Though microarray based technologies are very expensive, and maratdabe do not
opt for it due to cost constraints, the ability of the method toifsgsly and rapidly
detect the presence of the enterotoxins genes is desiratgjee@et al. (2004b) reported
a microarray-based one-tube assay for simultaneous detectionltyple enterotoxin
genes ofS aureus. The method involved an initial PCR amplification of the target
regions of sixteen enterotoxin genes with degenerate primersPCReamplicons thus
generated were characterized by microchip hybridizatiah wiigonucleotide probes
specific for the enterotoxin genes. The disadvantage was theg, isiwas a multiplex
reaction, the presence of different copy numbers of the gesal$eckin varying signal
intensities in the arrays. Sergeev et al. (2004a) also reportedetreopment of a
microarray based technology for detection of many pathogendhamdirulence factors
such as theS aureus enterotoxin genesC. botulinum toxin genes and pathogens
including Listeria spp and Campylobacter spp. The reliability of the system was

enhanced by incorporating three elements, redundancy of genes, redundancy of
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oligonucleotide probes for each gene and quality control oligonucleotidespwatich
monitors array spotting and target DNA hybridization. The micayarbased
technologies could potentially be used for very sensitive detectiois cdureus
enterotoxin genes.

S aureusis an opportunistic pathogen capable of causing many superficial as well
as deep seated and systemic infections. Staphylococcal enitesqioge a serious threat
to the health of consumers. The organism also produces many exopnoteats
enhances its pathogenic and virulence potential. The enterotoxins, sbesidging
foodborne illness, are also a civilian threat as they can potgitealised as bioweapons
by terrorists. Many detection technologies have been developekefaletection of the
toxins as well as the genes. The detection of enterotoxins amdtexie genes has been
reviewed in this article. Apart from the above mentioned methotkslognew
technologies which have the potential for sensitive detection are curreinttydxplored.
The assays must be cost effective, easy to use and must lgeadaptable for routine
use in laboratories. Since the enterotoxins are causative agentsodiborne
intoxications, the detection methodologies must be efficient to détedioxins or its
genes in complex environments such as foods. Many detection tedbsolugye
constraints due to the interference from the food particles andartigeric materials that
may be present in food. Technologies that eliminate or overcome ltreeses should be
developed and must be employed for much easier and sensitive detettiesecgents.
The use of immuno-paramagnetic beads for detection of enterofoxfosd is being
explored. The method is able to detect femtogram quantities of tairagpid, and very

easy to use. The use of signal amplification molecules likfiubeescent nanoparticles,
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DNA dendrimers, and DNA combs could also be employed to detect miniscule
amounts of enterotoxins from complex environments. The DNA dendrimees da
massive potential to amplify signals obtained from any targdecule. The multiple
layers of DNA dendrimers or DNA combs may offer manyfold afiggliion of signals

from the target by the way of PCR amplification. These some of the many
technologies that are currently available that could be used fectidet of enterotoxins

of the pathogers. aureus. The methods described can be adapted for detection of other

pathogenic microorganisms and their toxins as well.
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INTRODUCTION

Staphylococcus aureus ranks as one of the most important bacteria that cause
outbreaks of foodborne poisoning (Aycicek et al., 2005; Balaban and Rasooly | 2000;
Loir et al., 2003). The organism’s pathogenicity is due to its whditproduce a wide
array of extracellular protein toxins and other virulence fac{dkineden et al., 2001).
The organism has gained a lot of notoriety in clinical venues fourcences of
methicillin resistantS aureus (MRSA). However, it is also well known for foodborne
intoxications that result from the consumption of foods contaminated watfiorpred
enterotoxins. The presence of staphylococcal enterotoxins (SEH®pdhis a great
concern to the food industry and regulatory agencies and is a |lezdisg of worldwide
foodborne illness (Di Pinto et al., 2004) contributing to health problems in consumers and
economic losses from contaminated products. The intoxication or food poisoning
illnesses, caused by SEs are characterized by enteric respesush as diarrhea,
abdominal cramps, and vomiting within 1-6 hrs of consumption of contaminateld f
(Bergdoll, 1991)S. aureus has been known to produce at least twenty different types of
enterotoxins, the most common ones being SEA-SEE (Nema et al., 288&hxIns are
protein molecules having a molecular weight of 26,900-29,600 kDa (Holeckalg e
2002). In 1989, four outbreaks were associated with canned mushrooms, girlgsum
resulting from heat-stable enterotoxins produced before canningnf.etial., 1996).

Besides causing gastroenteritis, the toxins are also capablévatiagtthe immune
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system by possessing super antigenic activity. They irttesittc antigen presenting cells
and T-cells, causing nonspecific activation of T lymphocytes n@den et al., 2001,
Balaban and Rasooly, 2000). This causes massive and uncontrollede releas
lymphokines which can have fatal consequences. Some of the entergimdosed by
S aureus are also classified as biological ‘select agents’, possess$iatich is highly
regulated as they have been designated as a potential bioldgrest agent
(Anonymous, 2005).

Dose levels of staph enterotoxins involved with foodborne illness havedyar
and levels of SEA as low as 0.5-0.75 ng/ml in chocolate milk esbutt 850 cases of
foodborne illness in school children (Evenson et al., 1988). Although the peesén
bacterial levels ofS aureus organisms alone >%Ocfu/gm are sufficient cause to
implicate staph enterotoxin as the causative agent of a foodborresalisetbreak
(Anonymous, 1996), it is imperative to be able to have sensitive aetexftiSE in food
given the consequences of staphylococcal foodborne poisoning and itsit curre
designation and potential use as a biological threat. Furthermore, thelgwestailished
intoxication dose may be underestimated due to limits of detectiohodwbgies
(Rajkovic et al., 2006). The breakthrough in SE testing in food hasabtedmuted to the
development and availability of polyclonal and monoclonal anti-SE antibtdth¢have
lead to the development of many immunological assays (Bergdoll)).198& use of
magnetic beads for recovery of biologicals has further provideth#éams to capture and
concentrate organisms and molecules (Safarik et al., 1995; Olswak, €t994). The
incorporation of antibody-coated magnetic beads has resulted in edhdatection

sensitivities capable of detecting as little as 0.1 ng/ml of SEB and (Ateéral., 2004;

77



Kijek et al., 2000). Signal amplification of reaction specifestcan be accommodated by
multiple binding kinetics of fluorescent-labelled polyclonal secondanyib@dies
(Alefantis et al., 2004) or PCR amplification of oligonucleotidebeetd to secondary
antibodies (Sano et al., 1992).

The present study is involved with improving the limits of detec{ld@D) of
SEs in food systems, by using magnetic bead-based immunologitatecéollowed by
real-time amplification of the capture signal (i.e., signabpl#iation). The method
described herein appears to be robust considering the complex foodstufismed and
could be applied to other toxins of either food safety concern or feettavgeted as

potential biological threat agents.
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MATERIALS AND METHODS

Organisms used in the study and conditions employed

The Saphylococcus aureus strains were grown in Tryptic Soy Broth (TSB, EMD
Chemicals Inc., Gibbstown, NJ) by incubation for 24-36 hr 8€3For experiments, a
freshly transferred overnight culture &faureus was used. Reference stock cultures were
maintained at -8C in TSB with 10% glycerol. Baird Parker agar (Himedia Lalvslial)
with egg yolk and tellurite and Mannitol Salt Agar (MSA)(Bectoni¢ckdon & Co.,
Cockeysville, MD) were used for confirming colony morphology, coagpilproduction
and mannitol fermentation, respectively. Staining reactions, biochletesta, and PCR
reactions withS aureus 16S rRNA-specific primers were also employed to confirm the
identity of the strains obtained from the stock cultures. Slaireus strains used in this
study are listed in Table 1.

Antigens, antibodies, and commercial kits.

Highly purified staphylococcal enterotoxins SEA, SEB, and affimtyified
sheep polyclonal antibodies for the corresponding toxin antigens wen@ecbfaom
Toxin Technology, Inc., (Sarasota, FL). Two commercial kit systeare also obtained
for comparison with assays developed in this study: StaphylocBotatotoxin Visual
Immunoassay (SET VIA; TECRA, Australia) and ELISA Kit (Toxin Techno|dgg.).
Coating of paramagnetic beads with anti-SE polyclonal antibodies.

Hydrophilic COOH-modified 2.8um magnetic beads (M-270 Carboxylicd/Aci

Dynal/Invitrogen, Carlsbad, CA) were coupled with sheep polyclonalShtntibodies
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as described elsewhere (Alefantis et al., 2004). Briefly, 125 eafds (2 x 10
beads/ml) were separated from their suspension media and wdredvwaas] suspended
in 0.1 M 2-(N-morpholino)ethanesulfonic acid, pH 5.5 (MES buffer). Finally, | 1106f
EDAC (1- ethyl-3-(3-dimethyl amino propyl) carbodiimide (125/miy Sigma, St Louis,
MO) was added to the beads in MES and incubated %@ 86 a rotary shaker (100
RPM) for 30 min. The beads were washed thrice and suspended in coupling buffer, 0.1 M
phosphate buffered saline (1X PBS, pH 7.2). Sheep polyclonal antibodidso53 x
10" molecules/pl were added to the bead preparation and incubated far 28€ with
gentle rotation. The beads were washed and then incubated overnightonstant
rotation in 1.25 ml of quenching buffer (35 mM glycine, 1.0% gelatin, pH 71gn&.
Finally the beads were washed thrice and stored for future ¥ an 1.25 ml of
storage buffer (1.0% gelatin, 2.25% Tween 20, 0.01% sodium azide, pH 8)[Sigma
Coating of the anti-SE antibodies to the beads, as stated above, feas@e using a
semi-automated Bead Retriel®r(Dynal Biotech/Invitrogen). The concentration of
capture antibodies {ntibody) coated onto the beads was ~4'% tlecules/pl.
Generation of amino modifiedreporter DNA.

DNA template encoding the luciferase gene (Promega, Madison, VElused
for the generation of the amino-modified reporter DNA (Wu et281Q1). In brief, the
forward primer was synthesized with an amino-modified 5'-end e®isethe reverse
primer was unmodified. The primer sequence used was 5'-(amino)
GTTCGTCACATCTCATCTAC-3 and the reverse primer was 5'-
TCGGGTGTAATCAGAATAGC-3'. Each 50-pul reaction contained 2 qi the

concentrated template containing DNA (80 ng), 0.2 uM of each gfrtheers, 2.5 mM

80



MgCl,, 1X thermophilic buffer, 0.2 mM DNTP mix, 1.5 units of Tag DNA polynsera
(Promega) and 30.8 pl of nuclease-free water. Clear PCR tyise (8i0-Rad, Hercules,
CA) were used for containing the reaction mix and the reactienpedormed in a PTC-
200 DNA Engine (MJ Research/Bio-Rad, San Francisco, CA). Tlntiaeaconditions
were: initial denaturation for 1 min at @5 followed by 30 cycles of denaturation at
95°C for 45 sec, annealing at % for 30 sec, extension at °@2for 1 min and final
extension at 7Z for 10 min, followed by continuous hold &4 The reaction volumes
from multiple tubes were pooled and the PCR product was purified treniylontage
PCR clean up kit (Millipore, Bedford, MA). The presence of the etgue563-bp amino
modified product was confirmed by electrophoresis on a 1% agaroségelDNA
samples were quantified using NanoDrop (Fischer Scientific, Willmin@i&i,

Covalent coupling of the 563-bp oligonucleotide to the anti-SE antibodies.

The conjugation of the reporter DNA to the anti-SE sheep polyckmtdlodies
was performed as previously described along with required matiins (Hendrickson
et al., 1995; Joerger et al., 1995; Allen et al., 2006). Briefly, thea@miodified reporter
DNA (60 pl of 20 ng/ul) was activated with succinimidyl-4-fivaleimidomethyl]-
cyclohexane-1-carboxylate (SMCC; 540 pl of 10 mg/ml; Geno Tech,.dsis, MO).
SMCC was prepared fresh at 10 mg/ml in 50 mM sodium phosphate (pH Re5).
primary amine group on the reporter DNA covalently binds to th@oog! group on the
SMCC molecule via an ester reaction. Sheep polyclonal antitR@fy pl of 4 x 18
molecules/pl) was reduced with 40 mM (300 pl) dithiothreitol (PgaheThe removal
of excess reagents was performed by sephadex G-50 gel filtr@tienactivated DNA

and the reduced antibody were mixed and allowed to react whilbating at 2%C with
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gentle and constant rotation for 2 hr in the dark. This enabled the ifonnat the
covalent bond between the maleimide group of the SMCC molecule anédieed
sulfhydryl groups on the antibody. The conjugate was then stré€ for future use.
The approximate concentration of DNA for generation of the antilidi- conjugate
(2° antibody) was 20 ngl and the antibody concentration was 4 X t®leculesil.
Detection of pure toxins in broth media by iPCR.

The IPCR signal amplification assay for SE toxin detectioa Bphase assay
consisting of a) immunomagnetic bead capture, b) secondary antibgdyDNA
application, and c) real-time PCR amplification of the repdddA. The reporter DNA
is based on a eukaryotic luciferase gene and should reduce the msk-gpecific
amplification. The primers for the real-time amplificationao59-bp internal segment of
the reporter DNAwere designed using the PrimerQd¥ssoftware (Integrated DNA
Technologies, Coralville, [A). The sequence of the forward primer was
5'GTTCGTCACATCTCATCTAC-3' and the reverse primer was 5'-
AATCTGACGCAGGCAGTTCT-3'. The COOH-modified beads (p0), coated with
either anti-SE (A or B) antibodies, were incubated with dilutionpuwsé SE (A or B,
depending on the antibody combinations) in TSB. The starting coneemtodtthe pure
toxin was either 750 ng/ml or 75 ng/ml and tenfold serial dilution® warried out until
the concentration was 7.5 fg/ml. The mixture containing the antiboated beads and
the antigen were incubated at’@5for 1 hr with gentle agitation. The beads were then
washed 3 x with 300 pl of PBS in each wash and collected in 300didtded water.
Washing of the beads was performed using the semi-automated Bxaevd®™.

Gelatin (100ul of 1 mg/ml) was added as a blocking agent. The mixture was iecliba
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25°C with rotational agitation for 15 min. The particles were washed 3 x with wasdr buff
and collected in 200 pl of distilled water. The secondary antibbdg-conjugate (50 pl;
DNA concentratior< 15 ng/pl) was added and samples were incubated®@tfab 1 hr
with constant rotational agitation. Finally the particles weteaved, washed 3 x with
wash buffer (1x PBS), 3 x with distilled water, and then collegte200 ul of double-
distilled water. The washed beads were then incubated@tf865 min and centrifuged
at 5000 x g for 5 min (Eppendorf Model 5417-R, Brinkmann Instruments, Inc., Westbury,
NY) with a standard fixed angle rotor (F 45-30-11).Heatinghest step is required to
release the complimentary strand of the double-stranded reputéotide, and/or
release of the antibody itself from the capture complex. Following centrifugatiop) 5
of the supernatant was added to a PCR reaction mixture containing25YBR green
PCR Master Mix 1x (Abgene, Rochester, NY), 0.1 uM of each offaiveard primer and
reverse primer, 18 ul of distilled water in a total reaction vel@h50 pl and subjected
to PCR in a real-time thermal cycler (Opticon 2; MJ Res3€Bio-Rad, Hercules, CA).
The thermal cycling conditions were °@5for 15 min (enzyme activation), followed by
40 PCR cycles of denaturation at°@5for 15 sec, annealing at %5 for 1 min, and
extension at 7Z for 1 min.The Taq polymerase used was Thermo'¥@Bgene, UK)
which requires heat activation to release bound adduet that preventstyseem
amplification. Melting curve analysis was performed for every tonconfirm the
presence of a single amplified product. A negative PCR reaatioinot had all of the
reagents except the supernatant containing the reporter DNA. ©onémols were
samples without the antigen (toxin), without the conjugate, withoutapei@ (primary)

antibody without the reporter (secondary) antibody, and samples without Bdesidata
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generated was analyzed using the Opticon 2 data analysisasoffiMJ Research/Bio-
Rad).
Comparison of iPCR with commercial ELISA Kits.

Two microtitre plate-based commercial kits were tested alatig iPCR-SA in
order to compare the sensitivity of the methods. SET VIA (TECRdstralia) and
ELISA kit for SEB (Toxin Technologies, Inc., Sarasota, FL.) wesed according to the
manufacturer’s protocol for performing the tests. Two-fold sefilaltions of the pure
toxins, encompassing the range detected by the iPCR we&ed tesbroth as well as in
food samples. The optical density of the colorimetric reactions merasured at 405 nm
using an ELISA plate reader (TECAN, GENios, Research Triangle Park, NC)
Detection of pure toxins (SEA and SEB) spiked into milk, una salad, lemon
meringue pie, and raw ground turkey.

Detection of pure SEA and SEB toxins spiked in food samples andithiiof
detection using IPCR-SA was investigated. We examined simple fgads as milk,
foods incriminated in prior food poisoning outbreaks like tuna salad, fobut$ wan be
contaminated during handling like lemon meringue pie with cream aedngue
toppings, as well as complex, potentially difficult products suchaasground turkey
(high fat, protein, and background microorganisms) to demonstrate the raisustribe
magnetic bead extraction and PCR-detection procedure. The foavitera obtained at
a local supermarket. Toxin was added directly to liquid food sanfpidk) or after
initial mixing (lemon meringue cream pie). Semi-solid food samfiiena salad, ground
turkey) were partially diluted/mixed with sterile water (@0%%) prior to spiking with

toxin-containing dilutions in order to render them usable and insustasabry mixing.
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Pure SEA, or SEB, (starting concentration of 75 ngamoh 10-fold dilutions down to a
final concentration of 7.5 fg/gm) were spiked into the respectiveajpadiluted food
sample(s). The food samples were mixed well in sterilgéittestomacher bags (Whirl-
Pak®, Nasco, Modesto, CA) using a stomacher blender (Stomacher 480-4einder,
Seward Medical Ltd., London, UK) prior to, and during, addition of the toxin. The
food/toxin mixtures were allowed to stabilize for 30 min afteratidition and mixing of
the toxin in order to standardize treatment time before furtesting. The toxin
extraction method was modified from Rajkovic et al. (2006) and wasmmended by
the manufacturers of the commercial ELISA test kits. AB8rmin, a 1:1 ratio of
extraction buffer (0.25 M Tris buffer, pH 8.0) was added to the faatptes, mixed with
the stomacher, and allowed to sit (standardize) for 20 min. Atfterfinal incubation
period, liquid samples were retrieved from the filtered silehe Whirl-Pak bags,
centrifuged at 3000 x g for 15 min at°23 and the supernatant was further filtered
through a syringe with prewetted cotton in its cylinder (Rajkoviale 2006). The
filtered supernatant was then analyzed by immunomagnetic beadergcand PCR
signal amplification and compared to commercial ELISA kits.

Detection of enterotoxins produced by enterotoxigenic strains by iPCR.

Enterotoxin production was first tested in growth media by iPG®R with the
commercial ELISA test kits. Supernatant fractions from 10 mow&rnight cultures of
enterotoxigenic strains ditaphylococcus aureus were collected by centrifugation and
analyzed by iPCR and ELISA. Enterotoxigenic strains: ATCC 13&A), ATCC
14458 (SEB), ATCC 51740 (SEB) were used as positive control straingy@nd

enterotoxigenic strains, or those that did not produce SEA or SEBGANG50, ATCC
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19095, ATCC 27664) were used as negative controls. All assays werateepn
duplicate. The foods (milk, meringue cream pie, tuna salad, and RTEid&ly) were
also inoculated with the same enterotoxigenic strairs areus and tested for detection
of enterotoxin by iPCR. The pH and water activity of all théetb$oods were above 5.8
and 0.94, respectively. 20-gm portions of each of the food items wendateat with
~100 cfu/ml of washed cells of enterotoxigenic strain§ aureus as positive controls
and non-enterotoxigenic strain as negative controls. Prior to inaruldie foods were
blended in a stomacher to homogenize the mixture, and further mifitednoculation,
and the sample pouches were incubated ¥ 83t 24 hr. Extractions of the inoculated
foods were carried out as described previously (Rajkovic et al. ZDBé)extracts were
analyzed immediately for the presence of toxin by both iPCR and ELISA Kkits.
Detection of toxins in heat-treated food samples.

The ability of the iPCR to detect enterotoxin in heat-treéded samples was
examined. Whole fat milk (3.3% fat) and ground turkey were used as fabctes in
these experiments. Various dilutions of pure SEA and SEB vpgkedsinto 20-gm (or
ml) portions of milk and ground turkey at the same levels testdiére ranging from 7.5
ng/ml (or /gm) to 7.5 fg/ml (or /gm) in the various samples. 4nivalent amount of
spiked food was held at room temperature (controls) while another porisrheated
(66°C for 30 min in the case of milk and°C7for 30 min in case of ground turkey). After
heat treatment, the enterotoxin was extracted from the groundy tgdaples with
extraction buffer as described earlier, or directly extrabt@eh milk. The heat-treated
and control food samples were analyzed by iPCR and the resutcorapared with the

results from the commercial kits.
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Detection of heat inactivated toxins by iPCR.

The ability of the iPCR assay to detect enterotoxin afteas been inactivated by
autoclaving was evaluated. Pure toxin (SEA & SEB) dilutions in 16fmrlilk were used
for conducting the experiments. The starting concentrations weneg7mdi* and the
final concentration was 7.5 fg thl The experiment was performed in duplicate. The
toxin dilutions in pre-autoclaved milk (toxin was added to autoclaudkl) served as
controls. The toxin dilutions in milk were autoclaved at two differénte and
temperature combinations (@15 psi for 10 min and 12@/15 psi for 2 h 45 min) and

detection was examined by iPCR.
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RESULTS AND DISCUSSION

Preliminary considerations.

The use of magnetic beads has helped increase the sensitigdteofion assays
because of their ability to capture and concentrate targegeastifrom large volumes
(Olsvik et al., 1994; Safarik et al., 1995). In 1999, USDA-FSIS adopted #heofus
immunomagnetic separation (IMS) for detectioriEo€oli O157:H7 because of improved
sensitivity in detecting low levels of O157:H7 from meat productsthiglds for targets
even smaller than bacterial cells have also found IMS to enharedtioetcapabilities.
Kijek et al. (2000) used immunomagnetic bead separation coupled with
chemiluminescent detection to detect SEB toxin in clinical sasngh our assay, we
chose sheep polyclonal anti-SE antibodies since monoclonal antibodiesepered to
have lower sensitivity (Rajkovic et al., 2006; Fischer et al., 2007).coh&ination of
these two methods whereby the reporter ‘signal’ of an immunomagRE€R assay
(iPCR’) is amplified (‘signal amplification’, SA) should lead very sensitive detection
levels (Fig. 1).

Enterotoxin detection in broth and foods by iPCR-SA.

Common vehicles of transmission resulting from post-process (i.e-cqaisk

contamination have included proteinaceous (ham, turkey, chicken) and manually

prepared foods such as deli salads and cream filled pies andtsi¢sk#mberg and
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Blake, 1984; Stewart et al., 2003; Soriano et al., 2002). We assessadstysagainst
various complex food components that are either typical food matheeéhave been
involved in enterotoxin foodborne illness or which may represent a robutngeafor a
molecular diagnostic assay. Our initial test solution was B8 tand iPCR-SA allowed
detection of both SEA and SEB down to 7.5 fg/ml (Fig. 2). Detection 6f @ESEB in
milk, lemon meringue cream pie, tuna salad, and even raw ground tuakeyetected in
serial 10-fold dilutions corresponding to 7.5 fg/gm (or /ml)(Fig.I2)PCR-SA positive
samples, the threshold cycle)@r detection ranged from 18-28 cycles. No signal was
derived from controls until near, or after, 40 PCR cycles. Ppeaance of slight signal
amplification from controls could be attributed to insufficient waghof beads after the
2°antibody with DNA oligo conjugate was added. The appearance dfia¢sintibody
conjugate would show up as a slight signal in later cycles, or aditwaithin 40 cycles if
washed well (Fig. 2). Controls that gave negative reactions irttladmples without
added antigen (i.e., non-spiked “no Ag”), samples without adfieor P-antibody (“no
Ab”), samples with opposing/different enterotoxins than the Ab usethanrdaction
(“Negative Ctrl”), and blank wells (Fig. 2).

Comparison of IPCR-SA with commercial ELISA assays for staphylcoccal
enterotoxin.

The IPCR-SA assay was tested in comparison with two comrh&ici8A test
kits. The IPCR-SA assays were capable of detecting @/l fof the appropriate
enterotoxin (SEA or SEB) for which they were designed. Howeveh, that SET VIA
toxin kit (for SEA, SEB, SEC,SED, SEE toxins) and the ELISA ZERfor SEB only)

were designed for a low limit of 1 ng/ml and the 0.75 ng/nslagswas below the
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acceptable signal for detection as stipulated in the manufésturstructions (Table 2).
Recently, a new version of the ELISA SEB kit is reportedipable of detecting 0.1
ng/ml. An obvious reason why the iPCR-SA assay is more sengstitrat even if a
semi-solid food sample requires dilution to render it workablerge l@olume of the
extracted liquid may be treated with the immunomagnetic cajiteads, concentrating
the antigen captured by those beads into a much smaller volunséjvégnis further
enhanced by amplification of the reporter via the PCR reactiorditibrmal ELISA
assays, however, take the extracts obtained from diluted food saamulesse them
directly in the reaction without concentration (Schotte et al., 2002n khal., 2003).
Although traditional ELISA methods are not as sensitive as thBR-B& method, it still
provides quantitative determination where such may be required or needed. THRAPCR-
could theoretically be made quantitative if monoclonal rather piodyclonal antibodies
were used and if only a single oligonucleotide could be tethered t@°thetibody
molecules to provide a 1:1 ratio of tethered oligonucleotide to captaxad Ag. The
corresponding €of the ensuing PCR reaction would be related to the amount of bound
enterotoxins based on similar iPCR-SA reactions with a standard set of taxiarsol
Detection of toxin in foods produced by enterotoxigenic strains @&. aureus.

In addition to detection of toxin spiked directly into foods, we alstetethe
same broth media and foods by inoculating with SEA/SEB entegetax strains (Table
1) to insure that our assay was capable of detecting microorganism-producetbrinie
as well as commercially purified toxins. The IPCR-SA SEgaggeadily detected toxin
produced bys. aureus ATCC 13565 (SEA) and the iPCR-SA SEB assay detected toxin

produced bys. aureus ATCC 14458 and 51740 (both produce SEB). The assays detected
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toxin after low levels of these organisms (washed) were in@cllahd incubated in
microbial media, milk, meringue pie, tuna salad, and in minced +ea€dgt (RTE) deli
turkey (Fig. 3). No positive assays were observed for the vanegstive control
samples processed along with the positive samples. Toxin was notedeteithout
incubation for growth of the organisms (data not shown). We felt st iwgoortant to
insure that the assay could detect pure toxin available comihewma that which is
produced by organisms in foods and considered ‘crude’ enterotoxinscdhégivable
that toxin produced by the latter could be complexed with additialthlcts that are not
present on commercially purified toxin preparations that would alscudssl for
production of antibodies. When the strains were inoculated into growtha med
noticed that the detection of SEA occurred much earlier than(8&B not shown). The
IPCR-SA was able to detect SEA within 10-12 h of inoculatiotheforganism in the
growth media. This could be attributed to the fact that the producti®&EAfis notagr
dependent and the maximal levels of toxin production for SEA-produgi@igsiccurs
during the exponential growth phase of the organism (Tremaine @B8B; Swarup et
al., 2000).
Determination of the optimal temperature conditions for the assay.

The incubation of the primary antibody coated beads with the toxigeanivas
initially carried out at room temperature {€3. To test if there is any improvement in the

detection, the antibody coated beads and toxin antigens were allowaterart at a

warmer temperature of 3Z. The incubation of the toxin and the conjugate was also

performed at 3°C. A comparison of the procedure performed at room temperature and a

a warmer temperature of %7 indicated that the antigen-antibody interactions at a
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temperature of € and at 23 were similar and no significant improvements in the
results were obtained.
Detection of toxin after heating in foods or upon heat inactivation.

The detection of SEA and SEB toxins were also tested in liquddsalid foods
(ground turkey and in milk) at cooking or pasteurization temperaturésagextreme
(inactivation) temperatures in milk. When both enterotoxins wereraebe mixed into
(diluted) ground turkey and heated to°GC7for 30 min, detection was as sensitive
(detection to 7.5 fg/gm) as that obtained without heating (Tabe &)yreusis also quite
common in raw milk and dairy products. One outbreak of staph foodborne pgisoni
Japan involved more than 13,000 people whereby SEA was detected at 0.05-1.6 ng/m
(Asao et al., 2003; Rajkovic et al., 2006). In that outbreak no liNe afeS. aureus were
recovered from milk suggesting that viable cells were destfr@uring pasteurization,
but the heat-stable enterotoxin survived processing. We obtainedrgiesiilts with milk
autoclaved for 10 min at 180 (15 psi) as we did in ground turkey to which SE was
added before heating (Table 3). However, when both enterotoxins weeetsdltp heat
treatments that are considered sufficient for inactivation®°@,215 psi, 2.75 hr), SEA
and SEB were still detected, but only at 7.5 pg/ml and 0.75 ng/mé&atesgly (Table 3).
The results indicate that extreme heating, reduces, but doesommietely prevent
detection of toxin. It is not clear if the remaining toxin tisaimmunologically-detected
has viable enterotoxic capabilities sinceiarvivo bioassay was not performed in this
study. Studies on heat inactivation of staph enterotoxin A indicateetidpoints for
inactivation are dependent on toxin concentration (i.e., 27 vs. 40 minviré® ug/ml,

respectively, in beef bouillon at 123Cl) and suspension medium (i.e., 5 vs. 27 min for
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phosphate buffer vs. beef bouillon, respectively, at 5 ug/ml and °@1(enny et al.,
1971). The possibility that enterotoxins survive autoclaving is likelyeéhson why the
Centers for Disease Control and Prevention (CDC) regulatory dispessures require
that autoclaved samples of staphylococcal enterotoxins alsoiberated (CDC, 2007).
The extended heating implemented in this study reduced detectiagivéggnbut did not
eliminate it completely as we were still able to deteuth SEA and SEB toxin to sub-
nanogram levels. It is likely the foods tested herein were even ‘pratective’ to the
low toxin levels than phosphate buffer or bouillon broth (Denny et al., 197%). An
protective food components were adequately removed during our semeded
magnetic recovery process using the Bead Retfi8v&he data suggests that we should
be able to detect SE'’s even if present in ingredients before ¢paitim equal sensitivity
of detection as post-process contamination. The iPCR-SA assayblado detect
significantly lower levels of toxin from heated foods than levetded in prior studies
due to the sensitivity of detection. The current iPCR-SA assaycapable of detecting
SEA/SEB toxins as low as 7.5 fg/ml from food samples which sdl@ greater than
reported in microtiter-based igPCR assays (Rajkovic et al., 2006hearty 16-fold
greater than the commercial ELISA kits used in this study. Di&ing curve analysis
for the signal amplifications of the captured toxins revealedifspand discrete melting
profiles for the expected amplimers, even on toxins recovered fratimyperials (Fig. 4).
This indicates that PCR amplification of the conjugated antibodg-DIMjo is occurring
with specificity and that non-specific priming or PCR artdawere not observed with
our assay (Fig. 4). The same specific melting profile wasrobdefor all iPCR-SA

reactions in this study (data not shown).
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The IPCR-SA assay for SEA and SEB was specific for thvesadxins. SEA and
SEB iPCR-SA assays did not react with culture extracts Btains known to produce
other enterotoxins that were tested (data not shown) and providdd & sensitivity
beyond many current testing regimens. Using antibodies for ddyar enterotoxins, or
for toxins from other pathogens, we believe sensitive detection cosilg ba achieved
for food safety purposes or for detection of potential biological tlagents such as ricin
or botulinum toxin. The latter may even be easier to detect thactidet from foods
because of the additional complexity that food testing adds to diagnusthods. The
method described herein could readily be commercialized foda array of biological

agents for which antibodies are available.
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Table 1.Strains ofS. aureus and PCR primers used in this study.

) SE
Strain Produced Source
ATCC 13565 SEA S.E. Gilliland, OSU
ATCC 14458 SEB S.E. Gilliland, OSU
ATCC 51740 SEB S.E. Gilliland, OSU
ATCC 51650 TSST S.E. Gilliland, OSU
ATCC 19095 SEC S.E. Gilliland, OSU
ATCC 27664 SEE S.E. Gilliland, OSU
PCR Primer Pro_duct Source
Size
For: Amino-5GTTCGTCACATCTCATCTAC-3' 563 bp Wu et al. 2001
Rev: 5-TCGGGTGTAATCAGAATAGC-3'
For: 5'GTTCGTCACATCTCATCTAC-3' 159 bp This study

Rev: 5-AATCTGACGCAGGCAGTTCT-3'
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Table 2.Comparison of iPCR-SA assay sensitivity to SEA or SEB toxin diluted into TS bitbtlseveral
commercial kits.

Spiked level or Condition SEAIPCR-SA  SEB iPCR-SA SET VIA ELIS_A SEB

Assay Assay (Tecra) (Toxin Tech)
SEA SEB

7.5 ng/ml (or /gm) + + + + +

0.75 ng/ml + + - - -

0.075 ng/ml + + = = =

0.0075 ng/ml (7.5 pg/ml) + + - - -

0.00075 ng/ml + + = = =

0.000075 ng/ml + + - - -

0.0000075 ng/ml (7.5 fg/ml) + + = = =
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Table 3.Detection of toxin by the iPCR assay in heated food samples

Sample SEA iPCR Assay* SEB iPCR Assay*
Ground Milk Milk Ground Milk Milk
Spiked level Turkey (100°C, 15 (121°C, 15 Turkey (100°C, 15 (121°C, 15
or condition (77°C, 30 L psi,2hr, 45 (77°C, 30 . psi, 2 hr, 45
) psi, 10 min) . ) psi, 10 min) .
min) min) min) min)
7.5 ng/ml (or /gm) + + + + + +
0.75 ng/ml + + + + + +
0.075 ng/ml + + + + + -
0.0075 ng/ml + + + + + -
0.00075 ng/mi + + - + + -
0.000075 ng/ml + + - + + -
0.0000075 ng/ml (7.5 N N i N + i
fg/ml)
No toxin - - - - - -

No 1° antibody - - - - - -
No 2 antibody - - - - - -
Negative Control - - - - - -
Blank - - - - - -

*Note: The appropriate SE toxin (SEA or SEB) was added in the spiked samples.
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Table 4. Detection of SEA by SEA iPCR-SA assay in spiked samples. Detection of 8Afoth media ,
milk, meringue pie, and ground turkey.

SEA Level B:-oStJ.h Milk Meg?egue Ground Turkey

SEA G SEA G SEA G SEA G
7.5 ng/ml (or /gm) + 22 + 26 + 28 + 27
0.75 ng/ml d.n.a. + 27 d.n.a. + 27
0.075 ng/mi + 23 + 28 + 29 + 28
0.0075 ng/ml (7.5 pg/ml) d.n.a. + 29 d.n.a. + 29
0.00075 ng/ml + 25 + 30 + 30 + 30
0.000075 ng/ml d.n.a. + 30 d.n.a. + 31
0.0000075 ng/ml (7.5 fg/ml) + 30 + 31 + 31 + 32

d.n.a., did not assay.
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Table E. Detection of SEB by SEB iPCR-SA assay in spiked samples. Detection of @&Broth media,
milk, tuna salad, and ground turkey.

TS Tuna

SEB Level Broth Milk Salad Ground Turkey
SEB G SEB G SEB G SEB G

7.5 ng/ml (or /gm) + 24 + 23 + 26 + 22
0.75 ng/ml d.n.a. + 24 d.n.a. + 21
0.075 ng/ml + 25 + 25 + 27 + 23
0.0075 ng/ml (7.5 pg/ml) d.n.a. + 26 d.n.a. + 24
0.00075 ng/ml + 26 + 26 + 30 + 25
0.000075 ng/ml d.n.a. + 27 d.n.a. + 26
0.0000075 ng/ml (7.5 fg/ml + 28 + 28 + 32 + 27

d.n.a., did not assay.
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Signal Amplification Detection of SE-toxin

Luciferase gene
mza-;rl::‘tm l PCR with amino-
modified primers
beads P
N
N7\
Large oligo
Carboxyl groups were |
reacted with 1° antibody {563 bp)
with EDAC reagent Large gligo was
activated by
RN w/SMCC
1= antibody .
tethered to SMCC
magnetic 5 -+ \M\
bead
Capture RXN Disulfides on 22 antibody

with 1° Ab-coated reducedwith (idofiwefiol

magnetic beads
Reduced disulfide reacts

with SMCC on large gligo

1° antibody

tetheredto .

magnetic Oligo tet_hered
bead to 2° antibody

Toxin captured with
Immunomagnetic bead

10 antibody
tethered to

magnetic \) Real-time
bead F‘CF?.
i - - (183- bp

22 antibody-gligo, complex is added to

the captured toxin-bead complex, Signal
washed, then real-time PCR RXN Amplification
Figure 1. Schematic representation of the flow of reactions involved in the immuno-

PCR signal amplification detection of staphylococcal enterotoxins.
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Figure 2. Detection of SEA and SEB in spiked samples. Detection of SEA from broth
media (panel A), milk (C), meringue pie (E), and ground turkey (G). Detection of SEB
from broth (B), milk (D), tuna salad (F), and ground turkey (H).
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Figure 3. Specific detection of staphylococcal enterotoxins SEA (panel A) Br(B&nhels B & C) using the
immuno-PCR assay in various foodstuffs after incubation with toxin-producingsstRanel A,
foodstuffs incubated witB. aureus ATCC 13565 (SEA+). Panel B, foodstuffs incubated V@thureus

ATCC 14458 (SEB+). Panel C, foodstuffs incubated Bitaureus ATCC 51740 (SEB+).
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Figure 4. Melting curves of PCR products derived from detection of SEA amit8Ens using the immuno-PCR
assay. Melting curves from immuno-PCR of SEA (panel A) aBB $anel B) autoclaved in milk.
Melting curves of amplimers from detection of SEA (panel C) aB& $anel D) after heating in
ground turkey.
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INTRODUCTION

Saphylococcus aureus is an opportunistic pathogen that is capable of producing a
variety of virulence factors that enable it to invade and colonmgseeptible host. The
CDC estimates th&® aureus causes about 185,000 cases of food poisoning annually in
the US (Mead et al., 1999). Humans are the most common reservsiapbf/lococcal
food poisoning bacteria. The organism is commonly found in the nasal pasisagand
throat and gains access to food during processing and food handling. Aamaso
heavily colonized with the organism and contamination of foods during gingesf
animals and their products is also a common occurrence. The abilitys gfathogen to
invade the host involves the production of a vast array of extracgbdeeins. Though
the organism produces many metabolites such as enzymes and cytottwais
contribute to its pathogenicity and virulence, the enterotoxins présegireatest risk of
foodborne illness to consumers. The enterotoxins are heat regigiggins which have
similar structure and molecular masses of about 22-30 kDauRtSal., 2005). The
staphylococcal enterotoxins (SEs) are potent gastrointestimahs, possessing
superantigenic activity and are capable of nonspecific stimulatidrcefis (Balaban and
Rasooly, 2000). The enterotoxin genes of staphylococcus show high ridelesquence

homology (Betley et al., 1992). The enterotoxin genes could be present in the
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chromosome or they could be carried by mobile genetic elementsasuplasmids,
bacteriophage, or on genetic areas known as staphylocd&calrgus) pathogenic
islands (SaPlIs) which could be transferred horizontally betweamstMlynarczyk et

al., 1998; Orwin et al., 2001). The classical antigenic types ofodéoxéns are SEA-SEE
(Dinges et al., 2000). Besides the classical SEs, other SEs$EHEGand their genes
have been reported (Munson et al., 1998; Ren et al., 1994; Zhang et al., 1668). M
recently many new SE genes such sek, sem, sen, seo, seqg, ser, seu encoding
homologue enterotoxins have also been reported (Jarraud et al., 200fre Letteal.,
2003b; Omoe et al., 2003; Orwin et al., 2003). The most common enterotgpticated

in staphylococcal food poisoning is SEA (Holmberg and Blake, 1984).ofdemism
produces SEA in the mid exponential phase of growth. The eygAés also carried by a
temperate bacteriophage. The production of SEA is not regulated lagdhassory gene
regulator &gr) (Tremaine et al., 1993). The expression ofehi® gene, however, iagr
dependent as are tec and thesed genes. Isolates from food poisoning outbreaks have
been shown to carry thentB in their chromosome whereas isolates from non-outbreak
events often carry the gene on a 0.76 MDa plasmid (Shalita #93a¥). Enterotoxin C is
classified into three antigenically distinct subtypes (§E®EG, and SEG) that are
highly conserved and have immunological cross reactivity (BalabaRasably, 2000).
There also exist sequence similarities betwa#@3, entC1 andentB genes (Couch and
Betley, 1989). The second most common enterotoxin causing food poisoning ouibreaks
SED (Chang and Bergdoll, 1979). Té#D geneis carried on a 27.6-kb plasmid plB485

(Bayles and landolo, 1989). SED forms &Zhomodimer and is able to interact with the
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MHC class Il molecules causing nonspecific activation of T-lyneptes, and therefore
superantigenic activity of SED is Zhdependent (Sundstrom et al., 1996). SEE shares
84% sequence homology with the SEA and is also one of the clagsiesotoxins, but it
is infrequently involved in food poisoning outbreaks.

Apart from the classical enterotoxins SEA-SEE, the novel eotanst SEG-SER
and SEU have been investigated although not much is known about thdicangpa to
public health and food safety. The novel enterotoxin gesegsseh and sei are also
frequently detected (Omoe et al., 200R)aureus isolates from food poisoning outbreaks
frequently harbor theea, seg, seh and/orsal genes (McLauchlin et al., 2000). In case of
new SEs like SEG and SEI there is evidence confirming their aufjoggnic activity but
not much regarding their emetic activity (Dinges et al., 2000). ¢bidd mean that
isolates producing enterotoxins SEG-SER will still have relewdn consumer health,
even if they may not cause food poisoning. $&geandse geneshelong to an operon of
the egc (enterotoxin gene cluster) which contains three more enterotoxis,gemesen,
and seo besidesseg andsei. The seg andsel genesare present in a tandem orientation
(Jarraud et al., 2001). Thegc can harbor theseu gene and be classified agc-1 (seu
positive) or it may not harbor th&u gene and be classified agc-2 (seu negative)
(Fueyo et al., 2005b). In the past decade there has been mualthiese the classical
enterotoxins and their relevance to food safety and consumer headtiprdsence of a
variety of enterotoxins and their genes calls for rapid and simpt@odology for their
identification and characterization. The use of polymerase chaatiaeaPCR) for
detecting enterotoxin genes and the use of serological techrfmudstection of the

protein toxins have been common methods for identification and charatteriof
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enterotoxigenic isolates and their enterotoxins. The presence obterie genes does
not necessarily mean that the particular toxin is produced. Howevegst instances the
presence of the toxin gene correlates with the production of the aoxi the ability of
the organism to produce the toxin in a favorable food environment cannotrimked.
Hence the detection of toxin genes and characterization of entigentic strains o
aureus is as important as the detection of the toxin itself. Manyhoust have been
employed so far for detection of the enterotoxin genes. Assaysvimyalestriction
fragment analysis and probe hybridization are multistep presessl they could be time
consuming and cumbersome. Microarrays for detection of enterotones gewve been
described (Sergeev et al. 2004). However the use of microdmaydentification and
characterization of the enterotoxin genes could be an expensive endéaeor.
immunological methods always depend on the ability of the organismraduce
detectable amounts of toxins in a given medium. The organism may not produce the toxin
in a food, and that does not mean, it will not produce the toxin in anaboer f
environment which is more favorable for toxin production. Hence theteé&ysa need
for rapid detection of the enterotoxin genes Sdwureus for epidemiological and
diagnostic purposes. The simplest methods would be PCR-based methouse If
information could be obtained regarding the target genes, like thenseqgimormation
rather than just the presence or absence of the genes, iaidilfesearchers in
understanding the organism, the enterotoxins and their significarmelic health. The
putative significance of the newly discovered enterotoxins like B@-SER and SEU in

public health and safety calls for greater knowledge and informatgarding the
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occurrence of these toxins and so efficient means for scredra@imggenes is necessary
(Chen et al., 2004).

We have designed a “PCR Primer Array” for rapid identiferatand sequencing
of seventeen enterotoxin genes. The sequences Sfaailleus strains currently available
in NCBI database were retrieved. An ~500-bp coding region was rclasséhe target
region and primers flanking the 5’ and 3’ ends of this region werigros with Vector
NTI-10 software (Invitrogen Corp). The DNA from enterotoxige8icaureus ATCC
strains (used as control strains) and also from new isolates subjected to PCR
amplification with seventeen enterotoxin-specific “Primeraitrin individual reactions.
The amplification was followed by sequencing which gave additimfi@tmation about
the toxin genes present, as well as the strain which carriggeties. Sequencing of the
amplicon, followed by analysis of the sequence enabled to daeterfiihe identity of the
sequences were preexistent with others currently availableiGénBank or were new
sequences. Sequencing followed by procedures like Multi Locus S=xUuByping
(MLST) of the isolates will also enable the identificationaaly difference between the
sequences present in the new isolates versus the sequences ipreeentsenBank
database. This methodology allows for rapid screening and typing céntieeotoxin

genes and also the enterotoxin producing isolatSsanireus.
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MATERIALS AND METHODS

Bacterial strains and growth conditions. Bacterial strains used in this study are
described in Table 1. The enterotoxigenic strain§.adureus (ATCC strains used as
control) were grown in Tryptic Soy Broth (TSB; EMD Chemichis., Gibbstown, NJ)
by incubation for 24-48 h at 3Z. For experiments, a freshly-transferred overnight
culture ofS. aureus was used. Reference stock cultures were maintained & 80 SB
with 10% glycerol. Colony morphology was examined on Baird Parkar @tjmedia
Labs, India) with egg yolk and tellurite. Mannitol Salt Agar (MSRBgcton, Dickson &
Co., MD) was to confirm mannitol fermentation. Gram-stain reactioioshemical tests,
and PCR withS aureus 16S rRNA-specific primers were also used to confirm the

identity of all strains used.

Isolation of enterotoxigenic strains ofS. aureus. Samples were collected from human
nasal passages and from farm dairy cattle, as the micrtabelffom the anatomical sites

of humans and animals harbor the bacteria. Samples of foods comimonlg to harbor

S aureus, such as raw milk from dairy cows, were also collectedigotating the
organism. Foods were sampled within 24 h. Samples were aseptically weighed ileto ster
stomacher bags, diluted 1:10 with M-Staph broth (Difco LaboratoriegpiDeMl),
stomached, and incubated for 24 h afG7%or enrichment. Following enrichment,
dilutions of the samples were plated on MSA, which is a seleen differential
medium for staphylococcus. Mannitol fermenting colonies werecteeleand streaked

onto the same medium thrice. Colonies were also streaked ontoH2elker agar to
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study colony morphology, potassium tellurite reduction, and lecithipesduction. A
single colony was picked and grown in TSB and was used for penfgrthe staining
reactions and biochemical tests such as catalase and coadgulBs¢ymerase Chain
Reaction (PCR) wittsaureus 16S rRNA-specific primers was performed to confirm the
identity as S aureus. Swab samples collected from human nasal passages, from
anatomical sites of animals, and from processing environments emeiched in test
tubes containing 9 ml of M-Staph broth for 24 h &7 ollowing enrichment the swab
suspensions were streaked on MSA to confirm mannitol fermentatiororarighird-
Parker agar for colony morphology, potassium tellurite reducdiod lecithinase
production. Gram-stain reactions, biochemical tests (catalase,sexitée and slide
coagulase, Mannitol fermentation, lecithinase production, tellurite tiedjcand PCR

with S aureus 16S rRNA-specific primers confirmed the identity of the organisms.

Strategy for designing the “Primer Array” for enterotoxin genes. The sequences of

all known S aureus enterotoxin genes currently available in the GenBank database wer
retrieved. The sequences of the enterotoxin gssgesee, seg, seh, sa, sg, sek ,sem, sen,

Seo, seq, ser andseu were aligned using the Clustal W program provided by the saftwar
Vector NTI 10 (Invitrogen Corp). Our initial aim was to desiganaversal primer which
could amplify all the enterotoxin genes in a single PCR readtiowever, no region had
100% homology for all enterotoxins genes that would allow this approashnéxt
approach was to develop PCR primers for each different enterotmsiredating to the
same region of an alignment to that a sequence alignment coulddee ahall partial

toxin gene sequences. Using a ‘similarity index’ for the matg#quence alignment of
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all known staph enterotoxin genes, we were able to determine a 500u6dtide
region that could span several regions of dissimilarity and benebtavithin a single
PCR reaction (Fig. 1). We then focused on regions of high homology spatiing
flanking both sides of the 500-600-bp region targeted for PCR andhBigis 2). By
performing individual multiple sequence alignments only on genes forsémee
enterotoxin, we were able to confirm that the selected 60-bprretgmonstrated high
homology between same-toxin sequences obtained from differemisstvéa GenBank)
for use in obtaining PCR primers (Fig. 3). The alignment showgidne of consensus
and also regions of heterogeneity. A 500-bp region was chosen tasgberegion. The
primers were chosen in such a way that, among individual groupgerbtxin genes,
the sequence of the primer was in a consensus 60-80 bp region anglifiechnegion
was the region which had the heterogeneity. By following thisesfyaa set of primers
could be used to amplify a specific enterotoxin gene sequence. The primkesl flae 5’
and the 3’ ends of the chosen ~500 bp region of the target enterotoxiriTgdate 2).
Any variations in the sequence of the amplimer would enable us itp ie@ntify and
characterize the target enterotoxin. The primers were dabsigging the Vector NTI v.10
software. The criteria for the primer design included an optimemgth of 25 bp and
melting temperature ¢Jj of 5°C — 55C. A total of 17 pairs of primers were designed
(Table 2).

Extraction of the DNA. The bacterial strains were resuscitated by inoculating i8t® T
and transferred again before use. An overnight growth culture wasarsextriction of
the DNA. The DNA was extracted using a DNA extraction kitoading to the

manufacturer’s instructions (QIAGEN Inc, Valencia, CA).
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Amplification of the enterotoxin genes using the arrayThe enterotoxin genes of tke
aureus strains were amplified using the array of primers previousierdhined and
synthesized (IDT Labs, Coralville, 1A). The PCR reaction mix ted of the following:
5 ul of 200 ng of template DNA extracted from tBeaureus strains, 12.5 pl (1x
concentration) of SYBR Green PCR mix (Sigma-Aldrich, St. LoMi®, contains PCR
buffer, MgChL, dNTPs, and DNA polymerase), and 100 nM of the seventeen individual
primers in seventeen different reactions. The final reaction volwae 25 pl. The
reaction was contained in 0.2 ml white, low profile, unskirted, PCBtiocgatubes (MJ
Research, Hercules, CA). PCR was performed in a real-tisrenal cycler (Opticon 2;
MJ Research, Bio-Rad). The reaction conditions were as followigl denaturation at
95C for 2 min (initial denaturation), followed by 40 cycles of ®@5for 15 s
(denaturation), 5% for 1 min (annealing), 72 for 1 min 20 s (extension), followed by
a final hold at 4C. All reactions included a non-template control (no DNA) and a blank
control consisting of PCR-grade water. The reactions also hativposontrols which
were ATCC strains known to harbor the enterotoxin genes. Each nuhasa negative
control, which had the template DNA from staphylococcus, which did gneg
amplification with any of the seventeen enterotoxin gene spegmiimers employed in
this assay. At end of each run a melting curve analysis arésrmed from 4%C to 90C

at a ramp rate of 0°2/s to confirm the specificity of the PCR reaction. The aroplic
obtained was purified using Montage PCR clean up kit (Millipore, Bgiidin, MA). The
presence of the amplicon was also confirmed by electrophoresis onaj&i%se gel.

The DNA sequencing of the PCR amplicons was performed at #parinent of
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Biochemistry and Molecular Biology Recombinant DNA/Protein Resouracility
(Oklahoma State University ‘Core Facility’) using an automal@dA sequencer via

“Big Dye™ 1.1- terminated reactions analyzed on an ABI model 3730 DNA Analyzer.

Sequence analysisThe sequence information obtained from the DNA/Protein Resource
Facility OSU was imported into MEGA 4.1 (Molecular Evolutionargn@tics Analysis

4.1) softwarehttp://www.megasoftware.net/index.htnihe ability to conduct sequence

alignments, editing DNA sequences trace files, mask regionseosetjuence traces, and
direct BLAST search are a few of the features of thevseo#. The software was used for
the cleanup of the obtained enterotoxin gene sequences from PCRharaplihe gene
sequences were then analyzed by using the BLAST (Basic Abigament Search Tool)
algorithm, through the National Center for Biotechnology Information

(www.ncbi.nlm.nih.gov/blast
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RESULTS AND DISCUSSION

S aureusis one of the common causes of food poisoning (Letertre et al., 2003a).
Saureus is a common inhabitant of human nasal passages (Kluytmans et al., 1997) and as
many as 30% of the healthy human population carry the organism iratheiior nares
(Nilsson and Ripa, 2006). Since these organisms are prevalent intsbftanman nasal
passages, there is ample opportunity for the organism to contarfoondtwhen handled
during processing. Over the past decade, many methods have been devetoped f
detection of the organism itself, the toxins it elaborates, ovdhieus toxin genes they
contain. The most common methods for detecting toxins are the immurblagsays
such as the Enzyme Linked Immunosorbent Assay (ELISA), Reverssv@d atex
Agglutination Assay (RPLA), Radioimmunoassay (RIA), Enzyme ImmAssay(EIA)
etc. These assays are usually designed to detect the dlassaratoxins SEA-SEE. In
epidemiological analysis of outbreaks, the identification of lew€lS. aureus at >16
CFU/gm is sufficient cause to implicate enterotoxins foodbornepimig, and therefore
methods that can detect (and quantitate) the preserffeaarfeus in food samples may
help support such efforts. The use of PCR for detection of speciéoo&min genes has
previously been reported (Becker et al.,1998; Sharma et al., 2000). Masfigators
have noted that for epidemiological reasons, if a toxin geneegeprt in staphylococci,
then that organism should be considered positive for that toxin productientlsentoxin
production in food cannot be ruled out. PCR methods can give more infomntaan
simply the presence of genes. Current techniques allow thecksmsyp, submission,

recovery and comparison of sequence information such that it dloescular typing’
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of toxin genes (and therefore the strains themselves). Thedet capable of detecting
small differences in sequences. The aim of our study was to devskoategy in which
ample of information could be obtained regarding the enterotoxin genels, wit
inexpensive, rapid and easy to use PCR methods followed by automated sequencing.

The sequences for all currently availalie aureus enterotoxin genes were
retrieved from the GenBank and grouped according to the toxins they pdodMben
the sequences were examined, we were able to locate regibnsofogy (similarity)
and heterogeneity (dissimilarity) of the aligned toxin gertég. (1). Regions on the
alignment which showed similarity among the individual toxin groupse selected for
designing of the forward and reverse primers for each toxin gen gFig. 2). The
primers flanked the 5’ and the 3’ ends of a ~ 500-bp coding regioa etersen as the
target region for the generation of the amplicon (Fig. 3). By chgdBCR primers for
the same region based on multiple sequence alignment, we woulclie abbsequently
align sequence information obtained from newly generated amplicoustal W and
dendrographic analysis that would allow typing of the various toxmegedentified.
Melting curve analysis confirmed whether PCR reactions wermafgpg@.e., presence of
a single product) to rule out the formation of primer-dimers. leslfiom human nasal
passages, animal anatomical sites, and foods were subjected task@Rhe array of
primers for the seventeen toxin genes.

In most of the isolates we processed against our SA-entargpoixner array,
most harbored multiple enterotoxin genes. In samples obtained fronmiawstrain
Milk-8 possessed two genesm and sen (data not shown), Milk-10 possessed 3

enterotoxin geness§j, sed, ser)(Fig. 4), and Milk-159 possessed 4 enterotoxin genes
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(sem, sai, seg, sen)(Fig. 5) Of the four strains isolated from raw milk, three of theiissra
had multiple enterotoxin genes, whereas strain Milk-11 possessedranben (Fig. 6).
Strain Milk-159 had theseg, sel, sem andsen the combination belonging to the egc-1
enterotoxin gene cluster lackisgo. The egcl cluster is carried by the pathogenic island
vS&h type 1. In our isolate, the=o gene was missing. The relationship between the novel
enterotoxins and food poisoning is not clear, though they can stlllttemonspecific
activation of the immune system (Dinges et al., 2000). Straik-MiD had botlseg and

sei. Among the newly identified enterotoxin genssy, she, andsel were reported to be
the most frequently distributed genes from a variety of sou@e®é¢ et al., 2002). Other
researchers reported theh, seg, she, andsei were commonly present along with other
SE genes in food poisoning outbreaks (Mclauchlin et al., 2000). Jarraud2€0d) also
demonstrated that treeg andsei have a high rate of coexistence in many isolates and
they are often in tandem orientation. Earlier research showedtwiefite isolates
involved in three food poisoning outbreaks had mely andsei genes and none of the
other enterotoxin genes including the classical enterotoxin gesresdetected (Omoe et
al., 2002). This may suggest the possible involvement of the gemnasadseai in causing
foodborne poisoning. In earlier studies, the strains havingethendsel genes have been
analyzed for the production of the toxins SEG and SEI. Researchamiittal models
have suggested that these two toxins have the capability to indete eesponse but
their involvement in causing food poisoning in humans in not clear. Otrale (2002)
also showed that the strains having $bg andsei genes produced very low amounts of
the respective toxins and it is not clear if production of low amaefrifsese toxins have

any significance in food poisoning. Although they did not demonstrate |l@ighs of
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toxin production, they were able to demonstrate significant leveis$cription of the
MRNAs of theseg andsel genes among the strains harboring these genes (Omoe et al.,
2002). The toxins SEM, SEN, and SEO have not shown any emetic astivitanimal
models but there is a possibility that the toxins may be tradsfadbm mRNA in larger
amounts than SEG and SEI, and as a result even these enterotayinsuse food
poisoning outbreaks (Omoe et al., 2002). Among the four raw milk isolateshadritée

seo or seu genes. One raw milk isolate (Milk-10; Fig. 4) did not possesggbeluster

but had a different combination of enterotoxin genes namelsetheg andser. Thesed

gene encodes for the classical enterotoxin SED which is onlkeeombst commonly
associated enterotoxins in food poisoning outbreaks (Smyth et al., 2005). Hencerthe strai
might have greater significance in food poisoning than the othetasdi@mm raw milk.

The genesed is present on the plasmid plB485 (Bayles and landolo, 1989). Later
research revealed that the plasmid also carried the ggrasdser (Omoe et al., 2003;
Zhang et al., 1998). Fueyo et al. (2005a) reported the presence tseedsl which are
associated with theed, sg andser genes. The pUO-Sa- SED1 is the commonly found
plasmid among SED producing strains, the pUO-Sa-SED2 is preseattain human
isolates and had similar restriction-hybridization patterns tile pIB485 plasmid. A
third plasmid pUO-Sa-SED3 had a different restriction pattern frapIB485 plasmid,
carried the genes sed asgl, and had one or mower-like genes. Our results show that
isolate Milk-10 has all the three gersssl, sg§ andser and the significant differences in
threshold cycle (§ obtained for the different enterotoxins genes suggest the templa
DNA is present at different copy numbers within this straig.(&). The lowest €was

obtained withsed suggesting it may be plasmid-borne in strain Milk-10 (Fig.l4js
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possible that the 3 toxin genes could be distributed among the chromasaimn2
plasmids of different copy number considering the drasticalfereifit G of the 3 toxin
genes whereas raw milk isolate Milk-159 shows close sittyilar Cr value for the 4
toxin genes detectedem, sa, seg, andsen (Fig. 5). Raw milk isolate Milk-11 was the
only milk isolate that demonstrated a single staph enterotoxins garn&ig. 6). When a
BLAST search comparing the enterotoxin genes from our raw svllates against the
GenBank data base was performed, we were able to obtain a 99% seuumobegy
with the partial sequence of tised, sg, andser genes identified in strain Milk-10. The
sed partial sequence had two bases that were different fronsethgene sequences
present in the database ased partial sequence had one base that was different. Similarly
strain Milk-159 had a 99% homology with a one-base differencean(ghrtial) sem
gene.

We also isolated aureus strains from the udders of cows. The strains C1, C2,
C3, C4, C5, C6, C7, C8, and C9 were identifiedtaaureus based on their Gram-stain
characteristics, biochemical reactions, morphology, colony clesistadts, and
amplification withS aureu-specific 16s rRNA primers. However the strains did not show
amplification with any of the seventeen enterotoxin gene spepifimers (data not
shown). Another bovine strain C-A isolated from cow hide was positivesfl and sg)
genes, but it lacked theer gene (Fig. 7). The presencesefl andsg together indicates
the possible presence of the plasmid pIB485 as previous studies haateiddhat these
two genes are carried on the plasmid in opposite orientations arsg@arated by 895
nucleotides (Jarraud et al., 2001). The demonstration of differefbrGhe real-time

PCR plots also suggests their template is present in diffeopy numbers (Fig. 7). The
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sequence of thged gene from the C-A isolate had 99% homology withsftksequences
in the data base and had two base which were different from théltds/e isolates of
bovine origin either possessed the genesgofcluster namelyseg, sei, sem, sen or the
plasmid borne genes likeed, sg or ser (Figs 4-7) This is in accordance with previous
research which indicates that strains with gesegsand sei or sed and sg are most
frequently associated with bovir&aureus isolates (Lammler et al., 2000; Omoe et al.,
2002).

A strain isolated from spoiled (fermented) apple had enterotoxiasgea, sed
andsg of nearly identical € values suggesting similar template copy number (Fig. 8)
This strain has genes for two classical enterotoxins SEA &Ml Bhich are most
frequently isolated from samples causing food poisoning (Isigali,€1992; Lindgvist et
al., 2002). Thesea andsg partial sequences had 100% homology with the sequences in
the database but tised gene had 99% with two nucleotide bases that were different.

We also examined human isolates since food handlers themselvedteare
common vehicles for contamination of food products (Figs. 93 4ureus strain JG-1
was isolated from human nasal passages carried genes forrgagbtaxins namelsgec,
sed, seg, sel, sg, sem, sen, andser (Fig. 9). The geneseg, sei, sem andsen of theegc-1
were present and also the genes of plasmid plBd&5sg) andser. In addition to these
enterotoxins genes, the strain also had the ggmd@ he genesec, ser, sem ,sei andsed
of the isolate JG-1 had 99% homology with those in the GenBank datalihsene to
two nucleotide base differences. The strain had a combinati@asdgical and novel
enterotoxin genes. The presencesaf and sed genes is significant as they can produce

the enterotoxins SEC and SED, respectiv8lyaureus strain MK-1from human nasal
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passage also had the enterotoxin genes adgiiaé cluster except foseg (Fig. 10). When
the genes from the isolate MK-1 were subjected to sequencinguasdquent BLAST
analysis we were able to obtain a homology of 99 % withsendsen partial gene
sequences. However tlsem and segpartial sequences had only 95% homology with
those in the data base suggesting that the strain MK-1 hab@sant of thesem and
seo genes. The strain JB-1 had teg, sei, sei(v) sem, sen andseu genes and hence can
be grouped inegc-2 (Fig. 11). The strain however lacked tb# gene of theegc-2
cluster. Strains having the gerseg, sei, sem, sen andseo and two pseudo genéfentl
and Yent2 belong to theegc-1 and if a strain has treeu gene it is classified as belonging
to theegc-2 cluster. Theege operon is believed to code for tbeu gene if there is any
sequence divergence in the region of the pseudo géamts and ¥ent2 (Letertre et al.,
2003Db). The strains MK-1 and JB-1 also gave amplification with psifogisei (v) gene.
Strain J-306 had theeg andsei coexisting along with theem gene of theegc-1 (Fig. 12)
The strain lackeden andseo genes of the cluster. Tlsem gene had two bases that were
different, whereas theeg andsei had 100% homology with the database. Strain SH-1
had only thesel and thesem genes of thegc-1 (Fig. 13). The strain also had a positive
amplification with the primers fosei(v) gene. Strain SM-306 had tlsg andser genes
(Fig. 14). Most of the genes of the human nasal isolates had genecasginett had 99%
homology with those in the database and some of them had 100% homologytllering
BLAST search. The interesting feature of most of the isslsm human nasal passage
is that they all had indication of the presence of the enterotoxin gene.disiezver the
egc did not possess all the genes of the cluster and variastswés present in three of

the strains. The prevalence of thge, in the isolates from human nasal passage have
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been reported in earlier studies (Bania et al. 2006). The straii M&dsem and seo
genes which had only 95% homology with the already exis#Engseo genes of the
database. Except for JG-1 which had $he and sed genes none of the human nasal
isolates had genes for the classical enterotoxins. We wer@atisble to detect treeb
or see genes, the reason could be that these genes are consideredeasttifiequent
among different sources (Bania et al., 2006; Feuyo et al., 2005b; Omoe et al., 2005).
The use of “Primer arrays” is a rapid method for identificatddrenterotoxin
genes present in differeBtaureus isolates. The strategy employed here for designing of
the primers will enable the quick identification of any variatipnesent in the DNA
sequences. Most of th&aureus strains in this study had multiple enterotoxin genes.
Amplification using the primer array enabled the simultaneous tawieaf all seventeen
of the enterotoxin genes present in the strains. Based on the pres¢he enterotoxin
genes, theSaureus isolates could also be typed. PCR followed by sequencing gives
information not only on the presence and absence of the toxin genedsdufives
additional information regarding the (partial) sequence of the geplified. In a limited
amount of time, we were able to obtain information regardingpthsence of specific
genes and through sequence alignment with existing enterotogumsnses can use this
information to ‘type’ enterotoxigenic strains either by singlais sequence typing (Fig.
15) or combining partial sequences from multiple enterotoxin genesuibirFlocus toxin
sequence typing. This kind of molecular typing capability may praest fruitful to
epidemiological investigations where quick and rapid analysis of vgodéntial

enterotoxins may be afflicting individuals involved in unsolved foodborne poisoning
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outbreaks showing symptoms typical of enterotoxicosis. The method teet tExin

variants and be employed for rapid identification of new strains or new entergenes.
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Table 1 Strains ofStaphylococcus aureus used in this study.

Strain Enterotoxin Source
(Genes detected)

ATCC 13565 SEA4ea, sed, sq) S.E.Gilliland, OSU

ATCC 14458 SEBsgeb) S.E.Gilliland, OSU

ATCC 19095 SECH, seg, seh, sai) S.E.Gilliland, OSU

ATCC 27664 SEE<e) S.E.Gilliland, OSU

J-306 seg, sel, sem Human nasal isolate
JB-1 segsal, sei(V), sem, sen, seu Human nasal isolate
MK-1 sel, sei(V), sem, sen,seo Human nasal isolate
JG-1 Sec, sed, seg, sdl, Sgj, sem, sen, ser Human nasal isolate
Milk-159 seg, sel, sem, sen Raw milk; Private dairy
Milk -8 sem, sen Raw milk; OSU dairy barn
Milk -10 sed, sg, ser Raw milk; OSU dairy barn
Milk -11 Sen Raw milk; OSU dairy barn
SH-1 sal, sei(v), sem Human nasal isolate
SM-306 sg, ser Human nasal isolate

Cow A (C-A) sed, sg Cow hide; OSU dairy barn
Apple( Ap-1) sea,sed,sq Apple

C1-C9 No toxin gene detected Cow udders; OSU dairy

The identity ofStaphyl ococcus aureus isolates was based on initial recovery with typical
reactions on Baird Parker agar followed by 16S rRNA-based PCR specificaoress.
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Table 2.Primers used in this study for the staphylococcal enterotoxin ‘primer.array

Toxin . For Tm . Rev Tm  Amplimer

(accession #) Forward Primer (T) Reverse Primer () (bp)
SEA (STATOXAA)  5-TTTTTACAGATCATTCGTGGTATAA-3' 50.0  5-GCATGTTTTCAGAGTTAATCGTT-3' 50.0 504
SEB (STAENTB)  5-TCATGTATCAGCAATAAACGTTAAA-3' 50.9  5-ACCATTTTATTGTCATTGTACATCA-3' 50.2 576
SEC (STAENTTXC) 5-AGATAAATTTTTGGCACATGATTT-3' 511  5-CGTTTTATTGTCGTTGTACATCAT-3' 50.7 544
SED (IB4ENTTOXD) 5-GCGCTAAATAATATGAAACATTCTT-3' 50.8  5-TCGTAATTGTTTTTCGGGAA-3' 50.1 570
SEE (STAENTE)  5-AACAAAGAGAGTGATGATCAGTTTT-3' 50.2  5- AAATCAATATGGAGGTTCTCTGAA 50.9 566
SEI (AF064774) 5'-AACCTACCTATTGCAAATCAACTC-3' 50.7  5-AAAAAACTTACAGGCAGTCCATC-3' 51.3 494
SElv (AY158703)  5-AAAGGCGTCACAGATAAAAACTT-3' 512  5-AAAACTTACAGGCAGTCCATCTC-3' 51.2 510
SEK (U93688) 5'-AGGAATTGATAATCTCAGGAATTTT-3' 51.0  5-AACTTTTTGGTAACCCATCATCT-3' 50.7 563
SEM (AF285760)  5-TCATCTTTCGCATCAATTAGTTT-3' 50.5  5-AAATGGAATTTTTCAGTTTCGAC-3' 51.3 540
SEJ (ABO75606J)  5-CACGATTAGTCCTTTCTGAATTTT-3' 50.9  5-CTTTAGTTTACAGCGATAGCAAAA-3' 50.4 569
SEN (AF285760)  5-GGCAATTAGACGAGTCAAATAAA-3' 50.2  5-AAAAACTCTGCTCCCACTGAA-3' 50.8 523
SEG (AY291449)  5-CATGATTTAATTTTTCCAATTGAGT-3' 50.9  5-GAATCAACAACTTTATTATCTCCGT-3' 50.1 521
SEO (AF285760)  5-TCGATTTACGACAGTAAAATCAATT-3' 514  5-ATAAATTTGCAAATATTGATCTGGT-3' 50.6 547
SEQ (U93688) 5'-CAAGGAGTTAGTTCTGGAAATTTT-3' 50.2  5-CCAAATGAAAATTCTCTGCATC-3' 50.8 562
SER (AB0O75606R) 5-CAATTCTTAGGACATGATTTGATTT-3' 50.8  5-TTCTATCTTAACACTCGAAGCATCT-3' 50.8 552
SEU (AY205305)  5-CATTAAAGCCCAAGAGAAGTTTT-3' 51.0  5-TCATAAGGCGAACTATTAAATTCA-3' 50.2 453
SHE (AJ937548)  5-GGTCAATATAATCACCCATTCATTA-3' 512  5-TTCTCCTTTTAAATCATAAATGTCG-3' 51.2 498
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Figure 1. Similarity index for aligned staphylococcal enterotoxin genes. Gapsegpnegions of most dissimilarity.
Red boxes represent regions targeted for primer design spanning the aweas tigem.
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Figure 2. Partial region of multiple sequence alignment targeted for design of forwardwarde enterotoxin-specific primers based
on the similarity index.
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SEA - N-Terminal

Note: Sequences shovn belov arzinthe same dirsction and same sense
s W W W W W w0 w0 Sw S0 s $W S50
EFS20720 (SEA) | 154] CAAATCTATTATTACAATGARAAAGCTALAACTGAAAATARGAGAGTCACGATCAKTT TTTACAGC ATACTATATTGTTTALAGGC TTTTTTAC KKATCATTCATGGTATAACGATT TATTAGTAGATTTTGATTCARAGGY

STAENTAB (SEA) [ 415) CAMATCTATTATTACAATCALAARGE TAARACTGARMATAARGAGAGTCACGATCAATTTTTACAGCATACTATAT TG TTTAMAGGCTTTTTTACARATCATTCATGGTATAACGATT TATTAGTAGATTTTGATTCARAGGA
STATOXAA (SEA) | 154[ CAARTCTATTATTACARTGAARAAGC TAMAACTGAARATAAAGAGAGTCACGATCARTTTTTACAGCATACTATATTGTTTAAAGGCTTTTTTACAGATCATTCGTGGTATAACGATTTATTAGTAGATTTTGATTCAAGGA

[ Consensus [

SEA - (-Terminal

446-CTGAAAATAAAGAGAGTCACGATCAATTTTTACAGCATACTATATTGTITAAAGGCTTT-506
RIE RNy Sy N SN TR IE VRN TG ALAATAAAGAGAGTCACGATCAATTTTTACAGCATACTATATTGTTTARAGGCTTT

—

ACKAATCATTCATGGTATAACGATTTATTAGTAGATTTTGATTCALAGGA

Note: Sequance position inrad correlate to the small zroup of aligned toxin genes and

not necassarily to a specific gzne ithey have different start positionsi.

%5 910 920 930 340 350 960 370 960 990 1000 1010 1020 1030
EF520720 (SEA) | 644 AACCTTCGGTTAATTACGATTTATTTGGTGC TCAAGGACAGRATTCAAATACACTATTAAGAATATATAGAGATAATAAAACGATTAACTCTGAAAACATGCATATTGATATATATTTATATACAAGTTAA- =+
STAENTAB (SEA) | 905| AACCTTCGGTTAATTACGATTTATTTGGTGC TCAAGGACAGRATTCARMATACACTATTAAGAATATATAGAGATAATAAAACGATTAACTCTGAMARCATGCATATTGATATATATTTATATACAAGTTARACS
STATOXAA (SEA) | 644| AACCTTCGGTTARTTACGATTTATTTGGTGC TCAAGGACAGTATTCAAATACACTATTAAGARTATATAGAGATAATAAAACGATTAACTCTGAAAACATGCATATTGATATATATTTATATACAAGTTAA= =+
960-ATTAAGAATATATAGAGATAATAAAACGATTAACTCTGAAAACATGCATATTGATATAT-1019
[ Consensus [T PV IS S IR STV R s e PR VT T I WE R WYRSTINR £ 170G Ak TATATAGAGATAATAMACGATTAAC TCTGARAAC ATGCATATTGATAT

JATTTATATACAAGTTAA

Figure 3. In order to select primers for specific enterotoxins, we examineddpeate/e regions identified from the large multiple
sequence alignment on a smaller multiple sequence alignment of only the sedaetieesame toxin for both the N- and C-terminal
regions. The sequence region selected here (as indicated by the blackHtegghdiga) is based on the boxed regions on the large
multiple sequence alignment (Fig. 2). The sequence position numbers are now based on #re8ssagd not the 20-30 shown

earlier. The multiple sequence alignments are examined here to maksesarie homogeneity within the selected region and primers
can be selected within these regions.
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Figure 4. SA enterotoxin primer array real-time PCR of the enterotgenes of eéSaureus
isolate from raw milk (Milk-10) in individual PCR reactions wekventeen pairs of primers.
The enterotoxin genesj (Green),sed (Blue), andser (Red) were amplified. Bottom inset shows
the melting curve of the amplified products obtained from individual PCR reactions.
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Figure 5. SA enterotoxin primer array real-time PCR of the enterotoxineg of a
Saureus isolate from raw milk (Milk-159) in individual PCR reactions wihventeen
pairs of primers. The enterotoxin genasn (Green),sa (Blue), seg (Red) andsen

(Yellow) were amplified. The lower inset shows the meltingveuof the amplified
products obtained from individual PCR reactions.
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Figure 6. SA enterotoxin primer array real-time PCR of the enterotoxineg of a
Saureus isolate from raw milk (Milk-11) in individual PCR reactions witeventeen
pairs of primers. The enterotoxin gesen (Red) was amplified. The lower inset shows
the melting curve of the amplified product obtained from individual PCR reaction.
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Figure 7. SA enterotoxin primer array real-time PCR of the enterotoxineg of a
Saureus isolate from from cow hide (C-A) in individual PCR reactions vadventeen
pairs of primers. The enterotoxin gersed (Green) andg (Yellow) were amplified. The
lower inset shows a melting curve of the amplified products adddairom individual
PCR reactions.
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Figure 8. SA enterotoxin primer array real-time PCR of the enterotoxin genes of a

Saureusisolate from from a partially-fermented apple in individual PCR reactiotis wi

seventeen pairs of primers. The enterotoxin geesefGreen)sed (Blue), andsg (Red)
were amplified. The lower inset shows melting curves of the amplified piodbtained
from individual PCR reactions.
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Figure 9. Primer SA enterotoxin primer array real-time PCR of therenbdxin genes of
a Saureus isolate from from human nasal passage (JG-1) in individual PGiRiaes
with seventeen pairs of primers. The enterotoxin gesesed, seg, sei, sg, sem, sen, ser
were amplified. The lower inset shows the melting curve ofaimplified products
obtained from individual PCR reactions.
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Figure 10. SA enterotoxin primer array real-time PCR of the enterotoeineg of a
Saureus isolate from human nasal passage (MK-1) in individual PCR iogectvith
seventeen pairs of primers. The enterotoxin gessgssei(v), sem, sen, se0  were
amplified. The lower inset shows the melting curves of the amgliroducts obtained
from individual PCR reactions.
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Figure 11. SA enterotoxin primer array real-time PCR of the enterotoxineg of a
Saureus isolate from human nasal passage (JB-1) in individual PCRioractvith
seventeen pairs of primers. The enterotoxin gesgssel, sei(v), sem, sen, seu were
amplified. The lower inset shows melting curves of the amplifiedywcts obtained from

individual PCR reactions.
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Figure 12. SA enterotoxin primer array real-time PCR of the enterotoeineg of a
Saureus isolate from human nasal passage (J-306) in individual PCR aesotith
seventeen pairs of primers. The enterotoxin geaegGreen),sei (Blue), andseg (Red)
were amplified. The low inset shows melting curves of the amgliproducts obtained
from individual PCR reactions
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Figure 13. SA enterotoxin primer array real-time PCR of the enterotoeineg of a
Saureus isolate from human nasal passage (SH-1) in individual PCRiopacwvith
seventeen pairs of primers. The enterotoxin geme$Blue), sei(v) (Green), andsem
(Red)were amplified. The lower inset shows the melting curves of the aetppfioducts
obtained from individual PCR reactions.
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Figure 14.SA enterotoxin primer array real-time PCR of the enterotgenes of a
Saureus isolate from human nasal passage (SM-306) in individual PCR reagtitins
seventeen pairs of primers. The enterotoxin gesegBlue), andser (Yellow) were
amplified. The lower inset shows the melting curves of the amgliroducts obtained
from individual PCR reactions.
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Figure 15.Dendrogram displaying Clustal W analysis of sequence alignments
ofportionsof pre-existing enterotoxin genes from the NCBI Database and sesjo&siEe
toxin genes from isolates obtained in this study (highlighted in dark red with tekije
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analysis enabled quick identification of enterotoxin genes. Some strains harboured
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from our isolates were identified.
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