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Abstract: Staphylococeus aureus 1s one of the most significant pathogens causing nosocomial and community
acquired infections. Among the secreted Staphylococcal virulence factors, there 1s a growing list of enterotoxins
which can induce gastroenteric syndrome and toxic shock syndrome. Here we used PCR for the detection of
genes encoding Staphylococcal enterotoxins A, B, C, D, E (SEA, SEB, SEC1, SED and SEE) of S. aureus.
SEA-SEE were selected because they are 5 classically Described enterotoxins of S. aureus and because they
were detected by Latex agglutination. We investigated 50 isolates of S. aureuns drived from scar of patients. The
presence of enterotoxin genes was found mn 37 (74%) of total number of 50 isolates, for one or more enterotoxin
genes. The PCR is more sensitive because it offers the possibility for determining enterotoxin as on a genotypic

basis.
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INTRODUCTION

Staphylococcus aureus is major human pathogens
that produce a wide variety of exoproteins that cause
various types of disease symptoms. Some S. aureus
strans  produce pyrogenic exotoxins, such as
Staphylococcal enterotoxins (SEs) and toxic shock
syndrome toxic 1 (TSST-1) (Sharma et al., 2000). Today,
up to 17 SEs are known (Sergeev et al., 2004).

Beside the classically described SEs (SEA to SEE),
only SEH, SEG, SEI have been proven to induce
gastroenteric syndrome (Munson et al., 1998).

The 5 major serological groups of enterotoxmns fall in
2 sub groups: SEB, SEC1, SEC2 SEC3 which have 66-98%
ammo acid sequence identity and SEA, SED and SEE,
which have 53-81% amino acid sequence identity. The
gene coding for TSST-1 has little sequence homology
with SE or Streptococcal gynogenic exotoxin genes
(Sharma et al., 2000, Klots et al., 2003, Munson et al.,
1998). Although the toxins are structurally and
functionally very similar.

Staphylococcal enterotoxing are low molecular
weight proteins (MW 26, 900-29, 600), heat resistance is
one of the most important physical and chemical
properties of SEs, which means that biological activity of
toxins remains unchanged even after thermal processing
of food (Chapaval ef al., 2006, Martin et al., 2004,
Mcklauchlin et ai., 1999).

They are encoded by mobile genetic elements
including phages, plasmid and pathogenicity islands
(Martin et al., 2004; Holeckova et al., 2002).

These enterotoxins have super antigenic activity;
they stimulate T-cell proliferation, enhance endotoxic
shock, suppress immunoglobulin production and are
pyrogenic (Loir et al., 2003; Munson ef al., 1998). Super
antigen activity results from direct interaction of SEs with
T-cell Antigen Receptors (TCR) and the MHC of Antigen
Presenting Cells (APC). Super antigen toxins interact with
many T-cells by recognition of specific vp chains of the
TCR (Loir et al., 2003; Mehrotra et al., 2000).

After ingestion of contaminated food toxins are
resorbed in to the blood in the gastrointestinal tract,
activate an emetic reflex, cause nausea, emesis, abdominal
cramps and diarrhea (Munson et al., 1998; Chapaval et al.,
2006).

Various methods have been developed for detecting
enterotoxin production. Of this, it is Reversed Passive
Latex Agglutimation (RPLA) which 1s most commonly
employed and 1s commercially available. In this test the
enterctoxins are identified by antibodies specific for each
of the enterotoxins. Cross reaction between SEB and SECs
and between SEA and SEE have been reported (Sergeev
et al., 2004). RPLA also depends on sufficient amount of
toxin being produced in the absence of interfering
bacterial products for

successful detection. Toxin
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Tabk 1: Details of primers and smplic one

Privver ruatte

ard sime L coiptian Hhac kb otide sequetce Crerie location P LR product sime
S4-TT (2070 TUhniwrersalf onarard prime - THTATGTA TOEM GHTHFTALCS -

Sh-4 (18] Fevrerse priverior ses SO TTAACCGANGETTCTHT-3 G39-657 ]
S4-E(13) Feverse priverior seb S0 TAGTHEACGAGTTAGHTA-3 564-582 165
Sh-C(25) Fevrerse pritrerior sec S0 8 TTHFTGTTTOTTTTATTTTCA TA L3 485-510 102

S4-T (2070 Feverse priverfor sed S-TTCEGFFAL A0 TOL CCCTTAL 2 GT6-696 306

SAE (16] Feverse priverfor see 5-GCCAMSGE TETE THAG-3 S84-600 413

Fig. 1. Agarose gel electerophoresis patterns showing PCR amplificaion The individual toxin gene products were
characterized by comparing with standar d molecdar size matker. Lane 1-3 3EA (27 0bp); lane 4, 100bp size maker,
lane 5 negative control for 3EB; lane & and 7 3EB (165 by, lane 8 100bp size maker; lane @ and 11 SEC (102 by,

lare 10 negative contral for 3EC

production recuires long (20 k) inodbation periods and is
alzo influence by cubae conditions, pH, water activity
atud the substrate vsed (Shattm a of 21, 2000,

The PCE offers because bacteridl erwichment is not
requited before a specific gene can he  detected
(Sharma of &, 2000; Hsiaoef al, 2003 ; Fosgec of al, 20027

MATERIAL S AND METHOD S

Bacterial strains and culture media: Fifty 5 aorews
straing were stodied Strains were isolated from patient
scars. Isolates were suboulbaed on Mdrient Aga (1A
and identified using the following tests: Gram staning
result, the present of catalase-positive cocd in clatmps
coagilase production atd a characteristic hemolysis
pattern when plated on sheep blood agar. In this study,
the strains have used as positive controls produced
toxing (detected by ochtorlony tesf) (Tmanifooladi ef A,
2007y and negative control had no DA in PCR reacti ons.

Isolation of genomic DINA: Total genomic DA of 5
awrers was isolated by modified phenol- chiloroform
method (Sambrook of &, 1989 Iysates of coloties were
prepared according to Sharma ef & (20000,

Oligonuclentide primers: The sequences and
cotresponiding  secuence location of aligormcleotide

a7

primers were used in this study are shown Table 1 that
were ordered by from Faza Biotech (TEAN, Telwatl). One
forward pritmer comtnon for all enterotoxin genes and 5
teverse primm et s were used( Table 1)

DMNA amplification: PCE reaction were performed in a
reaction baffer (10 ), Mg, (4 mbD) in a total wolwme of
50 pL, contairingl pl (~1ng) of template DHA, 20-30 fum
each of primers 34177, 3A-A S4B, 3AC, 3A-D, 3AE
atd 0.2 mMd of mix decey-mucleotide tri-phosphate and 1
urit of Tag DA polymerase. Twerty- eight amplification
cycles were petform ed as a following conditiorn [nitial
denatirati on 24°C for 4 min, 94°C for 30 g 50°C for 30 s,
T2°C for 30 swith afinal extensi ot eyele of 10 min at 72°C,
(statdardization of PCR protocols have done as sathe as
Sharma's study?).

Detection of amplified DINA: A 10 pL aliguot of the
amplified PCR product was anslyzed on 2% TAE agaroze
gel containing 05 pgz ml™' ethidum  bromide
Electrophoresis was petformed at 30 ¥ for 1 b Gelswere
ewed by TV transillaminati on and photographe (Fig. 1.

Sequencing: The PCE production were sequenced by
(Fazabiotech, Tebtan, Iram) and had high homology with
SEs genes of Staplyrlococous  aweus in Gen Bank
(B5-07%%).
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RESULTS

A total of 50 straing of patients scar , the presence of
enterotoxin genes was found in 37 (74%).

Presence of SEA gene was detected in 9(18%),
presence of SEB in 4 (8%), presence of SEC in 17 (34%),
SEA together with SEC in 4 (8%), SEB together with SEC
n 1(2%), SEA, SEB with SEC together in 2 (4%0), 1solates
of 5. aureus were detected No one of isolates carried
genes For SED, SEE.

Sequencing: The result of sequencing show that, our PCR
product in enterotoxing A, B, C had 85-97% homology
with BLAST in Gen bank.

DISCUSSION

The determination of Staphylococcal enterotoxins
type has a long history of successful use in
epidemiological studies in both clinical and environmental
microbiology studies (Sharma et al., 2000). Many authors
use PCR for detecting Staphylococcal enterotoxin genes
(Tkacikova et al, 2003). All of them found a high
variability (75-80%) in the presence of enterctoxin genes
(Tkacikova et al, 2003). Some S. aureus strains produce
one or more enterotoxigenic toxins mcluding SEA-SEE
and TSST-1 and these toxins represent the main cause of
Staphylococcal food poisoning. Tt has been estimated that
about 95% of these out breaks were due to classical SEs
such as (SEA-SEE) (Sambrook et al., 1989; Omoe et al.,
2002). The limitation of all genotypic tests is that the
presence of the gene does not always necessarily
mean that the toxin will be produce (Neill et al, 1990,
Tsen et al., 1998). Some researches identified the presence
on an SEC gene in two strains which did not produce
detectable levels of SEC toxin when they used the
SET-RPLA assay. This situation above and many others
maybe due to low level production of enterotoxin below
the threshold of detection for the immunological assay.
The enterotoxin gene may not be expressed due to
mutations either in the coding region or m regulatory
region (Sharma et al, 2000). However, one major
application of the immunological assay is the toxin typing
of strains for epidemiological purposes it 1s no usually
essential to know whether or not a gene is expressed
(Chapaval et al., 2006).

In the reported by Omoe et al (2002), analyzed 71
S. aureus isolates from various sources and 66 (93%) were
found to be positive for on or more enterotoxin genes
(Omoe ef al., 2002).

In the reported by Klots et al (2003), analyzed 93
S. aureuse isolates from patients at hospital, 44 (47%)
were found to be positive by TagMan PCR for one or
more enterctoxin genes (Klots et al., 2003). The results of
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Mclanuchlin et al. (1999) stadies showed rate of presence
enterotoxin genes (75%) was higher than we are reported
(74%) (Mcklauchlin et al., 1999). Chapaval et al. (2006)
was reported enterotoxin genes presence (68%) was lower
than we are reported (Martin et af., 2004). Our studies
show that presence of enterotoxin genes in scar is higher
than the presence of enterotoxin genes in food The
relationship between S. awreus nasal camer and
Staphylococcal  skin  infection  was  significance
(Tmanifooladi et al., 2007). Tt seems that there is a relation
between productivity of enterotoxin by S. aurens and
the intensity of skin infections. Tn order to establish the
fact it requires more studies, because enterotoxigenic
S. aureus was present in more than 50% of patients with
Psoriasis and Atopic dermatitis significantly correlate to
enterotoxin production of isolated S. aureus strains
(Tomi et al., 2005).

PCR is a rapid and extremely sensitive procedure,
which 1s a very good teol for the detection of enterotoxin
gene in climcal 1solates of S. aureus. It can be used for
specifying the Staphylococcal infection of the mammary
gland and to speed up the diagnosis of the hazardous
Staphylococcal strains (Tkacikova et al., 2003).
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