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Phylogenetic Relationships among Enterotoxigenic Clinical Staphylococcus aureus Isolates

‘Magdy Z. Mattar, *Elsaved E. Hafez, *Gamal A. Al-Ameri and *Sobhi H. El-Nabi

VDepartment of Botany, Faculty of Science, Minoufiya University, Egypt
*Department of Nucleic Acids,
Mubarak City forScientific Research and Biotechnology Application, Alexanderia, Egypt
*Department of Zoology, Faculty of Science, Minoufiva University, Egypt

Abstract: A total of 50 Staphylococcus aureus strains were isolated from patients in Ain Shams University
Hospital in Caro. The presence of Staphylococcal Enterotoxin (SE) genes (sea. seb, sec, sed, see, seg, seh,
sei and sef) and the comrelation of their prevalence with the genotypes were studied m these isolates.
Polymerase Chain Reaction (PCR) of SE genes indicated that 36% of the isolates were enterotoxigenic. The
prevalence of sea and seb plus sec among the total clinical isolates was 22 and 2%. Sixteen percent of the total
isolates were seg positive, whereas 12%, 2% and 2% were sei, she and sej positive, respectively. All isolates
contaimng sei were positive for seg, whereas none of the isolates harboured sed or see genes. Isolates were
characterized by molecular biology tools, viz., randomly amplified polymorphic DNA (RAPD), PCR-RFLP of 165
rDNA and nucleotide sequencing for sea gene. The RAPD was used to test which isolates harbouring the toxin
genes were genetically clustered. A total of 7 genotypes were identified at a 65% siunilarity level. Genotypes
ITT accounted for the largest number of enterotoxigenic isolates (12 %), while genotypes TV and VII included
a great diversity of enterotoxigenic 1solates (seq, seb, sec, seg, she, sei and sef). Genotyping by PCR-restriction
fragment length polymorphism analysis of the 163 TDNA gene revealed that 40% of the isolates were belong
to type A, 32% to type B and 28% to type C. Most and great diversity of enterotoxigenic 1solates belonged to
genotype B. This study has demonstrated that the sea was the most dominant enterotoxin followed by seg and
sei genes. The presence of the enterotoxin genes was independent (P<0.05) of the genotypes of the tested
S. aureus isolates and the presence of the toxm genes 1s not genotype specific. Further more, sea gene
sequence of the isolates being tested showed nucleotide variations at multiple sites when compared with other
sequences available in the database.
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INTRODUCTION
Staphylococcus aurers causes multiple diseases
i man and ammals. Climcal isolates of S. awrewus
produces a variety of extracellular toxins and virulence
factors that contribute in its pathogemc potential [1].
Enterotoxin  production has
clinical isolates in patients suffering from toxic shock

been associated with

syndrome, staphylococcal scarlet fever, recalcitrant
erythematous desquamating disorder and arthritis [1-4].
Staphylococcal Enterotoxins (SE) are a group of single-
chain, low-molecular weight proteins (molecular weight,
26900-29 600 Da) that are similar n composition and
biological activity but differ in antigemicity [5]. The SEs
are classified by serological criteria into five major groups:
SEA, SEB, SEC (can be further subdivided into SECI,

SEC2, SEC3 based on differences i minor epitopes), SED
and SEE [6,7]. Recently, other SEs identified as SEG,
SEH, SEIL SEJ, SEK, SEL, SEM, SEN, SEQ, SEP, SER and
SEU [8-10].

The methods most
detection of staphylococcal toxins are immunodiffusion,
agglutination, radicimmunoassay, enzyme-linked
immunosorbent assay and Polymerase Chain Reaction

frequently used for the

[11]. The enterotoxin genes are not distributed wniformly
among S. aureus strains and the prevalence of these
genes have been reported mn different countries by many
investigators [7, 12-14]. The production of toxins can vary
significantly with staphylococcal genotype and genetic
variation among these strains occurs in both enterotoxin
and core genes [7, 15, 16]. Therefore, the molecular
typing of S. aureus has proved useful for epidemiological
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studies, by
relationships between 1solates and epidemiology of

outbreaks [15-18]. These genotyping methods include

determination of strain origin, clonal

pulsed-field gel electrophoresis [19, 20], multilocus
sequencing typing [21, 22], random amplification of
polymorphic DNA (RAPD) [17, 23] and PCR-restriction
fragment length polymorphism (PCR-RFLP) analysis of
the protein A gene (spa) [24], coagulase gene [25], 168
tRNA [26] and arod gene [27].

Random amplified polymorphic DNA (RAPD)
analysis 13 a technique following the first approach for
rapid detection of genomic DNA [28, 29], utilizing a single
short oligonucleotide primer of arbitrary sequences in a
PCR, which has been found to be a sumple, rapid and
effective method for genotyping of S. aureus [30].
The PCR-RFLP analysis of the 163 rDNA gene will
help in quick, easy and reasonable investigation the
phylogenetic relationships of S. aurens strains [26, 31].
Also the DNA sequence of a target gene 1s one of the
most promising for detection of genomic and somatic
mutations, identification of strains and detection of allelic
imbalances.

This study was designed to: (1) detect the presence
of the five classical enterotoxin genes (sea, seb, sec,
sed and see) and new enterotoxin genes (seg, seh, sei
and sef) n Egyptian climical isolates of S. qureus, (11)
investigate the genetic variation among these isolates
by usmg RAPD and PCR-RFLP of 165 rDNA, (u1)
determine the genotype specificity of the classical
and newly described enterotoxin genes and (iv)
describe the sequence varation in some regions of
sea gene.

MATERIALS AND METHODS

Samples collection and identification: Fifty clinical
isolates  of Staphviococcus aureus were collected,
identified by biochemical tests and determined the
susceptibility of isolates to methicillin and various
antibiotics during a previous study [32]. These isolates
were obtained from various clinical specimens submitted
to Am Shams Umversity Hospital 1 Cairo, Egypt.

Preparation of genomic DNA: Genomic DNA was
extracted from overmght cultures of S. aureus using the
Wizard Genomic DNA Purification kit (Promega). The
procedure was 1dentical to that recommended by the
manufacturer. The preparations were analyzed ona 0.7%
agarose gel and the quantity and quality of DNA were
determined spectrophotometrically [33]. The amount of
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DNA was adjusted to the required concentration for
genotyping of S. qureus 1solates.

Detection of enterotoxin genes by PCR

Detection of sea, seb, sec, sed and see genes: Genomic
DNA (50ng) of S. aqureus strains was amplified in two sets
of multiplex PCR as reported by Rosec and Gigaud [9]. Set
A contained 3 ng/l of each sea, sed and see primer, while
set B contamed 3 ng/pl of each seb and sec primer.
Amplification with these primers gave rise to PCR
products of 544, 416, 257, 334 and 170 bp for sea, seb, sec,
sed and see, tespectively. The PCR products were
detected in 2% agarose gel in presence of the DNA marker
and photographed according to Rosec and Gigaud [9].

Detection of seg, seh, sei and sej genes: Genomic DNA
(50ng) of S. aureus strains were amplified by PCR using
3 ng/pl of each primer specific for seg, seh, sei and sef
genes [9]. DNA amplification was carried out in a Perkin-
Elmer thermocycler according to the procedure of Rosec
and Gigaud [9]. The amplification with the specific primers
gives rise to PCR products of 400, 357, 467 and 426 bp for
seg, seh, sei and sej, respectively. The PCR products were
analyzed by 2% agarose gel electrophoresis in presence
of the DNA marker.

Genotyping of S. aureus

RAPD-PCR typing: Three random-sequence primers
were used in three separate RAPD-PCR tests for
typmg of 3. aureus 1solates. Primers R2
(5GAGCCAGCGTCCATCGGCCACCA-3)and OPA14(5-
GACCGCTTGT-3")andprimer OPA13 (5-CAGCACCCAC-
3% [Operon Technologies, Inc., Atlanta, USA] were
selected because they previously showed good
discriminatory power i1 RAPD analysis of S. aureus [34].
RAPD-PCR was carried out in a 25 ul reaction mixture
containing 2.5 ul 10x buffer, 0.2 mM dNT'Ps, 100 pmol
primers, 2 U Tag DNA polymerase, 3. mM MgCl2, 50 ng
DNA template and nuclease-free water. Amplification
conditions consisted of denaturation at 95°C for 5 min and
40 cycles of denaturation at 95°C for 1 min, annealing at
33°C for 1 min and extension at 72°C for 1 mun with a final
extension at 72°C for 10 min. PCR products were detected
in 2% agarose gel.

Cluster analysis of RAPD assay: RAPD banding
patterns of the 50 isolates of S. aureus were examined
and the bands were scored, with the data coded as a
factor of 1 or 0, representing the presence or absence of
bands, respectively. Cluster analysis was used to
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produce dendrogram showing estimates of the distance
values and to analyze the genetic relatedness among 50
stramns of S. aureus. Thirty-two bands of the summed
results for the three primers were used for cluster analysis
in RAPD assay. The dendrogram based on the similarities
was derived from the unweighted pair group method
using arithmetic averages (UPGMA).

PCR-RFLP analysis of the 168 rRNA gene: PCR
amplification of S. aurens 168 IRNA gene was performed
as following: 2.5 pl 10x buffer, 0.2 mM dNT'Ps, 2 U Taq
DNA polymerase, 2.5 mM MgCl12, 50 ng DNA template,
1ul (0.3 pg/ml) of each RWOI primer (5-AAC TGG AGG
AAG GTG GGG AT-3)and DG 74 primer (5-AGG AGGTGA
TCC AAC CGC A-3"), the volume was made up to 25ul
with 2.5l of nuclease free water. DNA amplification was
carried out in a Perkin-Elmer thermocycler, with the
following thermal cycling profile: initial denaturation at
94°C for 4 mimn was followed by 35 cycles of amplification
(denaturation at 94°C for 45 s, annealing at 58°C for 45 s
and extension at 72°C for 60 s) ending with a final
extension at 72°C for 2 min. The PCR products were
detected m 3% agarose gel 1 presence of the DNA marker
and photographed according to Ghassan et al. [35] with
some modification. The RFLP assay was carried out by
individual digesting the PCR products with Tagl, Rsal,
HindlI, Alul and Mspl enzymes (Promega, USA), then
the products 3%
electrophoresis.

were analyzed by agarose gel

DNA sequencing and phylogenetic construction: DNA
sequence for the enterotoxin A (sea) gene was performed
by Macrogene company (Korea). Three isolates, one
from blood, one from sputum and one from pus were
selected as representative 1solates for enterotoxin A gene
sequencing for detecting mtraspecific polymorphism.

All the sequences were submitted to NCBI GenBank
database and the accession numbers were shown in table
3. DNA sequences were aligned m ClustaW program.
The Neighbouring-joming tree was established in MEGA
3.1 program [36] using Tamura and Nei genetic distance
method [37]. The sequenced sea genes were alignment
compared with four different sea S. aureus available in the
GenBank database.

Statistical analysis: X° test was used to study the
correlation between the prevalence of the enterotoxin
genes and the genotypes of S. aureus 1solates. A value of
P<0.05 was considered statistically significant [38].
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RESULTS

Prevalence of the classical enterotoxin genes sea, seb,
sec, sedand see: A total of 12 (24%) climcal isolates of
S. aureus were harbouring sea, seb and sec genes, either
singly or in combination. Eleven of the total isolates were
positive for the sea gene and one was positive for both
seb and sec genes. None of the isolates harboured sed or
see genes (Table 1). The sizes of the amplicons obtained
for the enterotoxin genes corresponded to the anticipated
sizes reported by Rosec and Gigaud [9] (Fig. 1).

Prevalence of enterotoxin genes seg, sef, sei and sej:
A total of 16 (32%) of the tested S. aureus isolates were
positive for the newly described enterotoxin genes, with
the presence of one or more of the seg, sehk and sei genes
per isolate. Eight (16%) of the total isolates were seg
positive, six (12%) were sei positive, one (2%) was seh
positive and one (2%) was positive for the sef gene
(Table.1). All the isolates that contained the sei gene 6
(12%) also had seg gene and the positive sek gene isolate
was also positive for seg.

The presence of the classical SE genes was observed
simultaneously with the presence of the newly
described SE genes in 3 (6%) out of 50 tested strains,
while eight (16%) strains harbored classical SE gene(s)
only (Table 2 and Fig. 3).

RAPD analysis: RAPD assay of 30 5. aureus isolates was
performed three primers showed consistently different
banding patterns with reproducible polymorphic bands of
variable size and number. Amplification with primer R2
generated 4 monomorphic bands and 8 polymorphic

Table 1: Distribution of enterotoxin genes production in clinical S aureus
isolates according to the source of the isolates
Type of No. of Source of clinical isolates (%)
enterotoxin  positive
genes isolates (%)* Blood Wound Sputum Pus Urine
sea 11(22) 3(6) 204 3@ 3B 0O
seb 12 0(0) 12 o 0 0
sec 12 0(0) 1(2) 0 0@ 0@
sed 0( 0(0) 00 0 0@ 0@
see 0 (0 0(0) 0(0) o 0 0
seg 8(16) 1@y 30 3w 1) 0O
seh 12 0(0) 1(2) 0 0@ 0@
sei 6(12) 0(0) 204 3(6) 1(2) 0@
sej 12 0(0) 00 0( 12 0@
Total 29 (58) 4(8) 100200 9(18) 6(12) 0(0)

*Some isolates carried more than one SE genes
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Table 2:  Distribution of enterotoxin genes among Egyptian S areus

genotypes

Type of Source of Genatype
No. of enterotoxin clinical - ————
isolates  genes isolates RAPD RFLP
22 sed Blood I B
5 sed Wound I B
39 sed Blood m B
38 sea Sputum I B
7 seg, sei Sputum i B
15 sed Pus i B
9 sed Blood m B

sea Sputum i B
26 seb, sec, seg, sei Wound v B
10 sej Pus IV B
48 sed seg, sei Wound v C
29 sed Pus vV C
1s sed Pus v C
44 seg, sei Sputum VI C
50 seg Blood VI C
20 sed seg, sei Sputum VI A
47 seg, seh Wound VI A
12 seg, sei Pus VI A

Table 3: Reference and examined species sequenced for sea gene of S atrens

Genotype
Source = mmemeemmememeeemeeeee
Gene of strain RAPD RFLP Accession number
sed Blood il B EF614245
Sea Pus v C EF614246
sea Sputum VII A EF614247

bands in total 12 RAPD patterns. Primer OPA 14 produced
3 monomorphic bands and 8 polymorphic bands in total
11 RAPD patterns and OPAl3 primer generated 4
monomorphic bands and 5 polymorphic bands in total 9
RAPD patterns (Fig. 2). Actually a total of 32 distinct
bands were obtained and used for cluster analysis.

Figure 3 shows a dendrogram constructed on the
basis of similarity index among S. atreus isolates using
the three RAPD primers. A 65% similarity cut-off value
gave 7 major clusters (RAPD genotypes) (I-VII). The
majority of S. aureus isolates (18) belonged to genotype
VII. The others isolates were distributed as follows: 9
isolates in genotype VI, 7 isolates in genotype V, 3
1solates 1n genotype IV, 9 1solates m genotype 111, two
1solates in genotype II and two 1solates in genotype L.

The distribution of the enterotoxin genes among
S. aureus genotypes 1s shown in Table 2 and Fig. 3. The
sea gene was carried by some isolates of genotypes I, T1,
III, V and VII. The seb and sec genes were carried in
combination by one isolate belong to genotype TV. The
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seg gene was carried either singly or in combination with
the sei gene by some 1solates of genotypes III, IV, V, VI
and VII. On the other hand, sek was present in one isolate
belong to genotype VII and sef was present m one 1solate
belong to genotype T'V. The finding that some SE positive
and some SE negative strams generated identical or
similar amplicon-profiles suggests that SE positive strains
do not belong to a specific genetic class. Also, X° test
showed that the overall presence of the enterotoxin genes
was independent of genotype. There was no significant
difference (P<0.05) in the prevalence of the tested SE
genes in the different S. aureus genotypes.

PCR-RFLP analysis of 165 rDNA gene: PCR products of
168 1DNA for all 8. aureus were digested with Tagl, Rsal,
HindITT, Alul and Mspl. No cutting activity with; Alul and
Mspl were observed. In addition, Rsal and Taqgl showed
similar profiles for all strains. On the other hand, HindITT
produced obvious discrimination between the tested
isolates as shown in Fig. 4. HindllT enzyme produced
three different profiles which reflected the all tested
strains were divided mto three types A, B and C. 163
rDNA gene RFLP pattern 1(type A) was most common
(20 [40%] of the 1solates/strains examined) (Fig. 4, lane 2),
followed by 165 rDNA gene RFLP pattern 2 (16 [32%]
1solates) (type B) (Fig. 4, lane3) and RFLP pattemn 3
(14[28%)] isolates) (type C) (Fig. 4, lane 4).

Figure 5 is a scheme that shows the majority of
enterotoxigenic S. aureus isolates (10) belonged to
genotype B. The sea gene was carried by 7 isolates in
genotype B, 3 1solates m genotype C and one 1solate in
genotype A. The seb and sec genes were carried in
combination by one solate belong to genotype B. The
seg gene was present singly or in combination with the
sei gene in all genotypes as follows: 3 isolates in
genotype A, 3 isolates mn genotype C and 2 1solates in
genotype B harbored seg gene. Whereas sei gene was
carried by two 1solates in all genotypes (A, B and C). On
the other hand, sek was present in one isolate belong to
genotype A and sef was present in one isolate belong to
genotype B. The presence of the enterotoxm genes was
independent (P<<0.05) of the genotypes obtained by PCR-
RFLP of 168 rDNA gene of the tested S. aureus isolates.

sea sequence analysis: Sequencing for staphylococcal
enterotoxin A (sea) genes of three strains which isolated
from different sources (blood, sputum and pus) was
performed and the sequence alignment was carried out for
these isolates using ClustaW. More than ten nucleoctide
variations were observed in the sea gene sequence of
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Fig. 1: Agarose gel electrophoresis showing specific PCR amplification products for S. aureus enterotoxin genes.
Lanes: M, DNA molecular size marker (50 bp ladder; Promega); 1, sea-positive Isolate (544 bp); 2, seb-
positive Isolate (416 bp); 3, sec-positive Isolate (257 bp); 4, seg-positive isolate (400 bp); 5, seh-positive
isolate (357 bp); 6, sei-positive isolate (467 bp); 7, sgj-positive isolate (426 bp)
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Fig. 22 Representative 2% agarose gels of RAPD-PCR patterns generated from three primers using: R2, OPA13
and OPA14; lanes 1-5, S. aureus isolates were representative for 50 tested isolates; M1, DNA molecular
size marker (1 kb ladder; Promega); M2, DNA molecular size marker (100 bp ladder; Promega)
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Fig. 3: RAPD-based dendrogram showing genetic relatedness and distribution of enterotoxin genes among S.
aureusisolates

Hindill ~ Taql Rsal ‘Alul & Mspl|

Fig. 4: RFLP pattern for the 16S rDNA gene of S. aureus Lane: 1, 370-bp PCR amplification product of 16S rDNA
gene; Lanes 2-4, Hindlll digestion type A, type B, and type C, respectively; Lanes 56, Tagl digestion;
Lanes 7-8, Rsal digestion; Lanes 9-10, undigested 16S rDNA PCR products; Lanes: M, DNA molecular size
marker (GeneRuler™ 50 pb DNA ladder, MBI Fermentans)

50



Global J. Mal. i, 2 (2): 45-56, 2007
s 1(333%)

| soi 2(66.6%)

— SE-+ve 3(15%) — sea 7(70%)
0,
Genotype A — S8 3(100%)
20(40%) b 13339 | seb 1(10%)
— SE_ve 17(85%) Lseh 1(33.3%)
| sec 1(10%)
— SE+ve 10(62.5%)
Saurues Genotype B__| — S0 220%)
50 isolates 16(32%)
L SE-ve 6(37.5%)  sea3(60%) L sei 2(20%)
— SE+ve 5(35.7%) L sei 2(40%) L 5§ 1(10%)
Genotype C ——
T 14(28%) seg 3(60%)

L SE-ve 9(64.3%)

Fig. 5: Scheme representing the relationship between the genotypes of S. aureusand the presence of the enterotoxin
genes, where the number in parenthesis indicates the percentage in respect to the former number in the
scheme. -ve = negative, +ve = positive

EF614245 GATTAGGATTTTAA- - TATTCATGG- ATA- CGATTTATTAGTAGATTTTGATTCAAAG 54
EF614246 TGTAGGTATTTTAAGACATTCGTGGTATAACGATTTATTAGTAGATTTTGATTCAAAG 60
EF614247 GTGTAGCT TTTTAG ATATTCGTGGTATA- CGATTTATTAGTAGATTTTGATTCAAAG 57
EF614245 GATATTGTTGATAAATATAAAGGGAAAAAAGT AGACT TATATGGTGCTTATTATGGITAT 114
EF614246 GATATTGTTGATAAATATAAAGGGAAAAAAGT AGACT TGTATGGTGCTTATTATGGT TAT 120
EF614247 GATATTGTTGATAAATATAAAGGGAAAAAAGT AGACT TGTATGGTGCTTATTATGGI TAT 117
R Ik I Ik I S R I O
EF614245 CAATGT GCGGGT GGTACACCAAACAAAACAGCT TGCATGTATGGTGGTGTAACGT TACAT 174
EF614246 CAATGT GCGGGT GGTACACCAAACAAAACAGCT TGTATGTATGGTGGTGTAACGT TACAT 180
EF614247 CAATGT GCGGGT GGTACACCAAACAAAACAGCT TGTATGTATGGTGGTGTAACGT TACAT 177
R R O S S R I R R I R R S S
EF614245 GATAATAAT CGATTGACCGAAGAGAAAAAAGT GCCAATCAATTTATGSCTAGACGGTAAA 234
EF614246 GATAATAAT CGATTGACCGAAGAGAAAAAAGT GCCCATCAATTTATGCTAGACGGTAAA 240
EF614247 GATAATAAT CGATTGACCGAAGAGAAAAAAGT GCCCGATCAATTTATGSCTAGACGGTAAA 237
R R O S Rk O R R o R S
EF614245 CAAAATACAGT ACCT TTGGAAACGGT TAAAACGAATAAGAAAAATGTAACTGT TCAGGAG 294
EF614246 CAAAATACAGT ACCTTTGGAAACGGT TAAAACGAATAAGAAAAATGTAACTGTTCAGGAG 300
EF614247 CAAAATACAGTACCT TTGGAAACGGT TAAAACGAATAAGAAAAATGTAACTGT TCAGGAG 297
EE R IR I S O S R R I O I R R R S
EF614245 TTGGATCTTCAAGCAAGACGT TATTTACAGGAAAAATATAATTTATATAACTCTGATGIT 354
EF614246 TTGGATCTTCAAGCAAGACGT TATTTACAGGAAAAATATAATTTATATAACTCTGATGIT 360
EF614247 TTGGATCTTCAAGCAAGACGT TATTTACAGGAAAAATATAATTTATATAACTCTGATGIT 357
R Ik I I S S O O R S R I O
EF614245 TTTGATGGGAAGGT TCAGAGGGGATTAATCGTGT TTCATACTTCTACAGAACCTTCGGIT 414
EF614246 TTTGATGGGAAGGT TCAGAGCCGATTAATCGTGTTTCATACTTCTACAGAACCTTCGGTT 420
EF614247 TTTGATGGGAAGGT TCAGAGGGGATTAATCGTGT TTCATACTTCTACAGAACCTTOGGIT 417
R R IR I S O S Rk I O R I Rk
EF614245 AATTACGATTTATTTGGTGCTCAAGGACAGAATTCAAATACACTATTAAGAATATATAGA 474
EF614246 AATTACGATTTATTTGGTGCTCAAGGACAGT ATTCAAATACACTATTAAGAATATATAGA 480
EF614247 AATTACGATTTATTTGGTGCTCAAGGACAGT ATTCAAATACACTATTAAGAATATATACGA 477
R R IR I S S S O I R S S I I
EF614245 GATAATAAAACGATTAACTCTG 496
EF614246 GATAATAAAACGATTAACTCTG 502
EF614247 GATAATAAAACGATTAACTCTG 499

khkkkkkkhkkdhkhkkhkkkhkkkhkkx*

Fig. 6. Nucleotide sequence alignment of sea gene for three S. aureus strains. Nucleotide changes are light blue
color
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EF614245 ~  ceseeeeoo-oo-- GATTAGGATTTT- - - AA- - TATTCATGG: ATA- CGATTTATTAGTA 39
EF614246 ~  c---c------- CATGTAGGTATTTT- - - AAGACATTCGTGGTATAACGATTTATTAGTA 45
EF614247  =eeeceoemmo-- CGTGTAGCTTTT- - - TAGATATTOGTGGTATA: CGATTTATTAGTA 42
AY827552. CATACTATATTGITTAAAGECTTTTTTACAGATCATTOGTGGTATAACGATTTATTAGTA 289
ML8970. CATACTATATTGTTTAAAGGCTTTTTTACAGAT CATTOGTGGTATAACGATTTATTAGTA 279
1.22566. CATACTATATTGI TTAAAGECTTTTTTACAAAT CATTCATGGTATAACGATTTATTAGTA 540
AY196686. CATACAATATTGI TTAACGGT TTTTTCACAGATCACCCATGGTATAACGATTTATTAGTG 186
EF614245 GATTTTGATTCAAAGGATATTGTTGATAAATATAAAGEGAAAAAAGTAGACTTATATGGT 99
EF614246 GATTTTGATTCAAAGGATAT TGTTGATAAATATAAAGEGAAAAAAGTAGACT TGTATGGT 105
EF614247 GATTTTGATTCAAAGGATATTGTTGATAAATATAAAGGGAAAAAAGTAGACTTGTATGGT 102
AY827552. GATTTTGATTCAAAGGATATTGT TGATAAATATAAGEGAAAAAGTAGACTTGTATGGT 349
ML8970. GATTTTGATTCAAAGGATATTGTTGATAAATATAAAGEGAAAAAAGTAGACTTGTATCGT 339
1.22566. GATTTTGATTCAAAGGATATTGTTGATAAATATAAAGEGAAAAAAGTAGACT TATATGGT 600
AY196686. GATTTTGATTCAAAAGT TCTTCCTGATAAATATAAAGEGAAAAAAGTAGACT TATATCGT 246
EF614245 GCTTATTATGGT TATCAAT GTGOGEGT GGTACACCAAACAAAACAGCTTGCATGTATGGT 159
EF614246 GCTTATTATGGT TATCAAT GTGOGEGT GGTACACCAAACAAAACAGCTTGTATGTATGGT 165
EF614247 GCTTATTATGGT TATCAATGTGOGEGT GGTACACCAAACAAAACAGCTTGTATGTATGGT 162
AY827552. GCTTATTATGGTTATCAAT GTGOGRGT GGTACACCAAACAAAACACCTTGTATGTATCGT 409
ML8970. GCTTATTATGGT TATCAAT GTGOGEGT GGTACACCAAACAAAACACCTTGTATGTATCGT 399
122566. GCTTATTATGGT TATCAAT GTGOGEGT GGTACACCAAACAAAACAGCTTGCATGTATGGT 660
AY196686. GCTTATTATGGT TATCAAT GTGOGEGT GGTACACCAAACAAAACAGCTTGTATGTATGEC 306
EF614245 GGTGTAACGTTACATGATAAT AATCGAT TGACOGAAGAGAAAAAAGTGOCAATCAATTTA 219
EF614246 GGTGTAACGTTACATGATAAT AATCGAT TGACOGAAGAGAAAAAAGTGOCGATCAATTTA 225
EF614247 GGTGTAACGT TACATGAT AATAATCGAT TGACOGAAGAGAAAAAAGTGOCGATCAATTTA 222
AY827552. GGTGTAACGTTACATGATAAT AATCGATTGACOGAAGAGAAAAAAGT GOOGATCAATTTA 469
ML8970. GGTGTAACGTTACATGATAAT AATCGAT TGACOGAAGAGAAAAAAGT GOOGATCAATTTA 459
1.22566. GGTGTAACGTTACATGATAAT AATCGAT TGACOGAAGAGAAAAAAGTGOOGATCAATTTA 720
AY196686. GGTGTAACGT TACATGATAATAATOGAT TGACOGAAGAGAAAAAAGT GOCAATCAATTTA 366
EF614245 TGECTAGACGGTAAACAAAATACAGTACCT TTGGAAACTGT TAAAACGAATAAGAAAAAT 279
EF614246 TGECTAGACGGTAAACAAAATACAGTACCT TTGGAAACTGT TAAAACGAATAAGAAAAAT 285
EF614247 TGACTAGACGGTAAACAAAATACAGTACCTTTGGAAACGGT TAAAACGAATAAGAAAAAT 282
AY827552. TGOCTAGACGGTAAACAAAATACAGTACCT TTCGAAACGGT TAAAACGAATAAGAAAAAT 529
ML8970. TGACTAGACGGTAAACAAAATACAGTACCT TTGGAAACGGT TAAAACGAATAAGAAAAAT 519
1.22566. TGECTAGACGGTAAACAAAATACAGTACCT TTCGAAACTGT TAAAACGAATAAGAAAAAT 780
AY196686. TGECTAGACGGTAAACAAAATACAGTACCT TTGGAAACTGT TAAAACTAATAAAAAAGAA 426
khkhkhkhkhkhkhkhkhhhhhhhhkhkhkhkhhkhhhhhhhhkhkhhkrhkhhhkhhhhhhhdx *kxr*x *kkx *
EF614245 GTAACTGTTCAGGAGT TGGATCTTCAAGCAAGACGT TATTTACAGGAAAAATATAATTTA 339
EF614246 GTAACTGTTCAGGAGT TGGATCTTCAAGCAAGACGT TATTTACAGGAAAAATATAATTTA 345
EF614247 GTAACTGT TCAGGAGT TGGATCTTCAAGCAAGACGT TATTTACAGGAAAAATATAATTTA 342
AY827552. GTAACTGTTCAGGAGT TGGATCTTCAAGCAAGACGT TATTTACAGGAAAAATATAATTTA 589
ML8970. GTAACTGTTCAGGAGT TGGATCTTCAAGCAAGACGT TATTTACAGGAAAAATATAATTTA 579
L22566. GTAACTGTTCAGGAGT TGGATCTTCAAGCAAGACGT TATTTACAGGAAAAATATAATTTA 840
AY196686. GTGACTGT TCAGGAGCTAGACCT TCAGECAAGACAT TATTTACATGGAAAATATAATTTA 486
kk kkhkkhkkhkkhkkhkkhkhkkkhkk Kk kk Khhkhkhkk *hkkkhkhkkd Fhkhkhkhkhkkdkkx * *hkdkhkdkhkhkkkhkhxx
EF614245 TATAACTCTGATGT TTTTGATGEGAAGGT TCAGAGERGAT TAATOGTGT TTCATACTTCT 399
EF614246 TATAACTCTGATGT TTTTGATGRGAAGGT TCAGAGERGATTAATOGTGT TTCATACTTCT 405
EF614247 TATAACTCTGATGT TTTTGATGRGAAGGT TCAGAGRRGATTAATOGTGT TTCATACTTCT 402
AY827552. TATAACTCTGATGTTTTTGATGEGAAGGT TCAGAGRRGATTAATOGTGT TTCATACTTCT 649
ML8970. TATAACTCTGATGT TTTTGATGEGAAGGT TCAGAGERGATTAATOGTGT TTCATACTTCT 639
1.22566. TATAACTCTGATGT TTTTGATGEGAAGGT TCAGAGERGATTAATOGTGT TTCATACTTCT 900
AY196686. TATAACTCGGATACGT TTGATGRAAAGGTGCAGAGAGGAT TAATCGTGT TTCATACTTCT 546
kkkkkhkkhkkk Kkxk khkkhkhkhkhkhkk khkkhkkhkk hhhhkhx *hkkhhkhkhhhhkhkhkhkrkrkkrhkhkhhkhkk
EF614245 ACAGAACCTTCGGT TAATTACGAT TTATTTGGTGCTCAAGGACAGAAT TCAAATACACTA 459
EF614246 ACAGAACCTTCGGT TAATTACGATTTATTTGGTGCTCAAGGACAGTATTCAAATACACTA 465
EF614247 ACAGAACCTTOGGTTAATTACGATTTATTTGGTGCTCAAGGACAGTATTCAAATACACTA 462
AY827552. ACAGAACCTTCGGTTAATTACGAT TTATTTGGTGCTCAAGGACAGTATTCAAATACACTA 709
ML8970. ACAGAACCTTCGGT TAATTACGAT TTATTTGGTGCTCAAGGACAGTAT TCAAATACACTA 699
1.22566. ACAGAACCTTCGGT TAATTACGAT TTATTTGGTGCTCAAGGACAGAAT TCAAATACACTA 960
AY196686. ACAGAGOCTTCGGT TAATTACGAT TTATTTGGTGCTCAAGGACAGTATTCAAATACGCTA 606
Khkhkkk KhhkhkAAkAhkhkhhhhhhhhhhkdkhkhrhkhhhhhhhhkhkhkhkhhkhdx *hdkdhhkhhhxx **x%
EF614245 TTAAGAATATATAGAGAT AATAAAACGAT TAACTCTGAAAACATGCA- ACTGIT- - - - - - 512
EF614246 TTAAGAATATATAGAGAT AATAAAACGAT TAACTCTGACAACATGCA- ACTGTTTTAATN 524
EF614247 TTAAGAATATATAGAGATAATAAAACGATTAACTCTG - = < - - = = - - - = = = m e e m oo - - 499
AY827552. TTAAGAATATATAGAGAT AATAAAACGAT TAGCTCTGAAAACAT GCATATTGATATATAT 769
ML8970. TTAAGAATATATAGAGAT AATAAAACGAT TAACTCTGAAAACAT GCATATTGATATATAT 759
L22566. TTAAGAATATATAGAGATAATAAAACGAT TAACTCTGAAAACATGCATATTGATATATAT 1020
AY196686. TTAAGAATATATAGAGATAATAAAACTAT TAACTCTGAAAACATGCATATA- - - - - - - - - 657

kkkhkkkhkhhkhkhkhkhkhhhhhhkhhk K*hkk *khkk*

Fig. 7. The alignment of sea gene of S. aureus with the published sequence in GenBank stars indicates the
similarity between isolates
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ATB2T552
118970
L22566
EFc6l4246
EFcl4247
EF614245
AT196686

O=6 OI'T OIS O=9 !l

Fig. 8 Phylogenetic tree for comparative of these
sequences with other sequences in GenBank
ftrees were constructed by the neighbour-
joining (NI) method using MEGA version 3.1

(Kumar et al. 2004)}

1solates when compared together (Fig. 6). BLAST search
at the GenBank database with the sea sequences for other
species of S. awreus displayed EF614246 and EF61 4247
clearly closely related to 122566, M18970 and AY827552
with mucleotide sequence identity ranged between
(90-97%), all form one cluster mdicating a ligh degree of
homology between partial sequences of sea sequences of
these strains. Whereas, the alignment score comparing
EF614245 1solate with all other solates ranged between
87-90% as shown m Fig. 7. Phylogenetic construction
was carried out using MEGA 3.1 based on the DNA
nucleotide sequence of the sea genes for all the examined
1solates as shown n Fig. 8.

DISCUSSION

S. aureus produce a large number of substances that
are involved in promoting the disease state. These
virulence factors include both exoproteins, such as
secreted toxins and factors that play diverse roles in
pathogenesis and responsible for a variety of mildto
life-threatening infections [5]. In the present study, 22%
of the isolates harboured sea and 2% of the isolates
harboured both seb and sec genes. The prevalence of
classical sea-see genes was reported m other countries
[7, 14]. The variation in prevalence of enterotoxin genes
might be due to geographical differences, ecological
origin of strains, the sensitivity of detection methods and
number of samples mcluded n the study [7, 12, 17]. In this
study, sea gene was found to be dominating among
strains. Similar results have been reported among strains
from human source including strains causing food
poisomng [7, 12].

The prevalence of the newly described SE genes
(seg-sef) among isolates as follows: 16% seg, 12% sei and
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1% for both she and sej. This result indicates that the seg
and sei genes were dominant and often associated with
each other in the tested clinical S. aureus isolates. Similar
results have been reported in Germany [7], France [9],
Korea [39] and Taiwan [40]. The combination of seg and
sei was reported in 12% of Egyptian clinical isolates could
be because these genes are components of the ege
operon (seg, sei, sem, sen and seo) [8]. Similar results
concerning seg and sei combination was reported in the
Tapanese (16.9%) [14]. In contrast, a higher coexistence
rate was reported mn the German multicenter (53%)[7]. In
the present study, the sef gene was detected without sed
and this suggests that another unknown mobile element
may be involved with the sed gene. The prevalence of sef
and sed was reported by many mvestigators [7, 13, 41].
Also, The presence of the classical SE genes sea or both
seb and sec were detected simultaneously with the
presence of the newly described SE genes seg and sei
in 3 (6%) out of the 50 tested strains, while mne (18%)
of 1solates harbored classical SE gene(s) only and six
(12%) of isolates harbored newly described SE gene(s)
(Table 2 and Fig. 3).

The 50 clinical S. aureus isolates were typed by
RAPD in order to determine the clonal relatedness of the
isolates and to test whether SE positive strains are
genetically clustered. Typing by RAPD assay using the
summed result for tlree primers revealed that the 50
climical S. aurens 1s0lates were genetically diverse and
comprised a heterogeneous population with 7 genotypes
at a 65% similarity level. Genotype VII appeared to be
predommant. Genotypes I and II included only sea-
positive isolates (Table 2), while genotypes III, IV, V and
VII included a great diversity of enterotoxigenic isolates
(sea, seb, sec, seg, she, sei and sej). The presence of these
genes was not genotype specific. In agreement with our
results, Fueyo ef al. [17] reported that some SE-positive
and some SE-negative strains generated identical RAPD
banding profiles, suggesting that SE-positive strains do
not belong to a specific genetic class. In addition,
Araki et al. [42] showed that there was no association
between RAPD genotypes and the presence of toxin
genes.

The genotypes obtained by PCR-RFLP of 165 tRNA
gene was carried out and the amplified fragments (370 bp)
were digested using five restriction endonucleases. Only
HindITT was able to recognized different restriction sites
along the examined genes and produced three different
types A, B and C for all tested strains. Genotype A
appeared to be predominant. 40% of the S. aureus isolates
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belonged to type A, 32% to type B and 28% to type C.
Most and great diversity of enterotoxigenic isolates
belonged to genotype B (Fig. 5). Whenever, PCR-RFLP
using Taql Rsal, Alul and Mspl enzymes showed
identical restriction patterns with all tested isolates. These
results were 1n accordance with Nema et af. [26] (Fig. 4).
Although the identified S. aureus genotypes harbored the
tested SE genes either singly or in combination, X° test
with (P<0.05) showed that the overall presence of the
enterotoxin genes is independent of the genotypes
obtamed by PCR-RFLP of 16s tRNA gene.

The combined use of RAPD and 1 6s rRNA PCR-RFLP
techniques demonstrates that most (18) isolates in
predominant RFLP genotype A clustered separately
within the predominant RAPD genotype VII. On the other
hand, isolates of genotype A were clustered within 3
RAPD genotypes (I, IT, TIT and TV). Tn addition, isolates of
genotype C clustered withuin 2 RAPD genotypes (V and
VI). These results have also been supported by sea
sequencing data of isolates S. gureuws number 20 (type A),
S. aureus number 9 (type B) and S. aureus number 29
(type A) that showed difference among themselves. More
than 10 nucleotide variations were observed m the sea
gene sequence of the isolates when compared with some
as shown in (Fig. 6). This variations lead to change in
translated amino acids. However, there were several
variations in sea gene of isolates (EF614245; HEF61 4246,
EF614247) when compared with the known sequences
(122566, MI18970;, AYRB27552, AY196686) available in
the GenBank (Fig. 7). Comparative analysis of these
sequences showed that EF614246 and EF614247 clearly
closely related to L22566, M18970 and AYB27552 with
nucleotide sequence 1dentity ranged between (90-97%).
Whereas, the alignment score comparing EF61 4245 isolate
with all other isolates ranged between 87-90%. The high
degree of sequence homology cbserved in the sea gene
sequences of each species indicates that the high level of
wtraspecific homogeneity for each species.

In  conclusion, the  present investigation
demonstrated that the sea gene was the predominant
enterotoxin gene in these genetically diverse Egyptian
climical 1solates. Further more, this work indicates a
systematic assoclation between seg and sei and a wide
distribution of these two genes among the S. aureus
strains. RAPD techmque extibits greater discruminatory
power associated with 165 fRNA PCR-RFLP and
relationships. Thus, DNA
sequencing analysis is simple and useful methods to
investigate the existence of regions for enterotoxin gene

describing their clonal

rearrangement in S. aurens and the phylogenetic aspects
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of the staphylococcal enterotoxins. In addition it is a
good tool to determine the evolution of the studied
organism as well as studying one or more genes inside
the same orgamism.
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