425

Detection and Identification of B-lactamase, Enterotoxin and Other Exotoxins
Genes of Staphylococcus aureus by PCR

Y. H. Yoon* and K. 1. Kim
Department of Animal Science and Technology. College of Industrial Sciences. Chung-Ang university
Ansung 456-756, Korea

ABSTRACT : Stapinviococens aurens is a major pathogen for cattle, causing various forms of subclinical and ¢linical mastitis and
could be a causative agent of food poisoning, it produces various superantigenic exotoxing which have a great public health signmificance.
Atotal of 72 S. aurens clinical isolates from dairv farms located in Kyunggi Province Korea were examined for the species identification
by biochemical methed, and for the detection of P-lactamase, enterotoxin and other exotoxins genes by PCR. The results of species
identitication by biochemical method agreed with those of PCR done with species specific primer STA-AU. p-lactamase is an enzyme
closely associated with the resistance to antibiotic penicillin, which is an important means of treatment of masttis, all the isolates were
positive for the presence of genes encoding B-lactamase, which were reproduced in penicillin susceptibility disc assay. Six tvpes of
toxin genes, Staphiviococcal enterotoxin (SEYA, SEB, SEC, SEE. toxic shock syndrome toxin (TSST-1) and exfoliauive toxin A (ET A)
were detected in 72 isolates by PCR associated genotypic methed m this study, none of  the isolates carmied the genes for enterotoxin D
(SED) and exfoliative toxin B (ETB). The occwrence rate of exotoxin genes rated as 12.5%, and the precision of the PCR identification
results has been confinmed wsing the reference strams. (dsivn-Awust J Anim Sci. 2003, Vol 16, No. 3 : 425-429)
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INTRODUCTION

Staphivococcuts anreus i1s one of the major pathogen of
bovine mastitis and it was claimed that approximately 40%
of the milk samples tumed out to contain Staphilvococcus
auwreus (Larsen et al.. 2002). the organism has been
considered as an important organism in the public health
aspects which causes food poisoning (Coia et al., 1990).
Superantigenic exotoxins are produced by S awreus and
contains enterotoxins. exfoliative toxins and toxic shock
syndrome toxins. They interfere immune system of cattle
and acts as vilurence factors which are thought to contribute
to the pathogenicity of the organism. It was claimed that the
B-hemolvtic S aurewrs is more virulent than non-hemolytic
S. aureus. Serological groups of enterotoxins classified as
staphylococeal enterotoxin A(SEA). SEB. SEC. SED. and
SEE. and SEC could be subdivided into SEC1, SEC2 and
SEC3 based on the difference in the local epitopes (Johnson
et al. 1991). Enterotoxins are of single chain protein
structure in nature. which are resistant to the action of
protein hyvdrolyzing enzyme pepsin. and the toxic effects
could be destroved by heat treatment at 121°C for
llminutes. however it requires 121°C 28 min for the
destruction of toxic activity of SEA, SEA and SED are the
types of enterotoxin frequently invloved with the outbreak
of the food poisoning (Blanban and Rasooly. 2000: Fueyo et
al., 2001: Alatossava et al.. 2001; Onoue and Mori, 1997,
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Rasooly and Rasooly. 1998) (-lactamase has been known to
be anenzyme associated with the resistance of penicillins.
the synthesis of the protein is coded by the gene blaZ.

It is of great significance to get the rapid results of
species identification and to know the penicillin resistance
of the strain for the effective control of the organisms, and
to get the results of toxin production capability of the
strains for the precise evaluation of the endangerness of the
strain if it contaminated in milk or other foods.

This study was conducted to identify rapidly the species
and to detemune the sensitivity against penicillin and to
detect the genes of enterotoxin and other exotoxins of
S.aurens which was isolated from the dairving environment
of Korea by PCR amplification method.

MATERIALS AND METHODS

Bacterial strains and media

13 of reference strains and 72 isolates of S. awreus
were used in this study as shown in Table 1. and they were
propagated in Brain Heart Infusion broth at 37°C.
Identification of the strains were carried out utilyzing API
Staph System( Biomeieux, S. A. France).

Penicillin susceptibility test

Penicillin resistance test was undertaken by disc assay
method. 10mg of pecicillin containing disc (Sigma. USA)
was used.  Staphylococcal straing were grown up to
McFarland turbidity 0.5 and plated on Muller Hinton Agar
and put the discs on the surface. cultivation proceeded at
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Table 1. Strams and results of their PCR identification, penicillin resistance, enterotoxin and other exotoxin gene

speies ELETOTOXI SPRCIfIC ] species  ENICIOTONIN specific geiee  ENIETOTONIN specific
Sugpledoonccns spfri@‘ pl‘hner primer | Suphdoonecns specific primer— lactamase| Stiniacoccns  specifie primer laclamnase

oS Proner BlaZ @irens primer primer rews prumer prumer

STASY (B4 sEB sEC SED SEE T ETAETE STAS A sEB SEC SED SEE B ETAETE Blaz STAAY (B SEB SEC SED SEE TESETAETE flaz
Reference strams CulILLE - + cuILs? - L +
NCTC9:93 - - - = = - - - - + UL - + CUILS b - - - - - - - - +
FRISLS T + RO - + [ROTEY 3
ATCCI3SLS - - ND ND + coie - + CUILST b - - - - - - - - +
MNHOCH - - ND ND i) D + CUILS8 XD - - - - - - - - +
MNDON - ) . - + UL - + UTEM - e s e s e s e s +
FRI472 ND ND - + [ Rk} - + CUILEC - - - - - - - - - +
FRI326 I + cuzs - + ROITE! I
RNazanpMINIG - « NDND . . . + cuILze - + AOITH NDo- - e e e e e
FRIMNE b + - NDXND - + - - + e - + CUIL64 - - - - - - - - - +
RNazan - e e + ROTES \D + [AOITH S e e e e e
8CHT - FND .+ . + ROTEE - + RO S e e e e e
80%C - + ND - + - - + CUIL3s - + - + CUILET - - - - - - - - - +
87RAS - FND .+ . + cuILe - + <L 169 S
[solates [(ROIEN - + <TLT) - . . . . . . . . +
conoL ND - - = - - - - - + coizg - + I XD - - - - - - - - +
cunnz \D e e . . + cCuUILdY - + <Lt - . . . . . . . . +
cUN4 - - - = - - - - - + CUI L4 ND + I3 XD - - - - - - - - +
cuIs - - - e + CuUIL4] ND + cuILlT - S +
cUNg - e 0 e B - + [N T D + OIS - s =« = = = o« . . +
conoT - - - = - - - - - + CUIL43 ND + cTUILé XD b + +
culos - - - = - - - - - + CUIL44 ND + CUILSC XD - - - - - - - - +
cunmg PR + RO \D + U8 NDo- e e e e e
cuIlLo - - - e + CUI 48 - + cuILs3 - S e +
cunL D e e e + cuILat - + ROTEY NDo- e e e e e
cunt: \D + cUILIE - + ROt S e e e e e
cuL: - - - = - - - - - + CUI 49 ND + Ui - - - - - - - - - +
cun L I R + CUILsG ND + CUILSY S e e e e e
cun s I PR + cunsL - + cung: S e e e e e e

37°C for 16 h and results of inhibitory zone diameter were
read based on the criteria for the resistance (<28 mm:
resistant. =29 mn: sensitive).

Preparation of genomic DNA

Genomic DNA of S aureus was prepared as following.
1.3 ml of overnight culture was centrifuged at 12.000xg to
get cell pellet and washed with 30 mM EDTA, and the the
genomic DNA was isolated by the genomic DNA
purification kit{ Promega. USA).

Detection of B-lactamase gene

For the PCR amplification of Beta-lactamase gene,
primer BlaZ [ (3'-gctcatattggtgtttatge-3") and BlaZ 11 (3'-
atcactatatgtcattgaage-3") were used.

The concentration of Tag polymerase. dNTP and
magnesium chloride adjusted to 1.5 mM. the thermal cycler
(Perkin Elmer 2.400 USA) was maintained at 92°C for
2 min and 95°C 30 sec for denaturation. 53°C 30 sec for
annealing, 72°C 30 sec for extension and cyvcled 30 times.
The amplification products were purified by utilvzing the
PCR purification kit (Biolabs USA) and the products were
tested on electrophoresis system for the size determination.

PCR amplification of species specific. enterotoxin., toxic
shock syndrome. and exfoliative toxin primers Primers for
the amplification reaction were synthesized as the following
sequences. STAA-AU 1 (5'-tcticagaagatgecggaata-37).
STAA-AU Il (3'-taagtcaaacgttaacatacg-3'). SEA-1 (5'-
ttggaaacggttaaaacgaa-3'), SEA-2 (5’-gaaccttcecatcaaaaaca-

3.,  SEBIl(3’tcgcatcaaactgacaaacg-3), SEB-2  (5'-
gcaggtactctataagtgee-37). SEC-1 (5'-gacataaaagctaggaattt-
3. SEC-2 (5'-aaatcggattaacattatce-37). SED-1 (5°-

ctagtttggtaatgtctect-37). SED-2 (5'-taatgctatatcttataggg-37).
SEE-1 (5'-tagataaagttaaagcaage-3 ). SEE-2  (5'-
taacttaccgtggacectte-3"), TSST-1 (5 -atggcageatcagettgata-
37, TSKT-2 (3'tttecaataaccaccegttt-3"), ETA-1  (5'-
ctagtgeatttgttattcaa-3"). ETB-2(5'-tccatcgataatatacctaa-3").
the concentration of 7ag polymerase. INTP and magnesium
chloride adjusted to 1.5 mM. the thermal cycler (Perkin
Elmer 2,400 USA) was maintained at 92°C for 2 min and
95°C 30 sec for denaturation.
72°C 30 sec for extension and cvcled 30 times. The
amplification products were purified by utilyzing the PCR
purification kit (Biolabs USA) and the size of gene in the
amplification products were estimated at agarose gel
electrophoresis system.

55C 30sec for annealing.
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Electrophoresis and imaging, A 3- ul aliquot of of the
reaction mixture was combined with 2 ul of loading buffer
and the preparation was electrophoresed on 1.0% agarose
gel. The gels were stained with ethidium bromide and
photographed on a UV transilluminator.

RESULTS AND DISCUSSION

Identification by species specific primer

The size of gene in amplification products by primer
STAA-AU [ (3 -tcttcagaagatgeggaata-3") and STAA-AU 11
(53 -taagtcaaacgttaacatacg-3"") were estimated as 420 bp and
the results of PCR methods for the 1l reference strains
agreed completely and those of 48 isolates were agreed with
those of biochemical identification results as shown in
Table L. The identification results by PCR could not always
successful one. possible reason for the few failures to the
species level may be the variation of ribosomal RNA
operons between strains.

Penicillin resistance (B lactamase gene) of S. aureuns

A primer for p-lactamase gene was used in the PCR
amplification reaction with template DNA from reference
strains and 260 bp of gene was detected in 73 isolates of .S.
aureus as shown in Figure 1 and the results indicated that
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complex feature, which is affected by many factors. the
resistance may be carried by plasmid or chromosomal DNA.
In addition to blaZ and the genetic polymorphysm of blaZ
gene itself. other penicillin genes such as genes encoding
peincillin binding protein (PBP) variants may be involved
(Hackbarth et al.. 1995). It has been demonstrated that f3-
lactamase production was induced by milk in p-lactamase
positive strains. much of the increase in resistance to
penicillin G caused by milk can be attributed to milk fat
grobules, the increase in resistance was related to the
binding capacity of the bacteria to milk fat grobules as well
as to capsule formation by the bacteria. (Ali-Velunas et al..
1997). All the test strains were shown to be penicillin
resistant in disc assay.

Detection of Enterotoxin, toxic shock syndrome toxin
(TSST) and exfoliative genes

PCR amplification products of enterotoxin genes of
reference strains of S awreis are shown in Figure 1.
strain ATCC 13513 was reference strain producing SEA,
the amplified product size was shown to be 120 bp. which
agreed with the result of Betlay et al. (1988). Strain
MNHCOH was reference strain producing SEB. the product
size was shown to be 490 bp. Strain MNDON. FRI472. and
FRI326 showed gene of enterotoxin those of enterotoxin C,

1 # 3 4 5 g T @ 9 10771 12 13 1416516 17 1819 2021 22 23 24 &%

Figure 1. Agarose gel electrophoresis of PCR products for reference strains by #faZ 1, II primer as f-lactamase gene encoding.

Lane 1; size marker, lane 2; Streprococcus agalactiae CU, lane 3; Smepracoccus agatactive ATCC 13813, lane 4. Swreprococcus uberis
CU, lane 3; Srreprococcus wberis ATCC 27958, lane 6, Streptococcus dysagalacriae 27957, lane 7; Sweprococcus pyogenes CU, lane 8,
Staphvilococcns epidermidis CU, lane 9. Stapinidococcus epidermidis ATCC 12228, lane 10 Staphviococens hvicus NVRI, lane 11;
Staphviococcus arreus NCTC 9393, lane 12; Stapinidococcus aureus FRI 913, lane 13, Staphviococcus aureus ATCC 13513, lane 14;
Stapinlococcus anrens MNHOCH, lane 15, Stapindococens anrens MNDON, lane 16, Sraphviococcus aurens FRI 472 lane 17,
Staphviococcus aurens FRI 326, lane 18. Stapiviococcus anreus RN4220 pMIN403, lane 19: Sraphviococcus aurens FRT MN8, lane 20,
Staphviocoecns aurens RNA220, lane 21: Staphvilococens aurens 80XT), lane 22. Staphviocaccus amvens 807(C), lane 23;
Staphviocoecus aureus 8T A-S)

all of the strains were resistant to penicillin  antibiotics.
The predominance of penicillin resistant strains could be
due to overdose use of penicillin. Penicillin resistance is

D. E respectively. and the size of gene were 250 bp. 320 bp.
and 170 bp respectively, which agreed with the results of
Junes and Khan (1986). The size of toxic shock syndrome
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Figure 2. Agarose gel electrophoresis of PCR pruducts for reference strains by single and multiple enterotoxin specific primers.

Lane 1: 100 ladder size marker, lane 2. S. qureus ATCC13313, lane 3. S. gnrens MNHOQCH., lane 4; S. aurens MNDON, lane 3; S. auwreus
FRI472, lane 6; S. aureus FRI326, lane 7: 8. anrens FRIMNS, lane 8, lane9; S. aurens FRIS13, lane 10, lane 11; S, aurens ATCC13513,
lane 12, lanel3: S. gurens FRI MNS, lane 14, lanel3: 8. gurens MNHOCH, lane 16, lane 17, S. aurens FRI472_ lane 18, lanel9; S. awrens
RN4220 lane 20 lane 21: S, qurens 80T lane 22 lane 23 S. aurens 807(CL lane 24 lane 23 S. aurens 877(A-S)

toxin (TSST) gene from was 350 bp.

Mixture of primers of SEA SEC SEE and TSST genes
produced the products of PCR amplification products as
shown in lane 8 and 9 in Figure 2.

A total of 72 5. aureus isolates from dairv famms located
in Kyunggi Province were examined for the presence of
genes encoding staphylicoccal enterotoxins and other
exotoxins, 6 tvpes of enterotoxin SEA. SEB, SEC. SEE,
TSST. and ETB were detected in the isolates. and 12.5% of
them were revealed to possess toxin producing genes as
shown in Table 1. A major type of enterotoxin was found to
be SEB. SEE and exfoliative toxin B (ETB). none of the 72
isolates carried the genes for SED and ETA. The average
distribution of superantigenic exotoxin in the isolates of 5.
aurens was shown to be 38% and ranged from 2% in

Table 2. Detection of genes for enterotoxins among 72 S. arrrens
isolated from An-sung in Korea

[solates samples(72)

Toxin type

positive size(bp) ratio(%)

A | 120 1.4

B 2 478 28

C | 257 1.4

D 0 317 0

E 2 170 2.8

TSST-1 1 350 14

ETA 0 119 0

ETB 2 200 2.8

Total 9 12.5

Negative 63 873
Denmark to 63% in Norway (Fuevo et al., 2001: Stephan et
al..2001).

Isolate CU 1162 and CU 1176 have shown to possess
two types of enterotoxins. It revealed in the study of Zshock
(2000) that 19% of 94 isolates were single enterotoxin gene
harbors and 17% were double enterotoxin gene harbors. It is

possible to detect the gene products immunologically by
using a variety of enzyme-linked immunosorbent assays
and radioimmunoassays (Thompson et al. 1986).But these
tests have variable sensitivities for reliability and
reproducibility depending on the extent of gene expression..
But toxigenic straing of S. aurens with low level of excreted
toxins could be easily misidentified by immunologic
methods.

The value of genotypic methods in the direct detection
of toxin-producing strains of S. aureus has not vet been
determined but the PCR has an advantage over DNA
hybridization in tha t the sensitivity is sufficient to allow the
detection of microbial DNA directly in pathological
specimens (Schochetmann et al., 1988).This genotypic
method allows the detection of gene harboring strains
independent of their expression. But a positive results in the
PCR is indicative only of the presence of targeted organism
and does not indicate its viability or pathogenic toxic
potential.
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