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Abstract

Staphylococcal food poisoning is the major cause of bacterial food poisoning occurring in this country. There-
fore government regulates commercial foods through Official Dictionary of Food that there should be free of
enterotoxigenic Staphylococcus aureus in Korean rice cakes, bread, and a box lunch. Since at least 5 days are
required to identify the S. aureus by the official method in the Dictionary it is difficult to prevent the food
poisoning and the investigation of the outbreaks. In this report an improved determination method of the S.
aureus has been developed using polymerase chain reaction (PCR) technique. Sense and antisense primers for
specific amplification of genes encoding staphylococcal enterotoxins were designed and synthesized for the
PCR. Rapid chromosomal DNA isolation method was also developed from S. aureus using lysostaphin. The
PCR condition was developed as follows. Reaction solution (50 p/) consisted of target DNA 2 w/ (about 20
ng), 10X buffer 5 pl, primer 100pmole, dNTP (10 mM) 4 pu/ and Taq DNA polymerase 2.5 unit in a thin-
wall tube. Operation condition of the PCR was 5 min pre-denaturation at 94°C, 15 sec denaturation at 94°C,
15 sec annealing at 50°C, 20 sec extension at 72°C, and S min post-extension at 72°C, and 30 cycles of dena-
turation-annealing- extension. Using the PCR with Perkin Elmer GeneAmp PCR system 2400, types of en-
terotoxigenic S. aureus could be identified from Ddok or bread in a day.
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Table 1. Enterotoxigenic Staphylococcus aureus used
in this experiment

Enterotoxin

Staphylococcus aureus Reference

type
Staphylococcus aureus ATCC 13565 A 17
Staphylococcus aureus ATCC 14458 B 18
Staphylococcus aureus ATCC 19095 C 19
Staphylococcus aureus ATCC 23235 D 20
Staphylococcus aureus ATCC 27664 E 21
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Table 2. PCR primers for specific amplification of DNAs encoding various staphylococcal enterotoxins

Primers for PCR
(unpper one; sense sequence) (lower one; antisense sequence)

S. aureus by enterotoxin type

Size of PCR product

SEA1 (345) 5-TTATGGTTATCAATGTGCGGGTGGT-3'

A SEALI (722) 5-TGCATGTTTTCAGAGTTAATCGTTT-3' 402 bp
5 SEBI (345) 5-ACCAGATGAGTTGCACAAATCGAGT-3' 32 b
SEB2 (852) 5-CGTTTCATAAGGCGAGTTGTTAAAT-3 32 bp
c SECI (469) 5-GTAAACTGCTATTTTTCATCCAAAG-3' 281 b
SEC2 (725) 5-CCTGTTTCATATGGTGAACTGTTAA-3' P
b SEDI (679) STGGTGGTGAAATAGATAGGACTGCT-3 283 b
SED2 (1038) 5-TGAAGGTGCTCTGTGGATAATGTTT-3 P
: SEE! (238) 5-GGTTTTTTCACAGGTCATCCATGGT-3' 425 bp

SEE 2 (638) 5-TCATAACTTACCGTGGACCCTTCAG-3'
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Fig. 1. Arrangement of enterotoxins from Sra-
phylococcus aureus and respectively devised primers
The protein sequences were retrieved from GenBank; Ac-
cession numbers for the genes of enterotoxins A, B, C, D,
E were 122566, M11118, X51661, M28521, and M21319,
respectively; The sequencés were arranged using PC/
GENE softwere and the conditions were as follows; K-tu-
ple value, 1; Gap penalty, 5; Window size, 10; Filtering
level, 2.5; Open gap cost, 10; Unit gap cost, 10; Stars and
periods represent the degree of similarity. Primers for the
PCR amplification are underlined
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Fig. 2. Genomic DNAs isolated and purified from vari-
ous microorganisms Lane 1, 1, kb ladder DNA marker
(12.2 kb, 11.1 kb, 10.1 kb, 9.1 kb, 8.1 kb, 7.1 kb, 6.1 kb,
5.0 kb, 4.0 kb, 3.0 kb, 2.0 kb, 1.6 kb, 1.0 kb, 506 bp, 396
bp, 344 bp, 268 bp, 220 bp, 201 bp, 154 bp, 134 bp, and
75 bp from top); lane 2, Staphylococcus areus producing
enterotoxin type A (SEA); lane 3, SEB; lane 4, SEC; lane
5, SED, lane 6, SEE; lane 7, Escherichia coli DH5a; lane
8, Phaffia rhodozyma; lane 9, Penicillium verruculosum
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Fig. 3. Amplified DNAs from Staphylococcus aureus
genomic DNA by PCR Lanes 2 to 6 represent SEA, SEB,
SEC, SED, and SEE. respectively, with the DNA size
marker (lane 1) arrow indicates 506 bp
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Fig. 4. Specificity of primers PCR was performed with
primer A (panel A), primer B (panel B), primer C (panel
C), primer D (panel D), and primer E (panel E) against
DNAs from SEA (lane 2), SEB (lane 3), SEC (lane 4),
SED (lane 5), and SEE (lane 6), Escherichia coli (lane 7),
Phaffia rhodozyme (lane B), and Penicillium verruculosum
(lane 9) as target molecules
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Fig. 5. Effect of annealing temperatures on PCR PCR
was performed with primer A (panel A), primer B (panel
B), primer C (panel C), primer D (panel D), and primer E
(panel E) at 45°C (lane 2), 50°C (lane 3), 55°C (lane 4),
60°C (lane 5), 65°C (lane 6), and 72°C (lane 7)
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Fig. 6. Effect of cell concentration on PCR PCR was
performed with primer A (panel A), primer B (panel B),
primer C (panel C), primer D (pancl D), and primer E
(panel E) using the target DNA isolated from decimally di-
luted Staphylococcus aureus cultures by simple isolation
method; Dilution fold were 1X (lane 2), 100X (lane 3),
LO0OX (lane 4), 10,000 (lane 5). 100,000X (lane 6);
Target DNAs used in italicized lanes in pancl B were iso-
fated by phenolchloroform method
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Fig. 7. Detection of enterotoxigenic Staphylococcus spp.
in Korean rice cakes and breads by PCR PCR was per-
formed to determine SEA (lane 2), SEB (lane 3), SEC
(lane 4), SED (lane 5), and SEE (lane 6) from various
foods; the cake of confectionery (panel A), a bread com-
pany #1 (panel B), a bread company #2 (panel C), and a
bread of company #3 (panel D), and Korean rice cake
(panel E); Lane 1 represents DNA size marker, 1 kb DNA
ladder with arrowed 506 bp

Table 3. Detection of enterotoxigenic Staphylococcus
aureus in foods (breads and Korean rice cakes)

Type of Enterotoxigenic

Foods Staphylococcus aureus
A B C D E
Confectionery cake ++ + +
Bread #1 + "
Bread #2 ++
Bread #3 ++ + ++
Siru ddok (a rice cake) +

Pat chabssal ddok (a rice cake)
Hobak Chabssal ddok (a rice cake)
Injeolmi (a rice cake)

Baekseolgi (a rice cake)

++ or + indicates degree of DNA amplification
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