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AHEAA N ERENHREE DB EEABRAAPCRI T ARRE ST HELLS
KEHHRBZ N, & |

AR B A R U
RER . EHFFEZ A @B, AR L DT HE S, R FEPCRE
2 4F BM PCRAR R EHM A Z I, PlERAPCREEREISH , L2 H45:%410 CFUXL A
Z BAEH, REFLRBE100 CFUKR AZ BAZH THAAR B 12 PCRGE KK & 258, 8l & & 4

P& WHIEmAE10* CFUR A, B, A8 PCRBER T, RO BB Gy MK, &

TAREZBRE IAERTUEA, LGN E PCRAFESAENNLB B ERAZTE

- .

ANFEEE. I RAE R REEREEES
Al B RENE, PR EE N ESEE®, i EHREIR
L, REE ESERNTEE, LB A EEY
TEOEEHKEHNE R, B KaYh FEERE i, EEREIEER S HOEEBK
= EBNERAN BB R, 2 EENEY T & HHEERERN T E, IDNAKRT HEMEREE
HZ— 02, DHEHM Akl ¢ E O E SRS, @ ¥ %5 [ & (polymerase chain reaction, PCR), &
B4R LT RS, BEEE S EEFLKE heat i IR AR AR IS R v REAE £ RE 17,
HIEEEER. HNATHSENME 2 HEERR R RS L, EEEEE MR,
on B R A K R R R ER T1E, M nl g L td & ERKERNPCREHITE , Wilson
S S e E OE GERE TR, (HHER FAOTTERPCR G, LIAH | BB ERAIB.CR
Fik AR, Bl E 2 SET-RPLAEH Mt 24 VE A BR 0 B L R
(Staphylococcal enterotoxin A, B, C, D, Reverse
passive latex agglutination kit,

(thermonuclease gene,
nuc)Z & O E A BRE .,
Denka Seiken,

F , M HE AR 42LFB, C.A
LEREEOHHEREZRE, JohnsonZE A DIR
Tokyo, Japan)ft Z Vil R ENTLES  XUILITE- TR BFhEEERANS HOHHEEEEE
CRAR B W HKFE G ERBERLIE T ITER EHNZPCRAK AHRERINTGHERELES
(Staphylococcal enterotoxin visual immunoassay ADNKEHRGEFRLKB, CABEEZRSEGCEHE
kit, bioenterprise pty. Ltd, Roseville, New South KRR E A REBHERKEZ PCRG | 789,51
Wales, Australia) i@l B P 24 BKFHBE S E 51 FE FIREEAEHZPCRE|F, HDNAFFEY I
K, FE 8] AT ERE %%?ﬂﬁ[ Pseudomonas spp., Se- ASFHE], WA, D, ERBEE R H A2 PCRF|
rratia spp.3F, § EA BRI IE R ESS, 14, RIS T #1F ARA AP EER B E ERE 2, 7R
7 Al 5 A e 2 < T IR R FeAlAT, Br Eab4t, B REFE FHPCR ik B E A R
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AL tEEsRNeEAEHRENRERIEE
oA REENEEENUEAHEEEITREERLS
PCRE| FH B AE &M, BEERN, #EA, ISP,
AARER, 49, iBERAPAREBEEREE
EOEHERE G RIT, BRI TIP3 &
HWPCRAE, ERGTEERUSHOFHKE
RBIRIEIZ R,

m

MRS E

“\*jﬂ

(R

B S EOEHERE RN, B ELA, B,
C. D, ERIJE 3 F (Staphylococcal enterotoxin) A,
B. C, D, EBlISEA, SEB, SEC, SED K SEE¥ &
B H B Bk R IR B SEA (ATCC 13565), SEB
(ATTC 14458), SEC (ATCC 19059), SED
(ATCC 23235)KSEE (ATCC 27664).

CRFEE N

Tryptic soy agar (TSA), Baird Parker base
(BP), Egg yolk tellurite (EYT), Brain heart infu-
sion (BHI), Phenol red carbohydrate broth; to-
luidine blue deoxyribonucleic acid agar (TDNA),
Plate count agar (PCA), Luria broth (LB), Nut-
rient broth (NB)& Peptone F & H 3£ B Difco’y
&l(Difco, Detroit, Mich., USA), & H L& & IKHE

==

%= & & 7€ FH E#f -Staphylococcal enterotoxin-Re-
verse passwe latex agglutination (SET-RPLA)
kit, Hs
me, ethidium bromide, lysostaphin, SDS (Sodium
dodecyl sulphate), Tris (Tris-hydroxymethyl ami-
nomethane) Bl & E Slgmd (St. Louis Mo., USA)
USA; Agarose & H Pharmacia (Uppsula, Swe-
den); Proteinase K. dATP, dGTP, dTTP & dCTP

*#’.

Denka Seiken (Tokyo, Japan). Lysozy-

78 72 Boeheringer Mannhein biochemica
(Mannhein, W. Germany); FE #ll B8 Hind III, Hae
I, Lambda DNA ®X 174 RF DNA & H Bio-
Labs (New England Baverly, Mass., USA); Taq
DNA Polymerase i H Promega 23 &) (Madison,
Wisc., USA); H ﬂﬁ%mfﬁl T aR s — iR A R,
EERZE® S | F(Oligonucleotide primers)
SEOFEREBERA, B, C, D, EERK
HIFAPCR5 |+, AR P3| ANK— P

A&
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(AR E R A B E
SE %%i’ﬁﬂ%@iﬂﬁﬁwsﬁ% a1, R TR 4G,
FHEEIN—O$EREEHEAS mIBYTSBE(BHI

BEEEHFR&37C, 12/J\ IR BB BRI
TP TSASE B R |, 37°C, 24/ NS & 5T
HFE BB (colony forming unit, cfu)o

Cr& wHOEEHKEERREE

{i Bacteriological Analytical Manual (BAM)
FiEOORT R T,

E& O EREREER R

&k Denka Seiken’A A2 SET-RPLAR#I Z#H
REAEfTZ, Ha 2 BEFEESAB, C, DA
PUfE, AR S RTEERO T AR 107 R anB290 ml
4 7 £ B8 /K 7F Waring blender &3 FHE 1578
%, 83000 rpmB. (204784, E&Eﬂiﬁﬁm@* Ao
EEREKSERUEE AN—O&EeRE®
BB B S mlZ BHI broth, 37°C5#&10-12
/N, #3000 rpm (2204368 , BX b i dE L EIER
RPLAK ], BYEE 968 VR K FLIE < ST (mi-
crotiter plate), & FLIA, I FFIIA2S WM, T
Bl R B B3 B Elsensitized 2 TUFE Latex
A, B, C, D, LLI60 rpmiE#& 10538, fEIRE Mi
IR R E 18-20/NEF, [RIRF ARG B EA, B, C, DINAL,
S RIHNA Esensitized Z FLIE (latex) & positive con-
trol, B EU K sensitzed & FLIB2S ul, JOAEZ25
MR < FLIAH, i Fnegative control.
()y#E L A AT ER Hitotal DNARJHHEY

{# Ausubel et al.' D Kz Neill et al. " ?Ff7R 5%
(81T o H A EMRER® FTd,

)RR IE

BY0.6 mifd =B (2 (eppendorf tube)53 Al
A 10 mM dATP, dTTP, dGTP, dCTD#%2 ul, 10
X PCR #& & ¥ (100 mM Tris-HCI, pH 8.3, 500
mM KCl, 60 mM MgCl, 0.1% gelatinf11% Tri-
ton X-100) 10 ul, 35 p mdes/ul#J5| 5 ul, ]
EDNA(¥71000 ng), 2.5 unitfyTaq DNAR &,
DIZREI A HEBEER 100 1, BB E BT L
A 100 plHIEEYZH(mineral oil), IEZRBAEER
#%(thermal cycler, Coy, Ann Arbor, Mich., USA)
o, #ETPCRFE. HRAIO T - A FmE94°C, 1.
54r5% , fEFDNAG B, BRERETRSIER
(annealing): ¥TA1/A25 | FREZE67°C, #EF2578, B
1/B2, C1/C2D1/D25| F5&63 CHE¥F25r88, El/
E25] T E562°CHERE 297 68 #2317 ZE 1 (exten-
sion), BTA I/A2FHRET2°CHEFF25788, B1/B2, Cl/
C2RD1/D2E2.57# K E1/E25 3578 UNitiEsg
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Table 1. Oligonucleotide primers used for the detection of staphylococcal enterotoxin genes.

Primer Enterotoxin Base Nucleotide sequence
No. (Location, Direction)

Al AEA 24 SAAA GTG CCG ATC ATT TTA
TGG CTA 3(372-395, —)

A SEA 24 SGTA ATT AAC CGA AGG TTC
TGT AGA 3 (588-565, «)

B, SEB 21 STCG CAT CAA ACT GAC AAA
CGA 3(312-332, —)

B: SEB 24 SCACTTT TTC TIT GTC GTA
AGA TAA 3’ (719-696, «)

C, SEC:,SEC:,SEC; 24 SAAC ATT AGT GAT AAA AAA
CTG AAA 3 (154-177, —)

C. SEC,,SEC,,SECs 24 5TTG TAA GTT CCC ATT ATC
AAA GTG 3" (387-364, «)

D, SED 24 5,GCA GAT AAA AAT CCA ATA
ATA GGA 3'(76-99, —)

D SED 24 SATC TAA AGA AACTTCTIT
TTG TAC 3°(408-385, «)

E; SEE 21 5'TTA CAA AGA ATT GCT TTA
AGC 3°(43-63, —)

E: SEE 18 5'TAA ACC AAA TTT TCC GTG
3’(498-481, «-)

IEDNA, 8 35E B3R, Bl TPCREYZ
BRGRE Ko T, UK HTIRAN10 w2 PCR X FEY,
LA1. 806 = #E FE A PE 2R BB E T TR k. PCREEW) 53 F
= A E , BIMK[E R ik DNA marker, ZTHae 111
-C.igested ® X 174 DNA (Biolabs, Baverly, Mass.,
USA)LER TS

VIEEFIPCR Bt I E BT EERIS
8] 2 EK
MBIEA, B IEA, RS EFES(Ba A
— %) KRR FLES (cheese) 7% 20 52 B 160 ml
0. 1% AR, LUFTHBE (Waring blender) &
EE 4SRN 0.9 mIE W B E B0, 4

AIIMAN R EEES SRS EOHHREE
#0.1 ml, (7 mlE &% = B H B 10-100
CFU: B 0A10.0 ul 10% SDS, FA=E 8 FEH20
¥, FIIAL00 ul proteinase K (1 mg/ml), 65°C
"""" MHERF3090 88, 1300x GBI/ 109388 , A ER E W
%2, A 200 ul Lysostaphin#Z @ #& F110 ul Lyso-
staphin (FZE 10 units/mDIEEE 5, BRR37°C

a_ﬁ

kS
{

téU‘T

N1
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REF2/0RF total DNAZ Bl R B EFEHE M fE
{ER(RIZORITR, A, THIGHES < IR ELABAM
HiEMRPLAGHEERSEOHHERE B LR K
RN FE, S BERZ B HERL i Llplate
count agarﬁJE,uﬁﬁﬁ“%iﬁ MM?LﬁmZ ’:@F?.EU

2 HL0.9 mIFYEL &, IIA 0.1 mIBYE &, LISDS K
proteinase KB, FHf& R HEETPCRAEH,

fa R BT Em

— . RE B X EFER 25| F(primers)

R EPRIERE O I T HS SRS
HPCRE!F, 77 MR IE B A1/A2, BI/B2, C1/C2,
D1/D2 KR E1/E2, 535 0] FAR{EEI & HE O &4 EKE
< A FBERERN, HFESEA, SEB, SEC, SED,
SEEG® .8 EEPCR5| FZDNAFFANFK—FT
o A8 EGEEEPCR X FERH, LB EFA, B,
C, D, X E &l & 35 1 8 %) Bk B 1= %€ B #E Y total
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DNAS HEDNA, #{TPCR X FE, 7] 53 7 1S 77
%Ek/' VES210, 410, 234, 33352456 bpZ EEHE:
AN A T RREREEHEI T CLNMNOP U

IR R T I
4 T H, FEERREEHHRERE A3 EN
ERE R _{”_[‘,L\Z%“ﬁ“ o8 FERE T, 19 4 603~
(ERIPCREYEL®, WAL, AR TIERH LD R
HEEPCRE| T, B EEARE nuﬁjﬁtﬁrﬁ% T94—
2l LARRARIE e PCRE | F 2 FEFI M. "
_.xL}PCRﬁiiﬁﬂltF?L,ﬁﬁ&?ﬂﬁ*ﬂﬂﬁiﬂ Figure 1. PCR detection of enterotoxigenmc S. au-
SRBENEKE . . ..
reus in enterotoxigenic S. awureus inoculated fresh
SEOBEEREEBRRTOHEERER, E milk. Conditions for PCR reaction with primer
MNES BRI, R, BRER5 i’ﬂ%fﬁ (! pairs Ai/Az, Bi/Bz, Ci/Cz, Di/D: and Ei/E: were de-
WA EERREEEmNERE S, R LA scribed in Materials and Methods. Ten microliters
CORFEEREBREARYTENR . AWHRA of the PCR reaction mixtures were subjected to
BTSRRI TR ERERIERS, & 1.8% agarose gel electrophoresis and visualized with
%,lﬁﬁﬂﬁ%ﬁ MBAM A0 HEE LA Rm U. V. (302nm) transilluminator. Lane A, Q: Hae III
HEEOEHREBERIERER Hﬁwﬁﬁﬂﬁ digested ® X 174 (RF) DNA, serving as marker
ﬁmﬁﬁio 1% % M B R R R E LR, I DNA. PCR was performed with DNA isolated
AFEREENTHERTERBENSBERISH from fresh milk samples inoculated with 10-100, 100
| R ETEREHE, AT EERT A, EfTDNARHAY -1000 and 1000-10000 CFU of S. aureus per gram
K PCRARHI, & RINE—~=Frx, B HGAR of sample. Lanes C and D. Lanes F and G, Lanes |
ERe &EOEEHRENG I, A R EREk., and J. Lanes L and M and Lanes O and P, repres-
FEBEEEEASE10-100 CFUT, IgeAK ent PCR products from fresh milk samples in-
FHRFR ST AIPCR (BRI H K, oculated with S. aureus type A (ATCC 13565), B

(ATCC 14458), C (ATCC 19059), D (ATCC 23235),

= RipAEESTRERDERCNEREZS 1nd E (ATCC 2764 strains, respectively. Lanes B,

A E, H, K and N were positive controls with 1000 ng
DA ERTAPCR F ik, Al G EANEE DNA from S. aureus type A (ATCC 13565), B

AR, BREREENEE, B %ﬁ i, BB (ATCC 14458), C (ATCC 19059), D (ATCC 23235),
?ﬁ'i"& HOFHHRE 2 RE, TR (% and E (ATCC 27664) strains, respectively.
BETHC AR m,ﬁ?mlﬁﬁﬁwﬁﬁméﬁ%fﬂﬁ
HEHHKREZRE SN, FET R ELPCR # B 5 RK (soft cheese)t i du BRI R] A AN E /Y
HFEzERE, HERNEZE AR AR _-—PL U, B SRR, HBEREZEREET
BAM i a] B _E3R: %‘%%T% RIEG B EFR £5103 cells/0.5 g& m,ti*“wﬁm?ajpcaﬁm =]
HeEaFEHHRE, TRMTPTREERREME10- e SRR RS, H HAE R EEGE 108 cells/0.5 gB
100 CFUE B HIRH, EHTLM!:%’&%: Fir ik 77 ¥ 5 OEREE EHPCREY AT HEE, HI,
R EAEAE, A, R, B AJRA] RS A SR A FIREN AR CFTRPCR F &, H2LBETEE
Frif e BERIEE T, NRIAEA BT & ZDNA, #H FR S EOEHERE 2 RBAIRY TR &S R E
RARFEFRZ PCR A & R TR HIFE R R, TE AR 22 PR {3 B &2 DNAHEUR PCRERIG T,

EES R HESE10-100 CFUBERE, BIn]E %
% LIPCR A EREIH R, I Wernars F A 232

N EPRERLEEECHBERE BRI

S Wernars% A ) IR AMIET ARYPCR S| PCRA% I H A% £ Listeria monocytogens, [fi A~
F#E 8 Al Listeria monocytogenes i , B8 3 AL I 3 Rz BEEESHOEERE, BAMRER
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A B C D E F G H I 3 E L M H OF R 5 7

CODEF G W I JIKLMNDPUQ

bp
135

GUE 3 Wit
310 2
2714 2&1“: i

RN

Figure 2. PCR detection of enterotoxigenic S. au-
reus 1n enterotoxigenic S. aureus inoculated pork sa-

mples. Conditions for PCR reaction with primer Figure 3. PCR detection of enterotoxigenic S. au-
pairs Ai/Az, Bi/B:, Ci/C:, Di/D-, and E./E: were as reus In enterotoxigenic S. aureus incoulated sausage
described 1in Matenals and Methods and in Figure samples. Conditions for PCR reaction with primer
1. except that the sample used was pork. pairs Ai/Az, Bi/B2, C,/C,, Di/D2, and Ei/E: were as
Lanes Q, R, S, T are repeated data for lanes M, N, described in Matenials and Methods and in Figure
O, and P. 2. except that the sample used was sausage.

Table 2. Detection of Staphylococcus aureus in S. aureus spiked and non-spiked chicken, duck and fish with
BAM' method and PCR primers” specific for genes of enterotoxins.

Sample No. of SEA SEB SEC SED SEE

S. aureus
inoculated’ BAM PCR BAM PCR BAM PCR BAM PCR BAM PCR

Chicken 0
10°
10!
102
Duck 0
100
) O.Z
107
Fish 0
10° + - + - + - + +
[0 + 4 + 4+ + o+ + o+ +  +
102 e + o+ + o+ + -

|
|
|
|
|
|

—— — AT T

b
+ 4+ +
+ + +
4
+ 4+ +
+ 4+ +

+ +
+ +
+
+ o+

!
|
|
|
|
|
|
|
l
|

|
l
!
|

ok
+ + o+
+ o+ o+
o
E
+o
+ 4+

+ +
S
+ o+

|
|
i
|
|
|
I
l
|
i

Experimental conditions were described in Materials and Methods. The enterotoxigenic §. aureus strains inoculated

were ATCC 13565 (SEA), ATCC 14458 (SEB), ATCC 19059 (SEC), ATCC 23235 (SED) and ATCC 27664 (SEE),

respectively.

" BAM: Bactenological Analytical Manual.

* The PCR primers used for SEA, SEB, SEC, SD and SEE S. aureus detection were Ap, Bp, Cp, and Ep, respectively.
Ap: pnmers Ay, Az; Bp: primers B, Bz; Cp: primers C., Cz; Dp: Dy, Dq; Ep: Ei, E:.

* Number of S. aureus inonculated per gram of food. 10° 10', and 10* mean < 10, <100, and < 1000 CFU per
gram of food.
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Al C

I FF

Figure 4. PCR detection of enterotoxigenic S. au-

reus in enterotoxigenic S. aureus incoulated sausage

samples. Conditions for PCR reaction with primer
pairs Ai/A:z, Bi/B:, C,/C,, Di/D2, and E:/E: were as
described in Materials and Methods and in Figure

2. except that the sample used was cheese.

Z DNAME G B AR, H, S ER, BT

B T LAPCR 5 4l 7L o
& (sensitivity),
SSUNEEE: =T
BRLEE SRR
%tDNA%EYﬁ&LE@Wemars#k‘z3’ﬁﬁ
12 17k, BERR IR AR, (H AT RE
, I PCR R FEH
KRR BN 2% 2 H.

W, T

ﬁ%&ﬁ%ﬁ%
PCRE3 I = S\, DAL

HEAY;

e R,

/
e

%N
LIV ARESEF 7S e ck:
CFU,MEB~E®BR e HERE

Sanrd

(24)-

IR AR BER

S, 4 PCR R FER -+ 2

%ﬁﬁ‘)

¥ N7

Wk, £

7‘5&2

ESIEN] k{,\

3 Zﬁm}, I}‘(E}L

AU B

BES3.3 X 10°

2.07 X 104

CFU, MAxEREEERN S H O & EKEE L

B, AR STRT 5,
fE€Z PCREY], M BAM J7 57N BE A A ] 35 LR FE
WHEHBERAeE:
il RS AR P & 2 TE B A

BB

PAPCR B 5 3 2 kgl & 5L AR i AR V7 m] g
AR E B
A, HIR IR E RS
AL, SEE T 2 DNA, QS5 | 2L 8 K e A
HIPCR I FERIFSE BV 1E

YL B B v

(pasteunzed

HIDNAR I BT, b

B 2

ood),

22 {£ LEEN % @[

L 2A

{2 PCRIGRE T, 5

PN A BT

th s &R, I,

EEER

AT HEPCRZ

HE 2

R LIPCR /735 , 43 R0 8 BB B 0 AT A7

T Lampel 35 A9, S B B I B K S 1E — S Y
{EVDNA , f5 8 H

EIEEN=

= ETR,

PCREY],

SR

PCR

Byl Y, T
I, PCRIH,

1Z

SRR, |

A

1

HEVRNEIH, H A BRSO 2

i LBV R A & s R 5TE

(EE=t g

TR bR i AL

& 1 www.angle.com.tw
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BEUVINER, UBAESR A HTEOTEH KR L
PCRAHIEH, & PCRIERE 5 350F, 10 CFULL
MEFEBEIDNA A Rl AR EPCRIGER S
207, Al REIPCREZ EIFT FHE B B &
1000~10000 CFU; A it , s B BHEE YA E, Bl
B LampelZF AR R, ] ERME R BEE 3
REEOEHHKEZILE RIEE RIS 2, 25
EREZ PCR A, Rl DUERI B G= R EHA,
N EEERMREENE, BEUE KA ERE,
BT EEARREN T E5{F %
HERR éﬁ% Vs #E CE 5 EREGERA G IR
B TF, SBRTAVERE T/F, sl RS GERER
1T t,ﬁﬁT‘?ﬁ*mﬁD%ﬁf R EE R Y
FHTBTE R, ERFEPTEEE angipml, A
mEC RIEAEEHEEBNERELA S ERE
Wig, SRTREESE, a8 EE T EmEIFTE,
mzﬁm@zﬁm““ﬁﬁﬁh@zﬁ@fﬁﬁ , B m] LA
PCR /iR I R AIRE R < F.

#.

2l

+£U%%sf@ DOH
Aei

ARt AL TR R A B S R
-82-TD 0355 DOH 81-085), {5 LL5EEK , Fr

ZER
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the Specific Detection of Enterotoxigenic Staphylococcus aureus In

Various Food Samples
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ABSTRACT

In this study, PCR primers specific for Sta-
phylococcus aureus enterotoxin genes were used
for the detection of enterotoxigenic S. aureus In
foods. Neither the naturally occuring microflora
in the food samples nor the food components
would interfere with the detection. Study on the
detection sensitivity showed that when PCR cy-
cles were 35, DNA from < 10 CFU per ml of
target bacterium in culture broth or < 100 CFU
per gram of food sample could be detected.

However, when the PCR cycles were reduced to
25, the cell numbers required for positive reac-
tion were > 1000 CFU per ml of culture broth.
Therefore, a short enrichment of target cells fo-
llowed by suitable dilution and PCR using a
suitable number of cycles could detect viable
bacteria. Non-viable cells whcih could not grow
would be diluted out and not be detected by
PCR.

Key Words : Polymerase chain reaction, Enterotoxins, S. aureus.
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