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AHEAGH MR IREEAHFFTAIKRAAPCRI F.ARRAL LY A EA 4
RENHABZ A, ERER, AP FTEZ A, LB L ZZE RS, 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

AMFEER, P SR REEREEESR
Al B BREXNE, IR EENESEE®, B ER
L, REVE EERERNEE, LB ES EEY
TEOEEHKEHNE R, B KaYh FEERE i, EEREIEER S HOEEBK
= EBNERAN BB R, 2 EENEY T & HH R ARG L, IDNAKRT HiERRE
HZ— 02, DHEHM Akl ¢ E O E SRS, @ ¥ %5 [ & (polymerase chain reaction, PCR), &
B4R AR, BEEE S EEFEGE heakim e mAR L KU BB S R T RE A £ R 17,
BIIEER IR, HRTATHR NG HiEERRE ERmEE L EEEEEN,
on B R A K R R R ER T1E, M nl g L td & ERKERNPCREHITE , Wilson
Rah e s & & o (A B ERE TR , (I AER A FANOEFEEPCRITE, D HI BESEABCK
FE A — R, BT 2 SET-RPLA &4 M 20 1% £ BR 57 % B8 B (A (thermonuclease gene,
(Staphylococcal enterotoxin A, B, C, D, Reverse nuc)Z & O E A ERE, W, IR42L% B, C,A
passive latex agglutination kit, Denka Seiken, e R &R OB & EKE M Hl, JohnsonFE AR
Tokyo, Japan)ft Z Vil R ENTLES  XUILITE- TR BFhEEERANS HOHHEEEEE
CRARNACHEHKEIBEEZRRRZIE T EM HRAZPCRAE : AN AERONEREBEES
(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, & EARIEIE IR FESS, A, 5555 T W1 R AP R R E AR E 2k, R
7 2 Al 1 R T < R P U B ] AT, Br B4t HRAFE I PCR A ER AN E AR A
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FEeLTEERNSHAEHRENRERIEE
AW RENEEENUEAHEEEITERLS
PCRE| FH #BAE &M, BEERN, HA, SR,
AARER, 49, iBERAPAREBEEREE
EOEHERE G RIT, BRI TIP3 &

m

HWPCRAE, ERGTEERUSHOFHKE
Re IR I FE R
MER A E
“\*jﬂ
(—ERE

B HOEHHREFEK, A ELA, B,
C. D, ERIJE 3 F (Staphylococcal enterotoxin) A,
B. C, D, EBlISEA, SEB, SEC, SED K SEE¥ &
Bk H OB B K JE 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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(—EEEE A 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 5AAA GTG CCG ATC ATT TTA
TGG CTA 3(372-395, —)
Az SEA 24 SGTA ATT AAC CGA AGG TTC
TGT AGA 3 (588-565, «)
Bi 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:,SEC; 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, «-)
FRDNA, A3 ETER, Bl TPCREYIZ PREF2/INRF s total DNAZ B K R EBEHE K -
REHE RE vk AT, BRI AREN 10 12 PCRIX FES), {ER(FRUZNRT R, HAY, TS R IR SELABAM
LA1. 8% et B P 2R B HET TSR k. PCREEWI S F HEKRRPLAZHEERESHEOHHRE I ERK

= A E , BIMK[E R ik DNA marker, ZTHae 111
-C.igested ® X 174 DNA (Biolabs, Baverly, Mass.,
USA)LER TS
UOFE FIPCR 75 A B0 [E] B
8] 2 EK
MIDGE A, AL RS, A EG (B E
— %) 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
H%zm ml, f&ff‘im E”‘*ﬁ*ﬁ‘m:ﬁ P2 R BES 10-100
CFU: 10% SDS, =& FEA20
ﬁ“@ﬁfﬁ% """" £ 7][!)\100 ul proteinase K (1 mg/ml), 65°C
, 1300x G 104788, WA FR By
%, j]HA 200 ul Lysostaphinf&Z @& #&A110 ul Lyso-

staphin (FZE 10 units/mDIEEE 5, BRR37°C

HISERAS

@

kS
{

.i—n-.{:':}

M
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e
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BEENEE, SYERZ B RESY

i Ll plate

count agarfll E L S E B 7S B EHE

2 H0.9 mIFYEE &L TIA 0.1 mIBYE 8,
PN B I TPCRAE HI,

proteinase KEHE,

fa R BT Em

— . RE B X EFER 25| F(primers)

A FEE FERTER SO o £ B AL A R

HNPCRE!F, 77 IR IE R A1/A2, B1/B2, CI

D1/D2 K E1/E2, 43 H1H]
< N ElEesRENA,
SEEGFE R,
T o A8 3 2 FEPCR W FE R4

iz BEPCR5 | F2Z DNA Y IN#F—

C, D, R ER 55 35 (0 8 %) BK A 15 ¥ 3 kY

LISDS K

A
/C2,

IR EH G EOEHERE
HFESEA, SEB, SEC, SED.,

AT

, MU BEERA, B,

total



Journal of Food and Drug Analysis. 1994. 2(3)

DNAE BHEDNA, #TPCR X FE, 7] 53 B T 57
%Ek/' VES210., 410, 234, 33352456 bpZ EERE:

SEREMRS TRESERERFYC 208
#&%‘?E’J%ﬁ%I%Fﬁﬁn%ﬁtDNAﬁ%EM\m%

K L MNUP U

RIBERY S EOHERE IR T ERR N
Z 4 TR, SRR R R M E EN
RE R 7 AT R TR T, 14 603~
(ERIPCREYEL®, WAL, AR TIERH LD R
FAAPCRE|F, B SRR \mmm@r%*@ 10—
2Kl , DARRARIS SePCRE | T2 FE AR, Y-

= LUPCRAEBAFI, HARERTPHEREL , ,. -
S EBHEHRE Flgur? 1. PCR dci:tect}on of enter()fomgemc S. au-
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-
W AR EEENERES, R LIAR 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
S EOEEREBERIGRR 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
B AR, AR B A AT, T TDNAfHIEY -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-
FESEZEFEASE10-100 CFUT, igeAE ent PCR products from fresh milk samples in-
FHZ2RR B 7 RIPCR I B {EEI 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

AER S, BREREEE, B K %ﬁ e, B (ATCC 14458), C (ATCC 19059), D (ATCC 23235),
?ﬁ'i"& HOFHHRE 2 RE, TR (% and E (ATCC 27664) strains, respectively.
BEIH FRE m,ﬁ?mlﬁﬁﬁwﬁﬁméﬁ%fﬂﬁ
EOEHEHRE 2B AR, TE A EFTEPCR B B5 R (soft cheese)tk fh BRI AR A T8
FECERM, EREBEMR AR AR _PLZ U, B SRR, HBEREZEREET
BAM i a] B _E3R: %‘%%T% RIEG B EFR £5103 cells/0.5 g& m,ti*“wﬁm?ajpcaﬁm =]
MeEEHEHHRE, TReARTREFZEMT10- 5 PR, B EEEBOE 108 cells/0.5 gB
100 CFUE B HIRH, EHTLM!:%’&%: FiriR 77 i 5 OBRY A EHPCREY A HEHE. KT,
KBl HAEAE, IEAh, R, B AR RS AR AR RES AR PCR F i, H2LBEF B
Frih < BERIGH T, NEI A BT & ZDNA, ¥ R SEOFHEHRE R RIRIITH &R AE
BAFEATIR & PCR T A R TR IS R, i , TEASH 2R3 F 2 DNAEUR PCRIRSSG T

EEIRRAESAE10-100 CFUBER, Bl EE

uﬂﬁﬂhﬂiﬁﬂﬁﬁéﬁﬁﬁﬁZﬁﬁ“ EﬁL}LPCRﬁﬁEﬁYﬁ“ L_JE ﬁ/\wernam%}\{zs}z

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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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

|
|
|
|
|
|
|
l
|
|

Chicken 0
10°
10!
(02
Duck 0
100
) Oi
107
Fish 0

10{} - i

10! + +

104 + +

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

+ +
+ +
+
+ o+

!
|
|
|
|
|
|
|
l
|

|
l
!
|

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

+ +
S
+ o+

|
|
i
|
|
|
I
l
|
i

- + —_
+ + o+
- + o+

+
_,I,_

+
+

o
+ + +
+ 4+ 4

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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R A S L S RETINHGR, DBIBRRE R AR ERE S
i PCR ﬁ?ﬁ J;% ,WIJ ' P CR {E fﬂ%ﬁ ;ﬁﬁ 3 5 +- , 10 CFU "?L
NME B BHIDNA R AR H s AT E PCRf@fE%Q%
207, Al REIPCREZ EIFT FHE B B &
1000~10000 CFU:; (A i, & 8 |EUE 891~ [H] , fid
B LampelZF AR R, ] ERME R BEE 3
MemOEHHRKEZILEKIERE BINE L, KA
mﬁﬁﬂZPCRﬁﬁi EATLJ{,%{EU?UE%%% =375 N
Figure 4. PCR detection of enterotoxigenic S. au- ﬁ*m% 3&}: V mil E’ﬁﬁgﬁ_ C{EBHEE f”‘ ‘(ﬁm

reus in enterotoxigenic S. aureus incoulated sausage e, ﬁ%‘f LB s 8 kKRB SR A TR
samples. Conditions for PCR reaction with primer B T E, EBRIAYERE T/E, niE R R RBEERERK
patrs Ai/Az, Bi/B:, Ci/C:, Di/D:, and Ei/E: were as ﬁﬁft,@T‘?ﬁumﬁD%ﬁrTMEﬁ J‘ﬁﬁ%m
described in Materials and Methods and in Figure BT G, ZERTEPTRE . mudgipTd, B
2. except that the sample used was cheese. BRI TR RN ERER S fﬁﬁi%*ﬁ H
KR, SRR RS, sREE T EREIATTE,
Z DNARIEUG B EE RG] R, 5 R, BT m]jﬁmnlﬁﬁm““ﬁﬁﬁhﬁﬁ@ﬁb&% , TLERFa] B
w8 7 LAPCR TR EIZLES + HARE Z A=) R PCR /T Ml R EURERR < F.
& (sensitivity),

=AU, B E R ES, IHIPCR K IER 2
oE, O Rad CRRERS O Ao Y 7k, &
FHEDNAMECH i _FEWernarsZ A3, 73?55
ANaE], ARG < ik, METREREEAE , (HR]EE
REER R A, IIHIPCR X FERIIA-F thL\
PCRIgHI < B \EE, LItk B 2% 2 H,

2l

A AR T et A B S ( +£U%%sf@ DOH
-82-TD 035K DOH 81-085), 15 LL5EEL, FrltaEH.

A AR H e B, BR42UA Y, B3 Z2ERK
mE L HER, I A AR BRS3.3 X 108
CFU, ME =& a A RE2.07 X 104 1. 84 % . 1991. KER79F R P E# AR AT
CFU, MAREMEE SRS H O IRE RS L EemAFHTT. 2. 5.

B, TEAMICAT 6 2 PCRIGHE T, M~ A ¥ 2.Genigeorgis, C. A. 1989. Present state of kno-
fEZ PCREEY], I BAM /3 1L 7N A A I S e wledge on staphylococcal intoxication. Int. J.
HRESHEBEESEASHEOE EE, AL, &8 Food Microbiol. 9 : 327-360.

Tl R LA R P & 2 TE B, WS THEPCRZ 3.ITH e AR . 1986. B & A Es F it . pp.
fa RS AR 59-72 AT A FHITT

PAPCRBY Al & Sy i A Y77  n] gE 2 4.Park, C. E., Akhtar, M. and Rayman, M. K.
b B VR B 2 R Ay, BT R R AR B o 1992. Nonspecific reaction of a commercial
(pasteurized food), CLASEARE B , B IR I AER 47 enzyme-linked immunosorbent assay kit (TE-
HEAEE, SEE T DNA L, U8R 5 | 358 B IR A CRA) for detection of staphylococcal enter-
HIDNAE BB 5E 8, RPCR X FERIAE RV E IE otoxins in foods. Appl. Environ. Microbiol.
I FE. 58 : 2509-2512.

PR LIPCR ik, ML E MIER Bl 1T 5.Jorge, V., Esperanza, G. L., Segundoi, P,
T Lampel 3 A9, & 3 3 e B A 0L 1 — 5L Y Joaquin, G., Ordan, J. A. and Santiago, V.
[lE B E R, AR RV, fIEXDNA , i #] = 1990. Enterotoxin production by staphyloco-
PCREY], HPVLE L3808, HEBUSHHEE cci isolated from healthy goats. Appl. Envir-
PCREEZE BN, T ABEIE F B Al - S Fe e on. Microbiol. 56 : 1323-1326.

I, PCRIE A 2 1EER B EE H AR iR 2 1 | MR 6.Wilson, I. G., James, C. E. and Rthur, G. A.
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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.
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