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B 32 HBEIEDFKASEERE 14 - LBEERE 100%; DFFIRBZERURL PCR
MR BT - (BRI S{E TR 10°CFU - A RERIEARRC R - BWFIK
BEERRMA RS LE S BAS RS S5 0BRE%E!T PCR AERIE 10'CFU
HTE 4 NEF - SN REMER S T ERASRI - & Lactose brothi¥E 24 /R -
SEITEECSBIR R PCR - Bk iETE 28 /NS T{ERIE AP ZWIIKAE - L# CNS
BB ERRERAAR - ERAWIETIZ PCR HETRARSARRBTDIIKR
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Rapid Detection of Salmonella spp. in Chicken Samples

Chao-Jung Chen , Pey-Ru Liu , Daniel Yang-Chih Shih”*
National Laboratories of Foods and Drugs, Department of Health, Executive Yuan, Taiwan, R.O. C.

ABSTRACT

The feasibility of detecting Salmonella spp. using polymerase chain reaction ( PCR )
was studied. Two sets of primers:337-L/338-R and TS11/TS4 were used together
with pure strains of Salmonella spp. to find the optimum thermal conditions of
multiplex PCR.  The results showed that the optimum thermal program was 947C,
Imin; 60°C, 2min; 72°C, 2min; 35 cycles. Under the same conditions, 53 standard
strains, 32 isolated strains from foods and 14 non Salmonella strains were tested;
the accuracy obtained was 100%. Series diluted cultures were used to test the
sensitivity of PCR. The results showed that both sets of primers could detect 10*
CFU of Salmonella spp. Spiked samples were used to find the optimum conditions
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for detecting Salmonella spp. directly in chicken samples. ~After ultrafiltration, 10
CFU of Salmonella spp. could be detected. It took four hours to complete PCR.
Non-spiked samples were incubated in 24 hours with Lactose broth and ultra-
filtrated. In this case, 28 hours were totally needed to obtain results. The
samples were also checked using the Chinese National Standard (CNS) method.
The results showed that the PCR method was applicable to the detection of
Salmonella spp. directly in chicken samples.

Key words : Rapid detection in chicken samples, Salmonella spp., Polymerase
chain reaction
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YWFIKARE ( Salmonella spp. ) ERNEERGTEREZ—  hABRLBIRAHE @ HERER
BREFERASEY . RIBEBEERESE R FER T ( Centers for Disease Control and Prevention ) £
1973 E 1987 EZEMREERER © BSI%NWFIKSEZRHRMAER - ERERE /A
PFYREC AR MREH BEEANGS  AhEFEAYMREETSHENIARL  HRER
K RFTHER S WA BRRAED - RiE%12.2%" -

HBARERERNFRSENAERTERT  PPREEZRERLTE @ BR2EREERT - it
E2 hEERYLTIRIE a0 ZRERES] 588550 ( Centers for Disease Control and Prevention )
Bean S AP 1990 FR—piEhigd 1 1973 E 1987 B9 15 £/ - 4 1,869 HFRIENER
B EM  HohyPIRSEATE BN EEEE 790 4 BEE 6 - B4 AR Todd ©
JREGH » 1975-1984 B9+4ERT - WRIRBRHEENEATNEHEERYHERERE I -

RE HATERB2EAPEC - WIOSEEAR - AEREMEREHE S ZaR T - FHRAAKR
EORGEAZHN  ARYPFREETSERICERESE  HEORMBRBUMREEERE
Z . BRIYFIRBEZERBE A EEENEREE ( preenrichment ) ~ BEMEE ( selective
enrichment ) ~ #i{t - MHBRBRENCNABRESRE - RBREOTES-TX - HEEREN - EitHE
BUMREERERE T H SRR RAMRBHRE T ERIHE -

EOHiSESE ( Polymerase Chain Reaction » fifBPCR ) 2HXE Cetus AT Mullis FAY
7 1984 ERGPFTSIEARY - HERMAEEEIZ - W% HE  SJEAREAE ( cloning ) & DNA ¥
( sequencing ) IR ; TEFIFTAH4THE (routine analysis) * PCRAISEFFEANMA - HEFHIER
PRI AR ER » LIBRAE Al REZiRIRAR - TIPCR{E FA ARG ERET - o] FIZREREN REOOEKFELIRAR
EERC BERR - FASHEEREFE  Lanpel S AOFIFAPCR #ifl] Shigella flexneri: Besessn
= \ OFEF R Listeria monocytogenes * Bej ZAPRIFIF PCR B¢ Coliform bacteria H:Z
lac Z % lam B gene 3R&&#fI7kth Coliform bacteria °

EUFKSEENRCET L - BMEMRE A EEERR - MhE LT RE - 8 - DNA
probe - antibody-dependent assay * ELISA SH5E Hk AR S MBS BRSSR - MR RETERAE
Rt AFZe 2T —% PCR PEREE AL @ v EEERAERMRIR R -

MHRKBE
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KRS BN FEFR 5 2 WP RS E RIEW PR S EER RN R — KRR AR © 55
REEEEEKESR L ( ATCC * American type culture collection * Maryland * USA ) » EEIEHI
( USDA * United State Department of Agriculture * USA ) » Bt LE R RN FRAERRFF.L (CCRC
Culture Collection and Research Center ) KfTEbe@i4E BRI SFRTE -

SHMATERER - B0 - BITRBHSRIEPFHHLCYMREEEROR R - RIY
BRI ERFEREO HETZ .

Z - AR
AFFFE 2 8 AT4E © DNA GeneReleaser kit J8E BioVentures ZA%] ( USA ) ~ Agarose I *

Ethidium bromide #Jf#E Amresco ZA®] ( Ohio * USA ) ~ Mineral oil fEH Sigma 48] ( St. Louis °
USA ) ~ Dynazyme DNA polymerase kit Hf#E Finnzyme /28] ( Riihitontuntie * Finland ) °

= - PCR B|F

AWEFERC S EABE TS FE M » Hb TS11/TS4 R Tsen PFBETE 1994 FH
# - AP EEETRAIZE | F - i PCR MEKZ DNA HEBA/NE 1179-bp - 5B —H#H
B|F 337-L/338-R ik Miller “OEBESR LR - AR HE Coliform pathogenic bacteria * 401
Shigella ~ Salmonella B Escherichia coli Sl » EA® PCR WIH%Z DNA FEA/NR 299-bp °
HFF53550F ¢

TS11 : S-GTCACGGAAGAAGAGAAATCCGTACG-3'

TS4 : 5-GGGAGTCCAGGTTGACGGAAAATTT-3'

337-L : S-ATGCAAAGCCCGACCATGACG-3'

338-R : 5-GTATCGACCACCACGATGGTT-3'

Dl Z B H LS [ FEEh{EE TIB MOLBIOL Syntheselabor FT&EL °

M- HRREECERKEE

KBTBEEFEEO FRETERCERRETE - YUABEMZEHEER ( AMS VITEK
system ) ETTAICABR LS EBIRIEME -

A - YPKEE PCR BB ERERG RN

L loop #& Salmonella spp. Z¥iEIEFE P4 single colony ( #] 10°CFU) WEEZE 0.5ml Z
Eppendorf tube 1 » il AGeneReleaser B 20pl % - HWLL 1-2 YIRS Lk &R - BN
Programmable thermal controller ( MJ. research Inc. PTC- 100-60 )17 F55B% : 65C, 30 sec—> 8°C, 30
sec— 65°C, 90 sec— 97°C, 180 sec—> 8°C, 60 sec—> 65°C, 180 sec—> 97°C, 60 sec—> 65°C, 60sec— 80
°C, 10 min * £ DNA FHEMEARL -

BRESFRE  IRFIAEEZARE/K 564ul ~ 10f% optimized Dynazyme buffer 10pl ~2.5mM
dNTP 8ul ~ 1.0 pM TS11/TS4 primers 1ul * 1.0uM 337-L/338-R primers 0.8ul + 2U/ul 2 Dynazyme
polymerase 2ul * ZHREIA 1 FEEEYH  FIMNRS - EH#BR Programmable thermal controller ( MJ.
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research Inc. PTC-100-60 ) 7T PCR - HEFAIT © B4 94°C #FF 4 2088 - £ DNA BER
B 94°C MERF 1 5348 (£ DNA RSB (denaturation ) » FRFRZEC0C » HERF 2 488 - 1T
355 7EF( annealing ) » 53558 1TIERAEA (extention) * A 72°C T 2 488 4ttt 35 BEER -
H10pl AE¥IRNE 0.5ug/ml Ethidium bromide 2 1.5%Agarose I & 0.5X TBE buffer H#EfTE vk
% £ UV box BI% - ARKICE -

A BEERR

HY Salmonella typhimurium ATCC14028 kiREEEk - DNA ZEUSAEARIMRZ GeneReleaser
kit - MR ERETFIRR - LSRRI EERBEY - ICNRBE ZE® 10u] #fT PCR #
# » PCR RIEFT/EEM R Befa4n LRt -

t - WInER

EEMERERZHA - BORHMIRE  BONSHRSEEE TS YIIREER - Bk
PCR EFTRERITG Z REEBGETT PCR HIE - WEREHELERBPFEZ TREAIFIRFH PCR HE
WRElZ B8 - HRERBREE LB - DERIFIEFH PCR HEZTE -

N~ BER R

LI—#% Salmonella spp. # R.<Z Saline ~ Peptone water Jz Lactose broth FIREBR(LIEE EIRHETT
PCR kg - HREE LB PCR X ETEEELEIGIER -

N BAFREZRER

R - HO0 - BEAT - MBIERLL PCR ¥igEE - H PCR ZREEHEMITAGE :
HUBYREZ RH810g » B2 Lactose broth 90 ml IB&5Z% » S RITELEFR37°C ~ 24/ NEFE 2 5% » HY
EHE|® 200ul - DIEE(BREE ( Millipore Inc. ULTRA FREE-MC300K, FLRSF2308) ' 7
12,000rpm FRELEIR 105088 - BB ETEEEER PCR HISERZE TP » Z %L GeneReleaser 32
30ul Bt TIREE 2z Salmonella spp. » ¥1T PCR il »

MRERRS S

— ~ PCR EEBR4Z &

HRAHREER —EREBREAMEZPCRAE @ Kt - RFHRASEM PCR ( multiplex
PCR) ' #Z#°R[EAY primers * FEIFRFHIIA PCR tube PIESTIAE - HARESE PCR & FE B FER
M- AFZEEAZ 4 primers 53R 337-L/338-R K TS11/TS4 » Hrh 337-L/338-R #+HBAE
P B Z phoP/phoQ ERIHEIT PCR MIA{ER » ML EKIFTHEEE virulence BB © —i%AY Coliform
pathogenic bacteria #45 Ith ¥ B KT 4E » #A] EFA SRR AR b 2 BB ERI SR &Y M TS11/TS4 J
ZH-BUMRKEEFSEZ 1.8Kb FERATRRELK - a]#tH Salmonella spp. 1T PCR &#® -
AIZELL S. enteritidis ATCC13076 » S. typhimurium CCRC10312 HEidkRIERE K - 7E3EH DNA Z
FHE L BRES{E RS - 2P DNA GeneReleaser kit BURS#EFERF C RN A1 - FEE PCR B4
B - SEARIERA primers Z & HNSEK EEHFEHB R - BRKSEST PCR BF - HINAKRGRA
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Rt AR EERNFE - WERIL " primers & Tm {H » T HBHZEH PCRZEE thermal
program ' HAERAOT © 94C— 1 min * 60C— 2 min * 72°C— 2 min * 3T 35 cycles * FELLEREF
ZF » B4 PCR primers TS11/TS4 K 337-L/338-R 7EBkBH - 2GRS bands © B #E(EA
extra band ( [B— ) ' HAHFELLTZ PCR il - Ef#EFAt— thermal program °

Z ~PCR 5| FHEM (specificity) Z &t

BEEBEKEDD - ZEEEDT - TREEEERFR B RFTSEMATSMEERTE
Salmonella spp. ZIBEXEEE + DURABENBESZEL - BEPY - ZEM - SEATSHRE8 - &8 VITEK R¥fikE
# By Salmonella spp. Z Bk » FIF _EiFEITZ PCR BRI HEITRRE] - L4218 85 HRYFIKEEK
14 HIEVUPIRRE - HERS5a0R—BER TR © 85 &k Salmonella spp. EbRE R 337-L/338-R
299-bp K TS11/TS4 1179-bp IERKE @ MR=FRIEPFIKBEREZEKRRIZE R TS11/TS4 1179-bp &
RIE » BERAMFRAZEETBRS [ FHREE Salmonella spp. ZFEMHERL » BB 337-
L/338-R 299-bp FEZHE phoP/phoQ %R - MIEBERKER virulence HHEEMY - R =hALH
FFTRIEE) E.colifz Citrobacter freundiif 26 E#REY 337-L/338-R B “—" K& HEE@J4ERE
SEEIRRBS4E phoP mutation * RAZ—MTRE virulenceZ JRRE -

1 2 3 456 7 8

1179-—-

[ — Multiplex PCRERFIW PRI ERMERBFRUEZBER
Fig. 1. Detection specificity for Salmonella spp. using multiplex PCR primer pairs 337-L/338-R and TS11/TS4.
Lane 1: ¢ x 174/Haelll digested DNA marker; lane 2: negative control, lane 3: S. typhimurium
CCRC10312; lane 4: S. typhimurium ATCC14028; lane 5: S. paratyphi A ATCC9150; lane 6: S. enteritidis
ATCC 13076; lane 7: S. dublin ATCC 15480; lane 8: S. derby TUF7597.
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#— DFREEMRERZ PCR REIER
Table 1. PCR results for standard Salmonella spp.

Strain No.

No. of strain tested

PCR result

337-L/338-R

TS11/TS4

S. typhimurium (ATCC14028)
S. typhimurium (ATCC13311)
S. typhimurium (CCRC10312)
S. typhimurium(USDA1351E)
typhimurium(100000)
typhimurium(100001)

. typhimurium(STM1)

. typhimurium(STM2)

. typhimurium(STM3)

. typhimurium(STM4)

. typhimurium(STM5)

. typhimurium(STM6)

. typhi(ATCC6539)

S. typhi(ATCC19430)

S. typhi(ATCC8427)

S. paratyphi A(ATCC9150)
S. paratyphi BLATCC10719)
S. enteritidis(tATCC13076)

S. dublin(ATCC15480)

S. dublin(USDA1146B1)

S. choleraesuis(ATCC13312)
S. choleraesuis(ATCC10708)
S. derby(CCRC12435)

S. derby(TUF7957)

S. derby(CDCRF622)

S. infantis(USDA117B)

S. agona(TUF9143)

S. kentucky{USDA1073A)

S. muenchen(PT625)
Salmonella spp.
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®=
Table 2.

HAFREMELCYIIRISEZ PCR REER

PCR results for Salmonella isolates from chicken samples

Salmonella strain No. No

. of strain tested

PCR result

337-L/338-R

TS11/TS4

2SXLD
SSHE
5SXLD
6SBS
8THE-5
9SBS-1
9XLD-2
11SHE-1
12THE
14THE
21SXLD
23SXLD-2
23SXLD-3
26THE
41SBS
42THE
43TBS
44SHE
46TR
4TTR
50SR
SITXLT4
528XLT4
59SHE
64SBS
65SXLD
67SBS
78SBS
79SHE
80SHE
81SHE
82SHE

L T e T e S e e S U U AU O GOV S ey

+
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K= FOFKIFEZ PCR RAKEE
Table 3. PCR results for non-Salmonella bacteria )

PCR result

strain No. No. of strain tested
337-L/338-R TS11/TS4

Enterobacter aerogenes(ATCC10370) 1

Escheichia colil(ATCC11509) |

Citrobacter freundii(ATCC12291) 1

Shigella dysenterie(ATCC13983) 1

E. coli (25SHE ) 1

E. coli (40SHE ) 1 +
Cit. freundii (20SXLD ) 1 + —
Cit. freundii ( 55SHE-1) 1 +
Cit. freundii ( 57SHE-1) 1

Pseudomonas aeruginosa ( 64SBS ) 1

Providencia stuartii (35TBS ) 1

Morganella morganii ( 3THE-1 ) 1

Hafnia alvei (49SHE ) 1

Proteus mirabilis ( 97SXLD ) 1

= BREIR

W 10°E10° HBEER S. enteritidis ATCC13076 ZBI# 10ul JOA GeneReleaser kit &2
% EREIT—RPCRREZ % « QIR B REREHATER10° CFU ( BZ ) ' BhRBEEZIR
& AFRSEHRA R PCR ( Double PCR ) LIE—K PCR FrE4Z DNA KB R#ELR
(template ) * BFJ0A primers * dNTP B DNA polymerase #1T PCR - R * L ERBH _LUyREE
E| DNA EWIZTFEE - Eitt - AHFRATRAZSEH PCR ZBEER 10°CFU - #EE#® L ' PCR 4
TN ERERMEE K E - RES—EEEERNTFE - FIF PCR AEBNaTSEMIEROA - i
BYERES - RAHRFEILZ PCR HEE{EHIBRE —KE— primer 2 PCR W& & HFEK
ATREREIRFEEFIRA primers ( Multiplex PCR )+ SR8 BE R S8 BF 6 IR T AC T BB i s
% primer BEIHHEMYERE -
7Y - FRInaAER

HBRERBETILL REREEE 10'CFURINERARBINSHRI8T  LIF@TZ PCR 5
HETHR - BRE—EASFSWIFEFHTRE - EEHESR BB ENSHRTFEZESS
& AR OER - FIREEARA/NRIRE - HERROSIR T ARBEARE %
E# Milllipore, ULTRA FREE-MC300K ( FLBA T 2305 ) ML - BB % - QIRTHHAS
Bighz X FRE85 6 - Hi#fT PCR &l - HERUB=FR -
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123 4656 78 9101

299 =

B~ Multiplex PCREZHIWFIKISEBEEER
Sensitivity for PCR assay for S. typhimurium ATCC14028 using Multiplex PCR primers 337-L/338-R and
TS11/TS4. Lane 1: ¢ x 174/Haelll digested DNA marker; lane 2 & 3: negative control; lane 4: 10’ CFU;

lane 5: 10° CFU; lane 6: 10° CFU, lane 7: 10* CFU; lane 8: 10° CFU: lane 9: 102 CFU; lane 10: 10! CFU:
lane 11: 10°CFU.

Fig. 2.

12 3 4

1179y

299 =

W= HEER - BMBRFEATRIFM 10° CFU Salmonella cells & Multiplex PCRAR HI&E 2
Fig. 3. Detection of Multiplex PCR assay using primer pairs 337-L/338-R and TS11/TS4 for the addition of
10*CFU cells of S. typhimurium ATCC14028 to pork and chicken meat. Lane 1: ¢ x 174/Haelll digested

DNA marker; lane 2: chicken meat; lane 3: gizzard; lane 4: pork.
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h - MERZERE

BN EE FZ Peptone water ~ Saline Bz Lactose broth =fEIKASISERE - IRINBESEFTEE
A RIEEE 10° CFU » #1T PCR - LIBFETHS PCR REEHIFIER @ YIERRISRERRTY
FRER S HERNENAR  h=ENERY PCR HEIETE  Kit - AHFSERA—B&
YRR EENERREAZ Lactose broth ( Stone ef al. 1994 ) T FTEZ MBS -

bp 123456 78

1179—

299 —

BP9 CAREZ B ( LB, Saline, Peptone water )#1T Multiplex PCRAG I Z #5582
Fig. 4. Detection of Multiplex PCR assay using primer pairs 337-L/338-R and TS11/TS4 for the addition of
10°CFU and 10°CFU cells of S. typhimurium ATCC14028 to different broth. Lane 1:¢ x 174/Haelll
digested DNA marker; lane 2: negative control:.lanc 3: 10*CFU cells in Lactose broth; lane 4: 10°CFU cells
in Lactose broth; lane 5: 10°CFU cells in Saline; lane 6: 10°CFU cells in Saline; lane 7: 10°CFU cells in
Peptone water; lane 8: 10°CFU cells in Peptone water.

A~ EAFREBRE

ERNINER A ~ 30 - HEFZRISE!T PCR il - (BAE#ST PCR MRS - ZEBIIA
Lactose broth  JRE95 2%  BIEST PCR #&#fl - AVEE(EHILE Salmonella spp. ZTEALE » HEHIT]
AEERETPEMKRET|A PCR B2 BEBMEHEY - ERIUNE 24h 2RISR - LAOHE
BIRBET PCR Rl - HERME AR » WLHHHCNSREE H1E - BEMER « A {tREEERK
HEE  HERERPCREER EEHESHYMREHE - B EREERS40 - PCR SIS
FRFEIRER 75 » $ER PCR HEE(EBNE 24 /N - 15 EBERIRIE &R BEE - RB(E
BEAZN LI BN - FERFRY 28 /1NBF - (MEX{HAE RN 57 RHSE - HEMREES - QUK
RARILZ PCR HEHETEAERASRAL  REREIYFIRSE -
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1234 5 67 8 9101

1179—

299—

7 Ll Multiplex PCRERHIT & 2 BEPURR IR 2R
Fig 5. Detection of Multiplex PCR assay using primer pairs 337-L/338-R and TS11/TS4 for chicken samples. Lane 1:
¢ x 174/Haelll digested DNA marker: lane 2: Sample No. 83: lane 3: Sample No. 84; lane 4: Sample No.
85; lane 5: Sample No. 86 lane 6: Sample No. 87: lane 7: Sample No. 88; lane 8: Sample No. 89: lane 9:
Sample No. 90; lane 10: Sample No. 91; lane 11: Sample No. 92.
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