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Abstracts : Salmonella typhimurium is a causitive agent of diarrhea, fever, gastroenteritis,
septicemia and sudden death in piglet. The currently used methods such as IFA, ELISA, DNA
hybridization assay is needed a long-time and difficult to detect the organism in carrier animal or
contaminated sample with other agents. However, it is important to detect rapidly and sensitively
S typhimurium in piglet with other infectious pathogens to minimize an economic loss.

Two sets of PCR primer, rfbJ forward primer(5'-AGAATATGTAATTGTCAG-3") and reverse
primer(5-TAACCGTTTCAGTAGTTC-3) were designed to amplify a 882 bp fragment of Salmonella
serovar type B gene. The target genomic DNA for PCR was extracted from the cultivated ma-
terials with various enrichment periods in a nonselective enrichment agar and broth with clinical
specimens.

The PCR is carried out here made it possible to detect the gene from two hours. Also, the
amplified fragment with PCR was cloned into pGEM-T vector and digested with restrict enzyme,
and sequenced for the identification of Salmonella serotype B rfbJ gene.

Duplicated cultivation agar-broth followed by PCR were performed to develop a rapid and
sensitive detection of S typhimurium based on serovar type. This duplicated cultivation-PCR
method provides a sensitive and rapid diagnostic tool to detect Salmonella from infected piglet

with improved sensitivity.
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8% gz 2y A4 5o YAsEE o7
£ AFEEAGEY FYA . o] F o] frF 9 o™
2HE 0] S typhimurium o ZFGEHE G Mo A HF A
GAYE HAE oA AAEA H1, ol FEae
Ao A&z ¢ Waste Bt HEs
o2 gob glA P, A4 FuelAE AHERZRH
Salmonella sp.5 ¥37 2 ¥Ry Hgd Aduxg
o] g8 AFHQ wFFHol Aty Y, XY
o] @& monoclonal antibodyZ o] &3 Y - A S
52 olgdte] g ay o wEe 1Y %
FAEdA & Azt AR, EEEW &

o] FfHo AAY e Hdd} EFH ‘319_‘5‘. 3
3 BelEAo] o]g A HE ado] AUt

Salmonella sp.2] outer membrane] &= lipid A, core po-

Salmonella sp.<

lysaccharide 22] 3 repeating polysaccharide unit(O-antigen)
2 1A o] 3 lipopolysaccharide(LPS)7} & A &h=dl, of
Z Q-antigen® @38 of wte} A, B, C,D 59 group2 &
=5 310‘11 QA A L g ATHE F
AN e 5 B SlolM F8E HE e e AL
Z dAA 9)13}. # o= o] O-antigentfo] 4712 hexoses
(abequose, mannose, thamnose, galactose)2 HHE 5 o] A &
= polysaccharide® A FAst7] skl 2FHE en-
zymed] encoding FHAE A Yo npet A A,
ol AR} strain LT2¢] rfb gene St EAd = A&
ura] uh Qob I Luk et al L B E rfb] gened]
sequenceZ ETIZ st FHY wWE 74#Y 5ol
primerg A2 F FHELAHNEE HAIEA Sal-
monella sp.2 X Fol wet Aatg b Yo =
Widjojoatmodjo ef al *& 7}AE G A E3F) fecesol| A tar-
get DNAZ ul2 343 & FHE294NEE £33
W AE3te] glE bilinbin F3 22 AR Qs
el Ago] o] oA gtk AL, of
2 2237 9st9 124 2 E monoclonal antibody7}
coating 0] 9]& magnetic beadE A}-&38}¢] target DNA
g 2280 FHELARVEE ANT o YO 2
At ol9Re Hdls BHH 24763 Aotg
a2 ge, AR EW HESLA e LA &%

k;olu

o2 FiHo o HAELe] AT AL F59
Aot

e A+ SalmonellosisE 2 w37 93t AE )
AE o] 43 Fauhfol) Asery Iy, FUFA

S o] 8% WY & AHEEte gom, HZo £
FRa 2940 Fte AdFRoUY, Sal-
monella sp.E A Y| we} EFsld HEaAE
o}

B oAdge o5 AEA sl Qe Salmo-
nellosisZ EAFAAE o2 Yo me} A&3)
A A% 918 Salmonella sp. serotype B rfbJ gene 2]
sequence’ °E ZAE 3t @3 Fo) w2 247 primer
2 AR, 7148 duplicative WUzt FEEAA
g BEst Yt 2 FHELAH NS
o BolQ OFQWO] 58 8§37 9o FEH
A R’}Xﬂ‘_ A A9 9 9714
e

Mz 2 e

S typhimurium : S typhimurium®] E&F 5+ =338
N6 ARETRATL FANEFKCTONA FA2
o} Luria-Bertani brothol] A 12A]7Hg<F X ekt &
FAA AHEsTh ® 3 Salmonellosis7t WA ST glH
AR FEFHAA AEFED AEY HHEEE,
A AWLE 7F ulA)S Brilliant green agar, Eosin-
methylene blue agar(EMB), MacConkey agar, Nutrient agar
(NA), Salmonella -Shigella agar 18] 37 Xylose-lysine desox-
ycholate agar(DIFCO Co, USA) %9 Salmonella % 4] =]
of A wj%3te] colonyE H3F F o]E tAl LB broth
(DIFCO Co, USA) A &t A|#A B Hye ops|iF=
Ao

Target genomic DNA extraction : 5@ & 4 <A 4uh-$-oj
A}4-8 target genomic DNAE Sambrook2] Hb ol
Ztzbe] AR R FF8 Mol &g ¢
A el g dAestd FHTAE d5E F po-
teinase K, phenol So] £ o] gl DNA 3% o (Insta-
Gene matrix, BioRad Co.)& 200p #7438t 56TelAM
3087 wheEtgth g Al o] ¥ & 100TA A 108
7+ 7FE sl DNAE HA A7l £ 12,000pmof A 38 %
o A RYZ sto] AFEo] £43F DNAE FF5 %
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Table 1. Properties and nucleotide sequence of PCR primers for ampliﬁcation of Salmonella rfb] genes

Target gencs Primer Nucletide sequence Position Expected product size
Forward 5 AGAATATGTAATTGTCAG-3' 15-~32

rftd (B) 882bp
Reverse 5"-TAACCGTTTCAGTAGTTC-3' 897-880
Forward 5-ATGCTTGATGTGAATAAG-3' 1-18

b (C2) 820bp
Reverse 5'-CTAATCGAGTCAAGAAAG-3' 820~803
Forward 5" TCACGACTTACATCCTAC-3' 40~57

fbS (D) 720bp

760-743

Reverse

o} 38 DNAY 55§ A4 Astd UVispee
trophotometerZ ©] &3} o 260nmol A ZA &

Oligonucleotide primer synthesis : Salmonella sp.Z &%
Hol whet FHaLAAN S0 HE8 A} ] sequence

Z EUE 3o Oligonucleotide Primer 3444 #/J(DNA
inten. INC.)3}93 37, high-performance liquid chromatography
(HPLO)Z A A&t &A% primers= 100pmol/pl 5
2 2R F 20T RasuA dad o st
of Ao ALL38}9) cH(Table 1).

Polymerase chain reaction : £ @& 4 A4ukgo &3
H.& 10 X buffer(10mM Tris-HCl(pH 8.3), 50mM KCI, 1.5
mM MgCl, 0.001%(w;v) gelatin)9} 100pM dNTPs, Z}7} <]
1.0uM primer, 1.51U Taq DNA polymerase, templates &
e F DWE A7kl HEEFE) 007 97 8
Yot e 2 AR 94T oA 387t predenaturation &
2 A8} ¢l 11, denaturation, annealing 1] il polymerization
S 747 94T oA 18, 45T A 1], 72Tl A 283F 30
cycles a8 glch 1glu 72Col A 7R3t polymeriza-
tiong AABET”. &2 ZEyZE DNA thermal
cycler(Perkin-Elmer Co, USA)E AF&-8} % .

Ao whe} dol HE87)
$8te] rftd geneZ EUlE A2 242k primerE: ¥
&hod multiplex-PCR-& 4 A} 3154 o}

Analysis of amplified DNA : £& g 4 dlfutgoe F
ZH FAx gol&tr) Hs}w i
1511 1.3% agarose geloll A} 120 voltage = 30%-3F A 7] %
& AAlEch 12l 3 Ethidium Bromlde(O.S}lg/mS.
o M2 391, UV transilluminator 2 S48k gich. S %9
DNAY Z7|E #olgly 9)sted PCR marker(Promega

Co.)Z molecular size marker & A48}t

A Salmonella sp. &

AHE o) sized B3 of

5-CTGCTATATCAGCACAAC-3'

Table 2. M-13 primers used for sequencing of cloned rfbJ

o _

;r:mc—r N Nucletide sequence

}(;r\;\}ard “ 5'-GGTITCCCAGTCACGAC»3’_W
5'-CAGGAAACAGCTATGAC-3'

Reverse

Duplicative cultivation for PCR : AAlE & Y o7& A
9 738 V&3 A S pyphimurium S 1 E 37
SRR duphcatlve cultivation® £ %+ PCRZ 433t At}
A 7S NAZ EMB %9 agarol] 13} kS 3141
1, Salmonella sp.9] B8 & JELYF colonyE LB broth
of Eeke] MewgatAnh £ AuEE wjg
o A target genomic DNAE F %3] PCRE 433814
i1, PCRE S typhimurium &) 3% 0] 7458 H LA S
3 eo) w3k

Construction of pGEM-rbJ/ plasmid DNA : Z ¥
gene®] @71MF & 28t7] 98k cloningS 58 A%
B2 AU R @/149e 2SR 94 F8a4
Anre-S 38 whg ol 30plE 1.3% agarose geloj A %
719 %3 % DNAE & ’é‘o}@? A 8 giTh o] oA EIT
H i/ gene DNAE T4 DNA ligase, pGEM TA easy
vector(InVitrogen Inc.) 18|31 10 X ligation buffer(Tris-
HCI 300mM, MgCl, 100mM, DTT 100mM, ATP 10mM)3}
gs & 4CoA 124 7H%S cloningS 8] pGEM-
rfbJ plasmid DNAE 7338}

Enzyme restriction and sequencing : Clone® pGEM-

L2 HE A

rQL%

=R

rfb] plasmid DNAZ top 10F E coli strain®]] transformation
% A A3k % ampicillin(30mg/ml)o] & 7}¥ LB brotho] A]
37°C, overnight shaking incubationd}e] 4 A1 73t} Plasmid
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DNA= alkaline lysis ¥HH o] £3}< Phenol : Chioroform :
Isoamy! alcohol(25:24: 1) A3t FE3 41, Sall
9 Neol AHEAZ plasmid DNAEZ Aata] insent
DNAY sizeZ &<l %ot

d7)M g B4 Sanger”] Dideoxy chain termination
o] 25t AA1stg 0™ sequncing primers M-13
forward$} reverse primer(Promega Co.)& AM&-3}% tH(Table
2). &, single strand plasmid DNA, Cyclist TM Exo-Pfu
DNA scquencing Kit(Stratagene)®] wh&-o8 221 *[P}-
dATPE £33} sequencing reactiond A A3 & 21 &
7 EL BAEET. Ao B o g S wyphimurium
rfbJ gened ofYFF G FFEAEFY GIMEE 7 £
NEga, E2FFdH g it FE%E DNAZY
rfb] gened & &l

2 1

Specificity of PCR : ¢4} rflv gene primer2] &-o]4]
<& @8ty 48t S typhimurium (serotype ByS ¥ g3}
o] S heidelberg , S choleraesuis , S enteritidis 712] 1 Entero-
bacteriae (E coli, Proteus vulgaris , Yersinia enterocolitica )
o2 HE 2% genomic DNAE A3t 217} PCRE
ANHLG. 1 A% G2 s)Eke FAAE PCR FEo]
o|2olA A YA S typhimurium N A= AR
882bpe] ZEH DNAZF #25ichFig 1). of Ak

Fig 1. Specificity of PCR for Salmonella typhimurium using rfbf
primers.
M : PCR marker.
Lane 1 : S typhimurium,
Lane 3 : S choleraesuis
Lane 5 : Escherichia coli
Lane 7 : S Yersinia enterocolitis

Lane 2 : S heidelberg
Lane 4 : S enteritidis
Lane 6 : § heidelberg

forward, reverse primer:= Salmonella serotype B groupol] ¥
Bol4oz Mest A% ¢+ Ut

%8 Salmonella sp.2] A Hujx e} PCR¥ S A#AAME
oot R 7] 938t S typhimurium T 5EF5E Brilliant green
agar, Eosin-methylene blue agar, MacConkey agar, Salmonella-
Shigella agar 18] 31 Xylose-lysine desoxycholate agare] 2
7 o F A4 E colonyE # 3t PCRE FHA
o} 1 A7 o2 Meujx B o= MacConkey agarol] A
S typhimurium & W< wo] PCRo| v %3} A w33}
AL E T AUTHFig 2).

Fig 2. Sensitivity of the PCR for S typhimurium cultured in various
kinds of media.
M : PCR Marker.
Lane 1 : Positive control, Lane 2 : Xylose-Lysine-desoxycholate agar
Lane 3 : Eosin-methylene blue agar ~ Lane 4 : Brilliant-green agar
Lane 5 : Salmonelia-Shigella agar Lane 6 : MacConkey agar

M1 2 3 4

W e

Fig 3. Multiplex-PCR for Salmonella serovars.
M : PCR marker.
Lane 1 : Positive control,
Lane 3 : S choleraesuis

Lane 2 : S typhimurium
Lane 4 : S enteritidis
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Table 3. PCR of S typhimurium cultured from field specimens

on NA and Emb agar
Feces Intestine
No. PCR
NA EMB NA EMB
1 + +
2 +
3 +
4 - + -
5 - + -
6 _ - .
7 - - -
8 - + +
9 + + +
10 - + +

Multiplex-PCR : Salmonella sp.2 @A EHUZE 7 &3}V
913+ S typhimurium , S choleraesuis 12 31 § enteritidis
9] genomic DNAE 77} 323 & A F| B& 2z}
o] primerZ & § 3o} muitiplex-PCRE A 4] stach 14
7} S typhimurium 2 882bp, S choleraesuis = 820bp, S en-
teritidis = 720bp] 212Zt9] o E FEAIEE bl
Salmonella sp.Z B3 wet 215 7 AATHFig 3).

Duplicative cultivation for PCR : AAES do7)E 7
Eog2RY N&EA § nphimurium & &) 93]
7471 8¢ duplicative cultivation® 3 ¥ PCRE 433ttt
AA 7}AES NASH EMB 59 agaro] 13 wjE il
1, olu S yphimurium &} FHE|2 JEPUE colonyE LB

M P 12 34 56 78 910

1000 ~aw e

o aponsion.

750 .

Fig 4-1. PCR of § typhimurium isolated from field samples cul-
tured on NA and EMB agar.
M : PCR marker,
Lane 1~3, 9 : Stamples of intestine fluid from dead piglet
Lane 4~8, 10 : Feces

Lane P : Positive control

brothe] 23} wfjFated Ft ATk Target genomic DNAE
A7 g E 23 PCRE $35tgrh. 2 A} agardl A
£ SARH colony7t A7) AAEAL, ©f colonyE
brothel] 2312 HFete] FHAHE Wl 22 F,
JVAE S vjFea| TA|7kekol| PCRE S typhimurium (sero-
type B) & 2% 7+ U TH(Table 1, Fig 4).

M1 2 345 6 7 8

Fig 4-2. PCR of field cultured at different time period in LB
broth.
Lane 1 : Positive control,
Lane 4 : 3 hrs,
Lane 7 : 6 hrs,

Lane 2:1 hr,
Lane 5 : 4 hrs,
Lane 8 : 7 hrs

Lane 3 : 2 hrs,
Lane 6 : 5 hrs,

ZQAX MatgAEY Y EIIME 24 : PCR
¥} DNAZ elution 3} pGEM TA-vectors clonings:
13t 32, ©] clone®] plasmid DNAZ F% 3l Sall
1 A%g4AE Hdstd £ A% FZ 9 DNA7L
= AS BT & AUFE 9. £

Fig 5. Restriction endonuclease analysis of pGEM-rfbJ plasmid
with sal1 and Neo 1.
M : 1kb marker, Lane 1 : pGEM-rfbJ plasmind DNA
Lane 2 : Enzyme restiction with sal 1 and Nco 1
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rihj gene
amplicon

rfhJ] gene
amplicon

rfhJ gene
amplicon

rfbJ gene
amplicon

rfhJj gene
amplicon
rfhJ gene
amplicon
rfbj gene
amplicon
rfhJ gene
amplicon
rrnj gene
amplicon
rfhJ] gene
amplicon
rfhJj gene

amplicon

rfhJ gene
amplicon

rfbJj gene
amplicon

rfhJ gene
amp.Licon

rfbj gene
anplicon

TGACCTTITT GAAAGAATAT

GTAATTGICA

GTGGGGCTIC

AGAATAT

GTAATTGICA

TACTCGAAGC GCTAAAAAAA
TACTCGAAGC GCTAAAAAAA

AAAATAATAG TAATGCATTA
AAAATAATAG TAATGCATTA

TAGTCGAGGA GTTATCAATT
TAGTCGAGGA GTTATCAATT

ATGGGCATAA AACATCATCT
ATNGGCATAAA ACATCATCT

AGCTTCTTGA
AGCTTCTTGA
TTTGCNAAGA
TTGATGARAT
TNGATGAAAT
TAGAGCATGT
TAGAGCATGT

GCTTAAATAA
GCTTAAATAA

TTTTIGTAGA
TITTTGTAGA

CTTCATATAC
CTTCATATAC

TTTATTTGCA
TTTATTTGCA

AGCAAAGAGA
AGCAAAGAGA
GCTGGAARACT
GCTGGAAACC

TTTGGCAATA
TTTGGCAATA

AGATTTTAAT
ANATTTTAAT

TGGGCATTAT
TGGGCATTAT
ATATGGGCCT
ATATGGGCCT

AAAACAGAGT
AAAACAGAGT

TGATGTGGTA
TGATGIGGTA

TGAGTATCAA
TGAGTATCAA

AAATACTAIG
AAATACTATG

TAATGARATA
TAATGAALTA
AAATTTCGAT
AAATTTGGAT

TCGGGGATIT
TCGGGGATTT

GCTAATGTTA
GCTAATGTTA

GATTCTGCAT
GATTCTGCAT
CTCATAAATA
CTCATAAATA
AAATATCGGG
AAATATCCGG
TATCAACATA
TTTCAAAATA

TATGCTAATA
TATGCTAATA

GGGGATGGIG
GGGGATGGTG

TGCGTGAAAT
TGCGTGAAAT

AATGCTTATT
AATGCTTATT

GTTGGAACTG
GTTGGAACTG
ATGCCAGGTT
ATGCCAGGTT

ATGTTCTCTG
ATGTTNICTG

TATAAAAAAG
TATAAAAAAG

GTGGGGCTTC

CAGTTGTCGC
CAGTTIGTCGC

GATGGTGCAG
GATGGTGCAG

TAATTGGTAT
TAATTGGTAT

TTGAAGATGC
TTGAAGATGC

CGGATATCTT
CNGATNICTT
TGCGGCCTTA
TGCGCCCTTA

TGCATGACAT
TGCATGACAT

AAAATAAATT
AAAATAAATT

GTACAACAGG
GTACAACAGG

TAACTATATT
TAACTATATT

GTGCTGGGET
GTGCTGGGEGT

CATCGAGTAT
CATCGAGTAT

TAGCAAATAA
TAGCAAATAA
GAATTGAAGA
GAATTGAAGA

CGGCTTTATT
CGGCTTTATT

AATCACTCGA
AATCACTCGA

TTGGGATAAT
TIGGGATAAT

CATTCATTIG
CATTCATTTG

AAATGTTATA
NAATGTINTA

TTTAAATACA
TTTAAATACA

TATAATTACT
TATAANAANT

TTCATTTGTA
TTCATTIGTA

TATTCCATAC
TATTCCATAC

CGAACAGATA
CGAACAGATA

AGAAAATAGA
AGAAAATAGA

AAGTTTGAAA
AAGTTTGAAA

ATTIGAATIT
ATTTGAATTT

TAAAAATTTA
TARKAKTTTA

ACTACTGAAA

ACTACTGAAA

GGTAAGCATT 60
GGTAAGCATT

GATGTAATAA
GATGTNATAA

120

ATCGAATTAT
ATCGAATTAT

180

GCAACAGAAT
GCAACAGAAT
AAACCATTAA
AAACCATTAA

330

GATAGTTTIT

GATAGTTTIT
AAAAGACACT 420
AAAAGACACT

AACATGCGAT
AACATGCGAT

ATTATCGACT
ATTATCGACT

540

AGAGACTTTA

AGAGACTTTA

AAAGAAGTAC
AAAGAAGTAC

GATTTTCIGG
GATTTTCTGG
GGTGCGATAG
GGTGCGATAG

AAAGCAATGG
AAAGCAATGG

840

COGTTA
CGGTTA

Fig 6. Sequence alignment of the Salmonella enterica serotype B rfbJ gene(GeneBank Accession No. X56793) and amplicon.
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A= AAolth
3o AAHozE FHALFHNEE
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Atte R E 7] o AdyE Xt gl
1= e G R RS 7]'1]J-E AEstnzt s o
| %4 A FEaE NP Qi
e YEhA] e BETEES FAE du A
hat A AL 53 2L J|&Y HAbelA FAgubgo] H
gt vz FE gl o FE8HA AHEEI 9l
t}. 2|y 7bA B0l A target genomic DNAE #8d
o] hemoglobin, MgCl, 28] 1L bile salts®} #-& PCRE A
#3he AAE AAE Aol WS F8T FAHLE
22b5 3 9l T3 Widjojoatmodjo et al *& PCRY &

$4 € =0]7] 889 monoclonal antibody7} coating

o] 4% Sal-

0,

i,
olN lo
Jlm

oS

o] 9]+ magnetic beadZ target genomic DNAE # &3
B QTP el o) W Ea A B A
2 o] WAy} EA3tH T 02 target genomic
DNAE FZ84 X8 + Ut ataA ofed &
A3} 3l7] 98k duplicative cultivationg %3 PCRE
AAEAT o] WL 7k Bl EX8E PCR 94
AAE AAE & dow, FEstuz st HIAE F
FAAZ ¢ J22E PCRY H&AE JUst & ¢
Atk E3 PCRE Tt A 7HE FawdA
HE Yol A3 MBS HAE AT 14 wiFo] 54
ZH FE AT 23 v gl 2A 7L &, F TATY FT
17bqte] @722 Salmonellosis®] TS Al&ahA
& F A

aa 3 ot B A Salmonella sp.B EAHAIR
A 23871 98t serotype B, C2, D 2+7}+2] primer$} tem-
plate DNAE &3%5t9] mutiplex-PCRE 3% 23}, ¥
Agdatet 2zl o4 size DNAZH S5 5= A&
A% 4 Uitk o2 AEY SalmonllosisE Y 2 7]
S cholerasuis 5} EOHE YWUASE B Y wet 7
BA9E AT

o] fxi-?‘“ DNA 72

A2

>

rlr J\.?_‘ﬂ

HPCR U5 R B3UEY 4

7] ¢ 38} broth 74 % 3} PCR-based procedures% o]-&
3po] B (rectal swabs) 2 ¥-El S typhimurium & %3}

A A&zt s

4 B

A=) S typhimurium & A o] o} AEain P
&7 A&8 Ak duplicative cultivation ¥3 FHEA
Agute & wAG L, FEY FAAY AgdaAAG
2 GIIMEEAS AAET 2 29 oed e 2

rium rbe gened] FEHE AL T&QQT /J?i 0.1, 7]
Ele] 2 AUt e FENES B
o}

2. Mltiplux-PCRS 33159 A3}, Salmonella sp.&
4 w24 42 5 AU

3.7y A8 2E4E FUHAI717) ke du-
plicative cultivation® %% PCRE 3¢ v, 714 &
W) S typhimurium ok T TE NEHA HET 5 3

4 FHEAGHYNL Y Kol & dolry] $3to &
D @ ARasgY 2 44
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