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Abstract : Sal enteritidis thin fimbriae, SEF14, were found to be restricted to the predomi-
nantly poultry-associated members of the Salmonella serogroup D1 that are considered as the
important pathogens in poultry industry. SefA together with sefB and sefC encode the proteins
involved in SEF14 biosynthesis. In order to develop the rapid and specific detection methods for
Salmonella serogroup D1, a PCR technique for the amplification of sefA gene was established,
and its specificity and sensitivity were investigated with various microorganisms. The bacterial
genomic DNA was extracted by colony-picking and rapid boiled-lysate technique. In comparison
of Sef I and Sef II primers used in the PCR, Sef I primer for sefA gene of 513bp showed higher
specificity than that of Sef II. The established PCR was as sensitive as to detect 1pg of Sa/
enteritidis DNA. When 73 strains in 28 genera including the reference strains and the field
isolates of various Salmonella serotypes, Bacillus subtilis, Bordetella bronchiseptica, E coli, Listeria
spp., Micrococcus luteus, Rhodococcus equi, Staphylococcus spp., Streptococcus spp., Vibrio para-
hemolyticus, Yersinia spp. were studied, the established PCR yielded specifically positive results
with only Salmonella serogroup D1. The results suggested that the PCR for sefA gene could be
a potential candidate among the specific detection methods for Salmonella serogroup D1.
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Salmonella & Ag& AN &, 44, 7tE F 9
# $8d FEHo 4AFH HYFE ETHY dYB
JAFAE fEdH $FYY) L EG E T @
AaQd 9@ e At ojFF F o FFRAY
H$Ao2E 384 3 ¥ WHAoltt. Sabmonella
o] 7HX 1 & somatic(0) ST} flagella(H) U
7122 & BHYd A8 8A7A o 2,300 4% ¥
HYo| gEA 2 Jlod o]F YHY F serogroup A,
B,C1, C2, D1 ¥ D2o) &3+ FEL HE YAYT &
ol H]# A3 FEAMN OIS & WEE AWE g2
A,

7}2o) A& serogroup D1 43} Sal pullorum, Sal
gallinarum, Sal enteritidis 712) 51 Sal typhimurium ©| % 8.
3 PeA = 133 glod o] F Sal pullorum 3} Sal
gallinarum & 392js} GE|XAE RFdapy FANY
of 2% U@ A& E F2 U3 Sal typhimurium} Sal
enteritidis = paratyphoid salmonellosis& Q2711 dA
AGE v AE HAFE UUAZ BaFo] ol T
o BARESA Av ) d Adel g I
s AYsn Ao

Salmonella 9% 9 Aoz ¥4, A7) /HHAR
oA 97 B, Y Ex AL o) 4¥ HR H A
o 27 uk-g, agar gel precipitation ~12] 3. whole cell,
LPS ¥ OMP &4 & o8 ELISA 7o) Jlom’ 2
o} & plasmid profile, PCR, Souther blot hybridization 71*§
2 o4 EAMERH Adyol AT Y.

Salmonella F¢] 4A A& chromosomal DNA £ 4] ¢)
@4 8HE OriC’, phosphate B2Y B3 FEEE T4
olet ghejubyd §- 87} phoE™, LPS O Y HA 3 87
9 rp*™ fimbria %9 FAAQ agf'', sef, plasmidso]
GEd HU4 THRAA spA”, 0 acetylationd]
#EE oafA”, AOA T diF ¥33 Agd FHE
inv®, fimbria 234 §AA fim ', tricarboxylate tran-
sport proteind} BHH ret’® Fo] ek o]E FARF
phoE, OriC, rfb, fimAx: PCR 7|99 &3] Salmonella T
A4 FAAE 479 o Ak 28 o] /AR
£ Salmonells &3 2%44 AT thgstA 25
1ol #5337 YHYL Sl A EA7 ¥A A

a1 Utk Sal enteritidis ¢ thin filamentous fimbriac® ¥
& SEF " fAAE sefA, sefB R 59fCe] 3579 fimbrin-
encoding gene 2. 2 FAHH olo] ¥ §r]Fxst B
g v 1en o] F sefAx serogroup D1sj T &o| 3t
#AEDT 1Y b Yo

B =EdAHE 7} Salmonellosise] 8 YAMZE ¢
#17 Salmonella serogroup D16 43} Sal pullorum, Sal
gallinarum 'R Sal enteritidis & 43831 Ho|3oz
237 98 sgA HAHE 353 PCR V1YL 89
3 EZFF D ok BT u AYY 2dE
71&3 A

e 3 g

BA|ZE ¢ Salmonella BEZ T2 Sal typhimurium,
Sal enteritidis, Sal gallinarum, Sal pullorum 2] 3}8+3
o Q, Sal cholerasuis (KCTC #2878), Sal typhi (KCTC
#2425y WA FEA T4, Sal virchow, Sal london & =
duAgozRe Bt ofqEdF2e § 71
BN Bal@ Sal typhimurium 13, Sal enteriidis 75,
Sal gallinarum 75, Sal pullorum 6%, Salmonella serogroup
Cl, C2 Z} 3%, 7\¥} Salmonella 11378 F A8 H . 7|8}
YA, QAN TFT L IEATFEF FE 2 AP R
PARAPAGTLAN AT EFFF T o9
B2 F & AHE3L S Th(Table 2).

DNA %% : AlZ¢ genomic DNA #&& Welshs}
McClelland'®9) rapid boiled-lysate 7] & o] 43gith &,
Nutrient agar ¥ MacConkey agar mediumel] %3}
370 A 15~18A12 Wi st dold MFe 3 274
§ A %d sop1e] BFEHF Y 100TAA 58T
M ¥ & 12,000xgol A 183 9AA F 459 5u
£ 339 PCRY AHE3AT

Oligonucleotide primer &4 : Doran et al*¢] @7
9} GenBankoj A A A€ sefA genes] H71M A& 7|22
&e] Sef [ L Sef 119 2% 7 9] primer sets& Hpo] 2. 1o}
(Bioneer Corp., Korea)ol} 2] 2310} §43 8 th(Table 1).

Polymerase chain reaction (PCR) : PCR ¥H-8-& 3
) DNA 5plo] 10X reaction buffer{100mM Tris-HCIpH 8.3),
500mM KCl, 0.1% gelatin(v/v)]SHl, 25mM MgCI2 10p, 2.5
mM dNTP 4, sense Y antisense primer 2} 1%, @7 %
82 2318 371819 automated thermal cycle(DNA ther-
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Table 1. Nucleotide sequence of PCR primers for amplification of Salmonella sefA gene

Primers Sequences Nucleotide position(nt) Expected product size
Sef 1(S) CGCGAATTC*ATGCGTAAATCAGCATCTGCA 1-24

Sef 1(AS) CGCGAATTC*GTTTTGATACTGCTGAACGTA 472-495 L

Sef 1I(S) GCGTAAATCAGCATCTGCAGTAGC 3-26

Sef TI(AS) GATACTGCTGAACGTAGAAGG 470~490 485

* Underline : EcoRI site added to sefA gene for subcloning.

mal cycler 2400, Perkin Elmer Cetus Co.)2 94T, 587+ b
$2}7] 3 Taq DNA polymerase(Takara) 1pl(3 units)E 7}
gt} FFo] 507t HA F E¥F ohE 94T 0%,
60T 30x, 72 527 gde gug AA & 308 ¢
B3l A, extension time uj3] 524 Z7letg T ubA|
g ghg-F 72T A 1087 A PCR B A
719 FE4 2 ethidium bromide’} A 7}9 1% agarose gel
€ o] &3te] AN image analyzer(Pharmacia) %
£3t EM3Q. £ NPEH et doA PCR
products& o] Al Y B(1.5ml)ol ¥ 7 Gene clean I
kit(Bio 101 Inc., USAYE o] &3t} 2Z9 DNAZ £2%
A At

PCRY Zt$=4 : &€ PCR 719 944 & A3t
7] 918 A AE Sal enteritidis &) DNAE UV spectrophoto-
meter (Spectronic, USA)E 260nmol X $%8& 233 o
& 103 4] o8] 1053 e 1fg7hA] ZHsho} PR
g +989

PCR products2| 0|4 : PCR %Z4}+E¢] target DNA
917 GBE 8913 7] 98 Doran et al 3} GenBankdl
A AANE sefAd) 97]A4 QL& MacDNAsis ver 3.0(Hitachi
software engineering America Ltd.) 2.2 £38le] 2o}zl
ZA3E #3389 PCR 2EAE S BamHIz} Haelll £4
2 493 FAE DNA 1pg 1-2 unitd] AgaL
g £ 370 A 27442 BHEA F ded
H 7} 2% agarose gel & ©]&-3te] H71GE LA & At

i o

PCRe| ZtsMnt S0|4A : Fu]9 Sef I Y Sef I primer
setsE o] &3} Salmonella serogroup D1QY Sal enteritidis,
Sal pullorum, Sal gallinarum, Salmonella serogroup B2 Sal
typhimurium 18] 31 E coli 3 Streptococcus spp.& 32

2 PCRE A% vl 5= %9 primers X5 Salmonella
serogroup D1 tha} SojaA uh--3to] Sef 12 513bp,
Sef I1+= 488bpol) 4| ZZ ¥ DNA fragments7} 22} #25)
%4 ThHFig 1). Z8ju} Sef 1= Fo]A o] Wotm(Table 2) F

.'.S - Z : | o [#]

|

4
o
-
-
-
*

Fig 1. Amplification pattern of Salmonella spp. by PCR using
Sef I(A) and Sef TI(B) primers for sefA gene.
A and B: Lane 1: 1Kb DNA marker(Gibco BRL), Lane 2:
Sal enteritidis, Lane 3 : Sal pullorum, Lane 4 : Sal gallinarum,
Lane 5: Sal typhimurium, Lane 6: E coli, Lane 7: Strep-
tococcus spp.

AlT9] od culturesZ AlFRE 34 7194 2 A

Hkgo] #@=o] B AYAAME Sef I primerE FE A}
438911}, Sal enteritidis DNAS) thg Sef I primerE ©]§
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Table 2. Summary of the results of PCR for sefA gene

Microorganisms [No. of strains)

Primer sets

Sef 1

Sef 1I

Bacillus subtilis (1)

Bordetella bronchiseptica (1)
Citrobacter freundii (1)

E coli (O:111) (1)

E coli (0:26) (1}

E coli (0:157, ATCC #43814) (1]
E cali (0:157, ATCC #43889) (1)
E coli (0:157H:7, ATCC #35750) (1)
E coli (K88ab) (1]

E coli (BE) (1)

Listeria innocua (1)

L ivanovii (1)

L monocytogenes (1)

Micrococcus luteus (ATCC #9341) (1)
Micrococcus luteus (ATCC #10240) (1)
Pseudomonas aeruginosa (1)
Rhodococcus eqyi (1)

Serratia spp (1)

Sal cholerasuis (1)

Sal enteritidis (1)

Sal gallinarum (1)

Sal pullorum (1)

Sal typhi (1)

Sal london (1)

Sal typhimurium (1)

Sal virchow (1}

Sal enteritidis isolates (7}

Sal gallinarum isolates (7) +

Sal pullorum isolates (6)
Sal typhimurium isolates (7)
Salmonella spp isolates (11)
Staphylococcus aureus (1}
Staph epidermidis (1)
Streptococcus agalactia (1)
Vibrio parahemolyticus (1}
Yersinia aldovae (1)

Y enterocolitica (1)

Y intermedia (1)

Y frederiksenii (1)

Y pseudotuberculosis (1)

i

(

nt
ot

nt

nt
nt
nt

nt

*+ : positive signal, — : negative signal, nt: not tested.
pos

g PCRY 744§ AE ¥ vl DNA 10pgol A 1pgd] &
744 513bp 7] 9] DNA Wi = 7} <14 5] 91 th(Fig 2).

i 2 3 4 i 8 9 10 11 12 13

Fig 2. Amplification pattern of sefA gene by PCR using Sef I

primers. Sal enteritidis genomic DNA was tested by various
concentrations.
Lane 1: 1Kb DNA marker(Gibco BRL), Lane 2: 10pg, Lane 3
: 1pg, Lane 4: 100ng, Lane 5: 10ng, Lane 6: Ing, Lane 7:
100pg, Lane 8: 10pg, Lane 9: 1pg, Lane 10: 100fg, Lane 11:
10fg, Lane 12: 1fg, Lane 13 : 1kb DNA marker(Gibco BRL).

PCR products7} sefA gened A& &Q18t7] 4% AlY
o\ X Sal enteritidis, Sal pullorum, Sal gallinarum 2 Sal
yphidl X Z2Z2E WE=E BF BamHIO)A & 156bp 2
357bp 712 1 Haelll) A& 173bp 3 340bp 2712 Awt
=gl or(Fig 3) o152 7] 4 H sefA gened] ARAL

- Hbp
- 173bp

BThp
156bp

Fig 3. Cleavage pattern of the PCR products amplified with Sef

I primer digested with BamHI and Haelll restriction en-
donucleases.
Lane 1: 1Kb plus DNA marker(Gibco BRL), Lane 2: Sal
enteritidis/BamHl, Lane 3: Sal gallinarum/BamHI, Lane 4:
Sal pullorum/BamH], Lane 5 : Sal typhi/BamH]I, Lane 6: 1Kb
DNA marker, Lane 7: Sal enteritidis/Haelll, Lanc 8: Sal
gallinarum/Haelll, Lane 9: Sal pullorum/Haelll, Lane 10:
Sal typhi/Haelll.

Adud g A
£ ANE : 3F Aol t#l Sef I primerg o] &3t &
Hd PCR 7| o2 A gF HE Table 2014 248
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B}8} 2t} &, Salmonella serogroup D19 &8+ Sal en-
teritidis, Sal pullorum, Sal gallinarum 2 Sal typhid] R &
F 9L o REYF(20F ) FALEE YER A 2 (Fig 4,
Fig 6) Bacillus subtilis, Bordetella bronchiseptica, Citro-

Fig 4. Amplification pattern of SefA gene for various Salmonella
strains using Sef I primer.
Lane 1: Sal enteritidis, Lane 2: Sal gallinarum, Lane 3: Sal
pullorum, Lane 4 : Sal typhimurium, Lane 5: 1Kb DNA marker
(Bioneer), Lane 6 : Sal cholerasuis, Lane 7: Sal london, Lane
8: Sal virchow, Lane 9 : Sal typhi.

bacter freundii, E coli, Listeria spp., Micrococcus luteus,
Pseudomonas aeruginosa, Rhodococcus equi, Serratia spp.,
Staphylococcus spp., Streptococcus spp., Vibrio parahemo-
Iyticus ' Yersinia spp., 12} 1L serogroup D1 ©]$] <] Sal-
monella %<& ZF £44H8-& YEL A THFig 5).

L ¢

Salmonella 7L ¢ 230099 %] E¥Yo2 £ FHY
YRR 5L Agd FEA F99 HYFE ¢
o919 A4FEAYHL opr|dtE F2E PYA o
Ho) A& serogroup D19 &8l Sal pullorum, Sal gallina-
rum, Sal enteritidis 7} 9%, GE1X 2 F AZ4§ 3y
& goA FANY vlAE fart 2. 2y o
E avian salmonellosis®] th & E o<1 o ilo] 74
o A genz PouYez F2 UG 4
2 Teuy g 23 oy, galA Salmonella serogroup
D1d] W@ A&da HolHA ALy /LS avian
salmonellosisol] 7)1¥ & Zo]7] A ¢ F23h

dutq oz wokgel o & Salmonella 7o) ¥l F
e g& d™¥y Agle] 288 8¢ oy} Sa-
monella 3¢ EAE GAseve B Ao AT

67T H910111213M4151617

aldbp

Fig 5. Amplification patterns of various microorganisms besides
Salmonella serogroup D1 using Sef 1 primer showing negative
reactions.

A: Lane 1: E coli{0:111), Lane 2: E coli(O : 26), Lane 3:
1Kb DNA marker(Bioneer), Lane 4: E coli(O:157, ATCC
#43814), Lane 5: E coli(0:157, ATCC #43889), Lane 6:
E coli(0:157 H: 7, ATCC #35750).

B: Lane 1: E coli(K88ab), Lane 2: E coli(BE), Lane 3: Ser-
ratia spp, Lane 4: Yersinia intermedia, Lane 5: Y frederik-
senii, Lane 6: 1Kb marker(Bioneer), Lane 7: Y pseudotuber-
culosis.

C: Lane 1: Bacillus subtilis, Lane 2: Bordertella bron-
chiseptica, Lane 3 : Citrobacter freundii, Lane 4 : Listeria in-
nocua, Lane §: L ivanovii, Lane 6: 1Kb DNA marker(Bio-
neer), Lane 7: L monocytogenes, Lane 8: M luteus(ATCC
#9341), Lane 9: M luteus(ATCC #10240), Lane 10: P aeru-
ginosa, Lane 11: Rhodococcus equi, Lane 12: 1Kb DNA
marker(Bioneer), Lane 13: Staph aureus, Lane 14: Staph
epidermidis, Lane 15 : Vibrio parahemolyticus, Lane 16: Y-
ersinia aldovae, Lane 17 : Y enterocolitica.

HAAES QHE A%A B FAA Fo| 7Y FHE
uaista AAo ARG E Salmonella 7S AL T4
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Fig 6. Amplification pattern of sefA gene for the field isolates of Salmonella D1 serogroup. Arrows indicate the DNA fragments of

513bp.

A Lane 1: 1Kb DNA marker(Bioneer), Lane 2~8 : Sal gallinarum isolates 1~7.
B : Lane 1~6: Sal pullorum isolates 1~6, Lane 7: 1Kb DNA marker(Bioneer).

7t F1R o2 MdEY AR, B, EF § #7 24
9 Saimonella T= )7} A% o2 &A)87] W2 g
Hog Fe¥ B¢ A& o4 vk azjez Ty
ZAE dolu ALg, &, ¥4 FHA AHE A
BEFH B BED Ko|8tA Salmonella F& &
1 83YE FAN] A8 ERAAEYA /e &8
§ Ay gig A77 833 g3 Yo

PCR 7| & o] & HYA FEYe HEsA &
23 HAE W 7t Bl EA3tE TA DNAE 5ol3}
AFZ 2T 5 Yo Sol4dd gl 21 &L
A AP < doE el Yo Bel dFEH
RN 58] AN L] WA} EAFA g 9
g 27t oE € W uE &3 o 4% + v
AAE v 9o EF PCR YL Ael7h $5@ DNA
ek ol EASHAY dAE DNAE A28 F 32
22 AE, 4 EY L QA ES ez oY
A7 Aoz Agd v AR g s
oA B4 vAES AEH $HE A3 PCR 71{ &
#4¢ 7% hemoglobin, bile salts, MgCl, 53 %2
PCR #3-& A#ste £49 EQo] #AA Hed &
3] tetrathionate broth$} Rappaport-vassiliadis brothol] &)
8+ bile salts$t MgCl,7t PCRE A A 71& delo] &
% I, o8 EAE #AH9] direct chemical extract
goz ZaNNAL FAAE AP A immuno-
magnetic separation’§ 0.8 ZA A1 4 gloutH £4]o]
E4%a @& Hlgo] Ao dPH oz §4317]4
E o &l it wehA PCRE AAE7]) o HAF
FoUFGAE Y224 PCR ¢+ & 4AEZ S 7
AA7) 1 AZEE FIHAIE do] A 4HI|E T

1R ArdAE g 249 dgL Ao
Welsh$} McClelland®] rapid boiled-lysate’] & $-§-3t2 2
A ool AMEAE FAAI L 28NS EFA
2 F U1

gl FE3 HYFE L5 AR 4559 ¢
9lo] ¥|%= Salmonella serogroup D19] Eo}ld gy o)
N AT Sal enteritidis &) fimbriae 8] SEF14 gene
clusterst o] U] HFEE sefA, sefB L sefC Y
29 $AHAE A0 2 Thoms ef al '™, Collins et al ™,
Doran et al ''***, Woodward$} Kirwan™, Turcotte$} Wood-
ward® So] o8] 435 1t} Thoms et al "' Sal en-
teritidis &} SEF149] )3 Q&N & o)L 39 ELISA
{3} latex agglutination 1§ 2 2 serogroup D13} 7| e} ¥ %
YT g AEdo o] 8o serogroup D19 5§
olstA EAEH JIA A7t & Aolgn A A5
Aot E3 Turcottest Woodward = fimbrize 349 =
L T2 2 encoding 31 sefA gene SEYF L
NNGENE HAABHon sefA geneo] Sal blegdam,
Sal dublin, Sal enteritidis, Sal gallinarum, Sal moscow, Sal
pullorum, Sal rostock, Sal seremban, Sal typhic] #| ¥ 0.
2 B¥5o] Q1on SEF14 899 4y peptone-water
E ALY T MYgx=d3 BA7 Jitte FE8 4
# 2 Doran ef al > immunoassay, dot blot % colony hy-
bridization, Western blotting @ ELISAZ. A| ¥3}o SEF14
fimbriae 82 Sal enteritidis, Sal dublin, Sal gallinarum,
Sal pullorum, Sal typhi R Sal berta % serogroup D14} A
gHoez AT Kl SEF14 fimbriae gene
clusterd] A H 0] QL& sefA, sefB L sefC 7130 sefAr:
7V Salmonella D1 serogroups) E-o]8}A &A%}
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I AHHAIL sefA gened] H7IME YA vj¢ T
A8 9Ee g Loy & dFdA4E
Doran ef al'?o] FH& sefAd] W71 L& 7|22 3o
Sef I & Sef Il primers& 214131 PCRE BT &gn
A3 Bol & FU-

¥ PCRYLE NEY 23 FAE FFF sero-
group D19 &3} Sal gallinarum, Sal pullorum, Sal en-
teritidis, Sal typhi 9| 4%k PCR ¥4 ¥t-go] =g on
serogroup D1 ©}9] ¢} Salmonella &, AWM T, TEAT
&, 44477 € 7E Aol A e 5 480 ¢
# 5} 0] Thons et al ™ ¢ Doran et al o] A& = 9}
A At EF Bl A 2§ Salmonella o} R F
& YA2Z PCRE AAE A3}(Table 2), Sef Io] H] 3
Sef Il primer§ AM&-31& W S4dEo] Bo] BAHI
on o] A}t F primerd] FEH AojofA FolH
o2 dojd ZHUA EEPCR Y30 43 89 F,
annealing temperature, [MgCI’] 5-¢] &3 cf7j® AQR
of g & AgdR2e 843 old g 14
Yol a9 dth £33 PCRY A F Fol4 & wjFAl
43 d#A o] o] nutrient agar =& MacConkey agaro]
YA E old cultures] F & o] 43 PCRE AT 3
£ 7H%A T M4 ubgo] £-PTE Ao o]
Aol BFEHUT & AHoAe AT £40l ¢
A oA E Aol BAEY AZE AHY 15~184]3
o 34 AAsA PCRE +YFLEZN Fol4, I+
A2 AEYE Y 5 A2 rapid boiled-lysate H 2.
2 DNAE #&¥ozA a¥ujxlel 2YFAAEH
PCRAT $E7IA 20~24A7t0] 2850 AJ3te] @&
 Bolzt ARH U

£ dFolA 949 PCR 71 & A&3417]7] A8
A B B Salmonella 3% 3} <¥ F9 78 A2
of ¥ YL Sl AN YAVNHAAES 2 9d
$AAR A Y LAY E TR oF ¥
AZdd.

i B

7V Salmonellosis ¢] 58 WUMZ F#]A Salmonella
serogroup D10} &3 Sal pullorum, Sal gallinarum R Sal
enteritidis 8 &3 3 Bo|Hozg &I U sefA
FAAE FZ3E PCR 7Y€ $P8a EEFF ¥

ohf e T dis ¥ A& FU%A &
2 F34E .

1. SefA gene Z%-& 91 8] A9 Sef I3} Sef Il primers
& ©] 4% PCRA 513bp R 488bp 27]¢] DNA A o]
22 B2 A3 Salmonella serogroup D19 @ Hol 4
& Sef 11 Bt} Sef I primer7} 7] Jebyteh. Sef I primer
& o83t &YE PCRY ZFAE AEE v 1pgd
Sal enteritidis DNAY M & sefA geneo] FEHGon F
Z 39 PCR products@ BamHI3} Haell2 * 3|3} sefA
genedl & FUFA-

2. %3¢ PCR 7Y &8 Salmonella B2 FF R ok
R 2 #F, E coli, Yersinia spp., Staphylococcus spp., Strep-
tococcus spp. 5 2T 87 F ] 130T o} A APE up
E PCR Y& Salmonella serogroup D1o] oj3f Ho}dA
Fgutg& YA

3. & AgelA &8 A Y3} rapid boiled-lysate
7198 o] &% PCRE Salmonella serogroup D1 7 & o) A
N33 Bol4o) B3tk
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