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PR R R WA B R W] SEFL4 R 5 4
Bk AR 3 L 20 T £ R 1 LA %
BHERITEE Y RIIHBA 4R 8 Fk SEF14 15 E i
RUTTIRHE IR NTFENHE X, ENFTH
RUP TG TE 5 B A0 = e i fE

SEREH sef AR T E Al sefd, sefB, sefC,
sefDA /L RN AR, I 3L (6] 58 1 SEF14 36 B 1 & %
A KDL R YRR L H sefd 4 SEF14
T T 9 3 B A R 1, sefD SEAME R sef 3 R R
T 4, i 65 T SEF14 1 B 19 T0 i 25 44, 1
sefB G i AR & 11 B, Fl K B FF 181 7 6 19 40 T8
PEARER IS, sefC WIS HE 2 2 11, X A R L T
AR A7 TR R B o7 4 4RIk E B 2R A 1 TR
BLEH L sefR S SIE sefD 19— AN R 1) I A
BRI A sef14 SEPRR N T 1986 . HAT, sefd 2
W s B R 5, 3F 31 52 2 G 5 6 DR AL A PR 43 A
TG D HEV IR (HAESE S Vb ] [, an iy
VIR Y FRV TR M€V T IR Y B A
SEHEI sefd FEP, IF R F ik SEF14 B £, 4 BF
FLUESE SEF14 B BALFR IR 7E M R VD 17T IR AR A
ARUD Y R T R T, XA A R B g

AR FI ] PCR J5 3 45 4 17 51 23 07 7 v 4
T SEF14 B B\ T W 47 I K sefA, sefD L K
PRIED sefR TENG 20 1T EQ A, 48 1R U0 17T 1S 1 LA &%
ARFAMYD 1T EQBA H () A7 7E AR S0 Ol 76 3 TR 97
BT T SEF14 1R B AR SRR IR AR A

1 AR %

L1 ##
11 GR B bR DA RO 5 - 18 kAN [ 4F X & 98X

F ARV 1T EG TR I R 43 5 Bk th VL5 8 R & R 2= F 53
(M) A S AL B 53 88 4 0y LA B TR bR A 5 L3R
15 NUE g 500 1] QR I IR 43 25 Bk SE20, SE43, SES1
A1 SEST pl 47 M i 5 s 42 i 0 ST AE T 4R
BUEH R TTCH IG R 40 B bk MY, XJ DL KRS H
Pk 3378 F1 50014 ¢ PU 1| Al K 2% B8 2 35 2 0 A
W 3% 5 s R U ] QTR b 1 Bk 50336 (h 37 N K4 E )
Bl 2 N H AR B 4507 48 2% 0 A 155 I8 3% 5 SD-2 Sk 55 [
T2 4 15 JE K2 Dr. Schifferli & 1% B4 1% ;S. 09 & Ui
AR TTRE T ERAARLHEHIGELERREE
FHA G 5y B Y% 5 AR AR YD 1T IR T B o bR

C79-84 it H [ 25 K 52 T o
F1 BERFDITIKHE sefd,sefD LK sefR B F 3%

Table 1 ~ Prevalence of sefA,sefD and sefR genes in S. pullorum

S. pullorum year sefA sefD sefR
SP63 1968 + + +
SP681 1968 + + +
SP73 1973 + + +
SP75 1975 + + +
SP76 1976 + + +
SP78 1978 + + +
SP79 1979 + + +
SP80 1980 +
SP82 1982 +
SP85 1985 +
SP88 1988 +
SP90 1990 +
SP93 1993 +
SP96 1996 +
SP97 1997 +
SP99 1999 +
SP0O0 2000 +
SP02 2002 +
+ , positive;-, negative; year, when the strain was isolated.
L2 By ge Jk 32 2 6l 50 A B iR R A

(Tryptone) JEHEHE B ( Yeast extract) i H Oxoid 2
Al K E A E N E R RN B AR TR E
it s Tag DNA 55 i DNA 350AR 48 BE A 1m0 die ik 5] &
(B FE 5 ) . DNA Marker DL2000 ¥y H TaKaRa /%
7] ;pGEM-T Easy Vector, T4 DNA % #: [ W H 3£ H
Promega /N ), 5 [ R Y maker ) H Fermentas /%
A, HoA AL R 28 A [ R O B A . E TR
HRP-1gG ( Horseradish peroxidase , 3R 15 & (L4 i ) ¥@
PRI [ SRR R L BT rSEFA T4 Ay A 52 55 %5 ]
#

L 1.3 51 M6 CE KRN sefl4 9\ 1 % 45 Hy 5k
PR 91 DL R i 42 5k A 91 il GenBank 1 sef14 #:40
TR B B S5 &, DNAstar 8443 M s it
3 XS5, 20 BT sefA, sefD Hl sefR e [N o
Sl LRy TRAR AR (E2).

£ 2 MM sefA,sefD FA sefR EEE RIS 4 5
Table 2 primers for detective sefd, sefD and sefR genes

primers sequences (5’ —3") sizes/bp

sefA F CGCATATGGCTGGCTTGTTGGTAAC 498
sefA R CGACTAGTTTAGTTTTGATACTGCTGAA

sefD F GAATCAGTATAATTCGTCAATACCTAAG 450
sefD R ATTCAATTTCTGTCGCATATATGCTTAT

sefR F ATGTTGAAAAAAAACGCCATAA 660
sefR R AGCATAAATGCAGCTTTTTCTC

1.2 PCR ¥ 305 51 E
T RLTT ¥ T R B0 A TR 3 A T
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WPCREEAR ), BEAT PCR 448, R 2R 41443 1
94°C 4min;94°C 50sec,53°C 50sec(sefAd)/50°C 50sec
(sefD)/52°C 50sec (sefR),72°C 50sec,25 M H;
72°C 8min, B HHEE S UK A T PCR 438 7= 4 K
N, SR /N AE B PCR 37 48 72 ) 25 DNA B g
WEEE I o] W53k 7] & #F A7 Ml gl b, IF 5 pGEM-T
Easy 2R % #: 18 #%, F fb DHS o JB& 32 35, AR 98 Pt M
FVEE 1 PRI 8 BH Pk v B, 8 BH M e B ik b i AR
J7 IR 55 BRI e 5 5
1.3 SEF4 HERRIRELETE

SEF14 T & 1 fh$2 5 gl Ak 4% i 7y v 47 93
Wk AR AR Bl B I s R
F L5 2 RLL1:100 B 5% 4% F 200mLCFA 1 3%
W (pH6. 0)37C#fr & 337 50h 24y, B0 WUUTUE | 15
1 0.15 M £ EERE (pH10. 5) B F & I8, 10000 x ¢ ],
WA S AL I E R BRI 3 x Imin (F KM 5,
12000 x g,4°C 0> 15min B E3E, 06 BIE 46K
LR AL BB R B, T 2R R B
R4 SEF14 B & WA Re v Btk BiE &k — 205
Hrab ¥ (10 mM Tris-Cl1,0.2% SDS,pH 7.5) LLULTE
HIE . 04 # 24h f5, 15000 x g, 4°C 50>
30min HUCVE , I A i PBS BT
1.4 SEF4 HERNUMHETE

FRIEE 2 15% SDS-PAGE il 2% T 1 22 % Yt
@ M R EE AT IS EE AL,

IRREU 2 SDS-PAGE J& , ] BIO-RAD #4E1 £
GUREEIE T A L R B NC R |, 10% BSA ,4°C
HIR . PBST ¥ NC BEJS RN 1:200 i B (1)
$L 1SEFA Z24 ) 12500 e 19 £ 4 B 1gG-HRP 775,
DAB JEY .4, |i& SDS-PAGE L) M Western-blotting
BfE EES MO T ek s tEm) .

Refrence:

2 #X

2.1 PCRyHER

PCR P 3425 %0 DL 11 BRI RUPTTIRE LA & 1
PRABFARYD |7 EC P Y2 £ & DNA g B4 3 R s D) 9 14
i sefA,sefD LUK sefR JEIR, H. PCR 7= 4 K/NAI T AR
o 5 R RUPT TG AR FIAMR YD ] G R AN 58 4 —
B, 18 BRAG IRITP 1T TICTA sefA,sefD LUK sefR PR %
W2 3, 18 BRXG PRIV 1T EC T i, BT A AF AR 43 25 1
FHERBE RT3 sefA FLIH LT Bk 1980 4F 22 FiAG 1 T
ITIRTE 3 BRI REY 1Y ) sefD I sefR BEPH] A1 [A] S5
LA 1T Bk 1980 422 5 A FRIV 1T IR TR 43 B TR G 0 1A
DNA J#i i, PCR 4 54 sefD L Jz sefR 5 P JG AT faf 7
Yo 18 MRARTRAEARS B BN ORIV T T EG TR 3 A2 R Y
T PCR 45 3 L3R 1,

3 BWITKHE sefA,sefD R sefR B EH =

Table 3 Prevalence of sefA,sefD and sefR genes in
Salmonella strains
Strains No. sefA sefD/ sefR
S. enteritidis 11 11/11 11/11
S. pullorum 18 18/18 7/18
S. dublin 1 1/1 1/1

2.2 MEHR

R ST /BRI PCR 7 1) 28 35016 45 58 Jie
PR RO B T A 3% A T I 45 B .
JPEE IR 1 BRI RV TTIC TR DA K 1 BREBFAARVD ]
FC B 1 sefd, sefD LI J% sefR B3E DR 751 Fil GenBank i
TR 100% [R5 (2 34543 512 : L1008, V07129
1 AF233854) 11100 (HLE 7 BRAMBS T 1980 4E Z TR
RV TG TR sefD 3 91 45 3 5 ) 1l 17 91 LX) & B
196 137 fi b A AL A G2, 3 b el iR A RS At | 7 2
R GRHE 71 (37 AL P A T 4L B T (1)

181- AGAGAGGGAAAAAAAATCCTCATTAGTTCAAGTTTAGAAAAAATT-225

S.enteritidis: 181- AGAGAGGGAAAAAAAATCCTCATTAGTTCAAGTTTAGAAAAAATT-225

S.dublin:

S.pullorum:

181- AGAGAGGGAAAAAAAATCCTCATTAGTTCAAGTTTAGAAAAAATT-225
181- AGAGAGGGAAAAAAA TCCTCATTAGTTCAAGTTTAGAAAAAATT-224

E1 BRPIRE,SERDIRE, BERDITRE sefD EE F 5 L3t

Fig. 1  Alignment of sefD sequences among S. enteritidis, S. pullorum and S. dublin. Reference, the reported sequence with the

accession number AF233854;S. pullorum strain,isolated before 1980s,there is a missing A base pair at position 196 (arrow) and

cause a stop code (TAG) at position 71 amino acid residual ( shaded residues) .
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2.3 HERNER

flofk SEF14 B E % ik 4 05 1 5 B il 4 25 R %
WY, b VR B B 1 3R L % R BT 2 e A A 46 U0 1]
G B R B ARV 1] G B R $ B SEF14 B B, SDS-
PAGE %5 3 W 75 13 J7 1453 5 ) 2 11 K /N2 14kDa
ZEA (PR 2-A), FAH & 4l — 37", Western-
blotting 4% 53— 45 & W] 1 3R & (1 il 32 4 Rk Bt 40
SEF14 %6 3 % W 5 {7 2 1 SEFA £ 4t i 7% 1 51
(K 2-B), W SEF14 BB, X —%5 R RUIE Lk
Fe 5T W 26 V0 1 I B LA R AT 0 1) I 1 8
133k SEF14 6, H XY (50 V0 1] 1G 3 40 AT i %
B,

kDa M 1 2 3
117 —

85—

43—

34—

26—

19—

<—14.3 kDa

kDa M 1 2 3

117—
85—

48—

34—

26—

19—
<—14.3 kDa

E2 HBEHIEY SDS-PAGE (A) MEEHENY
Western-blotting ( B) fI 53t 45 R

Fig.2 SDS-PAGE analysis (A) and Western-blotting analysis ( B)
for SEF14 fimbriae and anti-rfSEFA serum as the first antibody. M.
Molecular weight of protein marker; 1. S. enteritidis; 2. S.

pullorum; 3. S. dublin.

3 it

A A H] PCR P& A 1 18 #RXS AT E0 1)
FOTE, 1 B 2 U0 T TR LA B 1 RRAERFA AR VD 1] PR
R sefA,sefD VL I sefR FEDETE AL, 455 0H . A 11
PRI R VDT LA S 1 BRABRAAR VD 1) I 1 4R BE A 2
P sefA ,sefD DL K sefR FEIH, EHLI 4 7 1y R/ ALl
KA TE —H0; 18 BRAS R AR AR 43 18 93 TV 1)

[C TR RE I 1S sefd B[R, A7 & 1980 Z Hif X% 14 4
TP IT QTR 43 B MR RE BN 47 3 sefD I sefR &AMl AH
[ 26T 11 Bk 1980 4F )5 43 B4k 1) PCR 973 sefD
I sefR S PRI TCATAT 77 1, 3X — D4 M 1) 25 5 % 2
A B R B B A OG5 ) B AL S AT o] AR o B
YRS HR ., PCR =Y F 45 5 320,11 #
R VD TT BB LA B 1 RRESAG AR UD 1] R B R B sefA,
sefD DL K sefR 3 A2 & 42 1 )7 41 100% [R] 5 (H:
o B 4 B k. L11008, U07129  FI
AF233854) ' {H 7 R4y ES T 1980 Z R XY (4 Vb
ITECTA sefD HE RN e 25 R R WY, HLAE 196 £ Kk A B
Btk | 3 BB A 58 AR, DT IE B 2% 1k % 65, 4 i
LRI FIE . M E RSN E B AR R 25 R R
J R U T G A LA B AR AT AR YD T B R AR AR 2540 T g
fRYFFeik SEF14 B E (RS U VD 1 ES B8 76 AH [R]85
TR AR 3 K3k

WAE R DA R e R SR T B R A el LR 2
For =0 R 2 F ik m, b EE WAz — R
REA-HEHEE A 7R . Edwards 2 (2000) F
AREAMET XTI RWITIRE SEF14 1F
B A L sefd Fl sefD 28745 Bk LUK &R SEF14 1
B S FA TR, RSN E AR b &
WL IEM R TTIRTE Asefd 52748 #k v, W5 fi. SEFD
RELATA B2 3Rk TR R R 1H, B2 E M R
[CER AsefD 5878 ki, 347 SEFA R BE Bl 2 e 2
FHEARFM ., Edwards 45 (2000) 53 #1 SEF14 & £ X
BV AN 2K (1 SEFD v F SEF14 B 6 25 #4) (1) 10 i ,
WA B 1 SEFD [ AR T R 5% LA B [ SEFA
SEA PR T A A VR R B 3@ i 4 i [a]
Ji, Rk TR RE ML, FREEAAENE
g SEFD A E eSS T &N, fEM
BEEAMIER T RA T WM E M, SEFD 1) ) J& 2
b SEF14 18 B8 11 32 7 & (4 SEFA 43 i i A
JOT [ st P (4L T AR A, A uh oA AR AR R R
FALFEAVE R, D414 SEFD Fil SEFA JE i) fig 1
SEF14 £,

A 30 v RS 0 R SRS R 1T I R e AR R
PRAFH SERE I sefA SEH P A, (A sefD PR & A ik
I A% 15 B DR ) 52 HE B8 5 5 sefD DL KL sefR
R . % T4 PCR K R DL KAR 3 4 44 F T8
W, I — AN E X 5 P 5 sefD A sefR 3 A
M=AZ— =2 RE G =42 — 5 =50
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Z B A R FRT A BRI SE sefD L) B sefR Jk A
TEXG FURVD 1] QT B P 2 b Bk o AR 2 Bk f]
Tl 00 , BB UGG LRI 1T IR sefD DL K sefR FEPA
Feol & & kAL, A RE R IS SEFD 1, R I
Edwards %5 (2000 ) X3 A A SEF14 B B4HE S
37 2, 3G RS 1] IR N BE L) £ 3k SEF14 1§
B BCE RSN R E 50 P X RV ]G TR AR A 3]
SEF14 B 6 , X L 7T BB M B 1 R AT 0 R v 1) IR T
PLRHA D V0 17] TR B 9K A7 7 58 25 11 sefA Jk
20 A W R,
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Difference and variation of the sef14 operon gene clusters
in S. enteritidis and closed serogroup-D Salmonella

Chunhong Zhu'** , Guangfu Lu "* Wenwen Chen ' , Huifang Li > Yan Hu *, Xuexian Liu *,Bu Xu °,
Kuanwei Chen *, Guoqgiang Zhu '~

" College of Veterinary Medicine, Yangzhou University , Yangzhou 225009 , China
? Jiangsu Institute of Poultry Science, Yangzhou 225003 , China

* College of Jiangsu Animal Science and Veterinary Medicine , Taizhou 225300, China

Abstract: [ Objective | In order to reveal why SEF14 fimbriae are restrictively expressed on strains of serogroup D
salmonella , mainly S. enteritidis and S. dublin, the difference and variation of the sefl4 operon gene clusters in S.
enteritidis and related serogroup-D Salmonella were analyzed. [ Methods] The genes encoding subunits of sefA ,sefD and
sefR in S. pullorum,S. enteritidis and S. dublin were amplified by PCR method and then sequenced to analyze the the
difference and variation ,respectively. [ Results | The results of PCR amplification showed that prevalence of sefA ,sefD and
sefR genes in S. enteritidis and S. dublin was 100% . In 18 isolates of S. pullorum, the prevalence of sefA gene was
100% ,while the prevalence of sefD and sefR genes was 38.9% (7/18), and 11 strains isolated after 1980s did not
contain any gene sefDor sefR. The sequencing data of PCR products revealed that sequences of sefA,sefD and sefR genes in
S. enteritidis and S. dublin were identical with those those from NCBI GenBank data which accession number were
L11008,U07129 and AF233854, respectively. Interestingly, among the 7 strains of S. pullorum before 1980s, the sefD
sequence has a missing base pair at position 196 and caused open reading frame ( ORF) shift, resulting in a stop codon
(TAG) at position 71 amino acid residual ( Leu of TTA at position 214 —216 shift into stop codon of TAG at position 215
—217). Unlike S. pullorum, all S. enteritidis and S. dublin tested could express SEF14 fimbriae in vitro. [ Conclusion |
Based on the data of the difference and variation of sef14 operon gene clusters between S. enteritidis and S. pullorum ,we
may explain why SEF14 fimbriae in S. pullorum could not be expressed.

Keywords:S. enteridis, S. pullorum, fimbriae, sefl4 operon gene clusters, variation
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