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1)
, S. typhimurium

S. pullorum, S. gallinarum, S. typhimurium

S. enteritidis Sandwich
ELISA

Salmonella serogroup D1 S. pullorum, S. gallinarum S.
enteritidis sefA
PCR . sefA gene
Sf 1 Sef | primers PCR 513bp 488bp DNA

. Sf 1 primer PCR
1pg S. enteritidis DNA sefA gene , PCR
products  BamHI Haelll sefA gene
PCR Salmonella , E. coli, Yersinia spp.,
Staphylococcus spp., Streptococcus spp. 28 73
, PCR Salmonella serogroup D1

rapid boiled- lysate
PCR  Salmonella serogroup D1
S. enteritidis agfA gene PMAL-CR1 vector amylose
resin Salmonella fimbrae subunit protein AgfA
radial immunodiffusion enzyme assay(RIDEA)

. S. pullorum, S. typhimurium, S. enteritidis E.
coli RIDEA- agfA, RIDEA-OMP
ELISA-OMP

. RIDEA- agfA RIDEA- OMP ELISA-OMP

2) S. enteritidis fimbriae type
fimA (type 1U/SEF21 fimbriae), agfA (thin
aggregative fimbriae/ SEF17 fimbriae), sefA (SEF14 fimbriae) sefD
(SEF18 fimbriae) . SEF 17 operon
agfBAC . SEF17 fimbrin



agfA  fimbrin like protein precusor  agfB Salmonella

PCR PQEY, pGEX- 2T PMAL- cri
, maltose binding fusion protein
, E. coli
AgfA  AgfB protein 56kDa molecular size ,
protein  amylose resin
SEF17 fimbriae . S. enteritidis, S. typhimurium, S.
pullorum, S. gallinarum agf
homology , agfA 98%, agfB 99%  homology
MBP-fused AgfA protein BALBI/c , SPF
, Western blot
. ELISA SPF
, 4 agfA 50 /head 100 /head ELISA
, 4 6 ELISA
7 wild type S. typhimurium 9
ELISA ,
3) Salmonella
S. typhimurium, S. enteritidis S. gallinarum, S.
pullorum regulatory factor rpoS
gene , , strain nucleotide sequence variation
, serogroup rpoS gene size  1155bp
, chromosomal DNA
nucleotide homology  strain 99.3 99.7% . S.
typhimurium  S. enteritidis P22 bacteriophage
rproS mutant gene P22 homologous
recombination live mutant P22
S. gallinarum mutant Tn 10
transposase rpoS gene pBR322 electroporation



rpoS null mutant live mutant bubble test ATR
test
mutants BALB/c
S. typhimurium  mutant  wild type
ICR S.
enteritidis  wild type mutant strain ICR
S. gallinarum mutant 5
. 4 SPF S.
typhimurium mutant mutant
, Wild type S. typhimurium
mutant mutants
(geometric mean titer) 4 ,6 9
2.09+ 0.56, 1.85+ 0.43 2.07+ 0.56 , 2
2.56+ 0.40
Salmonella mutant  wild type Salmonella
, mutant

mutant Salmonella

, Salmonella

4) S. enteritidis, S. typhimurium, S. pullorum, S. gallinarum

membrane protein(OMP)  Sarkosyl

S. typhimurium agfB

vector GST fusion protein
S. pullorum, S. gallinarum
cloning

S. enteritidis agfA

S. gallinarum agfA, B
S. pullorum agfA, B

S. enteritidis
MBP- AgfA fused protein

amylose resin 3

vaccine candidate

outer
B - octyl- glucoside

2 pQEY9 vector
cloning

S. enteritidis agfA pGEX- 2T

agfA gene pMAL-CR1

binding(4 )



column buffer 3 4
MBP- fusion AgfA protein

S. gallinarum  MBP  MBP-fusion AgfA protein

MBP- fusion AgfA protein

10mM maltose(in column buffer)  elution

S. pullorum

elution

FPLC

gel permeation chromatography  sephacryl S-200HR column

, ion exchange chromatography anion
column
S. enteritidis MBP-fusion AgfA protein
, SDS-PAGE
western blot
3
mutant OMP

, LB
(30,000rpm, 4 , 1hr) 2% Sarkosyl
SDS- PAGE ,
S. typhimurium

OMP SDS- PAGE ,
5) S. typhimurium mutants(KM resistant)
, model 300L)
¢ ) , , pH, enrichments
37
pH 7.0

dextran+iron  AF289
typhimurium mutants

mutants

enteritidis agfA subunit protein

exchanger M onoQ

S. enteritidis  cloned cell

S. typhimurium

OMP
10
Fermenter(
antifoam
50 ¢ /min,

enrichments antifoam
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SUMMARY

Project Title: Development of the Measures for Diagnosis
and Prevention of Avian Salmonellosis
Using Molecular Techniques

Avian salmonellosis including pullorum disease and fowl typhoid has been
recognized an important scourge factor, causing heavy economic losses in the
poultry industry in Korea. To develope more advanced measures for diagnosis
and prevention of avian salmonellosis using up-to-date molecular
biotechnology, this project was designed and carried out in the aspects of
molecular diagnosis, genetically engineered Salmonella vaccines including
subunit vaccine and mutants vaccine, and biochemical characteristics of the
recombinant proteins, in cooperation with a veterinary pharmaceutical

company. The results obtained during three years are as follows:

1. By the culture methods and the automatic microbial identification system,
the specimens from poultry farms and poultry-processing factory were
examined. S. typhimurium showed the highest frequency of isolation. The
monoclonal antibodies against the reference strains of S. pullorum, S.
gallinarum, S. typhimurium and S. enteritidis were produced and using
these antibodies a Sandwich ELISA was established to detect Salmonella
infections. To develop the rapid and specific detection methods for
Salmonella serogroup D1, a PCR technique for the amplification of sefA
gene was established. The bacterial genomic DNA was extracted by
colony- picking and rapid boiled- lysate technique. The established PCR was
as sensitive as to detect 1pg of S. 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,
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Listeria spp., Micrococcus luteus, Rhodococcus equi, Staphylococcus spp.,
Streptococcus spp., Vibrio parahemolyticus, Yersinia spp. etc. were studied.
The established PCR vyielded specifically positive results with only
Salmonella serogroup D1. The PCR for sefA gene could be a potential
candidate for the specific detection method for Salmonella serogroup D1.

A radial immunodiffusion enzyme assay(RIDEA) using Salmonella
fimbriae subunit protein agfA was designed and evaluated. The antigen
was prepared by expression of agfA gene from S. enteritidis in
PMAL-CR1 vector, and the maltose- binding fusion protein was purified by
amylose resin. Antisera to three Salmonella serovars including S.
typhimurium, S. pullorum, S. enteritidis and two strains of E. coli were
raised in rabbits and chickens, and the reactivity was tested by RIDEA
with agfA and OMP from S. enteritidis. RIDEA with agfA showed the
higher sensitivity and the lower cross reactivity in comparision with
RIDEA with OMP. Serum samples obtained from five chicken flocks with
prevalent outbreak of salmonellosis were tested by agglutination,
ELISA(OMP) and RIDEA (agfA and OMP). Based on the agglutination test,
RIDEA with agfA revealed the higher specificity than the assays with
OMP antigens. The results suggested that RIDEA with agfA could be a

potential candidate for detection of Salmonella infection in chicken.

2. S. enteritidis enteropathogens produce a variety of potentially adherent
fimbrial types including fimA (type- 1/SEF21 fimbriae), agfA(thin aggregative
fimbriae/ SEF17 fimbriae), sefA(SEF14 fimbriae) and sefD(SEF18 fimbriae).
The SEF17 operon has recently been characterized and comprises three
contiguous genes, agfBAC. The structural genes for the SEF17 fimbrin,
agfA, and fimbrin like protein precusor, agfB, isolated from Salmonella spp.
were amplified by the polymerase chain reaction, cloned using pQEY,
pGEX-2T and pMAL-cri vectors, sequenced and expressed as a fusion

protein with Maltose- binding protein(MBP) in E. coli. Expression of AgfA
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and AgfB in E. coli yields a cytoplasmic protein with molecular mass of
56kDa, as determined by SDS-PAGE. The fusion proteins were purified by
amylose resin. The SEF17 protein from Salmonella also purified by
unconventional method. The nucleotide sequences of agf of S. enteritidis
were compared with the corresponding sequences in S. pullorum, S.
gallinarum and S. typhimurium. The homology was considerably high as
98% for agfA and 99% for agfB. Purified MBP-fused AgfA protein was
inoculated into one- month-old NewZealand white rabbit, BALB/c mouse
and SPF chicken. The specific antibody was detected with Western
blotting. The antibody titer of SPF chicken was measured by the
standardized ELISA. Serum samples were collected from the chicken at the
4th, 6th and 9th weeks post inoculation. The high ELISA values were
observed in the chickens injected with the subunit protein of 50 /head or
100 /head at the 4th to 6th weeks post inoculation. No significant
differences were observed between the values of the 4th and the 6th
weeks. Following challenging of wild type S. typhimurium at the 7th
weeks post inoculation, ELISA values were slightly decreased at the 9th
weeks post inoculation, but protectivity of the immunized chickens were

recognized.

3. This study was conducted to develope salmonella live mutant strain for
live mutant vaccine. The rpoS gene, which has been known to be a major
virulence factor that plays an important role in manifestation of
pathogenicity. The size, location and nucleotide sequence of 4 rpoS genes
from S. typhimurium, S. entertidis, S. gallinarum and S. pullorum were
analyzed. T he size rpoS genes of 4 Salmonella strains was same indicating
1155bp long. T he nucleotide homologies between 4 Salmonella strains was
99.3 to 99.7%. The rpoS gene mutants of S. typhimurium and S.
enteritidis was produced by wusing P22 bacteriophage containing rpoS

mutant gene. The rpoS mutant of S. gallinarum was generated by
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eletroporation using transposase which was originated from Tn 10 and
pBR322 which have insert DNA of rpoS gene. All three live Salmonella
mutants were confirmed as to be non- pathogenic by the bubble test and
ATR test.

The pathogenicity of S. typhimurium rpoS mutant to BALB/c mouse was
decreased when it compared with that of wild type S. typhimurium.
However, there was no difference in pathogenicity to ICR mouse between
S. enteritidis rpoS mutant and wild type S. enteritidis. No perceivable
clinical signs was observed in chicken inoculated with S. gallinarum or S.
gallinarum rpoS mutant. In the safety and immunogenecity of S.
typhimurium rpoS mutant to 4-week old SPF chicken, chicken inoculated
with mutant produced Salmonella specific antibody . The geometric mean
antibody titers at 4, 6, and 9 weeks post-inoculation were 2.09+ 0.56, 1.85+
0.43 and 2.07+ 0.45, respectively. In the challenge experiment with wild type
S. typhimurium, chicken in the control group show mild diarrhea and
inappetence, but there was no perceivable clinical signs in the principal
group. The geometric mean antibody titer of control group at 2 weeks

post- challenge was 2.56+ 0.40.

In conclusion, the Salmonella rpoS mutants studied in this project could
be developed further as a live mutant vaccine strain in term of low
pathogenicity, high safety and excellent immunogenicity to target animal

and laboratory animals.

4. To examine the antigenic properties of S. enteritidis, its OMP was purified
and characterized using sarkosyl and [ - octyl- glucoside. SDS-PAGE study
showed that OMP consisted mainly of 40 kDa, 39 kDa, and 36 kDa and
sarkosyl was better in terms of solubilization of OMP.

To study the characteristics of recombinant thin aggregative fimbriae of
Salmonella and to develop a vaccine for Salmonella infections, agfA gene

was isolated from S. entiritidis using PCR. MBP- AgfA fusion protein was

- 13 -



overproduced in E. coli and purified using amylose resin. The purified
MBP- AgfA subunit fusion protein had a molecular mass of 60 kDa with
more than 95% purity on SDS-PAGE. The fusion protein was used for the
preparation of antibody. The immunogenicity in the rabbits was examined
using Western blot. This result indicates the possible use of MBP- AgfA in
development of a novel vaccine and rapid detection of Salmonella infections
of poultry.

To examine the molecular properties of AgfA, circular dichroism study
was performed. The secondary structure of AgfA was elucidated from
difference CD spectra. The estimation of secondary structure shows that
the protein mainly consists of [3-sheet structure. To compare the
biochemical characteristics of wild type and mutated strain, OMP extracted
from both strains were compared by SDS-PAGE. No distinct difference
was observed in the protein patterns between two strains. The OMP of the
mutated strain was quite stable even with continued culture, indicating the

stability of the antigenic protein.

5. To optimize a bacterial mass culture system, S. typhimurium mutants
was tested under various culture conditions such as temperature, pH,
amount of air flow, enrichments and antifoams using a fermenter with 300L
volume. The mutants showed the highest yields at 37 , pH 7.0 and 50¢ /

of air-flow. Dextran plus iron as enrichments and AF289 as antifoam
resulted in the highest growth of the mutants. The mutants yielded by the
mass culture system was found quite safe and highly immunogenic in
mice, and protected effectively the mice against the challenge of wild type
bacteria. In the guinea pig system, the mutants was quite safe and induced
a substantial levels of the agglutinating antibody. The safety and
immunogenicity of S. enteritidis agfA subunit protein were tested in the
mice and guinea pigs. The subunit protein was safe and immunogenic, and
protected effectively the mice against the challenge of the virulent strain. In

the guinea pig, the high titers of antibody was detected in ELISA.
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1. 1
1)
serotyping
(MIS) enzyme- based
system Vitek system(USA),
Biolog system gas chromatography G/IC
Midi(USA) , G/C Midi(Sherlock, USA)

operation manual

2)
S. pullorum, S. gallinarum, S. typhimurium S. enteritidis
. Freund's complete adjuvants BALB/c
3 formaline (1x 106 CFU/ )

incomplete Freund's adjuvants
booster . SP2/0 mouse myeloma cell 50%
polyethylene  glycon(M W .4000)
hybridoma HAT )
ELISA 2
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3) Enzyme-linked immunosorbent assay(ELISA)
coating buffer(NaZCO3 1.59g, NaHCO3 2.93g, DW 12 , pH 9.6, 4

) 100 200 Well 100 4 overnight
cut- off . Conjugate
goat anti- rabbit goat anti- chicken 1gG peroxidase PBS
well 100 37 1
washing buffer 4 substrate(OPD) well 100
10 stopping solution(3M sodium hydroxide) 50 well

ELISA reader(OD;490 )

4) Sandwich ELISA
MAD(30 35 [/ ) Ilg fraction
periodate Horseradish peroxidase conjugate -20
1:200 1:400 . flat- bottomed

polystyrene microplate(96w ells) MAD 100 (5 10 /well)

coating 3.0% gelatin 1 blocking PBST 3
200 well 37 1
100 MADb- HRP conjugate 37 1
100 substrate 20 0.1M citric acid

ELISA reader

5) PCR(polymerase chain reaction)

M edline GenBank DNA sequences

Salmonella chromosome DNA replication oriC, phosphate
- limitation inducible outer membrane protein phoE
phoP  phoQ, lipopolysaccharide polysaccharide rfb

cluster  guanosine diphosphomannose pyrophosphotylase

- 20 -



rbfM, Sal. enteritidis Salmonella D group

fimbrial antigen agfA, sefA, sefB, sefC sefld, sefl?,
sefl8, sef2l cluster, PSLT-borne spvA Sal.
typhimurium Salmonella 0] acetylation
agfA, cch, eut, inv, rops, fim cluster

Sal. enteritidis fimbrial antigen

Salmonella serogroup D sefA
PCR
sefA primer Table A . sefA
Sfl  Sefl primers , SefA
subcloning BamHI site Sfl primers

Table A. nucleotide sequence of PCR primers for amplification of

Salmonella sefA gene

) ) Nucleotide Expected
Priemrs Necleotide sequence 5 to 3 B )
position product size
Sf1(AS) CGC*GAATTC* GTTTTGATACTGCTGAACGTA 472 495 513bp

Sf1(S) CGC*GAATTC* ATGCGTAAATCAGCATCTGCA 1 24

Sefl(AS) GATACTGCTGAACGTAGAAGG 470 490
488bp

Sefl(S) GCGTAAATCAGCATCTGCAGTAGC 3 26

* EcoRI site added to sefA gene for subcolonig
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PCR DNA 10 10x  reaction buffer 100mM Tris- HCI
(pH8.3), 500mM KCI, 0.1% gelatin(w/v) 5 , 25mM MgCl2 10 , 25mM
dNTPs 8 , sense antisense primer 1 , Taq polymerae(T akara) 1
(3units) 14 Automated thermal cycler(DNA
thermal cycler 2400, Perkin Elmer Cetus Co.) 94 10 , 55 10

, 12 30 30 annealing
time  extention time cycle 2 5
72 7 . 1% ethidium bromide

agarose gel image analyzer (Pharmacia)

6) OMP
Tryptic Soy Broth 300ml  Salmonella 37  incubater
18 48 OMP . 20ml 10mM
HEPES Buffer(pH7.4) 3 20
500x g 20 1,000x g
30 15,000x g 30 2
10mM HEPES Buffer 1
1% sarcosyl shaking incubator( ) 30
15000 g 20 2 OMP
OMP 10mM HEPES TE buffer 500 Burett
(-20 )

7) SefA gene cloning
) PCR products
PCR products 15 gene clean Il kit
UV spectrophotometer 260

) Vector, insert DNA, competent cell

pGEX- 2T plasmid EcoRl linear

vector insert DNA . Competent
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cell, DH5a cell CaCl2 , LB agar plate

37 2 3mm 10 12
250 SOB UV spectrophotometer( 590 ) 0.375
37 (200 250rpm)

) Transformation Plasmid DNA

Sambrook

8) Nucleotide sequence analysis

Dye terminator cycle sequencing

Sequence data  ABI prism 310 genetic analyzer collection,
analysis, SegED soft ware(Perkin- Elmer, USA) M acintosh

, raw sequencing data collection soft ware
analysis soft ware nucleotide sequences . SeqED
software

9) Dot blot hybridization

DIG (Digoxigenin) DNA labeling and detection kit (Boerhinger Mannheim
Biochemica) , DNA labeling,
Dot blot Capillary transfer, Hybridization  Birren

10) Radial immunodiffusion enzyme assay(RIDEA)

OMP 2 S. enteritidis fimriae protein
agfA subunit 0.06M carbonate
polystyrene petri dishes(60 in diameter) 5 37 18
PBS 3 . 2% bovine serum albumin blocking
PBS 3 1% purified agar 5
3
10 37 5 agar
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0.05% Tweeen PBS 3 conjugates(goat anti- rabbit or
goat anti- chicken 1gG peroxidase) 37 1 3
substrate(0.08%5- aminosalicylic acid & 0.005%H202 1%
agar 3 30
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subunit protein

( )

1) plasmid

AgfB AgfA  protein pQE9(Qiagen), pGEX-2T
(Pharmacia), pMAL-cri(NEB) . E. coli M15,
E. coli JM109, E. coli XL1-blue MRF recombinant host

2)

Salmonella  tryptic soy broth(T SB) , E. coli
Luria- Bertani broth(LB broth) , Salmonella  fimbriae

colonization factor antigen(CFA) agar 37

3) Chromosomal DNA

(Sal. enteritidis, Sal. typhimurium, Sal. pullorum, Sal. gallinarum)

chromosomal DNA . Salmonella 18
pellet 567 TE buffer(pH 8.0)
30 10% SDS 5 proteinase K (20
/), 5 RNase(10 / ) , 37 1
100 5M NaCl , 80
CT AB/NaCl solution(10% CTAB [hexadecyl- trimethylammonium bromide],
0.7M NacCl) 65 10
polysaccharides  macromolecule . CTAB solution
60 . chloroform/isoamy!|
alcohol(24:1) 800 15,0009 5 ,
phenol/chloroform/isoamyl alcohol(25:24:1)
15,0009 5 . 0.6
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volume(~500 ) isopropanol , DNA

, . DNA  70%
ethanol 5 . , vacfuge
TE buffer DW
4)
chromosomal DNA  template agfB  agfA

PCR . PCR primer Salmonella enteritidis
sequence , cloning BamHI  Pstl
cleavage site . agfB forward primer 5'- CGCGGATCCATGT

TGACAATACTGGGT-3', agfA forward primer 5-CGCGGATCCATGA
AGCTTTTAAAGGTG-3', agfB reverse primer 5-CCCCTGCAGTTAGC
GTTGGTTGACGCGAATAGC- 3, agfA reverse primer 5 -CCCCTGCAGT
TAATACTGGTTAGCCGTGGCGTTGTT GCC- 3 . PCR
95 denature 1 , 60 annealing 1 30 , elongation 30 35 cycle
PCR fragment BamH]| P stl pQE9

PMAL- cri BamHI  Pstl site . , PCR fragment

Pstl cleave Klenow blunt end ,
BamH]| pGEX- 2T BamHI  Smal site cloning

agfA signal peptide 20

agfA-new primer(5-AAAGGATCCGGCGT CGTTCCACAA-3)
PCR PMAL- cri cloning

5)

pQE9 cloning agfB agfA pQE sequencing
primer(forward; 5-CGGATAACAATTTCACACAG-3, reverse; 5-GTTCT
GAGGTCATTACTGG-3) sequence
Dye- labelled terminator cycle sequencing ABI prismT™M 310

genetic analyser . Sequence data SegEd program
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6) E. coli protein

protein cloned plasmid single colony
ampicillin(100 / ) LB(Luria- Bertani) 37 overnight
culture , 1% 600 05 0.7 absorbance
0.1 1mM IPTG(isopropylthio- 3 - D- galactoside)
induction . Induction 30 5 4,000g 15
cell pellet -70
MBP fusion protein 1% tryptone, 0.5% yeast extract, 0.5%
NaCl  0.2% glucose . glucose E. coli
chromosome maltose gene maltose binding
protein

7) SDS-PAGE Western blotting

SDS-PAGE  Lammlie . pPQE9
, 8M urea(pH8.0) . SDS sample
buffer 13.5% SDS- PAGE electrophoresis Coomassie
brilliant  blue protein band , PVDF
membrane 5% skim milk  blocking , histidine antibody
immunoblot . pGEX-2T 8M urea
12% SDS-PAGE  electrophoresis , PVDF membrane
GST antibody . , PMAL-cri
expression 10% SDS-PAGE  electrophoresis protein
8) MBP fused AgfA protein
Expression MBP fused AgfA protein amylose resin
expression cell pellet PBS
sonication . Sonication 1,500rpm 15
maltose- binding protein  binding amylose resin(New
England Biolab.) 1 1500rpm 2 ,
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, column wash buffer(20mM Tris- ClI, 200mM NaCl, 1mM

EDTA) 8x volume pre- equilibration . resin

cell lysate , 2 protein . protein
binding column wash buffer 12x volume 3

Elution buffer(10mM maltose in column buffer 1 5 elution -20

9) Aggregative fimbriae

S. enteritidis  S. typhimurium thin aggregative fimbriae
Collinson 1991 (J Bacteriol. 173;4773- 4781)
10 plate CFA agar(Infect. Immun. 18;330- 337) Salmonella
scrape 10mM Tris buffer(pH8.0) suspension 0.1
RNase A 0.1 DNase
MgCl2 1mM 37 20 lysozyme 1 /
, 37 40 . sodium
dodecyl sulfate(SDS) 1% 37 30
insoluble material  12,100g, 25 , 15
10 Tris 100 5
2 SDS- PAGE

sample bufer(10% glycerol, 5% [ - mercaptoethanol, 2% SDS, 62.5mM

TrisHCI [pH6.8]) . 100 15 12%
polyacrylamide gel (3% stacking gel) 20 5 running
stacking gel distilled
deionized HO , 95% ethanol
dDW
0.2M glycine (pH1.5) dDW
-20
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10) Electrophoresis

thin aggregative fimbriae SDS-
PAGE band . insoluble fimbriae  90%
formic acid 45
Vacfuge . sample  SDS- PAGE sample buffer

polyacrylamide gel  running

11) Purified fimbriae

Bradford method purify  fimbriae
12)
New Zealand white rabbit 400 AgfA protein  complete
Freund's adjuvant .3 5
AgfA protein  incomplete Freund's adjuvant booster
, 2 antibody
BALB/c (2) 50 100 complete
Freund's adjuvant .2 protein
incomplete Freund's adjuvant booster , 2
antibody
SPF . subunit protein
50 100 ISU 75 adjuvant , 2
booster . S. typhimurium rpoS mutant
subunit protein 50 , S.
typhimurium rpoS mutant , 2 booster
booster 2 4 antibody titer ,
1 live S. typhimurium challenge
Challenge 2 antibody titer
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13) ELISA
AgfA antigen 0.1M bicarbonate buffer(pH9.6)

microtiter plate (Maxisorb, Nunc) 4 overnight
Antigen coating plate 1% gelatin(in PBS) free binding site
blocking .1 PBST (PBS with 0.1% BSA, 0.05% Tween 20) 5
, 1 37 1 . 5
1 peroxidase conjugate goat
anti- chicken antibody 1 , 0-phenylenediamine dihydrochloride
o- phenylenediamine dihydrochloride phosphate citrate
buffer(pH5.0) 25 1 tablet 30 H202
13 , 3N HCI , 405 optical
density
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3. 3 : (mutants)

3- 1. (rpoS gene)

1) Chromosomal DNA
S. enteritidis, S. gallinarum, S. pullorum, S. typhimurium
tryptic soy broth 15,000% g 5
567 TE buffer(10mM Tris, ImM EDTA, pH 8.0) 30 10%
SDS, 5 proteinase K(20 / ), 5 RNase(10 / ) 37
incubation . 100 5M NacCl 80 CT AB/NaCl
(10% CTAB/0.7M NaCl) 65 10
chlorform/isoamy! alcohol(24:1) . 15,000% g 5
phenol/chloroform/isoamyl alcohol(25:24:1)
. 500 isopropanol
DNA 70% ethanol . 100 TE buffer

spectrophotometer PCR

2) rpoS gene
DNA template rpoS gene PCR
rpoS-gene sequencing 3 (Head, Middle,
T ail) PCR . primer  Table B.

Table B. Primers for amplification of rpoS gene.

Head forward primer 5-TTGAATTCTGACTTGCTAGTTCCGTCAA
reverse primer 5-TTGGATCCAGCTCTTTAACAATGT GAAT
Middle forward primer 5-TTGAATTCGGGCGATCATGAACCAAACC
reverse primer 5-TTGGATCCTCAACCT GAATCTGACGAACA
T ail forward primer 5-TTGAATTCTCGGT CTGCTCCCATATGAAG
reverse primer 5-TTAAGCTTAACCGATGATTTGTCCACG
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PCR reaction mixture PCR condition

Composition of reaction mixture : DW 67 , 10x buffer 10 , forward
primer 5 (10p ), reverse primer 5 (10p ), dNTP 8 (25mM), Taq
polymerase 1 (5unit/1 ), template 2 total 100

- PCR condition : 95 7min, 94 1min 39 cycle, 72 7min

43  2min
72  2min
3) rpoS gene cloning
PCR products 1.2% agarose gel PCR
product elution pT Z18R vector
cloning . Restriction enzyme Head Middle EcoRI(GAATTC)
BamHI(GGATCC) T ail EcoRl Hindlll (AAGCTT)
cloning site cloning
E. coli DH5a host cell ligation transformation
, ampicillin LB agar overnight culture colony
ampicillin LB broth  overnight culture miniprep
DNA restriction enzyme insert DNA
. Head Middle clone  EcoRI BamHI|
double cutting , Tail EcoRl  Hindlll  double cutting
clone
4) rpoS gene
4 Salmonella 3 clone, 12 clone
sequencing . Template clone E. coli DHa LB broth

over night culture QIAGEN- miniprep Kit
Sequencing primer  forward pUC/M13 primer reverse pUC/M13 primer
Big Dye terminator ready reaction mix sequencing

reaction . reaction mixture
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- : 8 Big Dye terminator ready reaction mix, 2 template, 6.8

DW, 3.2p pUC/M13 forward primer 3.2p
pUC/M13 reverse primer PCR tube
- : 96 10 , 50 5 , 60 4 25 cycles
Sequencing reaction products  ethanol precipitation Big Dye
terminator 25 template suppression reagent resuspend
95 2 denature sequencing . Sequencing
ABI prism 310 genetic analyzer Collection, Analysis, SeqEd

software

3- 2. Salmonella live mutant

1)
Table C
Luria Bertani(LB) , phage
green indicator plate, 40% glucose, 2.5% alizarin yellow zz, 2% aniline
blue
ampicillin(50 / ), kanamycin(50 / ), tetracycline(20 / )
MudJ(km,
lacZ)
Table C. Salmonella strains used in this experiment
STRAIN SOURCE RELEVANT GENOTYPE
JF2938 UK1 rpos:: MudJ
SF464 SF1 pPNK 972 transposase(A pr)
JF2933 UK1 rpos clone(Apr)
JF2690 UK1 rpos:: AP
S. typhimurium CHICKEN virulent
S. enteritidis CHICKEN virulent
Sal. gallinarum CHICKEN virulent
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2) S. typhimurium S. enteritidis mutant

) Phage
Phage P22  H5(P22 Phage)
phage S. typhimurium S. enteritidis LB seed culture
50 LB 5 P22 phage 5 16
chloroform 500 vortex 20- 30 2500rpm
30 centrifuge screw cap tube
chloroform 200 vortex 24 . H5

) Phage titer test

phage infection

S. typhimurium  S. enteritidis LB
1/100  dilution ODapn=0.1 0.75% soft
agar 151 LB plate
phage 10-1 10-6 plate
flock
)
P22 HT 105/1-int Holly  Foster
Aliabadi homologous  site
recombination . Phage titer test S. typhimurium S.
enteritidis  infection JF2938  JF2690
culture P22 phage JF2938 JF2690 phage
S. typhimurium S. enteritidis 100 JF2938 JF2690
phage 100 LB plate cross
JF 2938 rpoS gene mutation site P22
package S. typhimurium S. enteritides Cross
kanamycin
green indicator plate H5 test
nonlysogen HZ02 test non bubbler ,
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P22 phage package
wild type back cross
) H5 test
plate (Salmonella typhimuriumx JF2938Q,
Salmonella enteritidis x JF2690)  non- lysogen

green indicater plate(40% glucose, 2.5% allizalin yellowZZ, 2%

anilline blue) H5 phage plate streak
tooth pick one colony streak
infection non- lysogen

) Bubble test

non- lysogen colony plate  restreak
colony 30%H202 plate dropping
non- bubbler colony  screening rpoS gene  knock- out

) ATR(acid tolerance response)test
rpoS gene  knock- out
auxotropic colony
50E salt solution(MgSO47H2), Citric acid, KZ2HPO4 NaH(NH4PO4

4H20)+40% glucose SG broth screening
colony 96 well culture SG broth  HCI pH3.0
broth 96 well replica tool 96 well
pH3.0 well . replica tool
plate over night culture knock- out colony

2) S. gallinarum mutant
S. gallinarum Salmonella infection P22
phage infection Tnl0 transposase
homologous recombination
) transposase
LT 2/pNK972 transposase  QIAGEN midi prep
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) S. gallinarum transfomation

SOB culture 1/100 OD3=0.29
ice 2 chilled 4aC, 6,000rpm 10
0.1IM MgClI2 25 resuspend 5
0.1M CaCl2 125 resuspend ice 20 . 5
1 0.1M CaCl2 resuspend cell 100
trasposase 41aC  water bath 90 heat shock

transformation

) rpoS clone

Homologous recombination gene bank sequence
primer 5 end EcoRI Hindlll restriction site PCR
pBR322 vector drug maker ampicillin
tetracycline maker

) Electroporation

transformation LB (Ap,tet) culture 100

LB 1/100 37¢C OoD@X’0.7 4aC, 5,500 xg

15 pellet

cold distilled water  resuspend

500 cold distilled water , 10%
glycerol-water 2 , 200 20%
glycerol- water 60 cell transposase 3 1.35Vv

4 electroporation

) rpoS null mutation screening plasmid curing

colony  velvet plate replication
bubbler test ATR test rpoS null
mutation colony transposase plasmid
chemical agent plasmid curing

) plasmid curing
rpoS null mutation colony LB cell 103
104 LB acridine orange(1 / )
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ovre night culture turbidity tube

105 107 plate colony
tooth pick ampicillin plate colony
screening
3) (virulence test)

) mouse

Salmonella enteritidis
(inoculumn)

wild type S. enteritidis S. enteritidis mutants colony LB broth

37 16 . 1x 101cells/
S. enteritidis ICR
mouse(5 . male) 24 8 3 (A,B,C) A, B
S. enteritidis wild type mutant 200
C LB broth 200
24 ,

Salmonella typhimurium
(inoculumn)

wild type S. typhimurium S. typhimurium mutant colony LB broth

37 16 . 1x 101Cells/
S. typhimurium BALB/c
mouse(5 . male) 24 8 3 (AB,C) A, B
S. typhimurium wild type mutant 200
C LB broth 200
24 ,
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Salmonella mutant

mice , homogenizer 3
PBS , 2 PBS S. typhimurium, S. enteritidis
wild type LB plate , mutant  kanamycin LB plate
150 colony mutant
HZ02 test
) Chicken
(inoculumn)
wild type S. gallinarum mutant colony LB broth
37C 16 . 1x 10&ells/
S. gallinarum chicken(5
) 24 8 3 (ABC ) A B
wild type S. gallinarum S. gallinarum mutants 500
(1x 10&ells/ ) C LB broth 500
21 ,

) Salmonella mutant

4 SPF 30 A (20 ) B (10 ) A
S. typhimurium mutant 500 (1x 10&ells/ )
2 2 (booster) 2 5 (
7)) A B wild type S. typhimurium
500 (1x 10&ells/ ) S. typhimurium
2 2 ,4 7

microagglutination test
geometric mean score
Salmonella

Salmonella
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1)
S. enteritidis, S. typhimurium, S. pullorum, S. gallinarum
Outer membrane protein(OMP) detergent Sarkosyl B
- octyl- glucoside solubilizing molecular weight profile
. Tryptic soy broth 37
stationary phase cell  harvest cell  disrupture

pellet non- ionic

detergent Sarkosyl(2%) in 10mM HEPES B - octyl- glucoside(1%) in

10mM HEPES resuspending pellet  10mM
Tris- Cl(pH7.2) resuspending dialysis . Outer membrane
protein(OM P) SDS- PAGE
sample , mercaptoethanol
2)
2
pQE9 vector S. typhimurium agfB S. gallinarum agfA,

B cloning colony expression . ampicillin LB
broth clone cell OD 05 0.6 IPTG final
concentration 1mM 4 induction . Induction
harvest sample buffer SDS-PAGE ,
harvest cell lysis buffer(8M urea ) over night lysis whole
cell lysate, whole cell lysate supernatant, precipitate

SDS- PAGE . Expressed protein  talon metal affinity resin

binding denaturing condition purification

large scale . Lysised cell talon metal affinity resin
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binding elution buffer 10 gently mixing

sampling
SDS-PAGE . 2 S. pullorum agfA, agfB
S. enteritidis agfA  pGEX-2T vector GST fusion protein cloning
cell  expression . ampicillin 2x YTA broth cloning
cell oban 0.6 08 IPTG 0.3 mM
induction . sampling expression
SDS- PAGE
3) .
2 Maltose Binding Protein(MBP) fused protein
cloned cell expression . )
tryptone 10g, NaCl 5g, yeast extract 5g, glucose 2g , ampicillin
. Over night culture - flask 2% inoculation
37 oban 05 06 IPTG 0.3mM
32 induction
Expressed S. gallinarum agfA purification amylose
resin . Harvested cell column buffer  resuspending
sonicator cell  disrupture centrifugation
amylose resin resuspending
binding . Binding column
buffer amylose resin  resuspending washing elution
SDS- PAGE
4) cloning
2

S. entiritidis agfA subunit gene pMAL-CR1

cloning MBP- AgfA fused protein . agfA cloning S.
entiritidis chromosomal DNA  template agfA subunit DNA
PCR . Primer 5-GCGGAATTCATG
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AAACTTTTAAAAGTGG-3 5'-CGCGT CGACATACTGGTTAGCCGTG
GC- 3 . PCR 94 5 min, 53 1 min, 72 1 min 1 cycle,
94 1 min, 53 1 min, 72 1 min 30 cycle, 94 1 min, 53 1 min, 7
2 1min 1 cycle . agfA DNA 2% agarose gel size
DNA EcoR Sal V ector
pMAL-CR1 EcoR Sal 16 ligation
Ligation mixture E. coli DHb5a transfomation transformant
plasmid DNA EcoR Sal digest agfA DNA
cloning . agfA cloning transformant
MBP- AgfA fused protein . Transformant  ampicillin
LB media Oob 05 1 mM IPTG
5 harvest SDS-PAGE MBP-AgfA subunit
. MBP- AgfA fused protein agfA subunit
harvested cell  sonication lysis . Cell extract
amylose resin 4 2 hr MBP- AgfA fused protein
amylose resin  binding amylose resin  buffer 3 washing
MBP- AgfA fused protein . amylose resin  factor a
4 16 hrs AgfA MBP
SDS- PAGE AgfA

5)
S. enteritidis 4 cloning

, S. gallinarum, S. pullorum 2 cloning cell

Ampicillin LB clone cell ODGD 0.5
(30 ) IPTG 1mM 4 induction . Cell
harvest (6,000rpm, 10min, 4 ) column buffer(20mM Tris-Cl pH 7.4,
200mM NaCl, 1mM EDTA)  suspension final concentration 1mM
PM SF , sonication . 12,000rpm 30 (4 )

crude cell extract , amylose resin
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binding 4 , 3 ) Column buffer 3 4 resin washing
elution buffer(10mM maltose, 20mM Tris-Cl pH 7.4, 200mM NaCl, 1mM
EDTA) elution SDS- PAGE
Eluted S. gallinarum MBP-fusion AgfA protein eluted S. pullorum
MBP- fusion AgfA protein MBP FPLC Gel
permeation chromatography lon exchange chromatography
gel permeation chromatography Sephacryl S-200HR
, column V(=4343 , Height=60 , diameter=1.6 , column
volume  120.637 , Eluted S. gallinarum MBP-fusion AgfA protein
OoDZ=3.0 eluted S. pullorum MBP-fusion AgfA protein
obDAx=2.7 , 1 loading . peak
SDS- PAGE . Mono Q column lon
exchange chromatography . Column voume =0.982 , buffer A
10mM Tris-Cl pH 8.0 , buffer B IM Nacl in 10mM
Tris-Cl pH 8.0 buffer B oM M
eluted S. gallinarum MBP-fusion AgfA protein ODZA=1.02
, 2 loading . peak SDS- PAGE

6)
Expressed cell sonication crude cell extract amylose
resin  binding (4 ,3 ) Column buffer 3 4 resin washing
elution buffer(10mM maltose, 20mM Tris-Cl pH 7.4, 200mM NacCl,
ImM EDTA) elution SDS- PAGE
S. enteritidis MBP-fusion AgfA protein

purity 2 antibody
1 OoDZA>=3.0 eluted S. enteritidis MBP-fusion AgfA protein
800 PBS , incomplete adjuvant 2
injection , 3 OD2Z)>=0.607 eluted S. enteritidis
MBP-fusion AgfA protein 15 PBS incomplete
adjuvant 1 booster injection , 4 2nd injection
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.(ODZB¥0.78, 1.6 ) 5 serum

4 antibody
SDS- PAGE protein Semi- Dry transfer units(Pharmacia
Biotech. Co.) PV DF(polyvinylidene difluoride, Bio-Rad Co.) membrane
transfer . transfer  blocking buffer(5% skim milk, 0.25M
Tris-Cl, pH 8.0) blocking 1 antibody  1:1000
O/N shaking .(Room Temperature) Washing solution(20mM

Tris-Hcl pH 7.5, 500mM NaCl, 0.05% tween- 20) 15 3 washing
biotinylated anti-rabbit 1gG made in goat, secondary antibody
1:1000 25 binding . 10 3 washing
ABsolution(Avidin and biotinylated horseradish peroxidase, Vector
Co)) 45 10 3 washing . DAB(diamino-
benzidine, Vector Co.) solution
60kDa band antibody

7) :
3 S. typhimurium  mutant OMP
wild type S. typhimurium
. LB (wild type)
(mutant, LB kanamycin ) O/N culture ,
inoculation stationary phase harvest . PBS  harvest
cell 2 washing PBS suspension final
concentration 1mM PM SF , sonication
(6,000rpm, 20min, 4 ) debris , Supernatant
.(30,000rpm, 1hr, 4 ) pellet  10mM
HEPES in 2% Sarkosyl  suspension , 4 OIN inverting
(30,000rpm, 1hr, 4 ) gelly pellet  10mM
Tris-Cl(pH 7.2) 1 suspension . OMP
SDS- PAGE
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8)

S. typhimurium  mutant  wild type
7 (OMP)
SDS- PAGE ,
wild type SDS-PAGE
mutant mutant  SDS-
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1)

15

201

(11.6%),

(17.9%)

1,116

81
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)
(38.6%)

207

paratyphoid

. Table 1-1

82  (39.6%)

131



T able 1- 1. Salmonella

Salmonella (%)
3 426 72(16.9) 48(11.0)
4 271 40(14.8) 24( 8.9)
8 419 89(21.0) 59(14.1)
15 1,116 201(17.9) 131(11.6)
1 129 50(38.3) 54(41.0)
1 78 32(41.0) 27(34.6)
2 207 82(39.6) 81(38.6)




serotyping
(Table 1-2), S. typhimurium
(14.2%-19.5%) S. pullorum, S. gallinarum, S. typhimurium S.

enteritidis 212 61 (28.8%)
283 126 (44.5%)
T able 1- 2. serotyping
(%) (%)
S. pullorum 11( 5.2) 12 (4.2)
S. gallinarum 24(11.4) 26(14.2)
S. typhimurium 41(19.5) 40(14.2)
S. enteritidis 17( 8.1) 17( 6.0)
Other Salmonella serovars 58(27.6) 62(22.0)
151(71.2) 157(55.5)
non- Salmonella 61(28.8) 126(44.3)
212(100) 283(100)
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2) sandwich ELISA

BALB/c SP2/0 mouse myeloma
hybridoma 1 S. pullorum 16 ,
S. gallinarum 12 , S. typhimurium 14 S. enteritidis 7
, S. pullorum 3 clones, S. gallinarum 2 clones, S.
typhimurium 2 clones S. enteritidis 1 clones (T able
1- 3). Hybridoma MADb isotypes 1gGa, 1gG3, 1gG2a
lgG2b , 2 8 , ELISA 8 32
, AGP (Table 1- 3). ELISA

MAb Table 1-4.

homologous antigen heterologous Salmonella
E. coli , Streptococcus
spp. MAD
MADb SP-17, SG-6, ST-9 SE- 14 clones tryptose soy
broth homologous antigen Sandwich ELISA

(Table 1-5), MAb SP-17, SG-6 ST-9 1025CFU/0.1
SE-14 103%CFU/0.1
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T able 1- 3. Monoclonal antibody

Type of Homologous antigens
) Clones Isotypes
Bacteria IFA AGP ELISA
SP-4 lgG1 (4) (0) (16)
S. pullorum SP- 16 IgG1l (4 (2) (32
SP-17 1gG3 (8) (4) (16)
SG-6 1gG2b (2) (0) (8)
S. gallinarum
SG- 14 IgG1 (4) (2) (32)
ST-1 1gG2b (8) (0) (16)
S. typhimurium

ST-9 lgG2a (4) (0) (16)
S. enteritidis SE- 14 IgG1 (2) (0) (16)

() : reactive titers of culture fluids

Table 1- 4. Monoclonal antibody

Reactivities of MAb by ELISA

Antigens tested
SP-4 SP-16 SP-17 SG-6 SG14 ST-1 ST-9 SE-14

S. pullorum (32) (16) (64) = (4) *+ (2)
S. gallinarum (2 +(2) (32 (69 * (2)

S. typhimurium + (4) (64) (32

S. enteritidis + (2 + (2 (32)
E. coli(3) + (4) + (4)

Streptococcus spp(2)

Salmonella isolates(5)* +(8) +(4)

* Salmonella B, D group
( ): Titers of ELISA for culture fluids

- 49 -



Table 1-5. Sandwich ELISA

Salmonella

Cell conc. of
Sal(cfu/0.1ml)

ELISA value* against homologous antigens

SP- 17 SG-6 ST-9 SE-14
1085 1.332 1121 1.627 1.109
1075 1.119 1.012 1.118 1.010
1065 0.801 0.799 0.706 0.698
1055 0.698 0.591 0.495 0.193
1045 0.187 0.284 0.191 0.099
1035 0.078 0.083 0.087 0.069
1025 0.057 0.066 0.059 0.060
1015 0.045 0.063 0.050 0.058
101 0.036 0.045 0.042 0.049
Negative controls 0.034 0.046 0.035 0.051

*OD at 490nm

Underlines = cut- off by mean of negative +
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3) PCR

Salmonella DNA  Sfl primers Sefl primers

sefA PCR

pullorum, S. gallinarum

DNA

E. coli Streptococcus spp
Sal enteritidis DNA

100tg, 10tg

100pg
SEF18, SEF17 SEF 14)

subunit sefA

enteritidis, S. pullorum S.

, Fig. 1-1
S. enteritidis

, S. typhimurium

Fig. 1-3

S.

488bp  513bp

Salmonella spp

. Sf1 primers

1 , 100ng, 10ng, 1ng, 100pg, 10pg,

Fig. 1-2

.4
SEF 14 thin fimbirae

gallinarum
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1pg,

fimbrial type(SEF 21,

strucrural fimbrin

D1 group

S.



488bp-

Lane 1 : 1kb DNAS|adder g, irtl'dli : S
pullorum, Lane 4 : S. gallinarum, Lane 5 : S. typhumurium, Lane 6 :
E. coli, Lane 7 : Streptococcus spp

1 23 456 78 9 10 11 12 13

513bp-

Fig. 1-2. A D[IIEEECE paitieriglor se 1AlglenclibPCRE orliDNA at various

co
Lane 1 : 1kb DNA ladder marker, Lane 2 : 10 , Lane 3 : 1 ng,
Lane 4 : 100ng, Lane 5 : 10ng, Lane 6 :1ng, Lane 7 : 100pg, Lane 8 :
10pg, Lane 9 : 1pg, Lane 10 : 100tg, Lane 11 : 10tg, Lane 12 : 1tg
Lane 13 : 1kb DNA ladder marker
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Sf | primer Salmonella serogroup D1  Sal. enteritidis, Sal.
pullorum, Sal. gallinarum PCR ,
513bp DNA fragments (Fig. 1-3).

Sal. enteritidis 33 , Sal. pullorum 22 , Sal. gallinarum 45

PCR , Sal. enteritidis 33 31 , Sal. pullorum 22
19 , Sal. gallinarum 45 42 513bp DNA band
(Fig. 1-4). Sal. enteritidis, Sal. pullorum, Sal. gallinarum Sal.
typhimurium
PCR , Sal. enteritidis, Sal. pullorum, Sal.
gallinarum 513bp DNA

, Sal. typhimurium
Salmonellosis 174
PCR , 36 513bp DNA
(Fig. 1-5) sefA 36
, Sal. enteritidis

19 , Sal. pullorum 3 , Sal. gallinarum 11 Salmonella spp 3
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513bp-

Fig. 1-3. Amplification pattern of Salmonella spp. by PCR using Sf |
primer for sefA gene. Lane 1. E. coli, Lane 2: Sal.
typhimurium, Lane 3. Sal. enteritidis, Lane M: 1Kb DNA

marker, Lane 4: Sal. pullorum, Lane 5: Sal. gallinarum, Lane 6:
Streptococcus spp.

123 45 M 6 7 8 9 10M 11 12 13 14 15

513bp-

Fig. 1-4. Amplification pattern of sefA gene for the field isolates of
Salmonella D1 serogroup. Lane M: 1Kb DNA marker, Arrows
indicate the DNA fragments of 513bp, Lane 1-5: Sal. enteritidis

isolates, Lane 6-10: Sal. gallinarum isolates, Lane 11-12: Sal.
pullorum isolates.
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- 513bp

Fig. 1-5. Amplification pattern of Salmonella from artificially and naturally

contaminated chicken by PCR using Sf | primer for sefA gene.

A) Specimens of artificially contaminated chicken. Lane M: 1Kb DNA

B)

marker, Arrows indicate the DNA fragments of 513bp, Lane 1-2: Sal.
enteritidis, Lane 3-4: Sal. gallinarum, Lane 5-6: Sal. pullorum, Lane 7:

Sal. typhimurium.
Specimens of naturally contaminated chicken. Lane M: 1Kb DNA
marker, Arrows indicate the DNA fragments of 513bp, Lane 1-7:

Salmonella spp.
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4) Cleavage Patterns of PCR products

PCR products sefA gene Sal. enteritidis,
Sal. pullorum, Sal. gallinarum Sal. typhi BamH|
156bp 357bp H aelll 173bp 340bp

, Bsu36l, Clal, EcoRI, Hindlll, Ncol, Notl, Sall, Smal, Xbal X hol
sefA gene

(Fig. 1-6).

- B6 -



I 5

Fig. 1- 6. Cleavage pattern of the PCR products amplified with Sf | primer

digested with various restriction endonucleases.

A) Lane M: 1Kb DNA marker, Lane 2: Sal. enteritidis/BamH]I, Lane 3: Sal.
gallinarum/ BamHI, Lane 4: Sal. pullorum/BamHI, Lane 4: Sal.
enteritidis/Haelll, Lane 5: Sal. gallinarum/Haelll, Lane 6: Sal.
pullorum/H aelll.

B) sefA gene of Sal. enteritidis. Lane M: 1Kb DNA marker, Lane 1: Clal,
Lane 2: EcoRIl, Lane 3: Hindlll, Lane 4: Notl, Lane 5: Sall, Lane 6:
Smal.

C) sefA gene of Sal. enteritidis. Lane M: 1Kb DNA marker, Lane 1:
Bsu36l, Lane 2: Ncol, Lane 3: Xbal, Lane 4: Xhol.
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5) sefA gene

Sfl primer primer PCR selA gene EcoRI
E coRl pGEX- 2T vector (
plasmid pGEX-S14 ), DH5a competent cell transformation
LB agar ,
LB broth miniprep plasmid DNA EcoRl
1.5% agarose gel , EcoRI 0.5kb
insert DNA  4.9kb  vector DNA (Fig.1- 7). Insert DNA
plasmid  Xhol linear DNA Centri- spin
column(T akara) DNA template

Fig. 1- 7. Cleavage patterns of pGEX- S14 digested with EcoRI.
Lane 1-3 : pGEX-S14/EcoRl, Lane M : 1kb DNA ladder marker.
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6) sefA

Sal. enteritidis, Sal. gallinarum Sal. pullorum
Dye terminator cycle sequencing sefA gene ATG codon
TAA termination codon 498 ,
100% (Fig. 1- 8),
Sal. enteritidis  Sal. gallinarum 99.6% , Sal. enteritidis  Sal.
pullorum 99.8% Sal. gallinarum Sal. pullorum 99.8%
homology (Table 1-6). Salmonella serogroup D

Salmonella spp .,

89  326bp

7) SefA protein
sefA SefA protein
Fig. 1-9 165
, SefA protein

Sal. enteritidis Sal. gallinarum 98.8% , Sal. enteritidis Sal.

pullorum  99.4% Sal. gallinarum  Sal. pullorum  99.4%
(Table 1-6). Salmonella serogroup D
Salmonella spp ., 30 109
Sal. enteritidis valine isoleucine , Sal. gallinarum
glutamic acid threonine , Sal. pullorum glutamic acid
isoleucine
SefA protein 1 N- asparagine- linked glycosylation site
, 1 cysteine
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S.e. 1 atgcgtaaat cagcatctgc agtagcagtt cttgctttaa ttgcatgtgg cagtgcccac 60
Sg9. ——— e e e
Sp.  —— e e
Sl e e
SOl e e
S.p-

S.e. 61 gcagctggcet ttgttggtaa caaagcagtg gttcaggcag cggttactat tgcagctcagl20

S9. ———— e e e
Sp.  —— e e
Sl e e
Sgi - ————— e
Spi —————_————— e

S.e. 121 aatacaacat cagccaactg gagtcaggat cctggcttta cagggcctge tgttgetgetl80
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*

S.e. 301 ggacagcctg ttttecgtgg gegtattcag ggagccaata ttaatgacca agcaaatact360

S.g-
S.p-
S.e.
S.g-
S.p-

S.e.
S.g-
S.p-
S.e.
S.g-
S.p-

S.e.
S.g-
S.p-
S.e.
S.9-
S.p-

S.e.
S.g-
S.p-
S.e.
S.9-
S.p-

Fig. 1-8. Comparison of the sequence of the sefA genes of the standard

strains of Sal. enteritidis(S.e.)), Sal. gallinarum(S.g.), Sal.
pullorum(S.p.), and the isolates of Sal. enteritidis(S.e.i), Sal.
gallinarum(S.g.i) and Sal. pullorum(S.p.i). The two positions at
which a base changes occurs, 89 and 326bp, are marked by an
asterisk(*).
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wmnnnnn
T 2D32D

1 MRKSA QAVAV/ I Al 1A CCRAH AACKN/ (GNKAV/ \INAA\/ TIAAN NTTQA 45

mmn

46 NWSNN PEETR PAVAA GOK\G TI SIT ATEPH NQUST AGKGA QUSGEGR 90

*

91 VAT\P R\UNEN CAPVE RCERIN CANIN DAANT GIDGL ARQWRY/ AGRNF 135

_T-

136 TINVUD UTTER KS<TI P AGTET ATEVV/ NOVON 165

Fig. 1-9. A comparison of the deduced amino acid sequences of the SEF14

protein of the standard strains of Sal. enteritidis(S.e), Sal.
gallinarum(S.g.), Sal. pullorum(S.p.), and the isolates of Sal.
enteritidis(S.e.i), Sal. gallinarum(S.g.i) and Sal. pullorum(S.p.i). A
dash indicates an identical residue. The deduced N-glycosylation
sites were underlined. The two positions at which a base changes
occurs, 89 and 326bp, are marked by an asterisk(*).

Table 1- 6. Summary of the homology nucleotide and amino acid sequences

among isolates of Salmonella spp.

sefA gene S.e.i/S.g.i S.e.i/S.p.i S.p.i/S.g.i
Nucleotide sequence 496/ 498 497/ 498 497/498
homology (%) 99.6 99.8 99.8
Amino acid sequence 163/165 164/165 164/165
homology (%) 98.8 99.4 994

S.ei Sal. enteritidis isolate, S.g.i : Sal. gallinarum isolate, S.p.i : Sal.

pullorum isolate
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8) Dot blot hybridization

SelA probe Dot blot hybridization Salmonella serogroup D1
DNA PCR DNA
(Fig.1- 10). Salmonella serogroup D1 Salmonella typhimurium, E. coil,

Streptococcus spp Staphylococcus spp

>

m O O

Fig. 1-10. Dot-blot hybridization demonstrating the specificity for Salmonella
serogroup D1 of the sefA probe.
A) S. enteritidis, B) S. gallinarum, C) S. pullorum, D) 1-3: S. typhimurium,
4- 6. Other Salmonella spp, E) 1-2: E. coli, 3-4: Streptococcus spp, 5-6:
Stephylococcus spp. A-C) 1: standard strain, 2- 6. isolated strains
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9) RIDEA
OMP agiA 0.5, 10 20 |/ petri dish
Sal. enteritidis
RIDEA (Table 1-7). OMP  agiA 05 /
5.8mm 58 63 ,10 / 84 9.8mm 79 83 2.0
84 99mm 9.3 938 2.0
OMP 10 /
Table 1- 7. Effects of Antigen Concentration on RIDEA
OMP ( /ml) agfA( /ml)
Sera No. of
sera 0.5 10 20 0.5 10 20
Positive*

Rabbit 5.7%* 9.8 11.8 6.3 8.3 9.8
Chickens 5.8 84 10.3 5.8 7.9 9.3
Negativet

Rabbit <40 <40 <40 <40 <40 <40
Chickens <40 <40 4.6 <40 <40 <40

*The sera prepared by immunization of Sal. enteritidis.

** The values represent diameter(mm) of RIDEA.
+ The normal healthy rabbits and one day- old chickens.
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10) RIDEA-agfA or -OMP and ELISA-agfA or -OMP

agfA OMP RIDEA  ELISA Salmonella
spp E. coli (Table
1-8), RIDEA-agfA RIDEA-OMP  Salmonella spp

(>7.8mm) , E. coli
RIDEA - agfA (<4.0mm) ,
RIDEA- OMP (4.8- 8.8mm) (Fig. 1-11).
ELISA ELISA- agfA ELISA-OMP  Salmonella
spp (OD>0.38) ,
E. coli ELISA- agfA
(OD<15) , ELISA-OMP (OD cut off: 0.15 in rabbit

sera; 0.17 in chickensera)
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Table 1-8. Sensitivity and specificity of RIDEA-agfA/-OMP and
ELISA-agfA/-OMP

No. of
Sera RIDEA- agfA |RIDEA- OMP|ELISA-OMP | ELISA- agiA
sera
Rabbit
_ _ 2 9.8-11.7* 9.7-12.7 0.75- 0.83 0.66- 0.86
Sal. typhimurium

L 2 8.1-94 85-11.4 0.65- 1.18 0.54- 0.97

Sal. enteritidis
2 7.8-9.6 8.8-11.6 0.55- 0.90 0.38- 0.88

Sal. pullorum
_ 1 <4.0 6.5- 8.8 0.41- 0.57 0.13-0.17

E. coli(0:111)
_ 1 <4.0-4.8 48-7.4 0.14- 0.25 0.13-0.16

E. coli(0:157)
_ 3 <4.0 <4.0-5.0 0.09- 0.33 0.08- 0.12

Negative sera

Chicken
_ _ 2 8.6-9.8 7.6-12.8 0.53- 0.98 0.69- 0.78
Sal. typhimurium

. 2 8.1-10.7 8.1-10.7 0.49- 0.84 0.54- 0.87

Sal. enteritidis
2 8.9-9.7 8.9-9.7 0.60- 0.91 0.44- 0.59

Sal. pullorum
_ 1 <4.0-45 6.5- 8.5 0.24- 0.37 0.12-0.20

E. coli(0:111)
_ 1 <4.0 5.8-8.0 0.14- 0.25 0.13-0.15

E. coli(0:157)
_ 3 <4.0 <4.0-4.8 0.12-0.24 0.09- 0.13

Negative sera

* The values represent the range of diameter(mm) in RIDEA. Each
samples were tested by triplicate.
The data in ELISA represent the range of OD values at 490 . P/N
cut- off points = 4 x sd of the mean of negative sera : 0.15 in rabbit sera
and 0.17 in chicken sera
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Fig 1-11. Various patterns of RIDEA showing the negative(<4mm),

intermediate(4.0 5.0mm) and positive(>5.0mm) reaction.
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11) RIDEA-agfA/ -OMP and ELISA-agfA

Sal. pullorum- gallinarum whole blood plate agglutination test
142 22.9% 3 (A, B, C)
0.8 1.15% 2 (D, E)

RIDEA-agfA, RIDEA-OMP ELISA- agfA

(Tablel- 9). A, B, C RIDEA- agfA, RIDEA-OMP
ELISA-agfA  24.8%, 364%  21.5% , D, E
13.8%, 29.4% 17.6% RIDEA- agfA
ELISA- agfA RIDEA- OMP
RIDEA- OMP
RIDEA- agfA
RIDEA- agfA
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Table 1-9. Field application of

the RIDEA- agfA

ELISA-agfA and RIDEA- OMP

in

comparison with

Poultry
RIDEA - agfA RIDEA- OMP ELISA - agfA
Farms
Heavily-
infected*
A 12/44(27.3) 16/44(36.4) 11/44(25.0)
B 6/32(18.8) 11/32(34.4) 5/32(15.6)
C 12/45(26.7) 17/45(37.8) 10/45(22.2)
Subtotal 30/121(24.8) 44/121(36.4) 26/121(21.5)
Lower-
infected**
D 4/27(14.8) 8/27(29.6) 4/27(14.8)
E 3/24(12.5) 7/24(29.2) 5/24(20.8)
Subtotal 7/51(13.8) 15/51(29.4) 9/51(17.6)
T otal 37/172(21.5) 59/172(34.3) 35/172(20.3)
Positive rate by whole blood plate agglutination test for Sal.

pullorum- gallinarum

* 142 22.9%

** 08 1.15%
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subunit protein

1)

S. enteritidis, S. typhimurium, S. pullorum, S. gallinarum

CTAB solution chromosomal DNA
chromosomal DNA  template PCR
AgfB  AgfA , purify

6%  Histidine tagging
pQE9(Qiagen) , GST (Glutathion S transferase) fusion protein
pGEX- 2T (Pharmacia), MBP (maltose binding protein) fusion protein

PMAL-cri(New England Biolab)

agfA agfB gene PCR ,
430bp 540bp band (Fig.2- 1).
insert  cloning
Sal. enteritidis

Fig.2- 2.
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M 1 2 3 45 6 7 8

540bp
430bp

Fig.2-1A. Amplified PCR products of agfB and agfA genes of
Salmonella spp. (lane M; 1kb marker, lane 1; Se agfA,
lane 2; Se agfB, lane 3; Sp agfA, lane 4; Sp agfB, lane 5;
Sg agfA, lane 6; Sg agfB, lane 7; St agfA, lane 8; St
agfB).

430bp

Fig.2- 1B. Amplified PCR products of new-agfA genes of Salmonella
spp. (lane M; 1kb marker, lane 1; Se new- agfA, lane 2; Sp
new- agfA, lane 3; Sg new-agfA, lane 4; St new-agfA).
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Fig.2-2A. The cleavage patterns of cloned plasmid pQE9/eA and
pQE9eB (lane M; 1kb marker, lane 1; eA BamHIl and
Pstl: 3440 & 456bp, lane 2; eA Scal: 1974, 921 & 84%bp,
lane 3; eB BamHI and Pstl: 3440 & 432bp, lane 4; eB
Accl: 2479 & 1377bp, lane 5; eB Ndel: 1245 & 2611bp).

Fig.2- 2B. The cleavage patterns of cloned plasmid pGEX-2T/eA and
pGEX-2T/eB (lane M; 1kb marker, lane 1; eA BamHI and
EcoRIl: 4948 & 455bp, lane 2; eA Scal: 4117, 917 & 364bp,
lane 3; eB BamHI and Pstl: 4948 & 432bp, lane 4; eB Ndel
and EcoRV: 3188 & 2186bp).

- 72 -



Fig.2- 2C. The cleavage patterns of cloned plasmid pMAL- cri/eA and
pMAL-cri/eB (lane M; 1kb marker, lane 1; eA BamHI and
Pstl: 6133 & 455bp, lane 2; eA Scal: 5373 & 1193bp,, lane
3; eA Dral: 4506, 1349 & 692bp, lane 4; eB BamHI and
Pstl: 6133 & 431lbp, lane 5; eB Ndel: 3965 & 2577bp, lane
6; eB Accl: 3730 & 2811bp).

Fig.2- 2D. The cleavage patterns of cloned plasmid pMAL- cri/eAN and
PMAL-cri/eBN by restriction enzyme (lane M; 1lkb marker,
lane 1; eAN BamHI| and Pstl: 6133 & 396bp, lane 2; eAN
Scal: 5313 & 1193bp, lane 3; eAN Narl: 4722 & 1785bp).
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2)
pQE9 plasmid  pQE sequencing primer; Type [/  primer
5-CGGATAACAATTTCACACAG- 3, Reverse Sequencing primer 5-GTT

CTGAGGTCATTACTGG-3 forward reverse sequencing

. agfA sequence Sal. enteritidis, Sal. pullorum, Sal.
gallinarum Sal. enteritidis original sequence , Sal.
typhimurium Sal. typhimurium original sequence
(Fig.2- 3A). , agfA 6 15 sequence A -G

primer  sequence , Sal. typhimurium

5 sequence original primer Sal.

enteritidis  sequence . agfB sequence

Sal. enteritidis original sequence

(Fig.2- 3B). Sal. typhimurium  csgB gene  sequence
Sal. enteritidis agfB  gene sequence , Sal.
typhimurium  agfB gene band csgB gene PCR
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SeA(Ora )
SeA(Rec.)
SpA(Rec.)

SoA(Rec.)

SeA(Ora )
SeA(Rec.)
SpA(Rec.)

SoA(Rec.)

SeA(Ora )
SeA(Rec.)
SnA(Rec)

SoA(Rec.)

SeA(Ora )
SeA(Rec.)
SnA(Rec)

SoA(Rec.)

SeA(Ora.)
SeA(Rec.)
SnA(Rec)

SoA(Rec.)

SeA(Ora.)
SeA(Rec.)
SnA(Rec)

SoA(Rec.)

SeA(Ora )
SeA(Rec.)
SpA(Rec.)

SoA(Rec.)

SeA(Ora )
SeA(Rec.)
SpA(Rec.)

SoA(Rec.)

StA(Ora )
StA(Rec.)

StA(Ora.)
StA(Rec.)

StA(Ora )
StA(Rec.)

StA(Ora.)
StA(Rec.)

StA(Ora )
StA(Rec.)

StA(Ora.)
StA(Rec.)

StA(Ora )
StA(Rec.)

StA(Ora.)
StA(Rec.)

* * * * * *

ATG AAA CTT TTA AAA GTG GCA GCA TTC GCA GCA ATC GTA GTT TCT GGC AGT GCT CTG GCT

_____ S S,
----- S S S
----- S S

GGC GTC GTT CCA CAA TGG GGC GGC GGC GGT AAT CAT AAC GGC GGC GGC AAT AGT TCC GGC

e o e e e e e e e e e e e e e e e

* * * * * *

CCG GAC TCA ACG TTG AGC ATT TAT CAG TAC GGT TCC GCT AAC GCT GCG CTT GCT CTG CAA

e e B

* * * * * *

AGC GAT GCC CGT AAA TCT GAA ACG ACC ATT ACC CAG AGC GGT TAT GGT AAC GGC GCC GAT

* * * * * *

GTA GGC CAG GGT GCG GAT AAT AGT ACT ATT GAA CTG ACT CAG AAT GGT TTC AGA AAT AAT

o o o
e T e e T e (e e e e T
R o S o Ay NS, S

* * * *

GCC ACC ATC GAC CAG TGG AAC GCT AAA AAC TCC GAT ATT ACT GTC GGC CAA TAC GGC GGT

S o S

Y o

* * * * * *

AAT AAC GCC GCG CTG GTT AAT CAG ACC GCA TCT GAT TCC AGC GTA ATG GTG CGT CAG GTT

* * *

GGT TTT GGC AAC AAC GCC ACG GCT AAC CAG TAT TAA

* * * * * *

ATG AAA CTT TTA AAA GTG GCA GCA TTC GCA GCA ATC GTA GTT TCT GGC AGT GCT CTG GCT

*
GGC GTC GTT CCA CAA TGG GGC GGC GGC GGT AAT CAT AAC GGC GGC GGC AAT AGT TCC GGC

* * * * * *

CCG GAT TCC ACG TTG AGC ATT TAT CAG TAC GGT TCC GCT AAC GCT GCG CTT GCT CTG CAA

* * * * * *

AGC GAT GCC CGT AAA TCT GAA ACG ACC ATT ACC CAG AGC GGT TAT GGT AAC GGC GCC GAT

* * * * * *

GTA GGC CAG GGT GCG GAT AAC AGT ACT ATT GAA CTG ACT CAG AAT GGT TTC AGA AAC AAT

* * * * * *

GCC ACC ATC GAC CAG TGG AAC GCT AAA AAC TCC GAT ATT ACT GTC GGC CAA TAC GGC GGT

e

* * * * * *

AAT AAC GCC GCG CTG GTT AAT CAG ACC GCA TCT GAT TCC AGC GTA ATG GTG CGT CAG GTT

* * *

GGT TTT GGC AAC AAC GCC ACG GCT AAC CAG TAT TAA
el M 1 |

Fig.2- 3A. Comparison of nucleotide sequences of agfA.
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SeB(Org.)
SeB(Rec.)
SpB(Rec.)
SeB(Rec.)
StB(Rec.)

SeB(0rg.)
SeB(Rec.)
SpB(Rec.)
SeB(Rec.)
StB(Rec.)

SeB(Org.)
SeB(Rec.)
SpB(Rec.)
SeB(Rec.)
StB(Rec.)

SeB(0rg.)
SeB(Rec.)
SpB(Rec.)
SoB(Rec.)
StB(Rec.)

SeB(Org.)
SeB(Rec.)
SpB(Rec.)
SoB(Rec.)
StB(Rec.)

SeB(Org.)
SeB(Rec.)
SpB(Rec.)
SeB(Rec.)
StB(Rec.)

SeB(0rg.)
SeB(Rec.)
SpB(Rec.)
SeB(Rec.)
StB(Rec.)

SeB(0rg.)
SeB(Rec.)
SpB(Rec.)
SeB(Rec.)
StB(Rec.)

* * * * * *

ATG TTG ACA ATA CTG GGT GCG CCT GGG ATT GCA ACC GCG ACA AAT TAT GAT CTG GCT CGT

* * * * * *

TCA GAA TAT AAT TTT GCG GTA AAT GAA TTA AGC AAG TCT TCA TTT AAT CAG GCG GCC ATT

B S S S S
B Y S S

* * * * * *

ATT GGT CAA GTC GGC ACG GAT AAT AGT GCC AGA GTA CGC CAG GAA GGA TCA AAA CTA TTG

* * * * * *

TCC GTT ATT TCA CAA GAA GGA GGA AAT AAT CGG GCG AAA GTC GAC CAG GCA GGG AAT TAT

S
N

* * * * * *

AAC TTT GCG TAT ATT GAG CAA ACG GGC AAT GCC AAC GAT GCC AGT ATA TCG CAA AGC GCT

* * * * * *

TAC GGT AAT AGT GCA GCT ATT ATC CAG AAA GGT TCT GGA AAT AAG GCC AAT ATT ACC CAG

e o e e (3 mmm e e e e ke
Sy o S S
e S S
e S S

* * * * * *

TAC GGT ACG CAG AAA ACA GCA GTT GTA GTG CAG AAA CAG TCG CAT ATG GCT ATT CGC GTC

*

ACC CAA CGC TAA

Fig.2- 3B. Comparison of nucleotide sequences of agfB
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3)

) pPQE9 cloning plasmid E.coli M15 host expression

Recombinant single colony 37 overnight culture
1% seeding , ImM IPTG 30 induction
protein SDS- PAGE  histidine antibody
Western blotting (Fig.2-4). Fig.2-4
pQE system protein 16kDa AgfB protein
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Fig.2- 4.

kba M 1 2 3 4 56 7 8 9
200

68
43

29

18

200

68
43

W —

29

18 o - - am ™

16kDa
14 <

SDS-PAGE(A) and Western blot(B) analysis of E.coli
M15 harboring plasmid pQE9 (lane M; broad range
molecular marker, lane 1; pQE9, lane 2; pQE/eA, lane 3;
pQE/eB, lane 4; pQE/pA, lane 5; pQE/pB, lane 6;
pQE/gA, lane 7; pQE/gB, lane 8; pQE/tA, lane 9;
pQE/tB). The arrow is expressed protein.
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) pGEX-2T  cloning plasmid E.coli JIM109 host expression

, IPTG 0.1ImM 30 induction
protein GST antibody Western blot
, AgfA AgfB protein (Fig.2-5).
pGEX- 2T protein AgfA
GST fusion form fusion size 42kDa  band
, control GST 26kDa 2 3kDa

band(  29kDa)

, sighal sequence 20
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A kba M 1 2 3 4 5

200
98
68

43

<« 42kDa

29
<+—26kDa

18

14

B 200
98
68

43
«_ 4 2 k D

i

18 —

14 | -

Fig.3-5. SDS-PAGE(A) and Western blot(B) analysis of E.coli
JM109 harboring plasmid pGEX-2T (lane M; broad
range molecular marker, lane 1; pGEX-2T, lane 2;
pGEX/eA, lane 3; pGEX/eB, lane 4; pGEX/pA, lane 5;
pGEX/pB). The arrow is the fusion protein.
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) PMAL-cri E. coli XL1-blue MRF host ,
IPTG 0.5mM ,

glucose . glucose E. coli chromosome
maltose MBP fusion
protein (Fig.2- 6).
. Control MBP size  42kDa , fusion
60kDa AgfA band . signal
sequence new- AgfA whole AgfA
band (Fig.2-7).
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kba M 1 2 3 4 56 7 8 9
200 S s

—
=
-

Fig.2- 6. SDS-PAGE analysis of E.coli XL1-blue MRF harboring plasmid
pMAL-cri (lane M; molecular marker, lane 1; pMAL-cri, lane 2;
pMAL/€eA, lane 3; pMAL/eB, lane 4; pMAL/pA, lane 5 pMAL/pB,
lane 6; pMAL/gA, lane 7; pMAL/gB, lane 8, pMAL/tA, lane 9;
pMAL/tB). The arrows are the fusion proteins.

kba M 1 2 3 4 5
200

98

68 |
< 60kDa

43

29

18

Fig.2-7. SDS-PAGE analysis of E.coli XL1-blue MRF harboring plasmid
pMAL-cri (lane M; molecular marker, lane 1; pMAL-cri, lane 2;
pMAL/eAN, lane 3; pMAL/pAN, lane 4; pMAL/gAN, lane 5;
PMAL/tAN). The arrow is the fusion protein.
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4) subunit protein

MBP fused AgfA protein expression

amylose resin purification (Fig.2- 8).

kDa
200

M 1

68 | @

_ﬁ'

98 | .
W <+ 60kDa
Ed

43

29 |jm——

Fig.2- 8. SDS- PAGE analysis of purified MBP fusion protein with

Amylose resin (lane M; broad range molecular marker,
lane 1, MBP fused AgfA).
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5) ldentification of purified fimbriae

Purify  insoluble thin aggregative fimbriae  SDS- PAGE

Fig.2-9

kDa M 1

200 —_
98 |me——
68 -

43

29

18

14

Fig.2-9. SDS-PAGE analysis

-

of purified thin aggregative

fimbriae isolated from Salmonella typhimurium

(lane M; broad range mol

ecular marker, lane 1; St AgfA).
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6)

New Zealand white rabbit female BALB/c mouse, SPF

chicken AgfA antigen antibody
antibody Western Dblot
(Fig.2- 10). rabbit(A) mouse (B), chicken(C)
antibody

SPF chicken  ELISA antibody titration
antibody antibody dilution (1:200)
standardization (Fig.2- 11A), conjugate (1:1000)
standardization (Fig.2- 11B). , antigen (2.2 Jwell)

(Fig.2- 11C). Booster 2
serum sample 2 serum sample titer
, live S. typhimurium  challenge 2

serum sample

(Fig.2- 12).

antibody titer
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kDa

200

98

68

43

29

—

"F 60kDa

Fig.2- 10. Western blot analysis of purified MBP fused AgfA

protein  (A;

anti- rabbit
antibody, C; anti-chicken antibody,

B; anti- mouse

M; broad range

molecular marker, lane 1; MBP fused AgfA).
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Absorbance

or

—&— control
—2— S0ug'head
o0& v— 100ughead
ol )4
B oral
05
04
03
0.2 1
01 1
DD T T T T T
0 1150 11100 1200 14400 10800 11600

Antibody Dilution

Fig.2- 11A. Standardization of antibody dilution with the serum
samples from the chickens injected with the various
antigens and the control groups. (1.2 /well antigen
dilution, 1:1,000 conjugate dilution).
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08

o7

06

0.5

0.4

Absorbance

0.3
0.2
0.1

00 -

Fig.2- 11B.

—— ool
50ug'head
—v— 100ug/hésad
il
‘.__——-'::_—i“-'_':---__ T [ | —a— ol
- — ___h\___:'_:____ !
1 -_'::_:-'J."
\ __\-"‘“-\—\_._\_'.
-— T |
—_.+_\__\__ 1 —_-. .
; T e ———— —
1200 17800 11000 172000 14000

Conjugate Dilution

Standardization of conjugate dilution with the serum
samples from the chickens injected with the various
antigens and the control groups. (1.2 /well antigen
dilution, 1:200 serum dilution).



—8— control
—3— H0ug'head
0.6 | —y— 100ughead
—— mix
—&— oral
0.5 4
w
g pa
@
=
@
o 034
=y
0.2
014
0.0 - T T T
a 300 800 1200

Antigen concentration {ngiwell}

Fig.2- 11C. Standardization of antigen concentrations with the

serum samples from the chickens injected with the
various antigens and the control groups. (1:200
serum dilution, 1:1,000 conjugate dilution).
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Absorbance

0.7 7

—8— control
challenge —o— 50ugihead
0.8 4 ) ih —v— 100ugrhead
— ] —— mix
ik m— oral
0.5 1
r
0.4
03 i 1
0.2 4 =3
— AR L
014 B e LR
P i
Q.0 T T T T
0 4 £ a

Weeks post inoculation

Fig.2- 12. Comparison of ELISA results for the serum samples
from the chickens injected with various antigens and
the control groups. (1.2 /well antigen dilution, 1:200
serum dilution, 1:1,000 conjugate dilution). The wild
type S. typhimurium was challenged at the 7th week
post inoculation.
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3. 3 : (mutants)

( )
3- 1.
1) Chromosomal DNA PCR amplication.
4 Salmonella rpoS- gene Fig.3-1

Flanking sequence 1.7kb band agarose gel

.4 Salmonella rpoS gene 3

Fig.3-2 . Head 600bp band Middle
T ail 500bp band . rpoS
gene
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2003 ﬁh‘p e
1636bp —

Fig. 3-1. Agarose gel electrophoresis of rpoS-gene PCR products.

Lane M : DNA ladder, Lane 1,2,3 and 4 represent rpoS- gene of S.

typhimurium, S. enteritidis, Sal. gallinarum and S. pullorum,
respectively.

1 2 3 +

M H MTHM T HMT HM 1T M

Fig. 3-2. Agarose gel electrophoresis of the rpoS gene PCR products.
Lane M,1,2,3 and 4 represent DNA ladder, rpoS gene of S. enteritidis,
S. gallinarum, S. pullorum and S. typhimurium, respectively. ( H : head,
M : middle, T : tail )
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2) rpoS gene cloning

Overnight culture cell miniprep. plasmid DNA

insert DNA (Fig.3-3). 4
Salmonella rpoS gene 3 (HM,T) clone
Fig.3-4 . 3kb vector band Head  568bp
band, Midde 457bp  band, T ail 448bp band
insert DNA
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1 2 3 4 5 6 7 8 9101112 MI13 14 15 16

e
Yoo u Ve § weug

- e . b o R s

Fig. 3-3. Screening clones for the insert DNA(rpoS gene)
Lane M : DNA ladder, lanes 1 to 16 represent colonies 1 to 16,
respectively.

1 2 3 4
M HMTHMTHMT HM T M

Fig. 3-4. Agarose gel electrophoresis of clones of the insert
DNA(rpoS- gene)
Lane M,1,23 and 4 represent DNA ladder, rpoS- gene of S. enteritidis,
S.gallinarum, S. pullorum and S. typhimurium, respectively. ( H : head,

M : middle, T : tail )
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3) rpoS-gene

4 Salmonella rpoS gene size 1155bp
Genbank Salmonella typhi(accession
number- X81641) rpoS gene Fig.3-5
4 Salmonella 99.3% sequence
homology . sequence homology Table 3-1

Table 3-1. Homology of the nucleotide sequence between Salmonella

strains
8 enteritidis | 8 gallinarum | 8 pullorum S oyphimurium
S tvphi 99.5% 99.5 % 99.7% 99.5 %
8. enteritidis et 90 3% 99 3% 949 3%
| s gallinarum 99.3% ﬁ-f = 99.7% 99.3%
5. pullorum 99.3% 99.7% fﬂ 99.3%
S ophimurivm | 99.3% 99 3% 99 3% . ff"fﬁ
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S. typhi
S.e
S.g
S.p
S.t

S. typhi
S.e
S.g
S.p
S.t

S. typhi
S.e
S.g
S.p
S.t

S. typhi
S.e
S.g
S.p
S.t

S. typhi
S.e
S.g
S.p
S.t

S. typhi
S.e
S.g
S.p
S.t

S. typhi
S.e
S.g
S.p
S.t

ATGAGTCAGA ATACGCTGAA AGTTCATGAT TTAAATGAAG ACGCGGAATT TGATGAGAAC

A

al

GGAGTAGAGG CTTTTGACGA AAAAGCCTTG AGTGAAGAGG AACCCAGTGA TAACGACCTG

GCTGAAGAAG AGCTGTTATC GCAAGGGGCC ACACAGCGTG TGTTGGACGC GACTCAGCTT

(o]

TACCTTGGTG AGATTGGGTA TTCACCACTG TTAACAGCCG AAGAAGAAGT CTATTTTGCG

CGTCGCGCAC TGCGTGGAGA TGTCGCTTCT CGCCGTCGCA TGATTGAGAG TAACCTGCGT

CTGGTGGTAA AAATTGCCCG CCGTTATGGC AATCGTGGAC TGGCGTTGCT GGACCTGATT

GAAGAGGGCA ACCTGGRGCT TATCCGTGCA GTCGAGAAGT TTGACCCGGA ACGCGEGTTC
T
T
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S. typhi
S.e
S.g
S.p
S.t

S. typhi
S.e
S.g
S.p
S.t

S. typhi
S.e
S.g
S.p
S.t

S. typhi
S.e
S.g
S.p
S.t

S. typhi
S.e
S.g
S.p
S.t

S. typhi
S.e
S.g
S.p
S.t

S. typhi
S.e
S.g
S.p
S.t

CGCTTCTCAA CATACGCAAC CTGGTGGATT CGCCAGACAA TCGAACGGGC GATTATGAAC

T--

CAAACCCGTA CGATTCGCTT GCCGATTCAC ATTGTTAAAG AGCTGAACGT ATACCTGCGC

ACCGCACGTG AGTTGTCGCA TAAACTGGAC CACGAACCGA GTGCGGAAGA AATTGCAGAG

CAACTGGATA AACCGGTTGA TGACGTCAGC CGTATGCTTC GTCTCAACGA GCGCATTACC

TCGGTAGACA CCCCGCTGGG CGGTGATTCC GAAAAAGCGT TGCTGGACAT CCTGGCCGAT

GAAAAAGAGA ACGGTCCGGA AGACACCACG CAAGATGACG ATATGAAACA GAGCATCGTC

AAATGGTTGT TCGAACTGAA CGCCAAACAG CGTGAAGTGC TGGCGCGCCG TTTCGGTCTG

G—-

- 97 -

480

540

600

660

720

780

840



S. typhi CTGGGATATG AAGCTGCGAC ACTGGAAGAT GTAGGCCGTG AAATCGGTCT TACGCGTGAA 900
S.e
S.g
S.p
S.t

@

@

S. typhi CGTGTTCGTC AGATTCAGGT TGAAGGCCTG CGGCCGTCTG CGCGAAATTC TGCAGACGCA 960
S.e
S.g

S-p
S.t

S. typhi GGGGCTGAAT ATCGAAGCGC TGTTCCGCGA GTAAGTACCC TTGTCAAAAA AAGGCCAGTC 1020
S.e
S.g

S-p
S.t

S. typhi  GACAGACTGG CCTTTTTTTT ACCGTTTGTC TTCTGCCAGC AACGGCGGGA TACTCGGCAC 1080

S.e e
S.g -G
S.p TGTC -G
S.t -G

S. typhi CATTGGCGCG TCATCAATAT CTTTTTGCGT CATGCGAAAC GCTTGTGGAT AGTGTTCGCG 1140
S.e
S.g

S-p
S.t

S. typhi GCTGGTACGG CGTAA 1155
S.e e

S.g = e

Sp e
St e

Fig. 3-5. Multialignment of the rpoS gene nucleotide sequence of S. typhi,
S. enteritidis, S. gallinarum, S. pullorum, and S. typhimurium.
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3- 2. Salmonella live mutant

1) P22 phage mutant
S. typhimurium S. enteritidis rpoS mutation gene P22
infection , P22 phage homologous packaging
rpoS mutant , S. typhimurium
two type colony small colony S. enteritidis large colony
HZ02 screening non- bubbler
, operon fusion MacConkey lacz
ATR test acid challenge 8
knock- out rpoS gene
2) Transposase S. gallinarum null mutant
S. gallinarum P22  infection
plasmid transposase rpoS gene cloning pBR322
electroporation rpoS gene . rpoS gene

30% HZIZO2 test
non- bubbler , ATR test acid challenge 8
culture colony  knock- out rpoS gene  function
rpoS mutant acridine orange

transosase plasmid

- 99 -



3- 3. Salmonella

1) Mouse

) Salmonella enteritidis mutant

24 (AB ) (C )
wild type (A )
mutant (B )
ICR S.
enteritidis
mouse
mouse S. enteritidis,
mutant . S.
enteritidis
S. enteritidis S. enteritidis mutant
(Fig. 3-6,-7,- 8).
wild type S. enteritidis mutant

( 24 ) wild type

S. enteritidis mutant
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Fig. 3-6. Liver section of control mice. Hepatic focal necrosis was not
observed

Fig. 3-7. Liver section of mouse inoculated with wild type S. enteritidis
at 5-week old and euthanized 24 days post-inoculation. Focal
hepatic necrosis was not observed.
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Fig. 3-8. Liver section of mice inoculated with S. enteritidis mutant at
5-week old and euthanized 24 days post-inoculation. Focal
hepatic necrosis was not observed.
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) Salmonella typhimurium

Wild type S. typhimurium BALB/c (A )
mutant
(B ) (C )
wild type S. typhimurium A
8 , 10 12 mutant
B

white necrotic

foci(1- 3mm in diameter)

spleen . ( 24
) (AB,.C )

(A ) multiple focal hepatic
necrosis lymphocytes, neutorphils, Kupffer
cell inflammatory cell infiltrantion (Fig.3-11,- 12,
- 13) wild type S.
typhimurium A mild focal hepatic

necrosis (Fig. 3- 10)

(Fig. 3-9). mouse(A )
white pulp
(lymph nodule) (Fig. 3-14)
wild type S. enteritidis mutant
A wild type S.
typhimurium ( 24 )

wild type S. typhimurium mutant
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Liver section from a mouse administered with rpoS mutant S.
typhimurium and euthanized 24 days post-inoculation The live
tissue was histopathologically normal. HE. x 200

Fig 3-9.

Fig. 3-10. Mild hepatic focal necrosis. Liver section from a mouse
administered with wild type S. typhimurium and euthanized
24 days post-inoculation. HE. x 200
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Fig. 3-11. Multifocal hepatic necrosis of liver tissue. Liver section from a
mouse administered with wild type S. typhimurium and died
on day 8 post-inoculation. HE. x 100

Fig. 3-12. Multifocal hepatic focal necrosis of liver tissue. Liver section
from a mouse administered with wild type S. typhimurium
and died on day 12 post-inoculation. HE. x 100
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Fig. 3-13. Necrotic lesions with high magnification. Liver section from a
mouse administered with wild type S. typhimurium and died
on day 8 post-inoculation. HE. x 400

Fig. 3-14. Spleen lesions. Spleen section from a mouse administered with

wild type S. typhimurium and died on day 8 post-inoculation.
Loss of white plup was seen. HE. x 100
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2) Chicken

Wild type S. gallinarum(A ) mutant(B )
(3 ) . 5

gallinarum stress

3) Salmonella mutant

S. typhimurium mutant (A )
. Fig.3-15
mutant geometric mean titers
4 ,6 9 2.09+ 0.56, 1.85+ 043 2.07+ 0.56
2 2.56+ 0.40
A
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Weeks postinoculation

Fig. 3-15. Geometric mean titer of antibody to S. typhimurium. The
principal and control chicken were challenged with wild type
S. typhimurium at 7 weeks post-inoculation. Blood samples

were collected at 4, 6, and 9 weeks post-inoculation.
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1) Salmonella

S. enteritidis, S. typhimurium, S. pullorum, S. gallinarum

Outer membrane protein(OMP)  purification OMP
detergent Sarkosyl(2%)/10mM
HEPES B - octyl- glucoside(1%)/10mM HEPES OMP
solubilizing
Tryptic soy broth 37
stationary phase cell  harvest . pellet PBS
resuspending sonicator cell disrupture
(6,000rpm 20 ) debris 30,000rpm

pellet  non-ionic

detergent Sarkosyl(2%) in 10mM HEPES B - octyl- glucoside(1%) in

10mM HEPES resuspending 4 gently shaking (O/N).
30,000rpm pellet  10mM
Tris-Cl(pH7.2) resuspending , 24 dialysis

Fig. 4-1A  S. pullorum Sarkosyl(2%) in 10mM HEPES
, Fig. 4-1B  S. gallinarum  Sarkosyl(2%) in 10mM HEPES
Fig. 4-2A  S. enteritidis [ - octyl- glucoside(1%) in 10mM

HEPES Fig. 4-2B S. typhimurium B - octyl-
glucoside(1%) in 10mM HEPES . Fig.

detergent Sarkosyl(2%) in 10ml HEPES B
- octyl- glucoside(1%) in 10mM HEPES minor band
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Fig 4- 1A. Purification of OMP from Salmonella pullorum.
Lane 1, whole cell lysate; 2, supernatant after sonication; 3, supernatant
after ultracentrifugation 4: solubilized in non-ionic detergent; 5, OMP

kD kA 1 z 3 4 5
pe e
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Fig 4-1B. Purification of OMP from Salmonella gallinarum.
Lane 1, whole cell lysate; 2, supernatant after sonication; 3, supernatant
after ultracentrifugation 4: solubilized in non-ionic detergent; 5, OMP

- 110 -



kD M 1 2 3 4 b

—

moEu
9?,4E-= §

B6 - - s -

- & 4
21.5m - : 5
14,5"":-_ . -

Fig. 4-2A. Purification of OMP from Salmonella enteritidis using B -

octyl- glucoside.

Lane 1, whole cell lysate; 2, solubilized in non-ionic detergent; 3,

supernatant after 2nd ultracentrifugation 4, OMP; 5, OMP after dialysis
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Fig. 4-2B. Purification of OMP from Salmonella typhimurium using B -

octyl- glucoside.

Lane 1, whole cell lysate; 2, solubilized in non-ionic detergent; 3,

supernatant after 2nd ultracentrifugation 4, OMP; 5, OMP after dialysis
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OMP gel chromatography . ,

OMP insoluble , cloumn  loading
insoluble OMP phast system
gel chromatography purification OMP

.(Fig 4-3A, 4-3B) GPC column total bed volume 300
Fig. 4-3A, 4-3B band
GPC , major band , band
GPC OMP purification
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Fig. 4-3A. Purification of OMP from Salmonella enteritidis.
Lane 1, OMP after dialysis; 2, supernatant after centrifugation; 3,
filtered OMP (pore size: 0.45p ); 4, 5, diluted OMP after dialysis
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Fig. 4-2B. Purification of OMP from Salmonella typhimurium.
Lane 1, OMP after dialysis; 2, supernatant after centrifugation;
3, filtered OMP (pore size: 0.45p ); 4, 5, diluted OMP after dialysis
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Outer membrane protein(OM P)

SDS- PAGE sample , mercaptoethanol

Fig. 4-4 Sarkosyl S. enteritidis, S. typhimurium, S.
pullorum, S. gallinarum OMP  SDS-PAGE 60 30 (lane
1-4), 100 5 (lane 5-8) Fig. 4-5A B
- octyl- glucoside S. enteritidis S. typhimurium OMP
SDS- PAGE mercaptoethanol 100 5 (lane 1)
boiling mercaptoethanol 60 30 (lane 2)
incubation, 100 5 (lane 3) boiling . Fig. 4-5B B
- octyl- glucoside S. pullorum, S. gallinarum OMP  SDS-PAGE

mercaptoethanol 100 5 (lane 4) boiling

mercaptoethanol 60 30 (lane 5) incubation, 100 5

(lane 6)  boiling . mercaptoethanol

, 100 5 boiling

main protein band(40 kDa, 39 kDa, 36 kDa) 1 (Mw 36 kDa) 60

30 incubation 29 kDa . OMP C, OMP F,
OMP A 36 kDa, 35kDa, 33kDa ,
OMP
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Fig. 4-4. Molecular weight profiles of OMP under different haet-treatments.

Lane 1, Salmonella enteritidis, 60 , 30 min; 2, Salmonella
typhimurium, 60 , 30 min; 3, Salmonella gallinarum, 60 , 30 min; 4,
Salmonella pullorum, 60 , 30 min; 5, Salmonella enteritidis, 100 , 5
min; 6, Salmonella typhimurium, 100 , 5 min; 7, Salmonella

gallinarum, 100 , 5 min; 8, Salmonella pullorum, 100 , 5 min.
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Fig. 4-5A. Molecular weight profiles of OMP using B - octyl- glucoside.
Lane 1 3, Salmonella enteritidis, without mercaptoethanol(1), 60 , 30
min (2), 100 , 5 min (3); 4 6, Salmonella typhimurium, without
mercaptoethanol(4), 60 , 30 min (5), 100 , 5 min (6).
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Fig. 4-5B. Molecular weight profiles of OMP using B - octyl- glucoside.
Lane 1 3, Salmonella gallinarum, without mercaptoethanol(1), 60 , 30
min (2), 100 , 5 min (3); 4 6, Salmonella pullorum, without
mercaptoethanol(4), 60 , 30 min (5), 100 , 5 min (6).
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2)

2
pQE9 vector S. typhimurium agfB  S. gallinarum agfA, B
cloning  colony expression
LB broth clone cell OD 05 06
IPTG final concentration 1mM 4
induction . Induction harvest sample buffer
SDS-PAGE , harvest cell lysis buffer(8M urea )
O/N lysis whole cell lysate, whole cell lysate
supernatant, precipitate SDS- PAGE (Fig. 4-6). Fig.
4- 6A Fig. 4- 6F control  induction sample , control
strain  lane  induction . Expression  proteins
17kD , S. typhimurium agfB  expression
band . sample loading
SDS-PAGE , S. typhimurium agfB
expression . expression  S. typhimurium agfB
W estern blot , 17kD band
protein ~ Talon metal affinity resin  binding
denaturing condition purification large scale
LB broth S. typhimurium agfB  expression cell
down pellet  lysis buffer(pH 8.0, 8M urea )
O/N lysis . cell down debris talon
metal affinity resin 50 binding 2,000rpm 5
binding . lysis buffer 10
gently mixing 2,000rpm 5
( .- washing step) washing
elution buffer(resin bed volume 1 ) , 10

gently mixing  2,000rpm 5
( ) sampling
SDS- PAGE analysis (Fig. 4-7).
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Fig. 4-6A. Expression of agfB from Salmonella typhimurium in E. coli
Lane 1, control; 2 4: agfB from Salmonella typhimurium (supernatant);
5, control; 6 8, agfB from Salmonella typhimurium (precipitate)
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el = BEE
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Fig. 4-6B. Expression of agfB proteins from Salmonella typhimurium in E.
coli.
Lane 1, control; 2 4, agfB from Salmonella typhimurium (harvested);
5, control; 6 8, agfB from Salmonella typhimurium (whole cell lysate)
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Fig 4-6C. Expression of agfA from Salmonella gallinarum in E. coli.
Lane 1, control; 2 4: agfA from Salmonella gallinarum (supernatant);
5, control; 6 8, agfA from Salmonella gallinarum (precipitate).
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Fig 4-6D. Expression of agfA proteins from Salmonella gallinarum in E.

coli.
Lane 1, control; 2 4, agfA from Salmonella gallinarum (harvested);

5, control; 6 8, agfA from Salmonella gallinarum (whole cell lysate).
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Fig 4- 6E. Expression of agfB from Salmonella gallinarum in E. coli.

Lane 1, control; 2 4: agfB from Salmonella gallinarum (supernatant);
5, control; 6 8, agfB from Salmonella gallinarum (precipitate).
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Fig 4-6F. Expression of agfB proteins from Salmonella gallinarum in E.
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coli.
Lane 1, control; 2 4, agfB from Salmonella gallinarum (harvested);
5, control; 6 8, agfB from Salmonella gallinarum (whole cell lysate).
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Fig. 4-7. Purification of agfB from Salmonella typhimurium in E. coli using
Talon metal affinity chromatogarphy.
Lane 1, after resin binding; 2, first washing; 3, second washing;
4, third wasing; 5, first elution; 6, second elution.
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Expression 2

agfB S. enteritidis agfA pGEX- 2T vector

S. pullorum agfA,

GST fusion protein

cloning cell  expression 2x YTA broth clone
cell OD¢€o 06 0.8 IPTG 0.3
mM induction sampling
expression SDS-PAGE Induction
sampling (sample S. typhimurium
agfB, S. gallinarum agfB, agfA )
(Fig. 4-8). pGEX-2T  fusion GST 29 kDa
17 kDa 46 kDa expression

band
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Fig. 4-8A. Expression of agfA, agfB from Salmonella pullorum, Salmonella
enteritidis in E. coli BL21 (1 hr).

Lane 1, control; 2, agfA from Salmonella pullorum; 3, agfB from

Salmonella pullorum; 4, agfA from Salmonella enteritidis (Lane 1 4,

supernatant); 5, control; 6, agfA from Salmonella pullorum; 7, agfB

from Salmonella pullorum; 8, agfA from Salmonella enteritidis (Lane

5 8, precipitate).
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Fig. 4-8B. Expression of agfA, agfB from Salmonella pullorum, Salmonella
enteritidis in E. coli BL21 (2 hrs).
Lane 1, control; 2, agfA from Salmonella pullorum; 3, agfB from

Salmonella pullorum; 4, agfA from Salmonella enteritidis (Lane 1 4,
supernatant); 5, control; 6, agfA from Salmonella pullorum;
7, agfB from Salmonella pullorum; 8, agfA from Salmonella enteritidis
(Lane 5 8, precipitate).
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Fig. 4-8C. Expression of agfA, agfB from Salmonella pullorum, Salmonella
enteritidis in E. coli BL21 (3 hrs).
Lane 1, control; 2, agfA from Salmonella pullorum; 3, agfB from
Salmonella pullorum; 4, agfA from Salmonella enteritidis (Lane 1 4,
supernatant); 5, control; 6, agfA from Salmonella pullorum;
7, agfB from Salmonella pullorum; 8, agfA from Salmonella enteritidis
(Lane 5 8, precipitate).
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Fig. 4-8D. Expression of agfA, agfB from Salmonella pullorum, Salmonella
enteritidis in E. coli BL21 (4 hrs).

Lane 1, control; 2, agfA from Salmonella pullorum; 3, agfB from

Salmonella pullorum; 4, agfA from Salmonella enteritidis (Lane 1 4,

supernatant); 5, control; 6, agfA from Salmonella pullorum;

7, agfB from Salmonella pullorum; 8, agfA from Salmonella enteritidis
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(Lane 5 8, precipitate).
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Fig. 4- 8E. Expression of agfA, agfB from Salmonella pullorum, Salmonella
enteritidis in E. coli BL21 (5 hrs).
Lane 1, control; 2, agfA from Salmonella pullorum; 3, agfB from
Salmonella pullorum; 4, agfA from Salmonella enteritidis (Lane 1 4,
supernatant); 5, control; 6, agfA from Salmonella pullorum;
7, agfB from Salmonella pullorum; 8, agfA from Salmonella enteritidis
(Lane 5 8, precipitate).
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Fig. 4- 8F. Expression of agfA, agfB from Salmonella pullorum, Salmonella
enteritidis in E. coli BL21 (6 hrs).
Lane 1, control; 2, agfA from Salmonella pullorum; 3, agfB from
Salmonella pullorum; 4, agfA from Salmonella enteritidis (Lane 1 4,
supernatant); 5, control; 6, agfA from Salmonella pullorum;
7, agfB from Salmonella pullorum; 8, agfA from Salmonella enteritidis
(Lane 5 8, precipitate).
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3)

2 Maltose Binding Protein(MBP) fused protein
pMAL vector signal peptide primer
cloning cell  expression

S. pullorum agfA, S. typhimurium agfA, S. enteritidis agfA, S. gallinarum

agfA cloning colony expression . )
tryptone 10g, NaCl 5g, Yeast extract 5g, glucose 2g , ampicillin
. O/N culture - flask 2% inoculation 37
oD 05 06 . oD
IPTG 0.3mM 32
induction . S. gallinarum agfA  Fig.
4-9 expression . Lane 4 6 control
band 55 kDa . 42 kba MBP 13 kDa (signal
peptide ) S. gallinarum agfA
expression  S. gallinarum agfA purification amylose resin
S. gallinarum agfA in E. coli 200 expression
harvest 15 column buffer  resuspending -20 O/N
sonicator cell  disrupture centrifugation

amylose resin resuspending

binding . binding 2,000 rpm 10
column buffer amylose resin  resuspending
3 washing elution
SDS- PAGE Fig. 4- 10
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Fig. 4-9 Expression of agfA from Salmonella gallinarum in E. coli.
Lane 1, control (pMAL in E.coli XF); 2, induced control; 3, uninduced
agfA from Salmonella gallinarum; 4 6, induced agfA from Salmonella

gallinarum
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Fig. 4-10. Purification of agfA from Salmonella gallinarum in E. coli.
Lane 1, uninduced; 2, induced; 3, bound agfA
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4) cloning

S. entiritidis agfA subunit gene pMAL-CR1 cloning

MBP- AgfA fused protein (Fig. 4-11). agfA cloning
S. entiritidis chromosomal DNA template agfA subunit
DNA PCR . Primer 5'-GCGGAATTC
ATGAAACTTTTAAAAGTGG-3 5-CGCGTCGACATACTGGTTAG
CCGTGGC- 3 . PCR 94 5min, 53 1 min, 72 1 min 1

cycle, 94 1 min, 53 1 min, 72 1 min 30 cycle, 94 1 min, 53 1

min, 72 1 min 1 cycle . agfA DNA 2% agarose gel
393 bp size (Fig. 4-12). DNA EcoR
Sal . Vector pMAL-CR1 EcoR Sal
insert  agfA 16 ligation . Ligation mixture E. coli DH5qa
transfomation transformant  plasmid DNA EcoR
Sal digest . Vector pMAL-CR1 clone 1, 2, 3 agfA DNA
cloning (Fig. 4-13). agfA cloning
transformant MBP- AgfA fused  protein
Transformant  ampicillin LB media oD 05
1 mM IPTG 5 harvest
SDS-PAGE uninduced cell MBP- AgfA subunit
induction cell MBP- AgfA subunit (Fig.
4-14). MBP-AgfA fused protein 25-30 %
MBP- AgfA fused protein AgfA subunit
harvested cell  sonication lysis . 12000 rpm 5 min
cell extract amylose resin 4 2
MBP- AgfA fused protein amylose resin  binding amylose resin
buffer 3  washing MBP- AgfA fused protein (Fig.
4- 15). amylose resin  factor a 4 16
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AgfA MBP . SDS- PAGE AgfA

(Fig. 4-15). Lane 1 uninduced total cell extract, lane
2 MBP- AgfA cell total cell extract MBP- AgfA
25- 30% amylose resin 90-95%  purity
(Lane 3). MBP-AgfA factor a digest sample
SDS- PAGE MBP- AgfA MBP  AgfA cleave
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agfl a subunit

Fig. 4-11- 1. Preparation of Salmonella enteritidis agfA
subunit as a MBP fused protein.
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ATGAAACTTTTAAAAGTGGCAGCATTCGCAGCAATCGTAGTTTCTGGCAGTGCTCTGGCT
M K LLKVAAFAAIVY SGSATLA

GGCGTCGTTCCACAATGGGGCGGCGGCGGTAATCATAACGGCGGCGGCAATAGTTCCGGC
GVVPQWSGGGGNHNGS GG GNSSG

v

CCGGACTCAACGTTGAGCATTTATCAGTACGGTTCCGCTAACGCTGCGCTTGCTCTGCAA
PDSTULSITYQYGSANAALATLZQ

AGCGATGCCCGTAAATCTGAAACGACCATTACCCAGAGCGGTTATGGTAACGGCGCCGAT
SDARKSETTITQSGYGNGATD

GTAGGCCAGGGTGCGGATAATAGTACTATTGAACTGACTCAGAATGGTTTCAGAAATAAT
vV QG ADNSTI ELTAOQNGTFRNN

GCCACCATCGACCAGTGGAACGCTAAAAACTCCGATATTACTGTCGGCCAATACGGCGGT
AT 1 DQWNAKNSDITVGQY GG

AATAACGCCGCGCTGGTTAATCAGACCGCATCTGATTCCAGCGTAATGGTGCGTCAGGTT
NNAALVNQTASDSSVMVRAQYV

GGTTTTGGCAACAACGCCACGGCTAACCAGTAT
G FGNNATANO QY

4-11B. DNA sequence of aglA of Samonella enteritidis.
Arrow indicates the cleavage site of signal sequences.
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Fig. 4- 12. PCR amplification of agfA subunit DNA
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Fig. 4- 13. Cloning of agfA subunit.
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Fig. 4-14. Expression of MBP- AgfA fused protein
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Fig. 4- 15A. Purification of MBP- AgfA subunit protein.
Lane 1, uninduced; 2, induced; 3, purified MBP-AgfA fusion
protein; 4, factor Xa digested.

a, MBP-AgfA fused protein; b, MBP; c, factor Xa; d, AgfA
subunit.
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kDa 1 2 KDa 3 4 5

213 —

113 —

48 —

Fig.4- 15B. Expression and purification of MBP-AgfA subunit
protein.
Lane 1, uninduced cell; 2, induced cell; 3, molecular weight
marker; 4, supernatant after sonication of crude cell extract; 5,
MBP- AgfA
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5)

S. enteritidis, S. gallinarum, S. pullorum

S. enteritidis 4 cloning
, S. gallinarum, S. pullorum 2 cloning

Ampicillin LB clone cell ODE€C 0.5
IPTG 1mM 4 induction . cell  harvest

(6,000rpm, 10min, 4 ), column buffer(20mM Tris-Cl pH 7.4, 200mM

NaCl, 1mM EDTA) suspension final concentration 1mM
PM SF , sonication . 12,000rpm 30 (4 )
crude cell extract , amylose resin  binding
(4 , 3 ) column buffer 3 4 resin washing elution

buffer(10mM Maltose, 20mM Tris-Cl pH 7.4, 200mM NaCl, ImM EDTA)

elution . cell purificatioin Fig. 4- 16A, 4-16B, 4-16C

S. enteritidis MBP- AgfA fusion protein  60kDa single band

S. pullorum MBP-AgfA fusion protein S. gallinarum

MBP- AgfA fusion protein 45kDa MBP expression
single band . MBP- AgfA fusion protein

FPLC Gel permeation chromatogrphy lon exchange
chromatogrphy . , Gel permeation chromatogrphy

Sephacryl S-200HR MBP MBP- fusion AgfA
protein . Column V0=4343 , Height=60 ,
Diameter=16 , Column volume 120.637 , Eluted S. gallinarum
MBP- fusion AgfA protein 0OD280=3.0 , Eluted S. pullorum
MBP-fusion AgfA protein 0D280=2.7 , 1 loading
Fig. 4-17A, 4-17B , sample on-line filter

- 138 -



peak

SDS- PAGE Fig. 4- 18A, 4-18B MBP  MBP-fusion
AgfA . Gel permeation chromatogrphy
, FPLC lon exchange
chromatogrphy . Mono Q column(anion exchange
chromatogrphy) Colume volume=0.982 , buffer A
10mM Tris-Cl pH 8.0 , buffer B IM NaCl in 10mM
Tris-Cl pH 8.0 , buffer B oM 1M
S. gallinarum MBP-fusion AgfA protein  elution loading
sample 0D280=1.02 , 2 loading . 3
peak , peak  OD280=0.04
sample  loading sample  flowthrough
, SDS- PAGE MBP  MBP-fusion AgfA protein
. lon exchange chromatogrphy Fig. 4-19 ,
peak SDS- PAGE Fig. 4- 20
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Fig 4- 16A. Purification of Salmonella enteritidis MBP-fusion AgfA
lane 1, Protein molecular weight marker; 2, uninduced; 3, induced;

4, crude cell extract; 5, Eluted MBP- AgfA protein
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Fig 4-16B. Purification of Salmonella gallinarum MBP-fusion AgfA
Lane 1, Protein Molecular weight marker; 2, uninduced; 3, induced;
4, crude cell extract; 5, Eluted MBP- AgfA protein & MBP
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485

Fig 4- 16C. Purification of Salmonella pullorum MBP-fusion AgfA
Lane 1, Protein Molecular weight marker; 2, uninduced; 3,
induced; 4, crude cell extract; 5 Eluted MBP-AgfA protein &
MBP
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Fig. 4-17A. Gel permeation chromatogram of Salmonella gallinarum MBP-
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Fig. 4- 18A. SDS- PAGE of separated peak in GPC (Salmonella gallinarum)
Lane 1, Protein molecular weight marker;2, first peak; 3, second peak;

4, third peak

Fig. 4-18B. SDS-PAGE analysis of separated peak
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Lane 1, Protein molecular weight marker;2, first peak; 3, second peak;

4, third peak
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Fig. 4-19. lon Exchange chromatogram of Salmonella gallinarum
MBP- fusion AgfA
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Fig. 4-20. SDS-PAGE analysis of separated peak

gallinarum)

in

IEC (Salmonella

Lane 1, Protein molecular weight marker;2, first peak; 3, second peak;

4, third peak
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6)

Amylose resin S. enteritidis MBP-fusion AgfA protein
2 antibody
S. enteritidis MBP-fusion AgfA protein purity
2 .1 OD(=3.0
Eluted S. enteritidis MBP-fusion AgfA protein 800 PBS
, incomplete adjuvant 2 injection , 3
ODZz(=0.607 Eluted S. enteritidis MBP-fusion AgfA protein
15 PBS incomplete adjuvant 1 booster
injection , 4 2nd injection (OD«%(=0.78, 1.6 ) 5
serum 4
antibody
SDS- PAGE protein Semi- Dry transfer units(Pharmacia
Biotech. Co.) PV DF(polyvinylidene difluoride, Bio- Rad Co.) membrane
transfer . transfer blocking buffer(5% skim milk,
0.25M Tris-Cl, pH 8.0 blocking 1 antibody  1:1000
O/N  shaking .(Room  Temperature) Washing
solution(20mM Tris-Hcl pH 7.5, 500mM NacCl, 0.05% tween- 20) 15
3 washing biotinylated anti- rabbit 1lgG made in goat, secondary
antibody  1:1000 25 binding . 10 3
washing ABsolution(Avidin and biotinylated horseradish peroxidase,
Vector Co.) 45 10 3 washing
DAB(diaminobenzidine, Vector Co.)solution
Fig 4-21
Eluted S. enteritidis MBP-fusion AgfA protein 2
(Fig. 4-22).
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Fig. 4-21. Western blot analysis
Lane 1, Prestained marker; 2, Eluted Salmonella enteritidis MBP-fusion

AgfA protein
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Fig. 4-22. Eluted Salmonella enteritidis MBP-fusion AgfA protein

Lane 1, Protein molecular weight marker; 2 7, Eluted Salmonella

enteritidis MBP-fusion AgfA protein
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7 :

3 S. typhimurium  mutant OMP
. LB (wild type)
(mutant, kanamycin ) O/N culture , inoculation
stationary phase harvest . PBS harvest cell 2
washing PBS  suspension final concentration 1mM
PM SF , sonication (6,000rpm, 20min, 4 ) debris
, supernatant .(30,000rpm, 1hr, 4 )

pellet 10mM HEPES in 2% Sarkosyl

suspension , 4 OIN inverting . (30,000rpm, 1hr,
4 ) gelly pellet 10mM Tris-Cl(pH 7.2) 1
suspension . Fig 4-23A purification OMP
profile Fig 4-23B OMP purification
Fig 4-23C OMP purification
OMP , 40kDa, 39kDa, 36kDa
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Fig. 4- 23A. Comparison of wild type and mutant of Salmonella typhimurium

Lane 1, Protein molecular weight marker; 2, Wild type; 3, Mutant
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Fig. 4- 23B. Purification of Salmonella typhimurium(wild type)
Lane 1, Protein molecular weight marker; 2, whole cell; 3, supernatant
after 2nd

after 1st ultracfg.; 4, detergent soluble; 5, supernatant

ultracfg.; 6. OMP
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kba 1 2 3 4 5 6

Fig. 4- 23C. Purification of Salmonella typhimurium(mutant)
Lane 1, Protein molecular weight marker; 2, whole cell; 3, supernatant
after 1st ultracfg.; 4, detergent soluble; 5, supernatant after 2nd

ultracfg.; 6. OMP
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8)

Salmonella typhimurium  mutant  wild type 10
3) wild type
mutant (Fig 4-24)), wild type
wild type (Fig 4-25),
mutant mutant (Fig 4- 26).
kDa 1 & 2
—
& 1 I 2
g —| - :
65 —|NEEEEE
- -
485— W
- =
20 — .- '
e o

Fig. 4- 24. Salmonella typhimurium wild type and mutant

Lane 1, Protein molecular weight marker; 2, wild type; 3, mutant
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Fig. 4- 25. Salmonella typhimurium wild type

Lane 1, Protein molecular weight marker; 2, non-; 3,

Fig. 4- 26. Salmonella typhimurium mutant

Lane 1, Protein molecular weight marker; 2, wild type; 3, mutant
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(*99- '00)
1) S. enteritidis AgfA subunit protein SPF
L L 2 L
S. enteritidis S. typhimurium mutants SPF

’ L 3

2)
S. typhimurium mutants(KM resistant) Fermenter(
, model 300L)
( ) , , PH, enrichments, antifoam
Fermenter 37 50 £ /min pH 6.5, 7.0,
75 , 20 Table 5-1
pH 70 75

Table 5-1. pH S. typhimurium mutants

pH 6.5 7.0 7.5

(cfu/ml) 1.4x 1010 3.2x 1010 2.5x 1010
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Fermenter 37 , pH7.0 (air flow) 0, 10, 50
1008 /min 20 Table 5-2
50¢ /min
T able 5- 2.
_ 0 10 50 100
(&€ /min)
(cfu/ml) 0.8x 1010 1.9x 1010 5.4x 1010 3.6x 1010
Fermenter pH7.0, 50 ¢ /min 20
(Table 5-3), 37
T able 5- 3.
32 37 40
(cfu/ml) 0.3x 1010 8.7x 1010 1.8x 1010
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37 , pH7.0, 50 £ /min 20

Enrichments (Table 5-4), Dextrosetlron

T able 5- 4. Enrichments

Enrichments Dextrose* Iron** Dextrose+lron
(cfu/ml) 0.8x 1010 2.9% 1010 2.1x 1010 4.9x 1010
* Dextrose : 50% dextrose ) 17
** Jron : FeSOZ/HZ0 4 13
37 , pH7.0, 50 £ /min Antifoam
20 (Table 5-5), AF 289

T able 5-5. Antifoam

) AF 204 AF 289 AF O-60
Antifoam ) . .
(Sigma A6207) (Sigma A6332) (Sigma A 7957)
(cfu/ml) 4.9x 1010 6.9x 1010 3.8x 1010
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20
15 20g
0.5

20

200 (10MLD 2x 10¢0.2 )

(Table 5-6)

T able 5-6.

S. typhimurium mutants

, 10

90%

S. typhimurium mutants

PBS

101/

9,000rpm

wild type S. typhimurium

10

30%

10

20/ 20**

19/20

18/20

18/20

18/20

18/20

18/20

18/20

18/20

18/20

90%

10/10

9/10

6/10

3/10

3/10

3/10

3/10

3/10

3/10

3/10

30%

* %
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mutants 101/ 300 3509
(5 ) (5 ) , 0.5
3 .3
ELISA (Table 5-7),

Table 5-7. S. typhimurium mutants

0 0

ELISA 0 0

20- 80 0

ELISA 0 0
0/ 5* 0/5
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S. enteritidis agiA adjuvant(ISA 70) 1.1 15
20g 20 , 10
400 , 2
wild type S. enteritidis 200 (1OMLD 2
x 1040.2 ) 10 (T able
5-8), 90%, 40%
Table 5-8. S. enteritidis aglA
* 1 2 3 4 5 6 7 8 9 10
19/20** | 18/20|18/20|18/20|18/20|18/20|18/20|18/20|18/20|18/20| 90%
10/10 |10/10| 9/10 | 6/10 | 5/10 | 5/10 | 4/10 | 4/10 | 4/10 | 4/10 | 40%
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S. enteritidis AgfA adjuvant(ISA 70) 11 300

3509 5 , 5

400 , 3 , 3
ELISA Table 5-9

Table 5-9. S. enteritidis agiA

0 0
ELISA
0 0
0 0
ELISA
400- 1600 0
0/ 5* 0/5
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